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Abstract: The purpose of this experiment was to investigation on different delay times in starting of feeding in 
different instars, and their effects on the performance and uniformity of silkworm larvae. Silkworm egg production 
stages, egg washing, disinfecting, maintenance of silkworm eggs, microscopic tests in order to removing of 
contaminated samples against pebrin pathogen, first to fifth larval instars rearing, cocoon production framework and 
cocoon recording was conducted based on standard guidelines. Ten dietary management programs were used as ten 
treatments. Performance records analyzed using generalized linear models procedure. All the measured indices was 
compared between different treatments based completely randomized design model. From obtained results, it has 
showed that among studied methods, the highest level of best cocoon number belonged to 5th treatment (80.75), and 
3rd treatment (44.70) remained at lower level than other methods (P>0.05). The highest level of best cocoon weight 
belonged to 5th treatment (80.75 gr), and 3rd treatment (44.70 gr) remained at lower level than other methods 
(P>0.05). The highest level of larva weight (5th day of 5th instar) belonged to 3rd treatment (3.48 days), and 9th 
treatment (3.24 days) remained at lower level than other methods (P<0.05). Among studied methods, the highest 
level of female cocoon weight belonged to 1st treatment (2.13 gr), and 2nd treatment (1.90 gr) remained at lower 
level than other methods (P<0.05). The highest female cocoon shell weight belonged to 1st treatment (0.42 gr), and 
2nd treatment (0.36 gr) remained at lower level than other methods (P<0.05). Among studied methods, the highest 
level of female cocoon shell percentage belonged to 9th treatment (24.18%), and 2nd treatment (18.94%) remained 
at lower level than other methods (P>0.05). The highest level of male cocoon weight belonged to 6th treatment (1.69 
gr), and 2nd treatment (1.56 gr) remained at lower level than other methods (P<0.05). 
[Mohammad Molaei, Moeinoddin Mavvajpour, Afsane Merat, Alireza Seidavi. Effects of Ten Dietary Management 
Programs on Performance of Silkworm Hybrids. Life Science Journal. 2011;8(2):465-475] (ISSN:1097-8135). 
http://www.lifesciencesite.com. 
 
Keywords: Silkworm; instar; feeding; schedule, performance; hybrid 
 
1. Introduction 

Silkworm rearing has huge history in world. 
Based on the obtained evidences, this activity seems 
to started and originated from China and has been 
transferred to other countries. The valuable product 
of this job natural silk, according to its structural 
characteristics, despite lower production than other 
natural and synthetic fibers, causing many cultural, 
social, and economical exchanges, in the history has 
provided. Accordingly, addressing the status of this 
industry can help us to utilize and develop this 
valuable industry in domestic and foreign relations in 
the future (Bizhannia and Seidavi, 2004). 

Silk formed based on natural protein fibers. 
These very fine fibers are long and delicate. Yarn 
length extracted from a cocoon is around 900-1300 
meters and it having between 15-20 microns 
diameter. These fibers have large natural brightness. 
Silk yarn strength is between 3.6-4.4 gram/denier and 
have high elasticity capacity. Silk fibers absorb 
moisture well. The excellent properties of the silk has 
caused people in different countries from thousands 
of years ago rearing silkworm an thus a lot of 

researchers and scientists to study and develop this 
industry for preparing silk yarn, silk fabrics and silk 
dyeing economically and scientifically (Seidavi et al., 
2006a). 

One of the major problems of sericulture 
and silk cocoon production is the lack of uniformity 
when rearing silkworm larvae, hence there are small 
and large larvae simultaneously, and larvae have 
different instars together. Since there are different 
nutritional requirements based on larva instars, the 
incidence of this matter causing larvae cannot supply 
all their nutritional requirements and hence larvae 
will be uniform. In addition, since smaller larvae are 
more sensitive against pathogens, rapid spread of 
pathogens in the environment will damage large and 
small larvae (Motahari et al., 2008a; Motahari et al., 
2008b; Seidavi et al., 2006b). This set of factors 
ultimately produced a sharp reduction in the silk 
production. The purpose of this experiment was to 
investigation on different delay times in starting of 
feeding in different instars, and their effects on the 
performance and uniformity of silkworm larvae. 
 

mailto:alirezaseidavi@iaurasht.ac.ir
http://www.lifesciencesite.com/
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2. Material and Methods  
The experiment was conducted during 2010-

2011. The larvae hatched and reared based on 
ESCAP (1993). Silkworm egg production stages, egg 
washing, disinfecting, maintenance of silkworm eggs, 
microscopic tests in order to removing of 
contaminated samples against pebrin pathogen, first 
to fifth larval instars rearing, cocoon production 
framework and cocoon recording was conducted 
based on standard guidelines and protocols, 
especially ESCAP (1993). Commercial hybrid 
silkworm egg was prepared from Iran Silkworm 
Research Center (ISRC).  

Ten treatments were treatment 1 (control): 
start time of feeding for each of the first to fifth 
larvae instars were standard and without delay 
(immediately after larvae molting and readiness for 
feeding); treatment 2: start time of feeding for each of 
the first, second and third larvae instars were 24 
hours late and delay (24 hours after larvae molting 
and readiness for feeding) and start time of feeding 
for each of the fourth and fifth larvae instars were 36 
hours late (36 hours after larvae molting and 
readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 3: 
start time of feeding for first larvae instar were 24 
hours late and delay (24 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 4: 
start time of feeding for second larvae instar were 24 
hours late and delay (24 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 5: 
start time of feeding for third larvae instar were 24 
hours late and delay (24 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 6: 
start time of feeding for fourth larvae instar were 36 
hours late and delay (36 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 7: 
start time of feeding for fifth larvae instar were 36 
hours late and delay (36 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; treatment 8: 
start time of feeding for each of the first, second, and 
third larvae instars were 24 hours late and delay (24 
hours after larvae molting and readiness for feeding) 
in comparison with to the conventional and standard 
approach; treatment 9: start time of feeding for each 
of the first, second, and third larvae instars were 12 
hours late and delay (12 hours after larvae molting 
and readiness for feeding) in comparison with to the 
conventional and standard approach; and treatment 
10: start time of feeding for each of the fourth, and 
fifth larvae instars were 36 hours late and delay (24 

hours after larvae molting and readiness for feeding) 
in comparison with to the conventional and standard 
approach. 

Fifty two studied traits included best cocoon 
number, best cocoon alive pupae number, best 
cocoon alive pupae percentage, best cocoon dead 
pupae number, middle cocoon number, middle 
cocoon alive pupae number, middle cocoon alive 
pupae percentage, low cocoon number, low cocoon 
alive pupae number, low cocoon dead pupae number, 
double cocoon number, double cocoon alive pupae 
number, double cocoon alive pupae percentage, 
double cocoon dead pupae number, cocoon number 
per one liter, cocoon weight per one liter, best cocoon 
weight, middle cocoon weight, low cocoon weight, 
double cocoon weight, 1st larval duration, 1st feeding 
duration, 1st molting duration, 2nd larval duration, 
2nd feeding duration, 2nd molting duration, 3rd 
larval duration, 3rd feeding duration, 3rd molting 
duration, 4th larval duration, 4th feeding duration, 
4th molting duration, 5th larval duration, 5th feeding 
duration, mounting duration, young larval duration, 
grown (mature) larvae duration, larva weight (5th day 
of 5th instar), 10 larvae weight (5th day of 5th instar), 
female cocoon weight, female cocoon shell weight, 
female cocoon shell percentage, coefficient of 
variations for female cocoon weight, coefficient of 
variations for female cocoon shell weight, coefficient 
of variations for female cocoon shell percentage, 
male cocoon weight, male cocoon shell weight, male 
cocoon shell percentage, coefficient of variations for 
male cocoon weight, coefficient of variations for 
male cocoon shell weight, coefficient of variations 
for male cocoon shell percentage. 

It was used rice straw as cocoon making 
position (framework) in cocoon spinning stage 
separately for each replication. After completing of 
the pupa development (7 days after onset spinning of 
cocoons), it was collected total produced cocoons. 
Then, it was sorted and classified all cocoons based 
on appearance, hardness softness, and cleanliness 
levels of cortex and outer cortex into four categories 
including good, moderate, low and double cocoons. 
Health situation of the cocoon pupae and the disease 
and mortality of pupae have been studied and it was 
calculated the percentage of pupa vitality for each 
replication separately. Also good (male and female) 
and double cocoon weight in each replication was 
recorded. All recording steps was performed on the 
eighth day after the onset of cocoon spinning. 
Production records analyzed by statistical software 
SPSS (1999) using generalized linear models 
procedure (GLM), and after ensuring of data 
normality, the averages was compared using Tukey 
test. All the measured indices was compared between 
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different treatments based completely randomized 
design model (CRD). 
 
3. Results  
Obtained results are summarized in Tables 1-9. 
Best cocoon number 

From obtained results, it has showed that 
amount of best cocoon number in ten studied 
methods included between 44.70-80.75. Among 
studied methods, the highest level of best cocoon 
number belonged to 5th treatment (80.75), and 3rd 
treatment (44.70) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were not significant 
(P>0.05). 
Best cocoon alive pupae number 

From obtained results, it is showed that 
amount of best cocoon alive pupae number in ten 
studied methods included between 71.25-80.25. 
Among studied methods, the highest level of best 
cocoon alive pupae number belonged to 5th treatment 
(80.25), and 1st treatment (71.25) remained at lower 
level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Best cocoon alive pupae percentage 

From obtained results, it is showed that 
amount of best cocoon alive pupae percentage in ten 
studied methods included between 95.42-99.40%. 
Among studied methods, the highest level of best 
cocoon alive pupae percentage belonged to 5th 
treatment (99.40%), and 1st treatment (95.42%) 
remained at lower level than other methods. Other 
methods were between these two groups. Meanwhile 
statistical differences between studied methods for 
this trait were significant (P>0.05). 
Best cocoon dead pupae number 

From obtained results, it is showed that 
amount of best cocoon dead pupae number in ten 
studied methods included between 0.50-3.50. Among 
studied methods, the highest level of best cocoon 
dead pupae number belonged to 1st treatment (3.50), 
and 5th treatment (0.50) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
Middle cocoon number 

From obtained results, it is showed that 
amount of middle cocoon number in ten studied 
methods included between 6.25-11.00. Among 
studied methods, the highest level of middle cocoon 
number belonged to 6th treatment (11.00), and 3rd 
treatment (6.25) remained at lower level than other 

methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were not significant 
(P>0.05). 
Middle cocoon alive pupae number 

From obtained results, it is showed that 
amount of middle cocoon alive pupae number in ten 
studied methods included between 4.00-10.00. 
Among studied methods, the highest level of middle 
cocoon alive pupae number belonged to 6th treatment 
(10.00), and 3rd treatment (4.00) remained at lower 
level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were significant (P<0.05). 
Middle cocoon alive pupae percentage 

From obtained results, it is showed that 
amount of middle cocoon alive pupae percentage in 
ten studied methods included between 65.00-97.50%. 
Among studied methods, the highest level of middle 
cocoon alive pupae percentage belonged to 2nd 
treatment (97.50%), and 3rd treatment (65.00%) 
remained at lower level than other methods. Other 
methods were between these two groups. Meanwhile 
statistical differences between studied methods for 
this trait were significant (P<0.05). 
Low cocoon number 

From obtained results, it is showed that 
amount of low cocoon number in ten studied methods 
included between 0.00-1.50. Among studied 
methods, the highest level of low cocoon number 
belonged to 4th treatment (1.50), and 1st and 10th 
treatments (0.00) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant 
(P<0.05). 
Low cocoon alive pupae number 

From obtained results, it is showed that 
amount of low cocoon alive pupae number in ten 
studied methods included between 0.00-0.50. Among 
studied methods, the highest level of low cocoon 
alive pupae number belonged to 6th treatment (0.50), 
and most of treatments (0.00) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
Low cocoon dead pupae number 

From obtained results, it is showed that 
amount of low cocoon dead pupae number in ten 
studied methods included between 0.00-1.25. Among 
studied methods, the highest level of low cocoon 
dead pupae number belonged to 4th treatment (1.25), 
and 1st and 10th treatment (0.00) remained at lower 
level than other methods. Other methods were 
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between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Double cocoon number 

From obtained results, it is showed that 
amount of double cocoon number in ten studied 
methods included between 0.75-2.50. Among studied 
methods, the highest level of double cocoon number 
belonged to 5th and 7th treatments (2.50), and 3rd 
treatment (0.75) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were not significant 
(P>0.05). 
Double cocoon alive pupae number 

From obtained results, it is showed that 
amount of double cocoon alive pupae number in ten 
studied methods included between 1.50-4.75. Among 
studied methods, the highest level of double cocoon 
alive pupae number belonged to 7th treatments 
(4.75), and 3rd and 10th treatments (1.50) remained 
at lower level than other methods. Other methods 
were between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Double cocoon alive pupae percentage 

From obtained results, it is showed that 
amount of double cocoon alive pupae percentage in 
ten studied methods included between 50.00-
100.00%. Among studied methods, the highest level 
of double cocoon alive pupae percentage belonged to 
2nd and 10th treatment (100.00%), and 3rd treatment 
(50.00%) remained at lower level than other methods. 
Other methods were between these two groups. 
Meanwhile statistical differences between studied 
methods for this trait were not significant (P>0.05). 
Double cocoon dead pupae number 

From obtained results, it is showed that 
amount of double cocoon dead pupae number in ten 
studied methods included between 0.00-0.50. Among 
studied methods, the highest level of double cocoon 
dead pupae number belonged to some treatments 
(0.50), and some other treatments (0.00) remained at 
lower level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Cocoon number per one liter 

From obtained results, it is showed that 
amount of cocoon number per one liter in ten studied 
methods included between 103.00-123.00. Among 
studied methods, the highest level of cocoon number 
per one liter belonged to 7th treatment (123.00), and 
3rd treatment (103.00) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 

between studied methods for this trait were 
significant (P<0.05). 
Cocoon weight per one liter 

From obtained results, it is showed that 
amount of cocoon weight per one liter in ten studied 
methods included between 190.64-216.75 gr. Among 
studied methods, the highest level of cocoon weight 
per one liter belonged to 9th treatment (216.75 gr), 
and 3rd treatment (190.64 gr) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
Best cocoon weigh 

From obtained results, it is showed that 
amount of best cocoon weight in ten studied methods 
included between 44.70-80.75 gr. Among studied 
methods, the highest level of best cocoon weight 
belonged to 5th treatment (80.75 gr), and 3rd 
treatment (44.70 gr) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
Middle cocoon weight 

From obtained results, it is showed that 
amount of middle cocoon weight in ten studied 
methods included between 82.57-146.37 gr. Among 
studied methods, the highest level of middle cocoon 
weight belonged to 5th treatment (146.37 gr), and 3rd 
treatment (82.57 gr) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
Low cocoon weight 

From obtained results, it is showed that 
amount of low cocoon weight in ten studied methods 
included between 10.28-18.84 gr. Among studied 
methods, the highest level of low cocoon weight 
belonged to 6th treatment (18.84 gr), and 3rd 
treatment (10.28 gr) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
Double cocoon weight 

From obtained results, it is showed that 
amount of double cocoon weight in ten studied 
methods included between 0.00-2.18 gr. Among 
studied methods, the highest level of double cocoon 
weight belonged to 4th treatment (2.18 gr), and 10th 
treatment (0.00 gr) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
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studied methods for this trait were not significant 
(P>0.05). 
1st larval duration 

From obtained results, it is showed that 
amount of 1st larval duration in ten studied methods 
included between 4.07-5.08 gr. Among studied 
methods, the highest level of 1st larval duration 
belonged to 8th treatment (5.08 gr), and some other 
treatments (4.07 gr) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
1st feeding duration 

From obtained results, it is showed that 
amount of 1st feeding duration in ten studied 
methods included between 3.07-3.23 days. Among 
studied methods, the highest level of 1st feeding 
duration belonged to 2nd treatment (3.23 days), and 
4th treatment (3.07 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
1st molting duration 

From obtained results, it is showed that 
amount of 1st molting duration in ten studied 
methods included between 1.00-2.00 days. Among 
studied methods, the highest level of 1st molting 
duration belonged to 4th treatment (2.00 days), and 
most of treatments (1.00 days) remained at lower 
level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were significant (P<0.05). 
2nd larval duration 

From obtained results, it is showed that 
amount of 2nd larval duration in ten studied methods 
included between 2.10-3.05 days. Among studied 
methods, the highest level of 2nd larval duration 
belonged to 3rd treatment (3.05 days), and 10th 
treatment (2.10 days) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
2nd feeding duration 

From obtained results, it is showed that 
amount of 2nd feeding duration in ten studied 
methods included between 2.10-3.05 days. Among 
studied methods, the highest level of 2nd molting 
duration belonged to 3rd treatment (3.05 days), and 
9th treatment (2.10 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 

between studied methods for this trait were 
significant (P<0.05). 
2nd molting duration 

From obtained results, it is showed that 
amount of 2nd molting duration in ten studied 
methods included between 0.18-2.00 days. Among 
studied methods, the highest level of 2nd molting 
duration belonged to 8th treatment (2.00 days), and 
4th treatment (0.18 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
3rd larval duration 

From obtained results, it is showed that 
amount of 3rd larval duration in ten studied methods 
included between 4.01-5.01 days. Among studied 
methods, the highest level of 3rd larval duration 
belonged to 2nd treatment (5.01 days), and 8th 
treatment (4.01 days) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
3rd feeding duration 

From obtained results, it is showed that 
amount of 3rd feeding duration in ten studied 
methods included between 3.01-4.01 days. Among 
studied methods, the highest level of 3rd feeding 
duration belonged to 4th treatment (4.01 days), and 
8th treatment (3.01 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
3rd molting duration 

From obtained results, it is showed that 
amount of 3rd molting duration in ten studied 
methods included between 44.70-2.00 days. Among 
studied methods, the highest level of 3rd molting 
duration belonged to 10th treatment (2.00 days), and 
1st treatment (1.00 days) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
4th larval duration 

From obtained results, it is showed that 
amount of 4th larval duration in ten studied methods 
included between 5.10-6.17 days. Among studied 
methods, the highest level of 4th larval duration 
belonged to 2nd treatment (6.17 days), and 4th 
treatment (5.10 days) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
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between studied methods for this trait were 
significant (P<0.05). 
4th feeding duration 

From obtained results, it is showed that 
amount of 4th feeding duration in ten studied 
methods included between 4.00-4.01 days. Among 
studied methods, the highest level of 4th feeding 
duration belonged to most of treatments (4.01 days), 
and 7th treatment (4.00 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
4th molting duration 

From obtained results, it is showed that 
amount of 4th molting duration in ten studied 
methods included between 1.09-2.16 days. Among 
studied methods, the highest level of 4th molting 
duration belonged to 2nd treatment (2.16 days), and 
4th treatment (1.09 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
5th larval duration 
From obtained results, it is showed that amount of v 
in ten studied methods included between 44.70-80.75 
days. Among studied methods, the highest level of 
5th larval duration belonged to 5th treatment (80.75 
days), and 3rd treatment (44.70 days) remained at 
lower level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
5th feeding duration 

From obtained results, it is showed that 
amount of 5th feeding duration in ten studied 
methods included between 7.00-7.23 days. Among 
studied methods, the highest level of 5th feeding 
duration belonged to 4th treatment (7.23 days), and 
7th treatment (7.00 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
Mounting duration 

From obtained results, it is showed that 
amount of mounting duration in ten studied methods 
included between 0.08-0.21 days. Among studied 
methods, the highest level of mounting duration 
belonged to some of treatments (0.21 days), and 1st 
treatment (0.08 days) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 

Young larval duration 
From obtained results, it is showed that 

amount of young larval duration in ten studied 
methods included between 12.10-15.04 days. Among 
studied methods, the highest level of young larval 
duration belonged to 2nd treatment (15.04 days), and 
1st treatment (12.10 days) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
Grown (mature) larvae duration 

From obtained results, it is showed that 
amount of grown (mature) larvae duration in ten 
studied methods included between 12.24-13.23 days. 
Among studied methods, the highest level of grown 
(mature) larvae duration belonged to 5th treatment 
(12.24 days), and some treatments (13.23 days) 
remained at lower level than other methods. Other 
methods were between these two groups. Meanwhile 
statistical differences between studied methods for 
this trait were significant (P<0.05). 
Larva weight (5th day of 5th instar) 
From obtained results, it is showed that amount of 
larva weight (5th day of 5th instar) in ten studied 
methods included between 3.24-3.48 days. Among 
studied methods, the highest level of larva weight 
(5th day of 5th instar) belonged to 3rd treatment 
(3.48 days), and 9th treatment (3.24 days) remained 
at lower level than other methods. Other methods 
were between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were significant (P<0.05). 
10 larvae weight (5th day of 5th instar) 

From obtained results, it is showed that 
amount of 10 larvae weight (5th day of 5th instar) in 
ten studied methods included between 3.24-3.48 gr. 
Among studied methods, the highest level of larva 
weight (5th day of 5th instar) belonged to 3rd 
treatment (3.48 gr), and 9th treatment (3.24 gr) 
remained at lower level than other methods. Other 
methods were between these two groups. Meanwhile 
statistical differences between studied methods for 
this trait were significant (P<0.05). 
Female cocoon weight 

From obtained results, it is showed that 
amount of female cocoon weight in ten studied 
methods included between 1.90-2.13 gr. Among 
studied methods, the highest level of female cocoon 
weight belonged to 1st treatment (2.13 gr), and 2nd 
treatment (1.90 gr) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant 
(P<0.05). 
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Female cocoon shell weight 
From obtained results, it is showed that 

amount of female cocoon shell weight in ten studied 
methods included between 0.36-0.42 gr. Among 
studied methods, the highest level of female cocoon 
shell weight belonged to 1st treatment (0.42 gr), and 
2nd treatment (0.36 gr) remained at lower level than 
other methods. Other methods were between these 
two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
Female cocoon shell percentage 

From obtained results, it is showed that 
amount of female cocoon shell percentage in ten 
studied methods included between 18.94-24.18%. 
Among studied methods, the highest level of female 
cocoon shell percentage belonged to 9th treatment 
(24.18%), and 2nd treatment (18.94%) remained at 
lower level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Coefficient of variations for female cocoon weight 

From obtained results, it is showed that 
amount of coefficient of variations for female cocoon 
weight in ten studied methods included between 
7.85-11.98%. Among studied methods, the highest 
level of coefficient of variations for female cocoon 
weight belonged to 9th treatment (11.98%), and 4th 
treatment (7.85%) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant 
(P<0.05). 
Coefficient of variations for female cocoon shell 
weight 

From obtained results, it is showed that 
amount of coefficient of variations for female cocoon 
shell weight in ten studied methods included between 
8.85-21.22%. Among studied methods, the highest 
level of coefficient of variations for female cocoon 
shell weight belonged to 10th treatment (21.22%), 
and 6th treatment (8.85%) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were not 
significant (P>0.05). 
Coefficient of variations for female cocoon shell 
percentage 

From obtained results, it is showed that 
amount of coefficient of variations for female cocoon 
shell percentage in ten studied methods included 
between 5.65-60.75%. Among studied methods, the 
highest level of coefficient of variations for female 

cocoon shell percentage belonged to 9th treatment 
(60.75%), and 2nd treatment (5.65%) remained at 
lower level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
Male cocoon weight 

From obtained results, it is showed that 
amount of male cocoon weight in ten studied 
methods included between 1.56-1.69 gr. Among 
studied methods, the highest level of male cocoon 
weight belonged to 6th treatment (1.69 gr), and 2nd 
treatment (1.56 gr) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant 
(P<0.05). 
Male cocoon shell weight 

From obtained results, it is showed that 
amount of male cocoon shell weight in ten studied 
methods included between 0.35-0.40 gr. Among 
studied methods, the highest level of male cocoon 
shell weight belonged to some treatments (0.40 gr), 
and 2nd treatment (0.35 gr) remained at lower level 
than other methods. Other methods were between 
these two groups. Meanwhile statistical differences 
between studied methods for this trait were 
significant (P<0.05). 
 
Male Cocoon shell percentage 

From obtained results, it is showed that 
amount of male Cocoon shell percentage in ten 
studied methods included between 22.75-24.41%. 
Among studied methods, the highest level of male 
Cocoon shell percentage belonged to 2nd treatment 
(24.41%), and 7th treatment (22.75%) remained at 
lower level than other methods. Other methods were 
between these two groups. Meanwhile statistical 
differences between studied methods for this trait 
were not significant (P>0.05). 
 
Coefficient of variations for male cocoon weight 

From obtained results, it is showed that 
amount of coefficient of variations for male cocoon 
weight in ten studied methods included between 
7.15-10.29%. Among studied methods, the highest 
level of coefficient of variations for male cocoon 
weight belonged to 7th treatment (10.29%), and 2nd 
treatment (7.15%) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were not significant 
(P>0.05). 
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Table 1- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

Middle Cocoon 
Alive Pupae 

Number 

Middle Cocoon 
Number 

Best Cocoon 
Dead Pupae 

Number 

Best Cocoon 
Alive Pupae 

Percentage, % 

Best Cocoon 
Alive Pupae 

Number 

Best Cocoon 
Number 

Treatment 

7.75±1.44ab 9.25±1.55a 3.50±0.87a 95.42±0.95b 71.25±2.59a 74.75±3.30a 1 
9.00±1.63a 9.25±1.65 a 2.00±0.71ab 97.46±0.77ab 74.00±4.10a 76.00±4.60a 2 
4.00±0.71b 6.25±0.48a 1.25±0.75ab 97.41±1.49ab 43.50±4.35b 44.75±4.82b 3 
8.75±1.44ab 10.75±1.70a 1.00±0.41ab 98.56±0.63ab 73.25±4.13a 74.25±3.73a 4 
7.75±2.32ab 9.50±2.33a 0.50±0.29b 99.40±0.35b 80.25±1.18a 80.75±1.44a 5 
10.00±0.82ab 11.00±1.73a 2.75±0.85ab 96.51±1.02ab 73.75±4.50a 76.50±4.97a 6 
6.00±0.41ab 7.50±0.87a 3.00±1.00ab 96.24±1.16ab 75.50±1.94a 78.50±2.40a 7 
7.50±1.76ab 8.25±1.38a 1.25±0.63ab 98.28±0.93ab 74.25±2.95a 75.50±2.50a 8 
7.00±0.41ab 8.00±0.58a 2.50±0.50ab 96.77±0.58ab 73.50±3.88a 76.00±4.26a 9 
9.75±3.64a 10.50±3.23a 2.25±1.65ab 97.01±2.20ab 68.25±4.73a 70.50±5.17a 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
 

Table 2- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

Double Cocoon 
Number 

Low Cocoon 
Dead Pupae 

Number 

Low Cocoon 
Alive Pupae 

Number 

Low Cocoon 
Number 

Middle Cocoon 
Dead Pupae 

Number 

Middle Cocoon 
Alive Pupae 

Percentage, % 

Treatment 

1.25±0.47a 0.00±0.00a 0.00±0.00a 0.00±0.00b 1.50±0.50a 83.32±4.32ab 1 
1.50±0.28a 0.75±0.48a 0.00±0.00a 0.75±0.48ab 0.25±0.25a 97.50±2.50a 2 
0.75±0.47a 0.75±0.25a 0.00±0.00a 0.75±0.25ab 2.25±0.85a 65.00±2.25b 3 
1.50±0.50a 1.25±0.48a 0.25±0.25a 1.50±0.65a 2.00±1.08a 83.13±8.81ab 4 
2.50±0.86a 1.00±0.41a 0.00±0.00a 1.00±0.41ab 1.75±0.75a 77.72±13.33ab 5 
2.00±1.08a 0.25±0.25a 0.50±0.50a 0.75±0.47ab 1.00±1.00a 93.75±6.25ab 6 
2.50±0.50a 1.00±0.71a 0.00±0.00a 1.00±0.71ab 1.50±0.65a 81.79±7.03ab 7 
1.75±0.25a 0.50±0.50a 0.00±0.00a 0.50±0.50ab 0.75±0.75a 89.29±10.71ab 8 
1.50±0.64a 1.25±0.25a 0.00±0.00a 1.25±0.25ab 1.00±0.41a 88.10±4.60ab 9 

1.00±0.640a 0.00±0.00a 0.00±0.00a 0.00±0.00b 0.75±0.75a 87.50±12.50ab 10 
*Means in each column followed by the same letters are not significantly different at α=0.05 
 
Table 3- Mean comparison (±SEM) of productive parameters in studied treatments* 

Parameters 

Best Cocoon 
Weight 

Cocoon Weight 
per one Litr 

Cocoon Number 
per one Litr 

Double Cocoon 
Dead Pupae 

Number 

Double Cocoon 
Alive Pupae 
Percentage 

Double Cocoon 
Alive Pupae 

Number 
gr gr - - % - 

Treatment 

142.08±4.88a 211.36±3.86a 113.50±1.71ab 0.00±0.00a 75.00±25.00a 2.50±0.96a 1 
129.10±8.52a 205.14±2.82a 121.00±2.65ab 0.00±0.00a 100.00±0.00a 3.00±0.58a 2 
82.57±9.20b 190.64±8.35b 103.00±4.43c 0.00±0.00a 50.00±8.87a 1.50±0.96a 3 
134.07±5.95a 209.28±2.45a 115.50±1.50ab 0.50±0.29a 62.50±21.65a 2.50±0.87a 4 
146.37±1.81a 214.17±2.14a 118.25±0.63ab 0.50±0.29a 67.71±22.85a 4.50±1.55a 5 
139.70±8.46a 210.62±3.37a 115.50±0.96ab 0.25±0.25a 62.50±23.94a 3.75±2.25a 6 
135.81±4.15a 212.79±2.52a 123.00±1.91a 0.25±0.25a 93.75±6.25a 4.75±1.11a 7 
131.79±4.17a 204.86±3.46a 117.502.06ab 0.00±0.00a 100.00±0.00a 3.50±0.50a 8 
135.78±6.61a 216.75±4.37a 119.50±2.87ab 0.25±0.25a 62.50±3.94a 2.75±1.38a 9 
124.32±8.89a 209.97±4.92a 117.50±2.63ab 0.50±0.29a 56.25±21.35a 1.50±0.65a 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
 

Table 4- Mean comparison (±SEM) of productive parameters in studied treatments* 

Parameters 

1st Molting 
Duration 

1st Feeding 
Duration 

1st Larval 
Duration 

Double 
Cocoon 
Weight 

Low Cocoon 
Weight 

Middle Cocoon 
Weight 

day day day gr gr gr 

Treatment 

1.00±0.00c 3.08±0.01c 4.08±0.01e 4.74±1.77a 0.00±0.00a 14.85±3.25a 1 
1.09±0.00b 3.23±0.00a 5.08±0.00a 5.00±1.10a 1.25±0.79a 13.75±2.56a 2 
1.00±0.00c 3.23±0.00a 4.23±0.00d 2.85±1.72a 1.33±0.47a 10.28±0.78b 3 
2.00±0.01a 3.07±0.00c 5.07±0.00b 5.54±1.85a 2.18±1.21a 18.40±2.62a 4 
1.00±0.00c 3.07±0.00c 4.07±0.00e 9.31±3.20a 2.04±0.86a 15.00±3.78a 5 
1.00±0.00c 3.07±0.00c 4.07±0.00e 6.95±3.80a 1.50±0.91a 18.84±2.65a 6 
1.00±0.00c 3.07±0.00c 4.07±0.00 e 8.91±2.08a 1.69±1.15a 12.49±1.41a 7 
1.09±0.00b 3.23±0.00a 5.08±0.00a 6.13±0.91a 0.76±0.76a 13.12±1.90a 8 
1.00±0.00c 3.15±0.00b 4.15±0.00d 5.23±2.30a 2.07±0.62a 14.34±1.73a 9 
1.00±0.00c 3.07±0.00 c 4.07±0.00e 3.54±1.29a 0.00±0.00a 16.70±5.17a 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
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Table 5- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

3rd Molting 
Duration 

3rd Feeding 
Duration 

3rd Larval 
Duration 

2nd Molting 
Duration 

2nd Feeding 
Duration 

2nd Larval 
Duration 

day day day day day day 

Treatment 

1.00±0.00b 3.10±0.01b 4.10±0.01bc 0.19±0.00 d 2.21±0.01c 3.16±0.01c 1 
2.00±0.01a 3.01±0.01c 5.01±0.01a 2.00±0.01a 3.01±0.01b 5.1±0.01a 2 
1.00±0.00b 3.10±0.01b 4.10±0.01bc 0.20±0.00c 3.05±0.01a 4.1±0.01b 3 
1.00±0.00b 4.01±0.01a 5.01±0.01a 0.18±0.00e 2.22±0.01c 3.16±0.01c 4 
1.00±0.00b 3.10±0.01b 4.10±0.01bc 0.19±0.00d 2.21±0.01c 4.16±0.01b 5 
1.25±0.25b 3.10±0.01b 4.35±0.25b 0.19±0.00d 2.21±0.01c 3.91±0.25b 6 
1.00±0.00b 3.09±0.00b 4.09±0.00c 0.19±0.00d 2.20±0.00c 3.15±0.00c 7 
1.00±0.00b 3.01±0.01c 4.01±0.01c 2.00±0.01a 3.01±0.01b 5.01±0.01a 8 
1.00±0.00b 3.10±0.01b 4.10±0.01bc 1.15±0.00b 2.10±0.01d 4.01±0.01b 9 
2.00±0.01a 3.10±0.01b 5.10±0.01a 0.19±0.00d 2.21±0.01c 3.16±0.01c 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
 

Table 6- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

Mounting  
Duration 

5th Feeding 
Duration 

5th Larval 
Duration 

4th Molting 
Duration 

4th Feeding 
Duration 

4th Larval 
Duration 

day day day day day day 

Treatment 

0.08±0.00c 7.03±0.02a 7.11±0.02b 1.15±0.00b 4.01±0.01a 5.16±0.01b 1 
0.15±0.00b 6.11±0.02bc 7.02±0.02c 2.16±0.01a 4.01±0.01a 6.17±0.02a 2 
0.21±0.00a 6.11±0.02bc 7.08±0.02b 1.15±0.00b 4.01±0.01a 5.16±0.01b 3 
0.21±0.00a 7.02±0.02a 7.23±0.02a 1.09±0.00c 4.01±0.01a 5.10±0.01c 4 
0.21±0.00a 6.11±0.02bc 7.08±0.02b 1.15±0.00b 4.01±0.01a 5.16±0.01b 5 
0.18±0.03ab 6.34±0.23b 7.08±0.02b 1.12±0.04bc 4.01±0.01a 5.16±0.01a 6 
0.15±0.00b 6.09±0.00bc 7.00±0.00c 2.15±0.00a 4.00±0.00a 6.15±0.00a 7 
0.21±0.00a 6.11±0.02bc 7.08±0.02b 1.15±0.00b 4.01±0.01a 5.16±0.01b 8 
0.08±0.00c 7.03±0.02a 7.11±0.02b 1.15±0.00a 4.01±0.01a 5.16±0.01b 9 
0.20±0.00a 6.11±0.02bc 7.07±0.02b 2.16±0.01b 4.01±0.01a 6.17±0.02a 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
  

Table 7- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

Female Cocoon 
Shell Weight 

Female Cocoon 
Weight 

10 Larvae 
Weight (5th Day 

of 5th Instar) 

Larva Weight 
(5th Day of 5th 

Instar) 

Grown 
(Mature) 
Larvae 

Duration 

Young Larval 
Duration 

gr gr gr gr day day 

Treatment 

0.42±0.00a 2.13±0.01a 3.39±0.06ab 3.39±0.06ab 13.03±0.03a 12.10±0.03e 1 
0.36±0.00e 1.90±0.02e 3.36±0.06ab 3.36±0.06ab 13.18±0.03a 15.04±0.04a 2 

0.41±0.01abc 2.07±0.04abc 3.48±0.07a 3.48±0.07 a 12.24±0.03c 13.11±0.03e 3 
0.41±0.00abc 2.04±0.02cde 3.27±0.03ab 3.27±0.03 13.09±0.03a 13.25±0.03c 4 
0.39±0.00cd 2.00±0.03cde 3.37±0.14ab 3.37±0.14ab 12.24±0.03c 13.10±0.03d 5 
0.41±0.00c 2.06±0.03abc 3.35±0.04ab 3.35±0.04ab 12.44±0.19b 13.10±0.03d 6 
0.39±0.00 1.97±0.02de 3.24±0.06ab 3.24±0.06ab 13.15±0.00a 12.07±0.00e 7 

0.39±0.00bcd 2.00±0.02cde 3.39±0.04ab 3.39±0.04ab 12.24±0.03c 14.11±0.04b 8 
0.41±0.01abc 1.98±0.05cde 3.24±0.08ab 3.24±0.08ab 13.03±0.03a 13.03±0.03d 9 
0.40±0.01abcd 2.00±0.03bcd 3.26±0.11ab 3.26±0.11ab 13.23±0.03a 13.10±0.03e 10 

*Means in each column followed by the same letters are not significantly different at α=0.05                        ◌ِ ◌◌◌◌◌◌◌◌◌◌◌◌◌◌ِ ِ ِ ِ ِ ِ ِ ِ ِ ِ ِ ِ ِ ِ  
Table 8- Mean comparison (±SEM) of productive parameters in studied treatments* 

Parameters 

Male Cocoon 
Shell Weight 

Male Cocoon 
Weight 

Coefficient of 
Variations for 

Female Cocoon 
Shell Percentage 

Coefficient of 
Variations for 

Female Cocoon 
Shell Weight 

Coefficient of 
Variations for 

Female Cocoon 
Weight 

Female Cocoon 
Shell 

Percentage 

gr gr % % % % 

Treatment 

0.40±0.01a 1.68±0.01a 7.60±1.25a 9.88±0.97a 9.33±0.88ab 19.88±0.06ab 1 
0.35±0.01d 1.56±0.01d 5.65±0.68a 11.09±0.93a 8.97±0.80ab 18.94±0.09ab 2 
0.38±0.02bc 1.60±0.01cd 7.79±0.46a 10.32±0.79a 9.60±0.71ab 19.93±0.16ab 3 
0.40±0.01ab 1.67±0.02ab 6.32±0.28a 8.29±0.18a 7.85±0.71b 20.11±0.10ab 4 
0.37±0.02cd 1.61±0.04bc 9.34±0.90a 13.09±0.36a 11.92±0.83a 19.70±0.10ab 5 
0.40±0.01ab 1.69±0.02a 6.88±0.42a 8.85±0.89a 8.42±0.67ab 19.91±0.12ab 6 
0.38±0.01c 1.57±0.02de 7.62±0.79a 10.47±1.02a 9.07±0.72ab 19.87±0.17ab 7 
0.37±0.01cd 1.59±0.03cd 8.50±1.19a 10.09±0.83a 8.37±0.77ab 19.75±0.16ab 8 
0.38±0.02bc 1.63±0.03abc 60.75±54.62a 17.61±8.24a 11.98±2.83a 24.18±4.17a 9 
0.38±0.01bc 1.58±0.02de 18.89±9.52a 21.22±9.67a 10.04±0.72ab 20.31±0.62ab 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 
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Table 9- Mean comparison (±SEM) of productive parameters in studied treatments* 
Parameters 

Coefficient of Variations 
for Male Cocoon Shell 

Percentage 

Coefficient of 
Variations for Male 
Cocoon Shell Weight 

Coefficient of 
Variations for Male 

Cocoon Weight 

Male Cocoon Shell 
Percentage 

% % % % 

Treatment 

9.68±1.16ab 12.76±1.46abc 10.09±1.16a 23.93±0.23ab 1 
6.65±1.20b 9.38±1.60cd 7.15±0.56a 22.75±0.18d 2 

10.64±3.29ab 14.72±2.03a 10.34±0.76a 23.94±0.30 ab 3 
8.00±0.51ab 9.16±0.70ab 7.08±0.87a 23.78±0.19abc 4 
10.14±1.31ab 13.26±0.98ab 10.06±1.28a 22.98±0.42cd 5 
7.89±0.59ab 8.31±0.55d 7.59±0.74a 23.61±0.27abcd 6 
17.30±8.52a 11.21±0.27abcd 10.29±1.98a 24.41±0.54a 7 
9.21±0.81ab 11.63±0.37abcd 8.07±0.16a 23.31±0.22bcd 8 
9.14±0.98ab 10.32±0.60bcd 9.29±1.40a 23.61±0.15abcd 9 
8.02±1.44ab 9.70±1.17bcd 7.76±0.97a 24.10±0.16 ab 10 

*Means in each column followed by the same letters are not significantly different at α=0.05 

 
Coefficient of variations for male cocoon shell 
weight 

From obtained results, it is showed that 
amount of coefficient of variations for male cocoon 
shell weight in ten studied methods included between 
8.31-14.72%. Among studied methods, the highest 
level of coefficient of variations for male cocoon shell 
weight belonged to 3rd treatment (14.72%), and 6th 
treatment (8.31%) remained at lower level than other 
methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant (P>0.05). 
Coefficient of variations for male cocoon shell 
percentage 
From obtained results, it is showed that amount of 
coefficient of variations for male cocoon shell 
percentage in ten studied methods included between 
6.65-17.30%. Among studied methods, the highest 
level of coefficient of variations for male cocoon shell 
percentage belonged to 7th treatment (17.30%), and 
2nd treatment (6.65%) remained at lower level than 
other methods. Other methods were between these two 
groups. Meanwhile statistical differences between 
studied methods for this trait were significant (P<0.05). 
 
4. Discussions  

Starting of silkworm feeding after hatching or 
after molting at different instars, depending on breed 
and environment temperature is different. According to 
studies done by the researchers, larvae just about 41 
minutes after hatch are starting to feeding. In the 
second instar, larvae are feeding 99 minutes after 
molting. This delay increase as instars increases, so 
larvae at the fifth instar are eating 167 minutes after the 
molting. Feeding start time is depended and based on 
different factors such as larvae garlic or hungry, 
environmental conditions, larval appetite etc. Silkworm 
has little mobility after feeding and keeps up its head 
and chest, and is pale and drawn its body and skin. 
Their skin is loose after digestion of mulberry 

consumption and larvae starts to crawl which is a sign 
as hungry. 

Resistance is a quantitative trait with incessant 
distribution and affected by major genes and minor 
genes. It was demonstrated that silkworm resistance 
controlled by double dominance gene on un-sexual 
chromosomes. If there is random mates in successive 
generations of silkworm population, natural selection 
resulted to major genes and modifier genes. 

To date various studies has been conducted on 
nutrition pattern and hunger tolerance levels of various 
insects (Simpson, 1981; Simpson, 1982; Simpson, 
1983; Simpson, 1995; Simpson and Abisgold, 1985; 
Simpson and Ludlow, 1986; Simpson and 
Raubenheimer, 1993; Reynolds et al, 1986; Barton and 
Raubenheimer, 2003; Bernays and Singer, 1998; 
Bernays and Woods, 2000; Cohen et al, 1988;) but so 
far very few reports have been published regarding 
silkworm feeding patterns (Hamamura, 1959, 
Hamamura et al, 1962; Ueda and Suzuki, 1967; Hirao 
et al, 1976; Hirao et al, 1978; Hirao and Yamaoka, 
1981). 

Sericulture is a labor intensive industry with 
its agricultural part of mulberry cultivation, silkworm 
egg production and silkworm rearing as well as its 
industrial sector of cocoon processing, silk reeling and 
weaving. The silkworm rearing is a traditional industry 
in Asia and the life of many people is depended on it. 
Hence improvement of rearing management can 
increase its income and attraction among farmers. 
Defining future scenarios for agricultural production 
and deriving management programs of feeding 
improvement for these scenarios is a useful tool in 
developing rearing strategies that are robust to changes 
in markets. Therefore, it is necessary to study the effect 
of other constraints of production system on various 
rearing methods of important traits in silkworm 
hybrids. 
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Abstract:  Postharvest losses have been a constraining factor in plantain production such that increase in yield 
brought about by advances in technologies through research did not make any significant impact on the economy of 
small scale farmers. The study examined the influence knowledge, attitude and constraints on postharvest losses 
among farmers and wholesalers in south-western Nigeria.   A combination of multistage random sampling and 
Snowball techniques were used to select farmers and wholesalers respectively.  Primary data was collected through 
pre-tested structured questionnaire and analysed using frequency counts, percentages and t-test.  The result shows a 
significant relationship between knowledge and constraints to postharvest activities and postharvest losses among 
farmers and wholesalers.  Similarly, significant differences were recorded in the attitude (t = 4.04, p < 0.05) and 
knowledge (t = 2.23, p < 0.05) and postharvest losses (t = 3.98, p < 0.05) among the respondents, while no 
significant differences was observed in the constraints they faced with (t = 1.26, p < 0.05).  The result shows that 
there is need for an improved knowledge on the postharvest activities, an improvement in the constraints faced by 
them to reduce the post harvest losses incurred. 
[Ladapo M.A and Oladele O.I. Effect of Knowledge, Attitude and Constraints on Postharvest losses among 
plantain farmers and wholesalers in south-western Nigeria. Life Science Journal. 2011;8(2):476-482] 
(ISSN:1097-8135). http://www.lifesciencesite.com. 
 
Keywords: postharvest activities, postharvest losses, attitude, knowledge and constraints. 
 
1. Introduction 

Plantain belongs to the family Musaceae. It 
descended from a wild ancestor Musa balbisiana 
(Samson, 1980). In sub-saharan Africa, plantain 
provides up to 25% of the required food energy to 70 
million people (Swennen, 1990). Plantain constitutes 
an important source of revenue for the backyard 
producers and large scale farmers.  This crop was one 
of the first to be domesticated as it requires no 
specialised tool for harvest or propagation (Chuckwu, 
1996). The long association between man and this 
crop is also indicated by the many forms in which it 
is consumed. Plantain could be consumed in the 
unripe, ripe, and overripe forms, when raw or cooked.  
In Nigeria, it is grown in the southern states in the so 
called plantain belt by small peasant farmers in 
traditional farming system from backyard gardens to 
pure stand field (Noupadja, 1995; Akinyemi and 
Tijani Eniola, 2000).  Nigeria is the largest producer 
of plantain in West Africa with annual production of 
about 2.4 million metric tonnes mostly from the 
plantain growing states which include; Edo, Delta, 
Osun, Ondo, Rivers, Cross-rivers, Akwa-Ibom, Imo, 
Abia, Anambra, Oyo, Lagos, and Enugu states. 
              Food preservation remains a major challenge 
in developing countries including Nigeria. The 
capacity to preserve food is directly related to the 
level of technological development. While affluent 
and industrialized countries are more concerned with 

the adverse health effects of excessive food or 
nutrient intake, leading to obesity, arteriosclerosis 
and hypervitaminosis, developing nations continue to 
grapple with food shortages and nutritional 
deficiency diseases. The perishability of plantain like 
other crops gives rise to the need to preserve it. One 
of the ways of ensuring good food preservation is 
through efficient postharvest handling.  
 Postharvest handling of crops is of great 
importance in food production. This is because it is 
one of the determinants of the quantum of the profit 
that the rural farmers will make on their harvested 
crops (Chukwu 1996). While research has shown that 
increased production is possible, it has however been 
discovered that the increase in crop yield brought 
about by the advances in technologies during the last 
decade did not make any significant impact on the 
economy of the small-scale farmers. This is because 
the increase is lost due in part to poor postharvest 
handling of the crops produced (Arowojolu, 2000). 
   Management of postharvest losses is therefore 
essential if these losses are to be minimised. Plantain 
is chosen for this study because of its perishable 
nature. Plantain is among the major food crops 
(Frison, 1997) that require proper postharvest 
handling. Also, it is in high demand by both the high 
and ״low income earners in the society and 
worldwide. Plantain is of high commercial value, 
available in the rural and urban areas, commands 
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usage diversity and is an important source of revenue 
for small farm holders (Dorosh, 1988; Tshiunza, et al, 
2001). 

The south western agro-ecological zone of 
Nigeria is the dominant zone for the production of 
plantain.  The zone has heavy rainfall of 1200 – 
1500mm, and well drained ground for plantain 
production.  The production of plantain is scattered in 
farms all over rural areas in the zone and have to be 
gathered together before being transported to the 
ultimate consumers (Eboh and Ogbazi, 1990).   
Plantain is a seasonal crop, highly perishable, high in 
moisture content, and characterized by high 
postharvest losses (Olorunda and Aworh, 1988).   
 Aworh (2004) stated that the postharvest losses 
of fruits run into billions of Naira annually, while 
Khang (2003) opined that the losses not only affect 
output but reduce farmers’ income all over the world. 
Postharvest loss has been a bane to food security in 
Nigeria.  Even though increased yield has been found 
to be possible (Arowojolu, 2000), postharvest losses 
have prevented the effect of the increase to be felt on 
the income of the small-scale farmers.  Many of the 
technologies wherein farmers invest time and money 
for higher yield are nullified by postharvest losses 
(Chukwu, 1996). Nigeria the largest producer of 
plantain in West Africa consumes all her production 
with nothing for export because of the decline in 
production in recent times.  Postharvest loss has been 
found to be responsible for the decline in production 
of plantain in association with other factors such as 
poor road networks, constraints to postharvest 
activities, low soil fertility and non-maximisation of 
the processing potentials of plantain (Ladapo, 2010).  
 Eradication or reduction of postharvest losses is 
therefore important to bring about increased food 
security and reduce suffering to both rural and urban 
households.  In order to ensure that every Nigerian 
has an unimpeded access to enough food for healthy 
living throughout the year, and that farmers have 
adequate financial reward for their efforts on the farm, 
special attention has to be paid to the postharvest 
handling of fruits like plantain that have high 
perishability. This is in order to identify the 
determinants of the losses in effort at reducing them 
to the barest minimum. The general objective of the 
study is to identify the determinants of post harvest 
losses of plantain among farmers and wholesalers in 
south-western Nigeria. 
 
Materials and Methods 
 This study was carried out in South Western 
Nigeria using   a multi-stage sampling technique. The 
first stage involved the selection of three states 
namely: Edo, Osun, and Ondo out of the eight in the 

south western ecological zone of Nigeria. The states 
were selected because of the high production of 
plantain. The second stage involved the selection of 
the Agricultural Development Programme (ADP) 
zones in each of the 3 states. Ten percent of the ADP 
zones were randomly selected from each state, to 
give one zone per state, making a total of 3 ADP 
zones. The third stage involved the random selection 
of 10% of the blocks to give five blocks from the 
forty-six in the selected zones. The fourth stage 
involved the random selection of one cell from each 
of the selected blocks to give 5 cells. Each cell has an 
average of one hundred and twenty farmers. The fifth 
stage involved the random selection of 40 percent of 
the farmers in the selected cells to give two hundred 
and fifty farmers (out of 600) which formed the 
sample size for farmers. There were no registered 
wholesalers in the selected states.  The snowball 
technique; in which the researcher identified some 
wholesalers who have the required information and 
helped to identify other wholesalers was used.  A 
total of one hundred and twenty wholesalers were 
identified, out of which ninety were randomly 
selected for the study using the systematic random 
technique. 
 Data were collected using structured interview 
schedule that included  list of five postharvest 
activities, from which farmers and wholesalers  
indicated those they practiced, while a knowledge 
test on postharvest activities was provided on a 2 
point scale of True (2) and false (1) containing eleven 
items on postharvest activities. Attitude to 
postharvest activities were determined with a Likert 
scale of SA, A, U, D and SD were containing 
developed 10 statements. Data were analysed through 
the use frequency and percentages, Pearson Product 
Moment Correlation and t-test.  
 
2. Result  

 Table 2 shows the personal  characteristics 
of plantain farmers and wholesalers, while Table 3 
presents the post harvest activities among plantain 
farmers and wholesalers and Table 4 reveals the 
constraints of plantain farmers and wholesalers to 
postharvest activities. Table 5 and 6  presents the 
attitude of plantain farmers and wholesalers to 
postharvest activities and  knowledge of postharvest 
activities of plantain by farmers and wholesalers 
respectively; while tables 7 and 8 shows the 
correlation analysis of post harvest losses and attitude 
of respondents and t-test statistics of difference in 
attitude, knowledge, constraints and post harvest 
losses of farmers and wholesalers respectively. 
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Table 1:  Sampling procedure for the plantain farmers 
States Edo Osun Ondo Total 
No. of zones in each state 3 2 3 8 
No. of zones randomly selected (10%) 1 1 1 3 
No. of blocks in each zone 18 10 18 46 
No. of blocks randomly selected (10%) 2 1 2 5 
No. of cells in the blocks selected (8 cells = 1 block) 16 8 16 40 
No. of cells randomly selected (10%) 2 1 2 5 
No. of  farmers/cell at an average of 120 240 120 240 600 
No of  randomly selected respondents 96(40%) 60 (50%) 94 (40%) 250 

 
Table 2: Personal  characteristics of plantain farmers and wholesalers 

Demographic characteristics    Farmers   Wholesalers 
Variable           
Age (years)   
31 – 40       22 (8.8)       23 (25.5) 
41 – 50        60 (24)       50 (55.6) 
51 – 60   142 (56.8)       17 (18.9)      
61 – 70      26 (10.4)          ---- 
Mean         52.6          44.8 
Sex   
Male     204 (81.6)          25 (27.8) 
Female       46 (18.4)          65 (72.2) 
Marital Status   
Married      232(92.8)          84(93.3) 
Widowed         18 (7.2)            6 (6.6) 
 Level of Education   
No formal Education       162 (64.8)          14 (15.6) 
Adult Education         32 (12.8)|          19 (21.1) 
Primary Sch. Leaving Cert           20 (8.6)          44 (48.9) 
Attempted School Cert.         36 (14.4)          13 (14.4) 
Family Size    
1 – 4         63 (25.2)          35 (38.9) 
5 – 8       132 (52.8)          46 (51.1) 
9 – 12         55 (22.0)           9 (10.0) 
  x            8.6                                                    5 
*Percentage in parenthesis. 
 
Table 3: Post harvest activities among plantain farmers and wholesalers 

Activity Farmers Wholesalers 
Storage mode using Traditional methods 250 (100) 90 (100) 
Processing 210 (84.0) 64 (71.1) 
Marketing  
    (a) farm-gate 
    (b) urban market 
    (c) on the farm 

250 (100) 
158 (68.2) 
42 (36.8) 
42 (36.8) 

90 (100) 
61(67.8) 
90(100) 
20(22.2) 

Sorting  
Sorting by number 
  by bruises  
 by stage of ripeness  

 
200(80.0) 
198 (79.2) 
186(74.1) 

 
72(80.0) 
72(78.9) 
83(92.2) 

Transport involvement 
    non-involvement  

36 (14.4) 
214 (85.5) 
214(85.6) 

90(100) 
  --  
  --  

* Percentages in parentheses.  
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Table 4: Constraints of plantain farmers and wholesalers to postharvest activities 

Constraints to various post-harvest activities Farmers Wholesalers 
Transportation and Marketing Bad roads 244 (97.6) 77 (85.6) 
High cost of transportation 245 (98.0) 90 (100) 
Poor state of vehicles  234 (93.6) 81 (90.0) 
Storage and Processing Lack of technological know-how 232 (92.8) 12 (13.3) 
Lack of knowledge of improved storage/processing equipment  240 (96.0) 87 (96.7) 
Non-affordability of the equipment 242 (96.8) 81 (90.0) 
Lack of infrastructural facilities 242 (96.8) 82 (91.1) 
High cost of maintenance  186 (86.0) 87 (96.7) 
Government Policy 214 (85.6) 41 (45.6) 
Social and Political instability 188 (75.2) 66 (73.3) 
Poor hygiene of warehouses/packs 62 (24.8) 68 (75.6) 

*Percentages in parentheses 
 

Table 5: Attitude of plantain farmers and wholesalers to postharvest activities 
 Farmers Wholesalers  
Attitude Mean Mean 
Post harvest handling of plantain is not necessary. 1.98 3.03 
Post harvest handling of plantain is a waste of time. 2.79 3.80 
Post harvest handling of plantain is expensive 2.61 2.90 
It is necessary to float harvested banana in water immediately after harvesting 2.40 --- 
Processing is additional labour cost 2.23 3.70 
Storage is additional labour cost 2.24 2.30 
High cost of processing equip. prevent respondents from processing Plantain and Banana 2.74 4.20 
Long distance of market to farms encourage sales at the farm gate. 2.11 4.1 
Fruits infected with disease have no markets value 2.42 0.99 
It is important to maintain strict hygiene or sanitation in the plantain/banana pack houses 
to minimize infection. 

2.06 1.70 

Dehandling bunches will allow for max transportation of plantain/banana. 2.57 2.75 
Overall Mean attitude scores 2.45 3.03 
Figures in parenthesis are percentages 
 
Table 6: Knowledge of postharvest activities of plantain by farmers and wholesalers  
Items Farmers Wholesalers 
Locating a cottage industry close to your farm/close to where you buy will 
encourage you to process plantain. 

58 (23.2) 46 (51.1) 

Do you think sorting of diseased/damaged plantain is a waste of time. 98 (39.2) 25 (27.8) 
 Damaged fruits are not useful. 176(70.4) 81(90.0) 
Packaging your fruits properly will prevent mechanical damage to your plantain. 200 (80.0) 89 (96.7) 
Do you know that you should not pack ripe and unripe plantain together 188 (75.2) 81 (90.0) 
Selling your fruits at the farm gate attracts more income than in the local markets. 166(67.0) 67 (74.4) 
Both mature and immature fruits should be   harvested/purchased.  94 (38.0) 4 (13.3) 
Processing enhance better storage. 166(67.0) 79 (63.3) 
 Processing of food crops is essential 238 (95.2) 90 (100) 
Use of bad roads contribute to loss of plantain 242 (96.8) 90 (100) 
Breakdown of vehicles causing delay in getting to destination encourage 
deteriorating of plantain 

242 (96.8) 90 (100) 

It is financially more rewarding to sell in the urban markets than in rural markets. 226 (90.4) 8 (26.6) 
Bruised plantain can be waxed to prevent further deterioration 238 (95.2) 90 (100) 
You should prevent plantain from getting bruised 240 (96.0) 90 (100) 
Percentages in parentheses. 
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Table 7: Correlation analysis of post harvest losses and attitude of respondents 
 Variables r df p Decision 
Attitude  farmers 0.14 248 0.13 Not Significant 
 wholesalers 0.022 88 0.73 Not Significant 
Constraints  farmers 0.62 248 0.01 Significant 
  wholesalers 0.75 88 0.04 Significant 
Knowledge  farmers -0.34 248 0.00 Significant 
  wholesalers -0.22 88 0.03 Significant 

 
Table 8: t-test statistics of difference in attitude, knowledge, constraints and post harvest losses of farmers and 
wholesalers 

Variables Groups N Mean SEM MD t df p 
Wholesalers 90 18.21 1.18 5.8 4.04 414 0.00 Attitude  
Farmers 250 13.70 0.88     
Wholesalers 90 14.22 0.91 0.42 2.23 414 0.00 Knowledge 
Farmers 250 13.32 0.56     
Wholesalers 90 14.51 0.94 0.91 2.26 414 0.00 Constraints 
Farmers 250 14.59 0.94     
Wholesalers 90 360.77 38.02 161.71 3.98 414 0.00 Postharvest 

loss Farmers 250 158.98 14.21     
 
3. Discussion 

 The table below reveals the age distribution, sex, 
marital status, level of education and family sizes of 
the farmers and wholesalers.  The farmers had mean 
age of 52.6 ± 7.5 years, 81.6% were males and 64.8% 
had no formal education.  Seventy-two percent of the 
wholesalers were females with mean age of 44.8 ± 
6.7 years and 48.9% had primary school certificate.  
The age distribution among the farmers agree with 
Onanamadu (2000) and Akinsorotan (2004) which 
confirmed that majority of the farmers in the rural 
areas were within the age bracket of 41 – 60 years.  
Large percentage (81.6%) of the farmers were men 
while greater percentage (72.2%) of the wholesalers 
were women.  This implies that there are define roles 
for the different gender in postharvest handling of 
plantain (Ladapo 2010).  These results are in 
agreement with that of Igben (1998) and Ajayi (2000) 
who opined that relatively younger women are likely 
to be more dynamic and willing to take risks 
associated with plantain marketing activities with the 
hope of improving their living standard.  Ninety-three 
and seven percent of both farmers and wholesalers 
were married and divorced respectively.  The 
wholesalers were found to be relatively more 
educated with smaller family size than the farmers 
with an average family size of 9. Many of the 
families (64.8%) had no formal education while 
49.1% of the wholesalers had primary school leaving 
certificate. 
 From Table 3, both farmers and wholesalers 
engage in similar postharvest activity which include 
storage, processing, marketing, sorting and 
transportation.  While all farmers and wholesalers 

engage in storing plantain using the traditional 
method of placing or raised platform and covering 
only 84 percentage of the farmers and 71.1 percent of 
the wholesalers process plantain, this reveals that 
more of the farmers process plantain.  Also all the 
farmer and wholesalers engaged in sorting as a post 
harvest activity.  The parameters for sorting are 
however different while the size and the number of 
fingers is the most important for the wholesalers.  
While all the wholesalers (100%) also engage in 
transporting plantain only a small fraction (14.4%) of 
the farmers are involved in transporting plantain.  
The reasons adduced by the farmers are high cost of 
transportation.  
 Both farmers and wholesalers engaged in 
marketing of plantain while most of the farmers sell 
at the farmgate (63.2%), the wholesalers sell at the 
urban (100%) while (67.8%) also sell at the farm gate.  
Some of the farmers (36.8%) also sell on the farm 
when the need arises. Both farmers and wholesalers 
identified similar constraints to post harvest activities 
as revealed by Table 4.  Majority of the farmers and 
wholesalers identified high cost of transportation 
(98%, 1000%) bad roads (97.6%, 85.6%) lack of 
knowledge of improved storage equipment (96.6%, 
96.7%) and lack of infrastructural facilities (96.8%, 
91.1%) .  Poor hygiene and warehouse packs has 
identified as a constraints by seventy-five point six 
percent of the wholesalers only twenty-four point 
eight percent of the farmers see it as a constraints.  
However lack of technical know how pm storage was 
observed as a constraint by 92.8 % of the farmers and 
only 13.3 percent of the wholesalers.  This may be as 
a result of the fact that more farmers process plantain 
(Table 3). Constraint was found to have a positive 



Life Science Journal, 2011;8(2)                                                                          http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life             lifesciencej@gmail.com  
 

481 

correlation with postharvest which implies an 
increase in the constraint will bring about a 
corresponding decrease in postharvest losses which 
will result in increase income for the farmers.  
 The responses of the farmers to twelve 
attitudinal statements with mean score of 2.45 is 
shown in Table 5. Many of the farmers score lower 
mean values when compared with the overall mean 
except for statements Post harvest handling  of 
plantain is a waste of time, post harvest handling of 
plantain is expensive; high cost of processing 
equipment prevents respondents from processing 
plantain and banana and dehandling bunches will 
allow for max transportation of plantain/banana.   
The overall distribution showed  that 57.6% and 
35.6% of farmers and wholesalers have unfavourable 
attitude towards postharvest handling respectively. 
The unfavourable attitude of farmers may be as a 
result of their poor educational background, 
inadequate information on the value addition 
potentials of plantain.  However, the wholesalers 
showed more favourable attitude to postharvest 
activities than the farmers. This may also be as a 
result of their better educational background when 
compared with the farmers. Dubois (2008) reported 
similar findings among banana farmers. Responses of 
both farmers and wholesalers indicating their level of 
knowledge of various post harvest activities of 
plantain is shown in Table 6.   Majority (54.4%) of 
the farmers and wholesalers (53.5%) have low 
knowledge of various improved post harvest 
activities.  The farmers are however found to be rich 
in indigenous knowledge (locally developed skills) 
which is used in storing ripening and processing of 
plantain. This agrees with the findings of Ekunwe 
and Atalor, (2007).  
 Table 7 reveals the relationship between the 
respondents’ attitude to postharvest activities and the 
postharvest losses they incur.  There exist no 
significant relationship between the farmers’ attitude 
to improved postharvest activities and the losses they 
incur.  A correlation value of r = 0.14; p= 0.13 was 
obtained. Thus, the attitude of farmers does not 
significantly dictate the level of losses they incur. 
Similarly the  result for wholesalers in their attitude 
to improved postharvest activities and the losses 
incurred by them.  A value of r = 0.22; p = 0.73 was 
obtained.  Thus, the attitude of respondents was not 
significantly correlated with the postharvest losses 
they incur.    A positive and significant correlation of 
r = 0.62; p < 0.05 was observed for the farmers.  This 
r value indicates a strong positive correlation between 
the constraints faced by the farmers and the 
postharvest losses they incur. This implies that the 
more the constraints, the higher the losses. Thus, 
farmers that have more constraints to contend will 

incur more losses. A positive and significant 
correlation was also observed for the wholesalers 
between their constraints to improved postharvest 
activities and the losses incurred by them.  A 
correlation value of r = 0.75; p < 0.05 was significant 
and high.  This implies that the more the constraints 
encountered by the wholesalers, the more the losses 
they incur, just like the farmers.  The relationship in 
the case of the wholesalers is however stronger. The 
table  further reveals a significant relationship 
between knowledge of post harvest activities and the 
postharvest losses incurred by the farmers with a 
value of r = -0.34 (p < 0.05).  The result implies that 
an increase in the knowledge of farmers on 
postharvest activities will bring about a decrease in 
the post harvest losses incurred, that is, the more 
knowledgeable they are on effective storage of 
plantain and modern processing technologies, the 
lower the losses they will incur.   The table also 
reveals a significant relationship between knowledge 
of post harvest activities and post harvest losses 
incurred by the wholesalers. A correlation coefficient 
of r = – 0.22; p < 0.05 was obtained.  This implies 
that wholesalers with low knowledge of improved 
postharvest activities were unable to process plantain 
into various utility forms that would enhance the 
shelf life, hence the high losses incurred.  Thus, the 
more knowledgeable respondents are, the more they 
are able to reduce losses. Even though wholesalers 
have a higher mean knowledge score than the farmers, 
they yet record higher losses than the farmers. This 
could be because the wholesalers are always on the 
move from one place to another and therefore have 
no time to utilise their knowledge of the various 
product potentials of plantain Ladapo (2010).   
 In Table 8, significant differences were recorded 
in the attitude, knowledge, and the postharvest losses 
incurred among plantain farmers and wholesalers in 
the study area with t=4.04; 2.23; and 3.98 
respectively at p = 0.00. However,  no significant 
difference was observed in the constraints faced by 
the farmers and wholesalers with t = 1.26 (Table 
5.19). The higher means of attitude and knowledge of 
the wholesalers was a reflection of the relatively 
higher educational attainment of the wholesalers. 
However, the lower mean losses of farmers (90 
bunches/annum) compared while those of the 
wholesalers (251.71 bunches/annum).  implies that 
the postharvest losses incurred by the wholesalers are 
more than those of the farmers.  
 
Conclusion 
 A major conclusion in this paper is that while 
knowledge of postharvest activities of farmers and 
wholesalers to and constraints faced by them are 
positively correlated to postharvest losses, their 
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attitude is not. Also, there is significant difference in 
the attitude, and knowledge.  There is therefore the 
need  to develop scientific evidence that will ensure 
reduced postharvest losses, improve knowledge and 
attitude through the provision of adult literacy and 
home-economics classes on the processing potentials 
of plantain. Constraints faced by the respondents 
should also be looked into with a view to improving 
on them, thereby reducing postharvest losses greatly. 
It will also increase income of farmers/wholesalers, 
encourage farmers to increase plantain production 
and subsequently bring about food security.  
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Abstract: Objective: to determine the incidence of nosocomial infections in preterm infants with respiratory 
distress, if treatment with continuous positive air way pressure (CPAP) compared to treatment with mechanical 
ventilation (MV). Patients and Methods: Sixty premature neonates admitted to the intensive care unit in Al Galaa 
Teaching Hospital, in their first day of life suffering from respiratory distress, the infants were divided into two 
groups, 1st group include 30 patients supported by CPAP and the 2nd group include 30 patients who were supported 
by mechanical ventilation. Blood cultures and early endotracheal cultures were taken in the 1st day of life from the 
sixty neonates in both groups then another late endotracheal culture was taken from them in the 5th day of life. 
Results: 36.67% of patients in the MV group had +ve blood culture and 63.33% had no growth, while in the CPAP 
group 16.67% had +ve blood culture and 83.33% showed no growth. Early endotracheal cultures showed +ve 
growth in 63.33% in the MV groups a 23.33% in the CPAP group. (P=0.002), on the other hand late endotracheal 
cultures showed +ve growth in 36.67% in the MV group and 16.67% in the CPAP group. Klebsiella was the most 
frequent organism in all +ve cultures. Conclusion: The incidence of positive infection in blood cultures and 
endotracheal cultures is higher in the MV group than in the CPAP group. The incidence of klebsiella among the 
whole population in the two studied groups was higher in MV group more than in the CPAP group in all the 
cultures. Within the cases having positive cultures, MV patients needed longer duration on ventilation than patients 
on CPAP (whether the cultures were taken from the blood or endotracheal). 
[Amira Ahmed, Hisham Waheed, Wagdi M. Hanna, Tarek S. Ibrahim, William M. Morcos, Ilham Ezzet. 
Incidence of Nosocomial Infection with Nasal Continuous Positive Air Way Pressure Versus Mechanical 
Ventilation During Treatment of Respiratory Distress in Preterm Neonates. Life Science Journal. 
2011;8(2):491-497] (ISSN:1097-8135). http://www.lifesciencesite.com. 
 
Keywords: Premature infant, Respiratory distress, cultures, mechanical ventilation, continuous positive air way 
pressure.  
 
1. Introduction 
 Respiratory distress syndrome (RDS) is the 
most common cause of respiratory failure and 
requirement for mechanical ventilation (MV) of 
newborns. In developing countries, despite facilities 
for respiratory care of newborn infants, RDS 
mortality rate and percentage of complications still 
remain high in comparison to the developed countries 
(Marraro, 2003). 
 Mechanical ventilation is a widely used 
supportive technique in the intensive care units 
(Greenough et al., 2004). Several forms of external 
support for respiration have long been described to 
assist the failing ventilatory pump, and access to 
lower air ways through tracheostomy or endotracheal 
tubes had constituted a major advance in the 
management of patients with respiratory distress. 
However noninvasive ventilation (NIV) techniques, 
using patient ventilator interfaces in the form of 
facial masks, have been designed. (Brochard, 2003). 
Spontaneous breathing can be supported (CPAP, 
pressure of volume support ventilation) or ventilation 
can be totally or partially controlled (volume and 

pressure controlled ventilation, synchronized 
intermittent mandatory ventilation) (Mehta et al., 
2004). The early application of nasal continuous 
positive air way : pressure (NCPAP) reduces the need 
for subsequent endotracheal intubations, mechanical 
ventilation, and surfactant therapy. (Merran et al., 
2004 and; Subramaniam et al., 2005).  
 Nosocomial infections are the most common 
complications encountered in the neonatal intensive 
care unit (NICU). They are associated with high 
mortality and prolonged duration of hospitalization in 
the survivors, contributing to an increased cost of 
health care (Srinivasan et al., 1998).  
 The aim of this study was to determine the 
incidence of nosocomial infections in preterm infants 
with respiratory distress, if treatment with CPAP 
compared to treatment with mechanical ventilation.  
 
2. Material and Methods  

The study was conducted on 60 premature 
neonates admitted in the intensive care unit in Al 
Galaa Teaching Hospital, all were admitted in their 
first day of life and all were suffering from 
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respiratory distress. The patients were divided into 
two groups, 1st group include 30 patients supported 
by nasal continuous positive air way pressure 
(Hamilton Arabella Active Nasal CPAP system 
blender on bubble CPAP circuit) and the 2nd group 
include 30 patients who were supported by 
mechanical ventilation (The Bear Cub 750 vs infant 
ventilator made in USA).  
 All the neonates were subjected to full 
history taking including: maternal data and medical 
records of these neonates were reviewed for the mode 
of delivery, Apgar score, birth weight (BW), 
gestational age and thorough physical examination. 
 
Investigations included:  
1. Investigations conducted according to the need of 

every case:  
• CBC, CRP, serum electrolyte, kidney function, 

liver function and blood gases.  
• Imaging studies as ultrasonography, 

echocardiography, skeletal survey and CT scan.  
2. Blood cultures and early endotrachial cultures 

were taken in the 1st day of life from the sixty 
neonates in both groups of the study,and then 
another late endotracheal cultures were taken 
from them in the 5th day of life. Blood cultures 
were performed using BACTEC Peds blood 
culture bottles and the BACTEC- 9050 
instrument. In our study, we used new sterile 
endotracheal suction catheter during the technique 
of sampling. All the cases in our study were under 
routine care of physiotherapy and suctioning 
through the endotracheal tube every 3 hours when 
needed, the suction catheter was changed every 
time, as we used new sterile one.  

All of patients were closely followed up 
during their period of stay for the progress of the 
condition including:  
• Initial assessment of the original disease and 

initial cause of admission.  
• The outcome, complications and recording the 

results.  

Statistical analysis: 
Data were entered and analyzed using the 

Statistical Package for Social Science (SPSS); 
version 12. Nominal data were expressed as 
frequency and percentage. Numerical data were 
expressed as means and standard deviations and were 
compared using student’s t test. Associations were 
tested using Pearson's correlations. P value less than 
0.05 were considered significant.  
 
3. Results  

On analyzing the data of the present study 
we observed that the mean gestational age in the 
CPAP group was 33.96± 1.2 while in the MV group 
it was 33.36± 1.4 with no statistically significant 
differences between both study groups, also mean 
body weight on admission and on dischange 
(1.66± 0.37 and 1.77± 0.22 on CPAP group; 
1.78± 0.34 and 1.88± 0.26 on MV group) showed 
no statistically significant differences between both 
group. The mean Apgar score at 1st min was 
statistically significant higher in the CPAP group (5.1 
±  1.09) than in MV group (4.4 ±  1.03) while there 
is no statistically significant differences between the 
two group as regards Apgar score at 5th min. 
(7.96± 0.49 versus 7.83± 0.59 on MV group).  
 The numbers of siblings, order of delivery in 
multiple pregnancies and the mode of delivery 
showed no statistically significant differences 
between the two groups.  
 The blood culture results of CPAP group 
showed that 83.33% had no growth while 16.67% 
had +ve culture (klebsiella 6.67%, staph. aureus 
3.33%, and citrobacter3.33% and strept. viridans 
3.33%). The MV group showed that 63.33 had no 
growth and 36.67% had +ve culture (klebsiella 16.67, 
staph. aureus 13.33, strept. viridans 3.33% and 
candida 3.33%). The +ve blood cultures results were 
higher in MV group than in CPAP group, but this 
comparison is statistically insignificant (Table 1).  
 

 
Table (1) presentation of the blood culture results in both groups of study  

 Blood culture results Chi-squre 
CPAP MV Total X2 P-value N % N % N % 

No growth 25 83.33 19 63.33 44 73.33 3.068 0.08 
Growth 5 16.67 11 36.67 16 26.67 3.068 0.08 
- Klebsiella  2 6.67 5 16.67 7 11.67   
- Staph.aureus 1 3.33 4 13.33 5 8.33   
- Citrobater 1 3.33 0 0 1 3.33   
-Strept.viridans 1 3.33 1 3.33 2 6.67   
- Candida 0 0 1 3.33 1 3.33   
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The results of early endotrachial cultures (in 
the 1st day of life) in CPAP group showed no growth 
on 76.67% and growth on 23.33% of patients 
(klebsielle 16.67%, coagulase negative staphylococci 
3.33% and pseudomnus 3.33%). While MV group 
showed no growth on 36.67% and growth on 63.33 

(klebsiella 43.33%, coagulas negative staphylococci 
3.33%, Pseudomonus 3.33%, Acinetobacter 10% and 
strept. viridans 3.33%). The number of patients 
showing +ve early endotracheal cultures results is 
higher in MV group than in CPAP group with 
statistically highly significant value (Table 2).  

 
Table (2): The results of early endotracheal cultures (in the 1st day of life) in both groups of study.  

 Early Endotracheal cultures Chi-squre 
CPAP MV Total X2 P-value N % N % N % 

No growth 23 76.67 11 36.67 34 56.67 9.774 0.002* 
Growth 7 23.33 19 63.33 26 43.33 9.774 0.002* 
- Klebsiella  5 16.67 13 43.33 18 30.00   
- CO NS 1 3.33 1 3.33 2 3.33   
- Pseudomonus 1 3.33 1 3.33 2 3.33   
- Acinetobacter 0 0.00 3 10.00 3 5.00   
- Strept. Viridans 0 0.00 1 3.33 1 1.67   
 
 

The results of late endotracheal cultures (in 
the 5th days of life) in CPAP group showed no growth 
on 80% and +ve growth on 16.67 of the patients 
(klebsiella 10%, CONS 3.33% and strept. viridans 
3.33%) while in MV group 63.33% of patients 
showed no growth and 36.67% showed +ve cultures 

(klebsiella 23.33%, CONS 3.33%, Pseudomonus 
3.33%, Strept. viridans 3.33% and Staph. aureus 
3.33%). The results of +ve late endotracheal cultures 
was higher in the MV group than in the CPAP group 
but the comparison is statistically insignificant (Table 
3). 

 
Table (3): Presentation of the results of late endotracheal cultures (in the 5th day of life) in both groups of 
study. 

 Late Endotracheal cultures Chi-squre 
CPAP MV Total X2 P-value N % N % N % 

No growth 24 80.00 19 63.33 43 71.67 2.815 0.093 
Growth 5 16.67 11 36.67 16 26.67 2.815 0.093 
- Klebsiella  3 10 7 23.33 10 16.67   
- CO NS 1 3.33 1 3.33 2 3.33   
- Pseudomonus 0 0.00 1 3.33 1 1.67   
- Strept. Viridans 1 3.33 1 3.33 2 3.33   
- Staph.aureus 0 0.00 1 3.33 1 1.67   
          NB: one case of CPAP group died before late endotracheal culture was taken.  
 
 

Table (4): showed the incidence of klebsiella 
results among the whole population in the two 
studied groups where it is higher in MV group than 
the CPAP group in all the cultures but this 

comparison is statistically significant only in early 
endotracheal cultures in 1st day of life.  
 

 
Table (4): The incidence of Klebsiella results among the whole population in the two studied groups.  

Klebsiella CPAP/M.V 
CPAP MV Total Chisquare 

N % N % N % X2 P-value 
Blood culture 2 6.67 5 16.67 7 11.67 1.456 0.228 
Early Endotracheal culture 5 16.67 13 43.33 18 30.00 5.079 0.024* 
Late Endotracheal culture 3 10.34 7 23.33 10 16.95 1.920 0.166 
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Comparison between the non infected cases 
as regard blood cultures, early endotracheal cultures 
and late endotracheal cultures and their fate in both 
groups of study showed that the discharged cases in 
CPAP group are statistically higher than in MV group 

as regard no growth results in their blood cultures and 
early endotracheal cultures (p-value: 0.022 and 0.037 
respectively), while it is not significant in the late 
endotracheal cultures (p-value 0.113) (table 5). 

 
Table (5): Comparison between the non infected cases as regard blood cultures, early endotracheal cultures 
and late endotracheal cultures and their fate in both groups of study.  

No growth 

FATE 
CPAP MV Chi-Square Discharged Died Discharged Died 

N % N % N % N % X2 P-value 
Blood cultures 22 88.00 3 12.00 11 57.89 8 42.11 5.218 0.022* 
Early Endotracheal culture 
(1st day) 

20 86.96 3 13.04 6 54.55 5 45.45 4.344 0.037*  

Late Endotracheal culture 
(5th day) 

22 91.67 2 8.33 14 73.68 5 26.32 2.516 0.113 

 
On the other hand comparison between the 

infected cases as regard blood culture, early 
endotracheal cultures and late endotracheal cultures 
and their fate in both groups of the study showed that 

the died cases are higher among MV group than in 
the CPAP group but this difference is not statistically 
significant among the cases having +ve growth 
(Table 6).  

 
Table (6): Comparison between the infected cases as regard cultures, early endotracheal cultures and late 
endotracheal cultures and their fate in both groups of study. 

+ve growth 

FATE 
CPAP MV Fisher's 

exact test Discharged Died Discharged Died 
N % N % N % N % 

Blood cultures 6 80 1 20 6 54.55 5 45.45 0.346 
Early Endotracheal culture (1st day) 6 85.71 1 14.29 11 57.89 8 42.11 0.199 
Late Endotracheal culture (5th day) 4 80 1 20 3 27.27 8 72.73 0.077 

 
Our results also showed that MV group 

needed more time on ventilation than the CPAP 
group and this comparison is statistically significant 

whether the patients have negative or positive 
cultures results (Table 7).  
 

 
Table (7) Comparison between the duration on ventilation in relation to the results of cultures in both groups 
of the study  

Cultures Duration on Ventilation T-test 
N Mean SD T P-value 

-ve blood culture CPAP 
MV 

25 
19 

7.360 
13.895 

3.581 
14.259 

-2.209 0.033* 

+ve Blood culture CPAP 
MV 

5 
11 

7.600 
12.818 

2.702 
6.080 -2.377 0.032* 

-ve Early Endotracheal 
culture 

CPAP 
MV 

23 
11 

7.565 
17.000 

3.628 
18.493 

-2.390 0.233* 

+ve Early Endotracheal 
culture 

CPAP 
MV 

7 
19 

6.857 
11.474 

2.734 
4.742 -2.412 0.024* 

-ve late Endotracheal culture CPAP 
MV 

24 
19 

6.958 
10.632 

2.274 
5.387 -3.024 0.004* 

+ve late Endotracheal culture CPAP 
MV 

5 
11 

10.200 
18.455 

6.380 
17.575 -1.004 0.332 

P value < 0.05 were considered significant 
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4. Discussion  
 Neonatal respiratory failure consists of 
several different disease entities, with different 
pathophysiologies. During the past 30 years 
technological advances have drastically altered both 
the diagnostic and therapeutic approaches to 
newborns requiring mechanical assistance. 
Treatments have become both patient-and disease-
specific. The clinician has numerous choices among 
the noninvasive and invasive ventilatory treatments 
that are currently in use (Donn et al., 2003). 
Concerns about the damaging effects, and expense of 
conventional mechanical ventilation have led 
neonatologists to seek new methods of respiratory 
support for the preterm infant such as non-invasive 
respiratory support (Millar et al., 2004).  
 Our study was designed to determine the 
incidence of nosocomial infections in preterm infants 
with respiratory distress, if treatment with CPAP 
compared to treatment with mechanical ventilation.  
 In our study, the incidence of positive 
infection in blood cultures, early endotracheal 
cultures and late endotracheal cultures were higher in 
MV group more than in the CPAP group. But these 
comparisons were ststically significant only in the 
early endotracheal culture. Aurangzeb and Hameed 
(2003), found that neonatal sepsis is mainly caused 
by gram-negative organisms, which are developing 
resistance to commonly used antibiotics. Early onset 
neonatal sepsis (EOS, occurring in the first 72 hours 
of life) remains an important cause of illness and 
death among very low birth weight preterm infants. It 
was previously reported a change in the distribution 
of pathogens associated with EOS from 
predominantly gram-positive to primarily gram-
negative organism (Stool et al., 2005).  
 In our study, blood cultures results in CPAP 
group were negative in 25 cases, of which 5 patients 
(20%) showed in early ET cultures colonization by 
pathogenic gram negative bacilli, 4 cases infected by 
klebsiella and one by pseudomonus. Two cases had 
klepbsiella, one had staphylococcus aureus, one had 
citrobacter and one had strept. viridans in blood 
cultures that was not isolated from ET cultures, 
suggesting another site for entry of microorganism to 
blood stream. That means blood cultures were 
positive in 5 cases that showing no or a different 
microorganism in early ET cultures.  
 In MV group; blood cultures results were 
negative in 19 patients, of them 11 were colonized or 
infected by different microorganisms in early ET 
cultures (7 cases infected by klebsiella, 3 cases by A 
cinetobactere and one by strept. viridans). Klebsiella 
was isolated from blood cultures of 5 cases. 4 of them 
did not have klebsiella in early ET cultures and one 
had blood stream infection, in a patient with 

klebsiella in the respiratory tract. Staphylococcus 
aureus was isolated from blood cultures of 4 cases, 
all of them did not have staphylococcus aureus in 
early ET cultures. Strept. viridans and candida were 
isolated from blood cultures of one case, which did 
not show candida in the respiratory tract. The total 
number of cases of the blood stream infection was 
11, only one of them showed the same 
microorganisms in both blood and early ET cultures.  
 Sanghvi and Tudehope (1997), found that, 
Gram-negative bacilli (GNB) and coagulase negative 
staphylococci (CONS) were the most common causes 
of early onset sepsis and late onset sepsis 
respectively. Mullett and his colleagues (1998), 
found that the risk for infection associated with 
presence of a central venous catheter is the same for 
each day of exposure (i.e., the same risk on day 5 of 
presence of the line as on day 30), but the risk 
assoicted with ventilatory support increases overtiem. 
Candida sepsis is associated with prolonged 
antibiotic use before the first episode of noscocomial 
sepsis and not with birth weight group. 
 Galanakis et al., (2002) , found that, gram-
negative bacilli, coagulase- negative staphylococci 
and streptococci were the most common pathogens: 
42%, 34% and 17% respectively. Premature rupture 
of membranes was the main risk factor for early-
onset sepsis and respiratory distress syndrome was 
the main risk factor for late-onset sepsis. Device use 
was the major risk factor for acquiring ventilator-
assoicated pneumonia, central venous catheter related 
blood stream infection and urinary catheter 
associated urinary tract infection (Van der Kooi, 
2007).  
 In our study, the incidence of Klebsiella 
results among the whole population in the two 
studied groups were higher in MV group more than 
in the CPAP group in all the cultures but this 
comparison was statistically significant only in early 
endotracheal cultures in 1st day of life.  
 Abdel-Hady et al. (2008), found that 
extended spectrum beta-lactamase producing 
Klebsiella Pneumoniae is an important cause of 
nosocomial infections in neonatal intensive care 
units. The organism gains access to the body either 
by direct inoculation through breached epithelial 
surfaces or following aspiration of oropharyngeal 
organisms (Umeho et al., 2006). Pena et al. (2001), 
demonstrated that klebsiella pneumonia bacteraemia 
occurring in an epidemic ICU setting is mainly 
catheter-related.  
 Klebsiella outbreaks mainly affected 
premature neonates with intravenous catheters, 
mechanical ventilation, or both. The high mortality 
rate was notable. Resistance to multiple antibiotics, 
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but mainly to broad-spectrum beta-lactam antibiotics, 
was observed (Ayan et al., 2003). 
 In our study we found that the number of 
infected cases decrease between early endotracheal 
cultures results (in the 1st day of life) and the late 
endotracheal cultures results (in the 5th day of life) in 
both groups of the study.  
 In comparing the relationship between the 
blood cultures results versus the fate of patients 
between both of the study groups in our study, we 
found that death among MV group is higher than 
death among CPAP group. These differences were 
not statistically significant among cases having 
positive cultures results but statistically significant in 
cases having negative blood cultures results. On the 
other hand comparison of the relationship between 
the early and late endotracheal cultures results versus 
the fate of patients between both of the study groups 
we found that death among MV group is higher than 
death among CPAP group, but these differences were 
not statistically significant among the cases having 
positive or negative cultures results.  
 Benjamin et al., (2004), found that among 
premature infants, much of mortality experienced in 
gram-negative rod bacteremia (GNR) is due to 
infection with pseudomonas rather than enteric GNR. 
race, the need for mechanical ventilation, and 
younger post conception age when the blood culture 
was obtained were also strongly associated with 
mortality.  
 In our study we found that in patients having 
negative cultures results, MV patients needed longer 
duration on ventilation than patients on CPAP. These 
comparison were statistically significant whether the 
cultures were taken from the blood, early 
endotracheal or late endotracheal. Also, within cases 
having positive cultures results, MV patients needed 
longer duration on ventilation than patients on CPAP. 
These comparisons were statistically significant 
whether the cultures were taken from the blood, or 
early endotracheal but not with late endotracheal.  
 Kneyber et al. (2005), observed that, in 
ventilated infants a low occurrence of concurrent 
bacterial pulmonary infection, but infants with 
positive cultures needed prolonged ventilatory 
support. Couto et al. (2006), decided that invasive 
device use and duration of use continue to greatly 
influence the development of nosocomial infection in 
NICUs. 
 Within the same group, the results of blood 
and early endotracheal cultures weather positive or 
negative did not have a statistically significant 
difference on the duration of ventilation. Cases with 
positive late endotrocheal cultures expressed 
statistically significant longer duration on ventilation 
than cases with negative late endotrocheal cultures 

only in MV group. Also in our study we found that, 
the patients who died in both groups of the study 
needed more days on the ventilation than the patients 
who had been discharged. These comparisons were 
statistically significant in MV group.  
 Stoll et al. (2002), found that late-onset 
sepsis remains an important risk factor for death 
among VLBW preterm infants and for prolonged 
hospital stay among VLBW survivors.  
 In conclusion, the present study revealed 
that nosocomial infections are one of the common 
complications encountered in the neonatal intensive 
care unit. The incidence of positive infection in blood 
cultures and endotracheal cultures results were higher 
in the MV group than in the CPAP group. The 
incidence of klebsiella results among the whole 
population in the two studied groups were also higher 
in MV group than in the CPAP group in all the 
cultures within the cases having positive culture 
results, MV patients needed longer duration on 
ventilation than patients on CPAP contributing to an 
increased cost of health care. 
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Introduction 

One of the main issues in rural development 
debates is how to tackle rural poverty. More than 70 
percent of the world’s poor are to be found in rural 
areas where hunger, literacy and low school 
achievement are common. Education for a large 
number of people in rural areas is crucial for 
achieving sustainable development (UNESCO, 2002). 
As the majority of the world’s poor, illiterate and 
undernourished live in rural areas, it is a major 
challenge to ensure their access to quality education. 
The lack of learning opportunities is both a cause and 
an effect of rural poverty. Hence, education and 
training strategies need to be integrated within all 
aspects of sustainable rural development, through 
plans of action that are interdisciplinary (Gomes & 
Câmara, 2004).  

The constraints to developing the rural areas as 
well as the problems of this critical sector have come 
to loom very large (Oyeranti, 2005). Education is 
widely recognized as essential to processes of poverty 
reduction. Education, needless to say, is a priority 
sector in every well-meaning society. Burtch (2006) 
referred to it as a major force in economic, 
intellectual, social and cultural empowerment. Its 
value in bringing about character and attitudinal 
change ranks as important as its ability to reshape 
human potentials for desired development (Jaiyeoba, 
2007).  

Education is one of the mechanisms to 
empower people to take part in poverty reduction. It 
was launched as a key strategy of rural development. 
Increased the education is a means to achieve 
development to resolve the rural problems (Lasker, 

Weiss, & Miller, 2001). Education may directly 
influence rural agricultural productivity via one or 
more of the routes described above (Weir, 1999). 
Education may increase the probability of success in 
each of these endeavours and, in so doing, diversify 
household income sources to reduce risk and improve 
economic security. Since farming is the primary 
activity in rural Iran, this paper will focus on the part 
played by eudcation in poverty reduction (Aref, 
2011). World Bank studies also demonstrate 
education raises the production of farmers (Hegtvedt-
Willson, 1984).  

A rural community cannot foster development 
without an educated people. Businesses, large or 
small, are unlikely to choose to invest in rural areas if 
skilled or trainable human resources are unavailable. 
Similarly, a community cannot retain educated people 
without an attractive economic environment 
(Atchoarena & Gasperini, 2003). Education in rural 
development can support and uphold local culture, 
tradition, knowledge and skill, and create pride in 
community heritage (Lacy, Battig, Moore, & Noakes, 
2002).  

The paper stresses that education in rural areas 
is the foundation for both poverty reduction. 
Although, education has economic and noneconomic 
benefits to educated individuals and to the social as a 
whole, this study intended to focuses on the aspect of 
economic benefit of education to rural areas for 
poverty reduction. It reviews some critical issues that 
are related to education in the context of poverty 
reduction in Iran. The main purpose of the study was 
to investigate the perceived contributions of 
education to poverty reduction.  
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Literature review 
It is a general belief that education plays a vital 

means in achieving rural development. In many 
countries, education has provided a dependable 
leverage for rural development. Raji (2004) described 
education as both a social and private good. It is an 
investment that is capable of yielding benefits that 
have some externalities (Jaiyeoba, 2007). Education 
has emerged as an essential prerequisite for reducing 
poverty and living conditions of rural people 
(Abdulahi, 2008). The rural poor face three 
fundamental problems: (i) few opportunities for 
productive employment in agricultural or 
nonagricultural activities; (ii) inadequate nutrition, 
poor health services and absence of educational 
opportunities; and (iii) lack of sufficient levels of 
organization needed to lobby effectively for rural 
interests (Abdulahi, 2008).  

Recent research shows that improvements in 
education boost local development prospects 
(Echeverría, 1998). Education has a desirable 
controlling influence over development of the rual 
individual, community, and society, leading to 
reduced poverty, income and controlled 
unemployment (Navaratnam, 1986). Education is a 
phenomenon of affluent contemporary societies is a 
particularly difficult concept in rural communities in 
developing countries to grasp (Fägerlind & Saha, 
1986).  Much of the theoretical debate about the role 
of education in poverty reduction has focused upon 
whether education is productive in an economic 
sense.  

There is much evidence that levels of 
education amongst the population are highly 
correlated with levels of economic development 
(Oxaal, 1997). Helliwell and Putnam (1999) found 
that education is correlated with social capital: trust 
and social participation. However, only recently have 
studies attempted to determine whether education 
exerts a causal influence on poverty reduction 
(Riddell, 2006). Education is a critical part of poverty 
reduction. Individuals who have had some education 
are better farmers and more capable of finding off-
farm employment. The rural sector also benefits from 
the overall development of the national economy and 
the alleviation of poverty, in which basic education is 
essential (Moulton, 2001). 

From this perspective, it is evident that 
education has significantly contributed to the 
mobilization and distribution of human capital by 
creating opportunities for people.  In rural areas of 
low-income countries, the problem of access to 
education is acute and, in order to take on the 
enormous challenges involved in providing education 
for all, a more holistic view of education is needed. In 
particular, the issue of educational development in 

rural areas cannot be properly addressed without 
mentioning the upheavals that have occurred in the 
agricultural milieu (Atchoarena & Gasperini, 2003). 

Education issues are central to rural poverty 
reduction in the rural area of Asia.  Hence, it is 
important for government to understand that rural 
educational system also face barriers that can hinder 
its progress in responding and recognizing the 
priorities of rural communities (Aref, 2011). 
Involving rural communities in the education 
planning requires facing and tackling a number of 
challenges (Moulton, 2001). These issues include: 
-Rural schools are farther apart, requiring many 
children to walk long distances or pay for 
transportation and to lose valuable time in walking 
that could otherwise be spent helping at home.  
-Relatively weak extension services in some 
countries. 
-Low levels of basic education and agricultural 
education among farmers. 
-Inadequate initial training and continuing education 
for rural people. 
-Long distances, poor  roads, and inadequate shipping 
vehicles make it difficult to get building materials, 
furniture, equipment, and textbooks to rural schools.  
-Even where a primary school is accessible, there 
may be no secondary school within commuting 
distance. 
-While urban parents and communities sometimes 
play an active oversight role in their schools, this 
rarely happens in rural communities, where parents 
are less skilled at holding officials accountable, 
reviewing financial statements, and even feeling 
confident that they can ask questions. 
-Communication between  ministry offices and 
schools is difficult, so school principals and teachers 
get little if any guidance from a professional support 
network.  
-The curriculum may not be relevant  to rural 
communities.  
-Support services for remote rural schools are not 
always fully institutionalized. The ministry often 
lacks the resources to help these links function as 
channels of support (Flor, Hazelman, & McLean, 
2006; Moulton, 2001).  
 
Methodology 

The population of the study includes staff of 
local education and school teachers, in Abadeh 
Tashk, Shiraz. This study is based on quantitative 
methodology to investigate the barriers of education 
related to poverty reduction. To achieve the 
objectives of this study, the researcher uses 
quantitative method. Focus group discussion was 
performed to collect data from local residents. Focus 
group is probably the most widely used technique of 
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gathering qualitative data (Grover & Vriens, 2006).  
Focus group was conducted in a group setting and 
was used for obtaining a better understanding of 
participants’ attitudes (Aref, 2010). All respondents 
were male. They ranged in age from 25 -51 years. 
The researcher explained to them the objectives of the 
study and what questions would be asked. For this 
study, pertinent articles and reports on critical issues 
of education in poverty reduction also are reviewed. 

 
Result 

The aim of this study was to demonstrate the 
contribution of rural education to poverty reduction in 
rural areas. Information for this study was gathered 
from school teachers in 12 villages in Abadeh Tashk, 
Shiraz. A qualitative analysis was undertaken to 
determine viewed the impacts of education on 
poverty reduction and also barriers of rural education 
on poverty reduction. According to the collected 
baseline data, there were overall 96 participants with 
an average of 35 years old, 61% were male and 39% 
were female. They were chosen because of their 
engagement in educational programs. The questions 
were asked about to contribution of education in 
poverty reduction and barriers of education. In terms 
of education on poverty reduction; they believe that 
rural education does not have important role in their 
villages especially on poor people.  

The respondents referred to variety barriers of 
education for poverty reduction in their villages. The 
below items were provided from the focus group 
discussions.  
-Immigrations of rural educated to urban areas as 
main obstacles for rural poverty reduction. In fact the 
educational system is the cases of this issue in rural 
areas of Iran.  
-Lack of educational resource and curriculum.   
-The participants mentioned to lack of suitable skill 
and knowledge as one barrier of education for rural 
poverty reduction.  
-Lack of access to secondary school or high school 
for for majority of rural peolpe. 
-Lack of capacity of local educational organizations; 
especially local organization was behind the failure 
investment for poverty reduction. 
-Lack of participation rural educated people in 
process of poverty reduction. 
-Lack of rural involvement; especially women in 
process of rural development. 
The findings of this study are consist with the 
findings of Flor, et al. (2006) and Moulton (2001); 
that they belived the rural areas of Asia have some 
barreirs of poverty reduction throghu rural 
educational system. Based on the findings; although 
education has an positive impacts on rural poverty 
reduction, but as poverty is a multidimensional; rural 

educational system cannot solve the poverty 
problems. 
 
Conclusion  
The purpose of this article has been to demonstrate 
the contribution of education to poverty reduction in 
Iran. Education and learning are widely recognized as 
essential to processes of development and poverty 
reduction. In many developing countries, issues of 
educational access, equity, and quality have been 
identified as prerequisites to the achievement of 
development goals. Education helps to alleviate 
poverty by affecting labor productivity and via other 
paths of social benefit. It is therefore a vital 
development goal (Flor et al., 2006). The findings 
indicated the lack of local organizational capacity as 
main barriers related poverty. Hence, Education 
contributing to rural development must be locally 
controlled, practical, applied, problem-posing, and 
focused on functional specialization. Although; 
education has an important role in poverty reduction 
but as poverty is multidimensional; education cannot 
solve all problems. This suggests that poverty 
reduction efforts must be multi–targeted and are 
expected to show wide and diverse dimensions. 
Solutions to rural poverty have to straddle different 
disciplines and must encompass economic, social, 
political and institutional factors. 
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Abstract: This paper examined the  socio-economic constraints to sunflower production in Bojanala farming 
community of the North-West province, South Africa. Simple Random sampling was carried out to select 150 
farmers from a list of 257 farmers. Primary data based on 2006/2007 and 2007/2008 growing seasons were obtain by 
use of the questionnaires.  Data were collected on socio-economic, output levels, inputs costs measured in rand; and 
key role players and analyze with SPPS using percentages and double log function of the linear multiple regression. 
Results of the analysis show that, very few young people below 30 years of age are engage in sunflower production 
in the Bojanala Region.  On gender, 69.5% of all the sunflower producers were male, 51% of the farmers had 
household size of 4 to 6 children, while 59.8% were married, and 58.5% were with less than three dependants.  
Farmers with educational levels from standard 8 to 10 constitute 34.10%.  Also, 59.7% had 1.1-1.5 tons as output 
per hectare. Sunflower farmers who had access to the extension services constitute 70.7%. Significant determinant 
of the socio-economic constraints include number of plantings per year, storage costs, price, income, access to 
market and farm size. 
[Lekunze J, Antwi, M.A and Oladele O.I. Socio-economic constraints to sunflower production in Bojanala 
farming community of the North-West province, South Africa. Life Science Journal. 2011;8(2):502-506] 
(ISSN:1097-8135). http://www.lifesciencesite.com. 
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1. Introduction 

Despite its relatively small share of the total 
GDP, primary agriculture is an important sector in 
the South African economy. It remains a significant 
provider of employment, especially in the rural areas, 
and a major earner of foreign exchange (NDA 2007). 
The value of commercial agricultural production in 
South Africa was R78 billion in 2006, while its 
contribution to GDP was approximately R35 billion. 
The primary agricultural sector has grown by an 
average of approximately 11,8 % per annum since 
1970, while the economy as a whole has grown by 
14,9 % per annum over the same period, resulting in 
a decline of agriculture’s share of the GDP from 7,1 
% in 1965 to 2,3 % in 2006 (NDA 2007). 
Agriculture’s strong indirect role in the economy is a 
function of backward and forward linkages to other 
sectors. Purchases of goods such as fertilisers, 
chemicals and implements form backward linkages 
with the manufacturing sector, while forward 
linkages are established through the supply of raw 
materials to the manufacturing industry. About 68 % 
of agricultural output is used as intermediate products 
in the sector. Agriculture is therefore a crucial sector 
and an important engine of growth for the rest of the 
economy (NDA 2007). In the North-West province, 
agriculture remains a major source of income for the 
livelihood of approximately 65% of the rural 
population (North-West Department of Agriculture, 

Conservation and Environment, 2005). Sunflower is 
the second most important agricultural field crops 
produced in the North-West province after maize.  

It is an important agricultural contributor to 
the provincial economic development of the North-
West province.  In addition, sunflower contributes to 
the household food security of farmers and its 
production is often affected among other factors by 
output levels and market prices of the commodity. 
Sunflower is marketed in the form of refined oil for 
domestic and industrial cooking, baking and animal 
feed. According to the National Department of 
Agriculture (2004), sunflower variety whose seed 
contain high oil content is the most important source 
of oil for human consumption in South Africa as 
compared to other oil seed crops. However, 
sunflower production is a complex and demanding 
business with numerous pressures in terms of socio-
economic and financial factors, weather, and 
technological advancement. A prime concern in crop 
cultivation has always been water availability which 
limits yield potential in dry land agriculture of 
semiarid region such as the North-West province. 
Sunflower is an annual crop, highly drought tolerant 
and commonly grown as a dry land crop that 
produces satisfactory results when other crops are 
damaged seriously. This drought tolerant nature of 
sunflower is attributed to its deep rooted nature that 
enables it to increase the effective use of stored soil 
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water as oppose to other dry land crops. This drought 
tolerance makes it a better alternative to other dry 
land crops produced in the province which are more 
susceptible to drought. The current increase in the 
demand for alternative energy such as bio-fuel has 
resulted to a sharp increase in the prices of sunflower 
oilseeds. Emerging and medium scale sunflower 
producers in the North-West province provide a great 
window of opportunities for job creation in this 
sector. The price per ton of sunflower has 
dramatically increased from approximately R1800, 
00 per ton in 2005 to over R4500, 00 per ton based 
on forward contracts in 2008.This act as an incentive 
for emerging sunflower growers to expand 
production and increase output levels. However, 
sunflower production and output levels has not grown 
as fast as its demand. What can be the reason for the 
slow expansion in production and slow increase in 
output levels of sunflower in the North-West 
province? 

Costs of sunflower production and the risk 
of production with respect to drought in North-West 
province and South Africa in general is still relatively 
high as compared to their sunflower producers who 
are subsidized in Europe, America and Argentina. 
This result to unfair trade competition and drastically 
reduced the profit margin obtain by South African 
sunflower growers. Based on the current market price 
per ton of sunflower, the profit margin that can be 
obtained from sunflower production is higher relative 
to other dry land crops.  Though the production of 
sunflower has been increasing over the years, its 
demand is rising than its production due to higher 
home and international market demand. According to 
SAGIS (2006), the importation of sunflower products 
into South Africa has risen from zero tonnage in 
1999/2000 to a total of 34700 million tons in 
2004/2005 and was expected to reach 60000 million 
tons by May 2006 within this six year period. 
Therefore addressing socio-economic constraints that 
prevents sunflower production in the North-West 
Province of South Africa can help reduce the 
production deficit in the country. Because of the 
importance of sunflower in terms of its uses and 
income generating potential, there is therefore a need 
to look into the reasons why its expansion in 
production in spite of land availability, technological 
advancement, infrastructural availability, market 
liberalization is slower than the demand for the 
product. 

This study is concerned with sunflower 
production in the Bojanala farming community of the 
North-West province, especially those emerging 
farmers involved with commercial production of 
sunflower. It will assist in the identification of socio- 
economic constraints faced by sunflower farmers in 

the study area. Findings would provide information 
to policy makers on ways to assist sunflower 
producers increase production in the study area.  The 
challenge for this study is to identify socio-economic 
factors which are preventing sunflower producers in 
Bojanala Region from meeting the surge in demand 
despite the excess milling capacity that exist and the 
encouraging price per ton at the market. Again, it will 
also help policy-makers, government and sunflower 
producers associations to design appropriate policy 
measures and programmes with the view of uplifting 
and improving the competitiveness of the sunflower 
production sector in South Africa. Despite the fact 
that the production level of sunflower in South Africa 
is increasing, the rate of increase is far lagging 
behind the rate of demand for its products. South 
Africa has the potential (in the form of land 
availability and technology) to take advantage of this 
surge in demand. However, producers of sunflower 
have not been able to take this advantage. The 
objective of the study is to identify and critically 
analyze the limiting socio-economic factors faced by 
sunflower producers in the Bojanala farming 
community of the North-West province.  
 
2. Materials and Methods  

The Bojanala Region is found in the North 
Eastern part of the North-West province. This region 
is made up of five local municipalities, namely, 
Madibeng, Moretele, Moses Kotane, Kgetleng River 
and Rustenburg. The area lies between 25 and 28 
degrees longitude East of the Greenwich Meridian 
and between 27 and 30 degrees latitudes south of the 
Equator (Mabe, 2005). The region is bordered in 
north by the Northern Province and in the east by 
Gauteng province. In the west it is bordered by the 
Central Region and to the south by the Southern 
Region of which all are parts of the North-West 
province. A list of small scale emerging sunflower 
producers was obtained from the Extension Officer in 
the study area. Simple Random sampling was carried 
out to select 150 farmers from a list of 257 farmers. 
Primary data based on 2006/2007 and 2007/2008 
growing seasons were obtain by use of the 
questionnaires. Data were collected on socio-
economic, output levels, inputs costs measured in 
rand; and key role players and analyze with SPPS 
using percentages and double log function of the 
linear multiple regression.  
 
 ln Y = log A + a1lnCS+ a2SF + a3lnEPL + a4lnMC+ 
a5lnTI + a6lnSC + a7lnLS + a8lnMP + a10lnEXT + 
a11lnACCM + a12lnCRED + e   

 
Where: 
Ln = Natural log 
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Y  =  Output of sunflower in tones per 
hectare 
A = Constant which is the minimum 
output  
ai =  Estimates of the elasticities or  
  regression coefficients 
CS  =  Costs of sunflower seeds. 
SF  =  Sex of farmers 
EPL =  Employment 
MC  =  Machinery costs per hectare 
TI = Total income per year 
SC =  Storage costs of output  
LS = Land size under sunflower 
production 
MP =  Market selling price/ton of 
sunflower 
EXT = Use of extension services 
ACCM = Access to market 
CRED = Access to credit 
E = Error term 
 
3. Results  

The results on the socio-economic 
characteristics of emerging sunflower farmers covers 
their personal characteristics while Table 1 presents 
the regression estimates of effects of significant 
variables on sunflower output per hectare. 
3.1 Socio-economic characteristics of emerging 
sunflower farmers  

Results of the analysis show that, farmers 
who were less than 30 years of age and above 70 
years constitute 9.8% and 6.1% respectively. The 
result is an indication that, very few young people 
below 30 years of age are engage in sunflower 
production in the Bojanala Region.  On gender, 
69.5% of all the sunflower producers were male 
while 30.5% were female farmers indicating a male 
dominated . About 51% of the farmers had household 
size of 4 to 6 children, while 59.8% were married, 
58.5% were with less than three dependants.  Farmers 
with educational levels from standard 8 to 10 
constitute 34.10%. Farmers with educational levels 
from standard 1 to 7 constitute 26.8%. In terms of 
land ownership 91.5% do not own the land on which 
they farm while 8.5% agreed that they own the land 
on which they farm.  Also, 59.7% had 1.1-1.5 tons as 
output per hectare. Sunflower farmers who had 
access to the extension services constitute 70.7% 
while farmers had no access to extension services 
constitute 20.7%. Results on visitations by extension 
workers indicates that, 70.7% of farmers have visits 
from extension officers while only 20.7% of farmers 
said they have never been visited by extension 
personnel. This analysis shows the extent to which 
the extension workers are assisting the farmers in 
order to improve on agriculture in this region. 

 
3.2 Socio-economic constraints to sunflower 
production among emerging sunflower farmers  

From the results of the regression analysis in 
Table 1, the factors which did not yield statistically 
significant coefficients were; age of farmer, 
household sizes of farmers, number of dependents by 
farmer, land tenure, farming a full time job, total cost 
of planting seeds and seeds dressing, cost of 
machinery per year, distance of market from 
production area, total marketing expenditure for 
sunflower per year, access to credit and whether 
access to credit is a constraint to sunflower 
production. The results show that the gender of 
farmers affects sunflower output positively and 
significant (p=0.076) as most of the sunflower 
producers were male. This may be attributed to the 
fact that, males have more time to spend on their 
farms than females who are mostly engage in 
household activities and spend limited time on their 
fields. Males contribute directly in terms of labour 
and supervise workers and have strong bargaining 
power than women when it comes to loan 
negotiations and buying of inputs.  A positive and 
significant (p=0.057) relationship between the 
number of planting times and output per ton. It must 
be mentioned that sunflower is an annual crop that is 
produce once a year however, number of planting 
times refers to the differences in time as the farmers 
do their planting.  Total storage costs is positively 
significant (p=0.001). According to the results in 
Table 1, an increase in output per hectare will result 
in 0.345 increases in the cost of storage all other 
factors remaining constant.  Positive relationship 
exists between output per hectare and cost of storage, 
which implies as output increases, cost of storage 
also increases. Similar positive results were found by 
Odulaja, and Kiros, (1996. 
      The results of the regression in Table 4.8 
indicates that current price per ton of sunflower is 
statistically significant at (P = 0.000), signaling an 
increase of 0.968 in output per hectare when price per 
ton increases by one unit. Hence the relationship 
between current price per tone and output per hectare 
is positive.  Total income per year is negative and 
statistically significant (P=0.003), signaling an 
increase in output per hectare. The results also shows 
that, a unit change in output per hectare will result in 
-0.649 reductions in farmer’s income. This is 
attributed to the fact that despite the unprecedented 
increase in price per ton of sunflower oilseeds, inputs 
prices such as fuel cost, machinery cost, storage costs 
have been rising at faster rate than the increase in 
price per ton of sunflower.  Extension contact has 
positive and significant (p=0.088) effects on output 
of sunflower per hectare. Improvements in extension 
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contacts and services will results in a 0.202 increase 
in sunflower output per hectare. Thirtle et al (1998) 
tested induced innovation hypothesis based on data 
from South Africa commercial farms. The result was 
positive with respect to farm size, research and 
extension including policies variables which are 
similar to the result obtain from the study. The results 
of the regression analysis is significant at (p=0.041) 
indicating a negative relationship between market 
accessibility and output per hectare. Reduction in 
market access will result to -1.145 in sunflower 
output. The reason is that the existing market systems 

do not allow farmers to explore outside of the 
systems there by leading to unfair transactions 
between the farmers and buyers.  A positive and 
highly significant (p=0.006) relationship between 
output per hectare and land size under sunflower 
production. The result shows that an increase in the 
number of hectares cultivated will result to 0.343 
increases in output per hectare all the other factors 
remain constant. The main reason is that, as the farm 
size of the farmer increases, the amount of grants 
receives also increases. 
 

 
Table 1: Regression estimates of effects of significant variables on sunflower output per hectare. 

 Beta t p 
(Constant)  -.450 .654 

Farmers’ gender .164 1.807 .076** 

Employed .333 3.267 .002*** 

Planting times per year .190 1.944 .057** 

Storage costs per year .345 3.404 .001*** 

Price per ton of sunflower .968 4.528 .000*** 

Income per year -.649 -3.064 .003*** 

Access to extension services .202 1.737 .088** 

Access to the market -1.145 -2.088 .041*** 

Land size cultivated .343 2.833 .006*** 
Adjusted R2 0.610 

F-Statistic 6.131 

Durbin-Watson 1.661 
Significant. 0.000a 

 
 
4. Conclusion 

The study has shown that socio-economic 
factors affect sunflower production in the Bojanala 
Region of the North-West province of South Africa. 
Van Zyl (1995) concluded that large scale 
mechanization farms are generally inefficient with 
respect to food security when compared to small-
scale family type’s farm models. There are real 
economies of scale in larger farms but they are 
mostly false because they are as a result of policies 
that favor larger farms over smaller ones. However, it 
could be said that sunflower producers would 
generally be capable of making rational decisions if 
their numerous constraints are removed through 
effective and efficient government policies and 
farmer support programmes. It was evident from the 
results that socio-economic factors such inadequate 
finance, high interest rate, machinery costs, land 
tenure, changes in climatic, technical practices/tillage 
systems including lack of insurance affects sunflower 
producer addressing the initial research question and 
objective of the study. Further analysis using linear 

regression on selling price per ton, total income from 
sales of sunflower per year, access to market, Land 
size under sunflower production, total storage cost 
per year and access to market positively or negatively 
impacts on sunflower output thereby addresses the 
following hypothesis; selling price per ton affects 
sunflower output., total income from sales of 
sunflower per year affects sunflower output, access to 
market affects sunflower output. 
 
Corresponding Author: 
O.I Oladele 
Department of Agricultural Economics and Extesnion 
North West University – Mafikeng Campus  
Private BagX2046, Mmabatho, South Africa  
E-mail: oladimeji.oladele.nwu.ac.za 
 
References 
5. Mabe, L.K (2005). The Role of Women in 

Agriculture and other non-farm activities in 
three regions of the North-West Province. M.Sc. 

mailto:tshepna77@hotmail.com


Life Science Journal, 2011;8(2)                                                                          http://www.lifesciencesite.com 

 

 506 

Thesis 2005, North-West University, Mafikeng 
Campus  

6. North-West Department of Agriculture, 
Conservation and Environment (NWDACE), 
Annual Report 2004/2005 

7. National Agricultural Directory. National 
Department of Agriculture South Africa, 
Report 2004/2005. 

8. National Department of Agriculture, 
(2001/2002): Analysis of Selected Food Value 
Chain in South Africa. Part 4, Chapter 6. 
www.nda.agric.za/fpme/vol14_chapter 6 

9. National Department of Agriculture, Trends in 
Agricultural Production. Annual Report 2007 

10. National Department of Agriculture, 
(2006/2007). Economic Review of the South 
African Agriculture. Annual Report 2007. 

11. National Department of Agriculture, (2006); 
Quarterly Agricultural Economics Sector 
Review (April to June 2006). www.nda.agric.za. 

12. National Department of Agriculture, (2006); 
Quarterly Agricultural Economics Sector 
Review (July to September 2006). 
www.nda.agric.za. 

13. Odulaja, A and Kiros, F.G. (1996): Modeling 
agricultural production on small-scale farmers 
in Sub-Saharan Africa: A case study in Western 
Kenya. Agricultural Economics 14, pg 85-91. 

14. Thirtle, T, Townsend, T.R. and Van Zyl, J. 
(1998): Testing the induced innovation 
hypothesis: An error correction model of South 
African Agriculture: Agricultural Economics 
19: pg 145-157 

15. Van Zyl, (1995). The Relationship between 
Farm Size and Efficiency in South African 
Agriculture: Policy Research Working Paper 
No. 1548, World Bank. 

 

 
4/7/2011 

http://www.nda.agric.za/fpme/vol14_chapter
http://www.nda.agric.za/


Life Science Journal, 2011;8(2)                                                                          http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life            lifesciencej@gmail.com  507

Adult Learning and the related requirements 
 

1 Mohammad Abedi, 2 Ali Badragheh 

 
1, 2 Department of Agricultural Economic, Islamic Azad University, Marvdasht Branch, Marvdasht, Iran 

*Corresponding author: abedi114@yahoo.com 

 
Abstract: Adults learn most effectively when they have an inner motivation to develop a new skill or gain new 
knowledge. They resist learning material if it is forced on them, or if the only reason given is that the material will, 
in some vague way, be "good for them to know." Adults need to know why they are being asked to learn something; 
and they definitely will want to know what the benefits will be before they begin learning. This means the best 
motivators for adult learners are explicit interest and self benefit. If they can be shown that the program will benefit 
them pragmatically and practically, they will learn better, and the benefits will be much longer lasting. Typical 
motivations include a desire for better handling of personal money matters, say in retirement, wanting a new or first 
job, promotion, job enrichment, a need to reinforce old skills in say, handling credit or learn new ones, a need to 
adapt to community changes such as on-line banking and so on. Remember the tone of the program should be 
motivating. Your program should employ methodologies so that your trainers establish a friendly, open atmosphere 
that shows the participants they will help them learn rather than present as ‘experts’ imparting knowledge.  
[Mohammad Abedi and Ali Badragheh,. Adult Learning and the related requirements. Life Science Journal. 
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Introduction: 

Types of content and educational resources 
in various parts of adult curriculum materials 
motivational book, course materials, supplementary 
materials, track materials (continued) participatory 
form and materials. Incentives aimed at providing 
content that audiences are produced primarily to 
attract different groups of adults interested in design, 
so that their participation in learning programs are 
encouraged. Motivational training materials for 
learners and have great importance even in support of 
successful applications over learners, planners and 
executors for educational programs is important. 
Material often set different types of materials and 
educational content in books and pamphlets, books, 
training guides, trainers, equipment auxiliary audio, 
visual and material are included such that during 
actual teaching sessions, are used in the transmission 
and content but also to achieve the goals of making 
education programs are important. 

Additional material for the next stage of 
learning often means to be expected when developing 
your learning skills Learners to increase awareness 
and enjoyment of reading and studying to operate. 
To impr ve the quality of life, learning materials 
should reinforce the skills they acquired previous. 
This material should have access to information and 
provide new technology should also have to make 
learning more fun. Additional materials should  
 
 

provide opportunities for literacy skills to read and to 
strengthen their cognitive awareness. 

Track materials (continued) which increased 
literacy skills and knowledge gained is also effective 
in enriching learning environment for learners are 
important. Participatory materials to ensure the 
participation of learners in the learning process and 
codification are included out of class activities, 
dialogue, role playing, etc., adult who is able to 
recognize their needs. He is who knows what will. 
Refers to individual adults in their lives cross and 
understand their responsibilities and has accepted the 
role is social. Adult learners are often those that 
distinguish each other and have many different 
targets at the same time and will follow a common 
challenge to fulfill the goals of building self 
motivation vectors as educational materials to learn 
and use the forge. 

 
Concept of adult education:  

Several definitions of adult education has 
been done  Community  

• Adult Education is ain the following 
examples are given of them.  conscious 
effort by public institutions or voluntary 
organizations to promote community 
awareness comes action. 

• adult education teaching is typically specific 
age group above the legal age limits as 
formal and informal, voluntary and at 
different levels of time, place 
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•   Adult Education is a process in which 
people whoand education is presented.  
somehow been cut course they consciously 
to change or advance their skills in 
information and do organized activities. 

• Adult education includes all formal and 
informal training and volunteer after 
school, which by experienced educators and 
aware of the system.  

 
Educational materials on adult education with 

daily life, needs, goals, aspirations and past 
experiences of adults and their relationship helps to 
results learned in life and career are used. 
 
Adult characteristics:  

To understand the characteristics of adult 
learners, their mental and physical condition should 
be considered in the following referred to some of 
them. 
Operating speed:  

Slow reaction in adults is natural that 
necessarily means reducing the logic and practice 
skills, not due to weakness and increased awareness 
of natural forces and their skills. 

 
Consciousness: 

No stimulus and incentives encouraging, 
despite inhibiting stimuli, slow transfer rate, mental, 
and weak inhibitors of natural forces (mostly visual 
and auditory) are factors that slow reaction affect 
individual mental and cognitive activities, but never 
able to understand, understanding and learning ability 
(which varies with the speed of learning) is not 
relevant. 
 
Health: 

What is most age, longer duration is 
necessary to be heard by listening issue. Why is that 
when elderly people and old could not hear well, 
their confidence and vulnerable to the possibility that 
negative beliefs about their find, they are great. 
Visual abilities can be like other people, usually 
decreases with age. 

 
Background of knowledge - skills and beliefs of 
adults:  

Adults, social experiences, many have 
already learned different values and beliefs in their 
pronouns have stabilized, so changes in the new act 
very cautiously. The idea of such a manner that skill 
and applying them older and longer life is, Similar 
resistance to accept new ideas will be more and more 
severe. Thus, the adult criteria for the built and paid 
for their ideas and beliefs that are forming. Because 
of these criteria and the beliefs that they are afraid of 

failure, Therefore, to prevent it, sometimes against 
the resistance of new phenomena are only the 
material taught and its face that make reinforced 
concrete and tangible interference situation is. 
 
Principles of Adult Learning 
1) PURPOSE 

The Financial Literacy Foundation has 
prepared this document to provide education 
materials developers with information on the key 
principles of adult learning. It is a short summary of a 
very broad area of research and advice, prepared with 
the input of Adult Leaning Australia, the national 
peak body representing organisations and individuals 
in the adult learning field. 
 
2) NEEDS, WANTS, CONCERNS AND 
ABILITIES OF YOUR 
LEARNERS 

Assess the needs, wants, concerns and 
current abilities of the target learners. Each target 
group will have their own special needs and probably 
expect different outcomes from undertaking your 
training program. Common themes you can prepare 
for are: 
Why are you here? - no-one readily admits to not 
knowing something fundamental that may impact on 
their life chances. Therefore program material, 
particularly that designed for adult learners should 
always treat aspects of why learners are in the 
training sensitively. Describe the outcomes expected 
from the training in positive, enhancing terms and not 
as redressing a weakness or failure on the part of the 
learner. For example, “Undertaking this program will 
improve (rather than redress a failing) the way you 
manage your money”. 
Tell me more - learners may well enter programs 
like this with poor past experiences of money matters 
or at least some trepidation about handling personal 
finances in the future. Recognise this in the program 
introduction but individual learners should never be 
required to expose any of their negative experiences 
in a group. It might seem a good ‘ice-breaker’ to ask 
a new group of learners to share what they expect 
from the program but resist going too far when 
asking learners to talk about past problems they may 
have had with finances. Firstly, they may be 
uncomfortable doing this in a group and secondly 
you could start the program in a sea of negative 
views about financial matters generally. A successful 
program introduction will focus on where the learners 
will go rather than dwell too much on where they 
may have been. 
What do you know? - Gauge the likely capabilities 
of your target groups. Overestimating their current 
skills in dealing with money could mean the program 
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misses fundamental principles and understandings. 
Underestimating existing knowledge is also not good 
as plodding through basic material most already are 
familiar with will bore participants and the full 
program content will not be assimilated. 
What will I be able to do? – above all these target 
groups will want to be hands on and demonstrate to 
themselves and their peers that that can do something 
they could not before the training; and do it well. Let 
them know right at the beginning that they will be 
able to do things that will be of great benefit to them, 
not just know more. 
Build on small successes – if a target group of 
learners has had limited positives in their life or work 
experiences its important to provide small and regular 
‘success’ points in the program. Simply exposing the 
content and assuming everyone is assimilating it, 
putting it all together holistically and building up 
their skills is not enough. The beginning of the 
program should be designed so that a discrete piece 
of learning that the learners can use right away builds 
their confidence to move on. The program should be 
a series of steps where the learners confirm their 
progress and reinforce one new skill by relating it to 
another they can already confidently apply. 
Testing! – many adults and people not regularly 
engaged in learning fear testing. Many may have had 
bad experiences of assessment in school and view the 
practice among peers as stressful. Make sure they 
understand that what they are in is a life skills 
program and no-one can ‘fail’ as such. In fact each 
can support others in things they do well that fellow 
learners may need help with so it’s a cooperative not 
competitive environment that they are learning in. 
Build in some teamed exercises and assessments to 
avoid people feeling isolated in their learning and 
fearful of failure in front of the group. 
Special needs. You need to consider learners with 
special needs and those who have English as their 
second language. Reasonable adjustment should be 
made depending on each individual learner’s 
particular needs and abilities. Your program material 
should include advice to the trainer on how to 
determine the need to make adjustments which, 
depending on a learner’s abilities may include: 

• providing interpreters for people who are 
deaf; 

• ensuring access, for example by conducting 
training and assessment in facilities which 
have ramps for people using wheelchairs 
and adjustable desks for people with 
physical disabilities; 

• allowing for access of personal assistants or 
note takers; 

• allowing additional time for assessments; 

• allowing oral instead of written responses to 
questions; 

• adaptive technology such as screen readers, 
speech synthesisers, computer software or 
hardware; and, 

• assistance with managing stress and anxiety. 
 
3) HOW DO ADULTS LEARN? 
Your program needs to account for: 
• Motivation of the learner; 
• Reinforcement of the skills and knowledge being 
developed; 
• Retention of key learning; and, 
• Transference of what is learnt to new situations. 
 
Motivation - Adults learn most effectively when they 
have an inner motivation to develop a new skill or 
gain new knowledge. They resist learning material if 
it is forced on them, or if the only reason given is that 
the material will, in some vague way, be "good for 
them to know." Adults need to know why they are 
being asked to learn something; and they definitely 
will want to know what the benefits will be before 
they begin learning. This means the best motivators 
for adult learners are explicit interest and self benefit. 
If they can be shown that the program will benefit 
them pragmatically and practically, they will learn 
better, and the benefits will be much longer lasting. 
Typical motivations include a desire for better 
handling of personal money matters, say in 
retirement, wanting a new or first job, promotion, job 
enrichment, a need to reinforce old skills in say, 
handling credit or learn new ones, a need to adapt to 
community changes such as on-line banking and so 
on. Remember the tone of the program should be 
motivating. Your program should employ 
methodologies so that your trainers establish a 
friendly, open atmosphere that shows the participants 
they will help them learn rather than present as 
‘experts’ imparting knowledge. No-one engages well 
with a trainer/teacher who is just ‘showing off’ what 
they know. Financial services have a plethora of 
jargon and complicated ideas that can put many lay 
people off. Exposing this sort of terminology and 
explaining it in simple terms – or deciding whether 
some of it needs exposure at all – is paramount to 
keeping your learner’s trust and interest. 
 
Appropriate level of difficulty. The degree of 
difficulty of your financial literacy program should 
be set high enough to expose all the essential 
elements of the topic and challenge learners to 
succeed, but not so high that they become frustrated 
by information overload. Too much financial industry 
terminology strung together can be a complete turn 
off for people who may already struggle with the 
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fundamentals – is it really a necessary part of the 
skills they need? 

So start with financial information and 
techniques that relate directly to the learner’s own 
personal needs and wants. Personal budgeting is 
always useful and less complicated than say, 
comparing mortgage options. Don’t make what could 
be a lesser used skill so important in the program it 
de-motivates the learners and loses their interest. 

Motivational reward does not necessarily have 
to be in the monetary sphere; it can be simply a 
demonstration of social or workplace benefits to be 
realised from new financial management skills. Older 
participants could perhaps learn how to help their 
children with financial decisions. People could be 
shown how to utilise better financial planning in a 
club or society they belong to. Its about improving 
whole of life experiences not just direct monetary 
reward. The overall thrust of the program should be 
motivating and, like all good teaching and learning 
programs, course material should ensure other key 
adult learning elements are covered. 
 
Reinforcement. As we know reinforcement is a very 
necessary part of any teaching/learning process. 
Through it, trainers encourage correct modes of 
behaviour and performance and discourage bad 
habits. Your program should use both reinforcement 
techniques throughout. Positive reinforcement is 
normally used when participants learn new skills. As 
implied, positive reinforcement is "good" and 
reinforces "good" (or positive) behaviour. Negative 
reinforcement is useful in trying to change bad habits 
or inappropriate modes of behaviour. The intention is 
extinction -- that is, the trainer uses negative 
reinforcement until the "bad" behaviour disappears or 
the learner understands why past practice is not 
beneficial to them. Examples could be ensuring 
participants always compare different rates of interest 
available to them before signing up for any new debt 
(a positive reinforcement) and not considering credit 
purchases that leave them with no income safety net 
for unforeseen circumstances (negative 
reinforcement). 
 
Retention. Learners must retain what the program 
delivers to them in order to benefit from the learning. 
In order for participants to retain the information 
taught, they must see a meaning or purpose for that 
information. They must also understand and be able 
to interpret and apply the information in their own 
real life contexts. Understanding includes their ability 
to assign the correct degree of importance to the 
material and its application in the future. The amount 
of retention is always directly affected by the degree 
of original learning. In other words if the learners did 

not learn the material well initially, they will not 
retain it well either. Retention by the participants is 
directly affected by their amount of practice during 
the learning. After the students demonstrate they can 
apply new financial skills, they should be urged to 
practice in their own time and for their own personal 
needs to retain and maintain the desired performance. 
 
Transference. Transfer of learning is the result of 
training and is simply the ability to use the 
information taught in your program but in new 
settings and contexts. As with reinforcement, both 
types of transfer: positive and negative should be 
used in the program approach. Positive transference, 
like positive reinforcement, occurs when the learner 
uses the skill learnt in your program. It is very 
important for any learner’s orientation to the new 
skills they develop that they can practice in their own 
situations. Using knowledge from financial literacy 
training to work out the best way to use (or not use) 
credit in their lives is an important tool that many 
participants could use immediately. Participants can 
check how much credit debt they have, what interest 
they are paying and what alternatives there may be. 
Negative transference, again like negative 
reinforcement, occurs when the learners applying the 
skill do not do what they are told not to do. This also 
results in a positive (desired) outcome. This means 
it’s important to find out what the participants in your 
program have been using their new skills for. Check 
to see if they are applying the techniques properly or 
whether they have misunderstood a key aspect of the 
program. Once wrong information is absorbed and 
used again and again it simply becomes another bad 
habit that could make financial decision-making 
worse instead of better. 
Transference is most likely to occur in the following 
situations: 
• Association: participants can associate the new 
information with something that they already know. 
What skills have the learners already mastered that 
they can bring to bear on better financial planning for 
example? Perhaps they have a hobby where it is 
necessary to access information from written 
materials or the Internet and the same skills could be 
used to obtain and analyse better financial data to use 
in their budgeting. 
• Similarity: the information is similar to material 
that participants already know; that is, it revisits a 
logical framework or pattern. Using calendars or 
electronic planners to plan future holidays, work 
shifts etc can be transferred to setting up a long-term 
budget planner for financial payments and income. 
• Critical attribute element: the information learned 
contains elements that are extremely beneficial 
(critical) in personal life or in the workplace. Try to 
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reinforce the importance of aspects of the financial 
literacy program to the learner’s own goals, whether 
these are in their home life, getting a job or 
improving their prospects in work they already have. 
People can even start their own small business 
ventures if they have the financial skills to work out 
the costs and benefits first. 
 
4) DELIVERY STRATEGIES 

Finally in developing your program consider 
that adults have different personal and social lives 
than young people in formal schooling or college. 
Unlike children and teenagers, adults have many 
responsibilities that they must balance against the 
demands of learning. Because of these 
responsibilities, adults may have barriers against 
participating in learning. These barriers could include 
lack of time, money, confidence, or interest, lack of 
information about opportunities to learn, scheduling 
problems, "red tape," and problems with child care 
and transportation. Try to consider these factors when 
scheduling the program. If it is to be delivered to 
people in a workplace it should fit around their work 
times and not require them to come back hours later 
well after they have completed a hard day’s work. 
Week-ends might seem like good free time to learn 
but many adult learners are conditioned to week-ends 
being for family pursuits and are likely to be reluctant 
to give up hours away from this for financial training. 
Try to identify groups of learners for each program 
that can support each other in transport to where the 
program is delivered, assistance in minding young 
children and common interests outside of the formal 
learning. Groups seeking employment or those soon 
to retire are obvious examples of participants who 
will have similar interests and motivations and can 
help each other to access the training and learn 
collaboratively to use the new skills. 
 
 
5) ENGAGEMENT OF THE LEARNER 

Good program strategies encourage real 
learning, where the learner increasingly: 
• takes responsibility and ownership of their learning; 
• engages in experiential learning; 
• partakes in cooperative learning; and, 
• engages in reflective learning. 
By requiring or encouraging your learners to take a 
more directive and active role in the program as it is 
delivered you are encouraging them to engage in the 
critical processes of: 
• making meaning out of the new financial 
management knowledge they have; 
• distilling principles from the program, which will 
aid their transference of financial skills to new 
contexts; and, 

• practising their financial planning skills and 
mastering processes to improve their money 
management. 

In your financial literacy program learner 
directed activities can also encourage greater levels 
of motivation. The learning is more purposeful, 
because they have a sense of ownership over what 
they achieve and identify themselves as the key 
beneficiaries of the outcomes. An abstract exercise in 
developing a savings plan for an imaginary person or 
family may appear to introduce the right principles 
but it may not resonate with the individuals you are 
training. Think of your target group. What are their 
savings goals? 

What aspects of their income are available 
to saving and how can they work this out? 
What form of saving is best for them in terms of 
achievable targets, regular contributions and limited 
risk? 

Teachers and trainers often develop example 
exercises based on imaginary situations because, 
frankly, they appear to put everyone on the same 
testing level and it is easier to assess because there 
are a common set of ‘right’ answers. This is not the 
way to make financial literacy learning work for the 
target groups. They should be encouraged to work on 
individual situations entirely relevant to them. This 
may mean more effort on the part of the trainer in 
assisting with the work each person is doing and 
assessing outcomes but the result will be practical 
exercises that keep the learners involved and 
motivated. 
 
6) ASSESSING PROGRESS AND OUTCOMES 

Good assessment is a collaborative process 
involving the assessor, learners and others, where 
appropriate. Your assessment process should be 
transparent and allow for ongoing feedback from and 
to the learners. Remember these adult learners want 
to improve their skills in managing money and are 
not necessarily interested in formal recognition or 
being ranked against their peers in the group. Where 
possible, presenters should emphasise from the start 
that no-one is going to ‘fail’ the program. Even 
where students are seeking formal certification of 
their achievement, presenters can advise that there is 
no competition between the learners in the group or 
between an individual and the topic material – it’s all 
achievable and everyone can make it work for them. 
Make sure they understand that they will all leave 
with better financial skills than they have at the 
beginning. If someone in the group is somehow 
‘better’ or ‘faster’ at understanding superannuation 
than others that is their good fortune but makes no 
difference to the benefits everyone in the group gains 
from knowledge and skills in handling this important 
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financial tool. Everyone will improve their life 
chances through participating in the program and 
outside of training for formal certification, 
assessment is to demonstrate this to them and no-one 
else. 

If you want further Information on 
collaboration in the design of assessment materials 
and the role of learners in the assessment process this 
can be found in: 
• Guide One – Training Package Assessment 
Materials Kit and Guide Five – Candidate’s Kit in the 
Training Package Assessment Guides; and, 
• Learning Circles Resource Manual for Facilitators 
and Learners (developed by Adult Learning 
Australia). 
 
Conclusion: 

In traditional programs that the principles of 
psychology and curriculum planning, less attention is 
the form of content presentation ie codification and 
providing books, original format and have the 
dominant form, while for adult content that could 
have valuable experience in addition to writing, other 
ways also be provided Affect the selection of pictures 
and images related to the concepts and content 
produced by including them. 

Learning activities such as activities outside the 
classroom, dialogue, role playing and ... Another type 
of content is presented. Duties are placed on the 
learner, a resource for developing knowledge, skills 
and insights he considered. 

Curriculum content only from the training 
provided to learners or not, but put together their 
learning through activities that can inform or does, 
skills and attitude to achieve. In this case, apart from 
learning that the assays taught learners directly to 
sustainable and effective learning occurs in his. 

Another way of providing content that is 
educational activities outside the learning 
environment possible for learning more and better 
enables adult learners. For example, hits, field trip 
experiences for learners or transfer is provided, 
develop knowledge, insight and skills they will. 

To ensure that science curriculum and 
educational aspects, according to community needs 
and audiences, application form is provided or not, 
the content selection criteria should be considered. 
These criteria is being include knowledge, 
effectiveness, flexibility, diversity, relevance and 
practical learning  

Some research findings that can be a learning 
process for the Guidelines for training operations are 
applied, is given below: 
1- - Preparation for adults to learn how much he 
depends on previous learning. Knowledge that has 
accumulated because of an ability to absorb new 

information more person is. Past educational 
experience features a diverse group of adult learners, 
the starting point of any activity on the diversity 
training is emphasized. 
2- intrinsic motivation, learning a deeper and make 
them sustainable. When the need is met directly by 
the learning itself, what is learned, but is 
complementary learning. Creating a training activity 
in adult learning needs, learning ensures stable 
3- Positive reinforcement (reward) learning to 
reinforce the negative (punishment) is more effective. 
Many adults because of negative experiences at the 
beginning of schooling, are weak and afraid. Feeling 
of success in adult learning for continuous learning 
and adult participation is essential. 
4- To maximize learning, information must be 
provided an organized manner. Entries can be simple 
or complex can be arranged around related concepts 
are organized. Starting point for organizing content 
knowledge for adults and adults is linked to past 
experiences 
5- Learning, especially regarding skills development, 
will be added frequently. 
6 - Duties and meaningful content than meaningless 
subjects are learned more easily and are later 
forgotten. This issue, especially for older adult 
learners is true. Challenges of adult learning 
facilitators by the way that content was significantly 
associated with the experiences and needs of learners 
is. 
7- Passive than active participation in learning 
activities, learning increases. Adult educators are 
allowed to participate actively in India, a stable and 
meaningful learning to help 
8- Environmental factors affect the learning. Tangible 
things such as noise, crowded places, temperature, 
light and ... Learning process can be prevented. Other 
factors such as stress, ridicule, pressure, fatigue and 
low health can also reduce learning. 
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Introduction: 

The field of adult education and literacy is 
plagued by confusion about definitions. Over the 
years definitions have evolved from provisions in 
federal law and initiatives of groups advocating 
particular methodologies or the needs of specific 
adult populations. The result is that definitions tend 
to merge statements about the goals to be achieved 
(e.g., improving the literacy of a particular 
population) with a particular means (e.g., adult basic 
education) to achieve the goal. 

Therefore, it is helpful to distinguish between 
at least these dimensions of the issue: 
1. “Literacy” refers to the knowledge, skills, and 
competencies of individuals. The federal Adult 
Education and Family Literacy Act (Title II of the 
Workforce Investment Act)1 defines literacy as “an 
individual’s ability to read, write, speak in English, 
compute and solve problems, at levels of proficiency 
necessary to function on the job, in the family of the 
individual, and in society.” Literacy is often defined 
in terms of specific domains such as “basic academic 
skills,” “workplace skills,” “life skills,” “parenting 
skills,” or skills necessary to exercise one’s rights and 
responsibilities for citizenship. Different dimensions 
of literacy are often categorized by terms that cluster 
several dimensions of literacy important for different 
clients. Examples include workplace literacy 
(combining both basic academic skills and workplace 
skills), and family literacy (combining basic 
academic skills and other skills essential for 
successful parenting). 
2. “Education attainment” usually refers to the 
numbers of years of schooling completed or the level 

of credential (e.g., high school diploma or associate 
degree) an individual has obtained. Despite concerns 
about the meaning of credentials, there is a strong 
correlation between educational attainment and 
literacy. 
3. “Literacy initiatives” often are defined in terms of 
the needs of a particular target group. These may be 
parents of young children, youth who have dropped 
out of high school without earning a high school 
diploma, welfare recipients, persons with limited 
English-speaking ability, incarcerated adults, or 
adults in the workforce. 
4. Other literacy initiatives are defined in terms of a 
particular educational service, strategy, or means to 
address a target population’s literacy problems. 
“Adult basic education” and “family literacy” are 
examples. These initiatives are often defined in terms 
of a particular configuration of services for the target 
population (e.g., assessment and information and 
counseling services). 
5. The term “lifelong learning” is often associated 
with “literacy.” Lifelong learning is a means to the 
goal of maintaining necessary levels of literacy 
throughout one’s lifetime. The goal of lifelong 
learning has implications for both individual adult’s 
learning behavior as well as education policy and the 
design of the education system. 

Goal six of the National Education Goals 
illustrates a broadly stated goal that incorporates 
expectations about both adult literacy and the kinds 
of policies and services that should be in place to 
improve literacy. Goal six, “Adult Literacy and 
Lifelong Learning,” states that, “By the year 2000, 
every adult will be literate and possess the knowledge 

http://adulted.about.com/b/2009/01/23/gwens-ageless-definition-of-andragogy.htm
http://www.lifesciencesite.com/
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and skills necessary to compete in a global economy 
and exercise the rights and responsibilities of 
citizenship.” The objectives related to this goal touch 
on several of the common elements of definitions 
listed above, for example: 

• Different dimensions of literacy (e.g., 
academic and workplace skills), 

• The level of education attainment (e.g., 
increasing the number of persons who 
complete postsecondary degrees), 

• The needs of target groups (e.g., parents, 
minorities, or part-time learners), 

• The need to increase the availability of 
particular educational services, strategies or 
means (e.g., accessibility of libraries to part-
time learners or opportunities for parental 
involvement), and 

• The importance of lifelong learning, both in 
the learning behavior of individuals and in 
the educational system’s responsiveness to 
the needs of adult learners. 

 
Characteristics of adult education:  
Flexibility in time: 

In the past, usually one of the obstacles in 
the way of learning and development of adult 
education was being inflexible and time courses were 
programs. But now most countries have to consider 
that the speed limit of time and learning ability and 
facilities must be adults. Flexibility in time means 
that not only should the time classes and programs 
for adults is appropriate, but necessary facilities 
should be provided for independent study. 
 
Flexibility in the location:  

One of the aspects of flexible space is that 
individuals can, regardless of their residence to the 
study and advancing their knowledge and skills pay. 
For example, adults in remote villages should like 
people who live in the city use of educational 
programs. After flexibility in other places is that the 
issue of specificity of location is not considered 
primarily educational. 

 
Flexibility in age:  

Educational opportunities for certain age 
should not use it for all regardless of their age, is 
possible. In fact, educational programs must use 
people of different ages to prepare. 
 
Flexibility in admission:  

No adult should not only be deprived of 
education because of the necessary conditions for 
admission in the class does. Of course this is not such 
a person without academic records to participate in 
university classes is accepted, Adoption order is that 

the adults in educational programs at different levels, 
according to the possibility of using the opportunity 
that is provided must be based on the experience and 
knowledge and their knowledge is. 

 
To combine education and job responsibilities:  

Adults should be able to work during that 
time engaged in training classes take them. In other 
words, their presence in the class should be 
considered part of their work. This means that low-
literate or illiterate working people who are allowed 
to work an hour of your daily spending surpassed 
participation in educational programs. 
 
Ways to Strengthen Adult Education 
1- Create a culture that supports adult study 
1. Communicate that learning is intrinsic to faith 
development. Lift up ongoing study, including adult 
education, as an essential function of any Christian 
community. 
2. Reinforce the expectation of study participation 
from the pulpit and with new members. 
3. Make Bible study a part of other church activities 
such as committee meetings and mission activities. 
4. Use scripture meaningfully in worship. Don’t 
assume your worshippers know the context of the 
passages read. Use sermons as an opportunity to 
teach the Bible. 
 
2- Offer a variety of formats, schedules, and 
approaches 
5. Experiment with a variety of times -- Sunday 
morning classes, weeknight groups, retreats, oneday 
events, and breakfast-hour or noon-time classes – 
depending on lifestyles in your congregation. 
6. Consider scheduling some classes or small groups 
in homes or other community locations. Christian 
education doesn’t happen only in church buildings. 
7. Start new studies and groups often. Despite their 
best intentions, ongoing groups have a tendency to 
become cliquish. Newcomers are far more likely to 
feel comfortable joining something new. 
8. Have as your goal a Bible study program that 
exposes church members to the entire biblical witness 
over time. 
9. Recognize different learning styles among 
individuals and age groups. Older folks tend to be 
most comfortable with traditional classroom 
structures. Boomers are inclined to question authority 
and enjoy discussion. Younger persons are more 
accustomed to media and technology and prefer a 
fast-paced, informal style. 
10. Make use of a variety of different approaches, 
including lectionary-based studies, topical studies, 
character studies, etc. 
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11. Incorporate different learning strategies, such as 
role playing, dramatization, guided meditation, even 
memorization. 
12. Churches too small for a large number of groups 
can vary their approach by rotating different studies 
and curricula with groups. 
13. Don’t teach “about” the Bible in a way that 
doesn’t allow people to encounter the texts for 
themselves. Encourage individual reading or make it 
part of the group’s time together. 
14. Encourage active, discussion-based learning. 
Break into small conversation groups frequently. 
15. Allow for diversity in perspectives. 
16. Encourage the use of a variety of different 
biblical translations. Those less experienced in Bible 
study may find it helpful to read from a paraphrase. 
 
3- Meet people where they are 
17. Acknowledge biblical illiteracy among many 
adult church-goers – even the well-educated – and 
strive for methods that straddle this paradox. 
18. Recognize that some beginners will be turned off 
by “homework.” Use videos, in-class readings, 
dramatizations, or audio tapes as alternative ways of 
getting everyone “on the same page” and ready for 
discussion, all the while encouraging the habit of 
daily scripture reading. 
19. Provide short-term classes for those who won’t 
commit to a long-term study or ongoing class, but 
make these short-term learning experiences “stepping 
stones” toward greater involvement. 
20. Conduct “taster” classes for those who want to try 
out the experience before they commit to it. Select 
topics that will appeal to those new to Bible study. 
21. Break an ongoing class into shorter, defined 
segments, each with a clearly identified focus. With 
each new segment, take the opportunity to publicize 
the topic and invite newcomers. 
22. Teach stewardship of time to counteract 
“busyness.” Just as with financial stewardship, 
persons need to be encouraged to make Christian 
education a priority. Encourage “first fruits” 
commitments of time. 
23. Be clear about expectations with regard to 
attendance, participation, and preparation. 
 
4- Promote participation effectively 
24. Link group study topics to sermon series and 
encourage participation from the pulpit. 
25. Emphasize study during Lent. Select a topic or 
curriculum for church-wide study during this period 
and encourage all to take part. Tie the topic into 
preaching and worship. 
26. Lift up study leaders and participants. Celebrate 
every time a new group starts or completes a study 

program. Use the newsletter, a photo board, or a 
dedication service in worship. 
27. Ask class members to write a newsletter article or 
testify about the significance of their learning 
experiences. 
28. Remember that personal invitations are usually 
the most effective way of getting someone involved 
in any activity. 
29. Capitalize on the current popularity of book clubs 
and films by creating opportunities for those who 
enjoy these activities. Check out “Reel Time” from 
Cokesbury. 
 
5- Foster strong leadership 
30. Recruit leaders as the first step toward forming 
groups. Groups will often form around a gifted 
leader. 
31. Stress the group leader’s role as facilitator, rather 
than teacher. Setting up one person as “the expert” 
creates a poor group dynamic and discourages new 
people from stepping into leadership. Thinking of 
group leaders as facilitators allows Scripture and the 
Holy Spirit to do the teaching. 
32. Expect your pastor to model the importance of 
ongoing adult education by leading and participating 
in study, but don’t reinforce the notion that only the 
ordained can lead study groups. 
33. Take advantage of the leader training 
opportunities provided in conjunction with many 
popular study curricula. 
34. Provide orientation and ongoing support for 
group leaders. 
35. Train leaders in group process so they can keep 
their groups on track, being sensitive to the need to 
keep more outspoken participants in check and draw 
out the more reserved using phrases like, “Let’s hear 
from some of the others,” or “You look like you have 
something to say.” 
36. Emphasize the importance of leader preparation, 
especially mapping out discussion questions in 
advance. 
37. Encourage team leadership. Experienced leaders 
should invite a newer person to pair with them in 
leading groups to develop the less experienced 
leader. 
38. Rotate the leadership responsibility within a 
group so that all participants get experience leading 
sessions. 
39. Know that Sunday School classes and small 
groups are one of the best places to develop lay 
leaders and lay relationships that strengthen the 
church. 
 
6- Use resources effectively 
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40. Stay abreast of new resources, including those 
available from other denominations or traditions and 
the secular press. 
41. Don’t be afraid to introduce ideas and resources 
from a variety of theological perspectives. Trust the 
discernment abilities of individuals and the group. 
42. Use workbook-style studies creatively. Nothing is 
more boring than a lesson read straight out of a 
leader’s manual. Find ways to make pre-packaged 
lesson plans come alive. 
43. Use videos to bring expert perspectives to bear 
and to get everyone “on the same page” for 
discussion. But avoid class sessions that are no more 
than viewing a video, or participants will soon 
wonder why they shouldn’t stay home and watch 
their own TV. 
44. Create a resource center with reference materials, 
maps, and other items to support your leaders and 
participants. 
45. Don’t allow your church library to become a 
museum. Update the collection. Offer books and 
resources linked to sermon topics and congregational 
study themes. 
46. Consider a book sales kiosk and stock it with 
things you’d like your congregants to be reading. 
Many busy people would rather buy a book than 
worry about due dates and library fines. 
 
7- Stress spiritual formation 
47. Remember, the goal is formation, not 
information. Every class should be deliberate in 
helping members accept God’s grace, grow in faith, 
deepen their relationship to the Christian community, 
and answer Christ’s call to discipleship. 
48. Include prayer as part of every study session and 
encourage group members to pray for one another 
daily. 
49. Encourage a covenantal relationship within study 
groups. 
50. Nurture a sense of Christian community and 
connectedness within groups. A Sunday School class 
or small group can be a “home” for individuals 
within a larger church. 
 
Conclusion: 

As indicated earlier, a strength of adult 
education is the dedication of the many teachers often 
serving under difficult conditions, without adequate 
support, and often with compensation and benefits 
less than teachers in the public schools. Testimony 
before the task force characterized the work of adult 
educators as “missionary” work. Recognizing the 
seriousness of the adult literacy issue in Kentucky, it 
should be a major concern that the Commonwealth 
does not have a comprehensive approach to the 

professional preparation, development, and support 
of adult educators. 

The challenge for Kentucky will be to move 
from a system that still depends on teachers with 
limited training in working with adults, to one in 
which professional competence in working with 
adults is a basic requirement. Any strategy to make 
this transition must involve both professional 
development and support for the teachers now in the 
field as well as a new system for a new generation of 
adult educators. 

Beyond the issues relating directly to 
DAEL(Department of Adult Education and Literacy), 
the task force heard a number of concerns about the 
Commonwealth’s overall approach to adult literacy. 

• Lack of coherent statewide leadership and 
coordination among multiple complementary 
initiatives aimed at the same problem. 

• Lack of continuity in state leadership. Cited 
in particular was the difficulty sustaining a 
high level commitment to the issue long 
enough to make a difference because of 
changes in priorities of the state’s political 
leaders. A high level of turnover in the 
leadership of the Department of Adult 
Education and Literacy has also contributed to 
the instability. 

• Tendency to think of adult education as a 
separate categorical program rather than a 
strategy that cuts across the mission and 
responsibility of multiple Commonwealth 
programs and initiatives (e.g., early childhood 
education, welfare reform, economic 
development, and corrections). 

• Multiple uncoordinated categorical federal 
initiatives that tend to drive (and fragment) 
policy for an overall state effort that is largely 
funded by Kentucky. 

• A tendency to commingle and confuse 
different functions. The most important 
distinction is between functions focused on the 
needs of clients (adult learners, employers, 
communities, regions, and the Commonwealth 
as a whole) and functions associated with the 
operations and performance of providers. It is 
important that each of these functions receive 
attention, yet the tendency is for one (e.g., 
overseeing a network of providers) to drive out 
attention to overall system strategy. 

• Inadequate coordination of services to meet 
the needs of individual adults, communities, 
employers, and regions is hindered by: 

- Vertical financing and regulatory relationships 
between separate federal and state programs and local 
providers and administrative units. These vertical 
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relationships can hinder the horizontal coordination 
of services for individual adult learners, 
communities, and employers. 
- Turf wars among providers, local politics, and long-
standing conflicts among neighboring counties. 

• Inadequate links with and leverage of other 
public and private initiatives and investments 
to reach the target population. Major sources 
of help include employers, postsecondary 
education, and workforce development. 

• Lack of a state financing policy and strategy 
for provider performance incentives and 
collaboration, and tax and other employer 
incentives for leverage of non-state resources. 

• Lack of programmatic and administrative 
flexibility to meet the rapidly changing needs 
of adult learners, employers, regional 
economies, and communities. 
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Abstract: Methicillin-resistant Staphylococcus aureus (MRSA) is a type of bacteria that is resistant to certain 
antibiotics including methicillin, oxacillin, penicillin and amoxicillin. Our study investigated the reason of 
Methicillin Resistant Staphylococcus aureus (MRSA) infection in an Egyptian hospital in which multiple drug 
resistant S. aureus was isolated from pus, sputum and blood of infected cases. Our objective was to detect the mec-A 
gene using PCR analysis to confirm that the multiple drug resistant S. aureus is MRSA as well to find the drug of 
choice to be used for competing such infections and to find a safe method for competing MRSA using probiotics. 
The antibacterial effect of probiotic strains isolated from different animals was tested against MRSA isolates. The 
results obtained from molecular analysis identified the mec-A gene in six out of seven tested samples with a great 
success with an incidence 85.71%. Moreover, the results revealed that cefobid as well as claforan are the drugs of 
choice for competing MRSA. B.subtilus followed by L. acidophilus isolated from colostrum of mare showed great 
capability of hindrance of MRSA, then L. palantarum, Bifidobacterium and finally L.acidophilus isolated from goat 
colostrums, L. acidophilus isolated from buffalo-cow milk on the contrary showed no activity against MRSA. Our 
study identified mec-A gene from MRSA strains was confirmed to be the main cause of MRSA outbreak in infected 
hospital patients subjected to stressful conditions due to severe skin infections. 
[Sherein I. Abd El-Moez, Sohad M. Dorgham, Eman Abd El-Aziz. Methicillin Resistant Staphylococcus aureus - 
Post surgical Infections in Egyptian Hospital. Life Science Journal. 2011;8(2):520-526] (ISSN:1097-8135). 
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1.Introduction: 

Methicillin-resistant Staphylococcus aureus 
(MRSA) is a type of bacteria that is resistant to 
certain antibiotics including methicillin, oxacillin, 
penicillin and amoxicillin (Wichelhaus et al. 1997). S. 
aureus remains one of the most intensively 
investigated bacterial species in  human and animal 
pathogen, it can cause a variety of nosocomial and 
community-acquired infections ranging from minor 
skin abscesses to serious potentially life-threatening 
diseases such as bone and soft tissue intra- surgical 
infections, sepsis and invasive endocarditis 
(Chambers, 2001; Enright et al. 2002). In terms of 
resistance, S. aureus infections cause an increasing 
problem. Methicillin-resistant S. aureus (MRSA) 
have spread worldwide, with infection rates >40% in 
Japan and Southern Europe ( Bozdogan et al. 2003 
and Chang et al. 2003) and 20%-25% in the United 
States (Singh et al. 2006).    

Conventional methods (culture, biochemical 
tests and antimicrobial susceptibility) are limited and 
time consuming. In particular, PCR appears to be a 
rapid, sensitive, and specific assay for mec-A gene 
(Geha et al. 1994). Murakami et al. (1991) 
determined the resistance to methicillin by the mec-A 
gene, which allows a bacterium to be resistant to 
antibiotics such as methicillin, and other penicillin-
like antibiotic, because it does not allow the ring like 
structure of penicillin-like antibiotics to attack the 

enzymes that help forming the cell wall of the 
bacterium, and hence the bacteria is allowed to 
replicate normally. 
Alternative medicine treatments have been practiced 
for thousands of years around the world, because the 
effectiveness of currently available antibiotics is 
decreased due to increasing the number of resistant 
strains causing infections including MRSA. Lactic 
acid bacteria (LAB) are famous as friendly bacteria 
for human health due to their production of 
bacteriocins (Settanni and Corsetti, 2008). 

The aim of the present work is isolation and 
biochemical characterization of MRSA as well as 
detection of mec-A gene using PCR. MRSA 
sensitivity was checked against different antibiotics 
as well as different probiotic strains isolated from 
different sources. 
  
2. Materials and Methods: 
Human clinical sampling: 

An investigation was carried out in a 
hospital showing spread of multiple drug resistant S. 
aureus (18 strains) isolated from different samples 
including 13 pus (10 males and 3 females) as well as 
4 sputum (3 males and 1 female) and 1 blood sample 
from  male as shown in table (1).  
Bacteriological sampling and monitoring bacterial 
profile: 
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  Bacterial swabs were collected under aseptic 
conditions, cultivation of samples, isolation and 
purification of the isolates were carried out using 
different media which were purchased from (Oxoid); 
swabs were inoculated into a tube containing 10 ml 
tryptic soy broth. The broth was incubated at 37ºC for 
24 hrs then streaked from the enriched broth onto 
nutrient, mannitol, blood and MacConkey agar plates. 
Identification of isolates includes morphological 
examination by Gram’s stain (Cruickshank et al. 
1975). Biochemical identification was carried out 
according to Collee et al. (1996); CDC (2005) 
including catalase, oxidase, coagulase, gelatin 
liquefaction, acetone production and sugar 
fermentation test including; glucose, maltose, lactose, 
sucrose, sucrose and mannitol with the production of 
acid without gas. Mannitol fermentation may be used 
for provisional identification of human S.aureus. 
S.aureus identification and characterization: 
  Staphylococcus isolates were streaked onto 
mannitol salt agar with 2 µg/ml oxacillin and 
incubated aerobically at 35°C for 48 hrs. Colonies 
identified as S. aureus were diagnosed according to 
Bottone et al. (1984); CDC, (2005). Confirmation of 
strains was carried out using Staphytect plus dry spot 
(Oxoid) as latex identification for S. aureus.  
Antibiotic sensitivity test:  

In vitro sensitivity of S.aureus strains (18) 
were done against 15 different Antibiotics was 
carried out using Agar diffusion antibiotic sensitivity 
test was carried out for all isolated strains  during the 
outbreak according to Beaney et al., 1970. 
Interpretation was carried out according to NCCLS, 
(2002), Antibiotic discs were obtained from Oxoid 
including B-lactams [penicillin-G (10 units), 
amoxicillin/clavulinic acid (20/10 µg/ml), cefotaxime 
(30 µg/ml)] , macrolides [erythromycin (15 µg/ml)], 
aminoglcosides [gentamicin (10 µg/ml)], 
fluoroquinolones [ciprofloxacin (5 µg/ml), ofloxacin 
(5 µg/ml)] cefadroxil (30 µg/ml), cefobid (75mcg), 
tetracycline (30 µg/ml), tobramycin (10 µg/ml), 
sulpha/ trimetho (23.75+1.25 µg/ml), amikacin (30 
µg/ml) , amoxy/fluclox (25 µg/ml) and claforan 
(30mcg).The percentages of sensitive, intermediate 
and resistant are shown in Tables (2). 
Polymerase Chain Reaction 
DNA extraction from culture samples 

DNA from cultured bacteria was extracted 
Biospin Bacteria Genomic DNA Extraction Kit, 
Bioflux. Seven multiple drug resistant S. aureus were 
selected for investigating the presence of mec-A gene 
to prove whether the tested strains are MRSA or not. 
Single colonies of isolates were cultured in Luria-
Bertani medium and incubated for 16 h at 37ºC. An 
aliquot (4 ml) of overnight culture (109 CFU) was 
pelleted by centrifugation (13.000 rpm for 4 min). 

Bacterial pellet was resuspended in 100µl of Elution 
buffer and extraction was carried out according to 
instruction by Bioflux Company using (Biospin 
Bacteria Genomic DNA Extraction Kit).  
PCR amplification:  

On the basis of the DNA sequences of the 
mec-A gene, the following oligonucleotides were 
used in PCR amplification: primers M1 (TGG CTA 
TCG TGT CAC AAT CG) and M2 (CTG GAA CTT 
GTT GAG CAG AG), which amplified a 310-bp 
fragment of the mec-A gene (Vannuffel et al. 1995). 
The amplification was carried out using Pyrostart 
Fast PCR Master Mix (Fermentas Company). 
Molecular and conventional tests were performed in 
different laboratories and the results were compared.  
In vitro antimicrobial activity of probiotic bacteria 
against MRSA using well diffusion assay (Sgouras 
et al., 2004): 

mec-A gene positive MRSA strains were 
tested for their sensitivity toward different probiotic 
strains as follow; Bifidobacterium, L.palantarum, L. 
acidophilus (buffaloe –cow milk, cow milk, mare 
colostrum as well as goat colostrum), B. suibtlus. 
Strains were plated onto Mueller Hinton agar plates. 
The In vitro antibacterial activity of the tested 
probiotic strains using agar well diffusion test was 
carried out as follow; Muller Hinton agar plates were 
prepared and wells were drilled out using Pasture 
pipettes, the plates were inoculated with MRSA 
strains prepared in conc. equivalent with 0.5 
MacFerland tube and streaked onto the agar plates 
using sterile swabs, and then 50 µl aliquots of cell 
free cultures supernatant in fresh DeMan Rogaso 
Sharpe (M.R.S.) broth of the probiotic strains were 
suspended in the agar wells. Plates were incubated at 
37˚C for 24hrs under aerobic conditions and the 
diameters of inhibition zones around wells were 
measured in mm using a ruler. The experiment was 
carried out in duplicate and the mean of the zone of 
inhibition was estimated as follows; ++ showed zone 
of inhibition ≥ 8 mm, + showed zone ≤ 7mm and – 
indicate complete absence of  inhibition. 

 
3. Results 

Traditional analysis of 18 samples collected 
from post-surgical side infected patients including; 14 
males and 4 females (13 pus, 1 blood and 4 sputum) 
Table (2) were carried out using bacterial isolation 
and biochemical identification. Results revealed the 
presence of Gram positive, non-spore forming cocci, 
arranged in form of grapes or in irregular clusters. 
The colonies are circular, smooth and glistening. On 
blood agar, they are beta-hemolytic. Colonies are 
golden yellow. Biochemically; they were catalase, 
coagulase positive and mannitol fermenter which 
proved to be S. aureus. Antibiotic sensitivity test was 
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carried out using fifteen antibiotic disks (Oxoid). In 
vitro antibiotic sensitivity test against eighteen S. 
aureus isolated strains, showed resistance against 
cefotaxime, cefadroxil, sulph/trimetho and 
amoxy/fluclox with an incidence equal 94.40%. 
Resistance against pencillin–G, erythromycin, 
gentamycin, tetracycline and amickacin was shown 
with an incidence 89.00% and resistance aganist 
amoxicillin/clavulinic acid, ciprofloxacin and 
ofloxacin with an incidence 83.30%. Drugs that were 
capable of hindrance of such strains were cefobid and 
claforan with an incidence of 83.30%, thus they were 
used successfully for treatment of infected cases as 
shown in Table (2, 3). Molecular analysis was carried 
out for detection of mec-A gene which was 
responsible for multiple drug resistance of the tested 
strains to confirm that tested strains were MRSA. 

Results revealed that the isolated strains from pus 
samples of patients subjected to stressful conditions 
due to post operative infections were MRSA; 
Molecular analysis identified the mec-A gene in six 
out of seven samples with an incidence equal 85.71% 
as shown in Photo (1). On investigating the use of 
probiotics for competing MRSA as a safe method for 
hindrance of multiple drug resistant strains, results 
revealed that B.subtilus isolated from mare fecal 
swab followed by L. acidophilus isolated from mare 
colostrum showed great capability of hindrance of 
MRSA, followed by L. palantarum then 
Bifidobacterium and finally L.acidophilus isolated 
from goat colostrums. On the contrary, L. acidophilus 
isolated from buffalo-cow milk showed no activity 
against MRSA as shown in Photos (2, 3) and Table 
(4). 

 
Table (1): Diagnosis of Cases showing multiple drug resistant S. aureus and site of sample collection. 

Sample type Case Diagnosis Male  Female Total 
Pus Burn 0 1 1 

Boil 2 1 3 
SSI 4 1 5 
Bone Fracture 2 0 2 
Plastic flap 1 0 1 
Osteomyelitis 1 0 1 

Sputum Cancer Larynx 1 0 1 
Chest infection 2 0 2 
Stroke 0 1 1 

Blood Head trauma 1 0 1 
 Total 14 4 18 

 
Table (2): Antibiotic sensitivity test against S. aureus (18 strains)  

Antimicrobial agent  Conc. of disk  Sensitive Intermediate Resistant 
No % No % No % 

B-lactams 
Penicillin-G 10 units 0 0.00 2 11.00 16 89.00 
Amoxicillin/clavulinic acid 20/10 µg/ml 0 0.00 3 16.70 15 83.30
Cefotaxime  30 µg/ml 0 0.00 1 5.60 17 94.40 
Macrolides 
Erythromycin  15 µg/ml 0 0.00 2 11.00 16 89.00 
Aminoglcosides 
Gentamicin 10 µg/ml 0 0.00 2 11.00 16 89.00 
Fluoroquinolones 
Ciprofloxacin 5 µg/ml 0 0.00 3    16.70 15 83.30 
Ofloxacin 5 µg/ml 0 0.00 3 16.70 15 83.30
Cefadroxil 30 µg/ml 0 0.00 1 5.60 17 94.40 
Cefobid 75mcg 15 83.30 3 16.70 0 0.00
Tetracycline  30 µg/ml 0 0.00 2 11.00 16 89.00 
Tobramycin 10 µg/ml 0 0.00 4 22.00 14 78.00
Sulpha/ trimetho  23.75+1.25 µg/ml 0 0.00 1 5.60 17 94.40 
Amikacin 30 µg/ml 0 0.00 2 11.00 16 89.00
Amoxy/fluclox 25 µg/ml 0 0.00 1 5.60 17 94.40 
Claforan 30mcg 15 83.30 3 16.70 0 0.00 
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Table (3): S. aureus strains isolated from pus samples tested for mec-A gene presence and antibiotics used for 
cases treatment. 

PCR (pus) Sample Age (years) Sex Diagnosis Antibiotic used for treatment 
1 30 male Bone fracture Claforan and Cefobid 
2 8 male Bone fracture Claforan and Cefobid 
3 30 male Plastic flap Claforan and Amikane 
4 44 male SSI Claforan and Cefobid 
5 22 male SSI Claforan and Cefobid 
6 10 male SSI Claforan and Cefobid 
7 41 female SSI Claforan and Cefobid 

SSI=Surgical side infection 

Table (4): The antimicrobial activity of the tested probiotic strains against MRSA. 
Probiotic strains Source Tested MRSA strains 

1 2 3 4 5 6 7 
B.subtilus                   fecal swab of  mare ++ ++ + + + ++ ++ 
L. acidophilus buffaloe-cow milk - - - - - - - 
Bifidobacterium cow milk + + + - - + + 
L. acidophilus goat colostrums + - - - - - - 
L. acidophilus mare colostrum ++ ++ + + + + + 
L. palantarum cow milk ++ ++ + - + + + 

 

 
 
 
 
 

 
500   bp-  
400   bp- 
310   bp- 
200   bp- 
100   bp- 

 
 
 
 
 

Photo (1) Gel electrophoresis of DNA fragments showing 310 bp amplified fragment of mec-A gene among the 
examined S.aureus isolated from hospitalized patients. Lane M represents DNA ladder. Lanes 1 to 7 represent S. 
aureus isolated strains as follow; (1) Pus from bone fracture of male, (2) Pus from bone fracture of male, (3) Pus 
from plastic flap of male, (4) Pus from surgical side infection of male, (5) Pus from surgical side infection of male (6) 
Pus from surgical side infection of male, (7) Pus from surgical side infection of female 
 

  

Photo (2) MRSA strain (1) isolated from pus of 
human, show variable sensitivity toward B.subtilus 
isolated from the fecal swab of mare, followed by 
L. acidophilus isolated from colostrum of goat, 
Bifidobacterium isolated from cow milk sample, 
L. acidophilus isolated from Buffalo-cow milk 
then L. acidophilus isolated from colostrum of 
mare, L. palantarum isolated from cow milk, in 
sequence with the arrow. 
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4. Discussion 

The present study was carried out to investigate 
the cause of development of multiple drugs resistant 
strains as side infection following surgical operations 
in an Egyptian hospital. Results showed that the 
outbreak was due to infection with multiple drug 
resistant S. aureus (MRSA). This study proved that 
MRSA is an opportunistic pathogen which is abused 
of being a critical pathogen responsible for a great 
morbidity especially among immunosuppressed cases. 
MRSA outbreaks in hospitals suggested that this 
organism cause an emerging problem in patients 
subjected to multiple stressful conditions. Results 
agree with Hudson (1994) and Cookson (1998) who 
proved that the treatment of S. aureus infections may 
be complicated by multiple antibiotic resistances and 
specific virulence factors, causing temporary or long-
lasting carriage.  The nasal carriage of MRSA is a 
main risk factor for community-acquired infections 
and in hospital settings (nosocomial sepsis). Also, 
results agree with Hiramatsu et al. (2002) who found 
that infection rate in carriers of S. aureus is higher 
than in non-carriers, and it has been well documented 
that humans are usually infected with their own nasal 
isolate. Results also agree with Gomez-Lucía et al. 
(1989); Kloos and Bannerman (1999) who mentioned 
that S. aureus is an opportunistic pathogen which can 
cause diseases ranging from superficial soft-tissue 
infections to life-threatening bacteraemia and toxic 
shock syndrome. These findings agree with Quinn et 
al. (2002) who abuse MRSA of being a critical 
pathogen responsible for a great morbidity and 
mortality especially among immunosuppressed cases. 

Antibiotic sensitivity test against eighteen 
isolated strains showed resistant against cefotaxime, 
cefadroxil, sulph/trimetho and amoxy/fluclox with an 

incidence equal 94.40%. Resistance against pencillin 
–G, erythromycin, gentamycin, tetracycline and 
amickacin was shown with an incidence 89.00%. 
Amoxicillin/clavulinic acid, ciprofloxacin and 
ofloxacin were resistant with an incidence 83.30%,   
on the other hand, the tested strains were sensitive 
against cefobid and claforan with an incidence of 
83.30%. These results agree with Quinn et al. (2002) 
who proved that MRSA either produce potent toxins 
or resist a wide range of antibiotics. Results agree 
with Karska-Wysocki et al. (2010) who showed that 
MRSA is a multidrug-resistant microorganism and 
the principal nosocomial pathogen worldwide. Tiwari 
et al. (2009) compared the performances of four 
phenotypic tests used to detect methicillin resistant S. 
aureus (MRSA) with the mec-A gene polymerase 
chain reaction. Two hundred thirty-seven S. aureus 
isolates were isolated from different patients visiting 
Hospital and subjected to cefoxitin and oxacillin disc 
diffusion tests, oxacillin minimum inhibitory 
concentration (MIC) test, and oxacillin screen agar 
test. The authers stated that cefoxitin disc diffusion 
test can be considered as the best method for routine 
detection of MRSA when molecular techniques are 
not available. 

Molecular analysis performed in the present 
study was necessary to assess the feasibility of the 
PCR approach for the identification of S. aureus 
multiple drug resistant strain. Our study revealed that 
PCR analysis verified that 85.71% of the tested 
strains carried mec-A gene at 310 bp fragment. On the 
basis of these results, the PCR strategy could give 
rapid and reliable information to clinicians not only 
for the identification of pathogenic bacteria but also 
for therapeutic management. Results agree with 
Montanari et al. (1990) who explained the absence of 

Photo (3) MRSA strain (2) isolated from pus of human, show variable sensitivity toward 
B.subtilus isolated from the fecal swab of mare, followed by L. acidophilus isolated from 
colostrum of goat, Bifidobacterium isolated from cow milk sample, L. acidophilus isolated from 
Buffalo-cow milk then L. acidophilus isolated from colostrum of mare, L. palantarum isolated 
from cow milk, in sequence with the arrow.
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mec-A gene in the 25 MRSA isolates by 
overproduction of penicillinase. Also, Oshima et al. 
(1993) amplified mec- A gene by PCR and reported 
that the gene was positive in all MRSA strains. They 
reported that identification of MRSA by drug 
susceptibility tests alone presented a serious problem 
because numbers of clinical S. aureus isolates are 
border line resistant to methicillin. Hence quick, 
accurate and sensitive method of PCR based 
amplification for the detection of the mec-A gene is 
necessary. They added that detection of mec-A gene 
by PCR is extremely important for appropriate 
treatment of MRSA.  Our results agree with 
Vannuffel et al. (1995) who indicated that MRSA has 
become a major nosocomial pathogen not only in 
tertiary care hospitals but also in chronic care 
facilities. Also results agree with Anderson and 
Weese (2006) who found that conventional 
identification of MRSA requires between 24-48 hours 
after sampling  and recommended rapid and sensitive 
method  of identification as PCR  for detection of 
mec-A gene which codes for the drug resistant 
penicillin-binding protein 2a(PBP2a) or 2(PBP2). 
Klotz et al. (2005) reported an increase in the 
frequency of MRSA as an important causative agent 
of nosocomial infections worldwide, in spite of 
optimal hygienic conditions high number (24.1%) 
was isolated from human stool samples.  

The present study focused on studying the 
effect of different probiotic strains and tested their 
efficiency on hindrance of the growth of MRSA, 
Results revealed that B. subtilus isolated from fecal 
swab of mare followed by L. acidophilus isolated 
from colostrum of mare showed great capability of 
hindrance of MRSA, then L. palantarum, 
Bifidobacterium isolated from milk and finally 
L.acidophilus isolated from goat colostrum. On the 
contrary L. acidophilus isolated from Buffalo-cow 
milk showed no activity against MRSA. Results 
agree with Karska-Wysocki et al. (2010) who tested 
the antibacterial activity of lactic acid bacteria against 
MRSA from ten human clinical isolate using L. 
acidophilus CL1285® and L. casei LBC80R as pure 
cultures. They demonstrate that the direct interaction 
of lactic acid bacteria and MRSA in a mixture led to 
the elimination of 99% of the MRSA cells after 24 h 
of their incubation at 37 °C. 

 
5. Conclusion and Recommendations 

Misuse of antibiotics must be controlled as it 
might be the main cause of outbreaks due to their 
immunosuppressive effect on infected cases. Rapid 
diagnosis should be carried accurately including 
screening of unusual causes of multiple drug resistant 
strains in hospitalized patients. Researchers 
recommended that hospitals should initiate 

surveillance programs for MRSA infections using 
quantitative PCR, particularly in post surgical 
operations to clarify the role of MRSA in drug 
resistant outbreaks. Research group advice the use of 
probiotics as B.suibtlus or L.acidophilus as feed 
additives in human subjected to stressful conditions 
for hindrance of opportunistic microorganisms during 
stressful conditions. 
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Abstract: Apple producers in the Province of East Azarbaijan were surveyed in order to explore their perception 
about factors influencing the adoption of nanocides in controlling Fire Blight among apple producers in Iran. As the 
factor analysis showed, the factors were categorized into four groups, namely marketing, social, regulatory and 
economic, ordered by the magnitude of their impact.  
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1. Introduction 

The emerging field of nanotechnology has 
the potential to bring about changes as big as the 
European Industrial revolution in the late 18th and 
early 19th century. A hundred and fifty years ago, the 
mechanization of industry, the introduction of steam 
power and improved transportation systems brought 
huge technological, socioeconomic and cultural 
changes. Today, nanotechnology is forecast to 
underpin “the next industrial revolution”, leading to 
far-reaching changes in social, economic and 
ecological relations (Miller and Senjan, 2006).  

As well as developing improved systems for 
monitoring environmental conditions and delivering 
nutrients or pesticides as appropriate, nanotechnology 
can improve our understanding of the biology of 
different crops and thus potentially enhance yields or 
nutritional values. In addition, it can offer routes to 
added value crops or environmental remediation. 

In regard to application of Nanocides in 
encapsulation of pesticides, researchers pointed out 
the impetus for formulating pesticides on the nano-
scale is the changed behavior of the reformulated 
product: the strength of the active ingredient can be 
maximized and biological activity is longer-lasting 
(ETC, 2004).  

Nanocide is one of the most effective 
antibiotics made in human history. It destroys more 
than 650 species of bacteria, fungi, and viruses.  
Nanocide is produced by using natural materials and 
new technology. It has lack of microbial resistance in 
long use and maintains the sterilized environment for 
a long time. Nanocide also has an optimum 
performance in various ph and does not have any side 
effect. 

The adoption of any new technology and 
innovations has not been an easy task and it is not 
spontaneous, the technology has to be taught and 
learned –adopted to existing experience and 
integrated into production. As is often the case with 
technological-innovation potential and expectations 
can outpace reality (Gelb and Bonati, 2005). 

Several parameters have been identified as 
influencing the adoption behavior of farmers and 
social scientists investigating farmers who adopt the 
biotechnology showing the demographic variables, 
technology characteristics, information source, 
knowledge, awareness, attitude and group influence 
affect adoption behavior (Oladele, 2005). 

Successful adoption of any new technology in 
developing countries will depend on the availability 
of technologies appropriate for local agricultural 
conditions, and policies that enhance the ability of 
poor farmers to obtain these technologies (Ameden et 
al., 2005). 

A major issue that will affect successful 
applications of new technology such as bio and 
nanotechnologies to agriculture is the regulatory 
climatic governing the release of new products. 
Developing societies will need to develop and 
implement regulatory measures to manage any 
environmental, economic, health and social risks 
associated with genetic engineering (Ozor, 2008). 

The results of the study by Spielman and 
others (2006) suggest that the regulatory environment 
governing the introduction of new technologies is 
slowing the forward movement of research into later 
stages of product development. 

Nanotechnology can play an important role 
in improving the quality and quantity of agricultural 
products. Therefore, it is necessary to remove the 
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impediments faced by farmers and provide basic 
information to enable the spread of nanotechnology. 
This would enable nanotechnology to be part of a 
comprehensive development strategy for agricultural 
sector.  

Developing countries such as Iran have 
adopted their own nanotechnology programs with a 
specific focus on agricultural applications. The 
Iranian Agricultural ministry is supporting a 
consortium of 35 laboratories working on a project to 
expand the use of nanotechnology in agro sector. The 
ministry is also planning to hold training programs to 
develop specialized human resources in the field 
(Joseph and Morrison, 2006). 

In the year 2001, the Iran presidential 
technology cooperation office initiated a smart move 
in the field of nanotechnology. Through these efforts, 
nanotechnology gained national priority in the 
country and in 2003 the Iranian Nanotechnology 
Initiative was set up with the aim of pursuing the 
development of nanotechnology in Iran. 

The attitudes and interests of stakeholders 
involved in national public debates on the risks and 
benefits of agricultural technology are having a 
significant influence on public opinion as well as 
public policy outcomes in developed and developing 
countries (Aerni, 2005). 

Evidence shows that even small efforts to 
informing farmers and increasing their knowledge 
about the new technologies can have big results. 
However, the promise has yet to be realized due to 
the lack of information and access to this technology 
among rural communities. Therefore, it is necessary 
to remove the impediments faced by rural population 
and provide basic information in rural areas to enable 
the spread of new technologies. 

Fire Blight is one of the major diseases in 
granular fruit trees in the world and Iran. Even if the 
disease spreads in limited areas, it will cause serious 
damage to trees. Therefore, precise control program 
to contain the disease and its distribution area should 
be implemented.  

The disease in the provinces of East 
Azarbaijan has caused serious damages to the apple 
gardens. Ministry of Agriculture in this province has 
started a program to recommend the diffusion and 
adoption of nanocides in controlling Fire Blight in 
the apple trees among gardeners. The research 
question for this study is: what are the perceptions of 
gardeners about factors influencing the adoption of 
nanocides in controlling Fire Blight among apple 
producers in Iran? 
 
2. Material and Methods  

A series of in-depth interviews were 
conducted with some senior experts in the 

nanotechnology to examine the validity of 
questionnaire. A questionnaire was developed based 
on these interviews and relevant literature. The 
questionnaire included both open-ended and fixed-
choice questions. The open-ended questions were 
used to gather information not covered by the fixed-
choice questions and to encourage participants to 
provide feedback. The total population for this study 
was 61 apple producers in the East Azarbaijan 
Province.  

Measuring respondents’ attitudes towards 
factors influencing the adoption of nanocides has 
been achieved largely though structured 
questionnaire surveys. The final questionnaire was 
divided into several sections. The first section was 
designed to gather information about personal 
characteristics of respondents. The second section 
was designed to measure the attitudes of respondents 
about factors influencing the adoption of nanocides in 
controlling fire blight disease. Four factors were 
presented in a 5-point Likert format. The variables 
and their measurement scale are presented in Table 1. 

Content and face validity were established 
by a panel of experts consisting of faculty members 
at Islamic Azad University, Science and Research 
Branch and some specialists in the nanotechnology. 
Minor wording and structuring of the instrument 
were made based on the recommendation of the panel 
of experts.  

A pilot study was conducted to determine 
the reliability of the questionnaire for the study. 
Computed Cronbach’s Alpha score was 89.0%, 
which indicated that the questionnaire was highly 
reliable. The data collected by interviewing the 
respondents and analyzed by using ordinal factor 
analysis technique. 
 
Table 1: Variables and their measurement scale 

Variables Measurement Scale                    

Regulatory Factors Five- point Likert                              
Economic Factors Five- point Likert                              
Social Factors Five- point Likert                              
Marketing Factors Five- point Likert                              

.  
3. Results  

The results of descriptive statistics indicated 
that majority of respondents were male. The 
educational level of all respondents was under high 
school diploma.  

The classification of the factors into four 
latent variables was displayed in table 2. The 
variables were classified in economic, social, 
marketing and regulatory factors. The basic idea of 
factor analysis is to find a set of latent variables that 
contain the same information. The classic factor 
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analysis assumes that the both observed and the latent 
variables are continuous variables.  

KMO and Bartlet test were used to show the 
extent variables have correlation and dependence to 
each other. In factorial analysis when KMO is less 
than 0.5, data are not suitable for factorial analysis 
and when KMO is between 0.5-0.7, data are suitable 
for factorial analysis. KMO amount and meaningful 
level of Bartlet test indicated in Table 3, that shows 
are very suitable fir factorial analysis. 

The results show that these factors 
contributed about 56 percent of variance in the 
perception of respondents about factors influencing 
the adoption of nanocides in controlling fire blight 
disease. Table 2 represents components of each 
factor, as well as, portion of each factor from the total 
common variance. As one may observe, about 56% 
of total common variance is explained by these four 
factors, where the majority of it has been explained 
by the marketing factors (17.50%). 
 

Table 2. Classification of factors that influence the 
adoption of nanocides in controlling fire blight 

disease by Using Factor Analysis 

Category Variance by Factor 

Marketing 17.50 
Regulatory 12.19 
Economic 10.24 

Social 16.11 

Total 56.04 

 
Table 3: KMO amount and meaningful level of 

Bartlet test 

Factorial Analysis KMO Bartlet Test
 Sig 

Factors 0.664 8201.205          0.00 

 
4. Discussions  

A wide range of economic, social, marketing 
and regulatory factors influences the adoption of 
nanocides by apple producers. Wheeler (2005) citing 
Rogers and Pannell pointed the factors which 
influence the adoption of new innovations by 
farmers. She mentioned factors such as perception 
about risk and profitability; uncertainty and certainty 
about adoption; amount of required information and 
attitude about risk and uncertainty. 

The findings are in accordance with the 
result of study by Hosseini and Alikarami (2009) that 
factors such as social and regulatory factors in 
adopting the new technology. Innovation is not only 
based on the technology's agronomic suitability to 
specific environments.  

Like any other new technology, public 
confidence, trust and acceptance are likely to be the 

key factors determining the success or failure of 
nanotechnology applications for the agriculture sector. 
It is well known that uncertainties and lack of 
knowledge of potential effects and impacts of new 
technologies, or the lack of a clear communication of 
risks and benefits can raise concern amongst public 
(Chaudhry et al., 2008). 

A regulatory process should ensure the 
democratic control of and public participation in 
decision making on nanotechnology and other new 
technologies. It is recommend the initiation of a wide 
range of participatory processes to enable direct input 
from the general public into new technology 
assessment and determination of priorities and 
principles for public policy, R&D and legislation 
(Johnston, et al., 2007). 

It is becoming increasingly clear that 
nanotechnology requires a holistic and tightly 
integrated regulatory framework for dealing with the 
range of health, ecological, economic, and socio-
political issues that this technology raises (Johnston, 
et al., 2007). 

As in the case of any new technology, the 
gains from modern technology are accompanied with 
certain negative effects and concerns. The nature and 
extent of the positive and negative impacts will 
depend on the choice of technique, place and mode of 
application of technique, ultimate use of the product, 
concerned policies and regulatory measures including 
risk assessment and management ability and finally 
on the need, priority, aspiration and capacity of 
individual countries (Ameden et al., 2005).  

However, the application of nanotechnology by 
farmers in Iran faces challenges and obstacles. There 
is no single appropriate way to introduce and 
promote nanotechnology in the developing countries: 
constraints and opportunities vary from country to 
country and therefore require location-specific 
approaches. 

There is need for more training and 
education to change the attitude of farmers and 
enhance their confidence about the role of 
nanotechnology in agriculture. It is also important to 
develop policies that benefit small-scale farmers and 
attend their technological needs. 

Based upon the results of this study, it is 
apparent that there is still need to further research 
about the role of nanotechnology in agriculture sector 
in Iran. In this regard, strengthening the linkage 
between research and extension institutions and 
increasing the role of farmers in developing 
appropriate technology would accelerate the adoption 
by the farmers.  
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ABSTRACT: BACKGROUND: Hepatocellular carcinoma (HCC) is one of the most common human 

malignancies and its impact on mortality is significant and well documented. Biomarkers have been developed for 

early HCC detection, with serum α-fetoprotein (S.AFP) being the most widely used clinically, but with relatively 

low diagnostic sensitivity. Therefore new biomarkers are needed for early HCC detection to improve overall-

survival rates. METHODS: Blood RASSF1A promoter methylation was evaluated using methylation specific PCR 
in patients with chronic liver diseases together with  its potential use as a biomarker for detecting HCC in 

comparison to or in association with S.AFP. RESULTS:  Blood RASSF1A promoter methylation was detected in 

70% of HCC patients on top of hepatitis C virus- associated liver cirrhosis, 28.5% of hepatitis C virus-associated 

liver patients and 16.6% of bilharzial liver fibrosis patients. However none of the healthy control subjects showed 

blood RASSF1A promoter methylation. The sensitivity, specificity, PPV and NPP of blood RASSF1A promoter 

methylation for HCC diagnosis were 70%, 83.3%, 73.7% and 80.6% respectively. On the other hand the sensitivity, 

specificity, PPV and NPP of S.AFP with a cut off value of 33.6 for HCC diagnosis were 85%, 80%, 88.9% and 

90.7% respectively. Moreover it was found that the combined use of RASSF1A promoter methylation status and 

S.AFP is better than S.AFP use alone in HCC prediction. CONCLUSION: RASSF1A promoter methylation plays 

an important role in the process of human hepatocarcinogenesis and is related to hepatic inflammation due to 

bilharziasis and viral hepatitis. Moreover it can be considered as an important biomarker for the diagnosis of HCC 
when combined with S.AFP. 

[Naglaa Ibrahim Azab, Heba Mohamed Abd El Kariem, Tawheed Mowafi, Hanan F. Fouad, Awad M. El Abd. Blood 

Ras-Association Domain Family 1 A Gene Methylation Status In some Liver Diseases. Life Science Journal. 
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Key words: RASSF1A promoter methylation, AFP, HCC, Bilharziasis, Liver cirrhosis, blood. 

 

1. INTRODUCTION 

                Hepatocellular carcinoma (HCC) is one of the 

most common human malignancies and is a leading 
cause of cancer-related death worldwide(1). In Africa, 

liver cancer has been ranked as the fourth common 

cancer, and most of liver cancers are HCC
(2)

. HCC 

incidence has doubled in Egypt in the past 10 

years(3).Most HCC patients in African and Asian 

populations exhibit chronic hepatitis or cirrhosis caused 

by persistent infection with hepatitis B virus (HBV) or 

hepatitis C virus (HCV)(4). Of all the HCC cases, it is 

estimated that 66% are attributable to HBV and 42% are 

attributable to HCV, assuming that the relative risk of 

disease in both carriers is 20.  However, in North 
Africa, infection with HBV is less common than in 

other regions. In Egypt, the prevalence of HCV 

infection is one of the highest in the world. HBV was 

found at high rates in Egypt, but after increase in HCV 

prevalence the rates of HBV declined(2). In addition, 

HBV rates have declined after the introduction of the 

vaccine in 1992(3). By contrast, the relative importance 

of the etiologic effect of schistosomiasis on liver cancer 

is still inconclusive. Schistosomiasis per se may cause 

the persistence of viremia due to reduced immunity or 

could play a minor role in the pathogenesis of HCC as a 

result of the copper sulfate sprayed in canals for snail 
control(2). Therefore, schistosomiasis can be treated as a 

covariate in multivariable analysis for HCC.     

                Despite numerous advances in the treatment
 

of HCC during the last decade, the 5-year survival rate 

remains <40% and late presentation remains an 

important obstacle to successful treatment. In fact, many 

HCC patients have already developed locally advanced 

disease or distant metastasis by the time of presentation.  

In this regard, biomarkers have been developed for early 

HCC detection, with serum α-fetoprotein (S.AFP) being 

the most widely used clinically(5). However, its use in 
the early detection of HCC is limited, especially 

because about one-third of patients with HCC have 

normal levels of S.AFP. Serum AFP is a marker that has 

low sensitivity and high specificity(6). Therefore, new 

biomarkers for early HCC detection are needed to 

improve overall-survival rates. 

               HCC might be related to genetic or epigenetic 

alterations. Hypermethylation of tumor suppressor 

genes is frequently observed in HCC(7,8). Such 
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epigenetic changes are potential markers for detecting 

and monitoring HCC. Recently, methods for the 
detection of circulating hypermethylated DNA 

sequences were developed
(9)

.  

              RASSF1A (Ras association domain family 1 

isoform A) is a recently discovered tumor suppressor 

gene located within 3 P21.3 locus. RASSF1A protein 

modulates multiple apoptotic and cell cycle checkpoint 

pathways which are commonly deregulated in cancer. It 

is mostly inactivated by transcriptional silencing of the 

gene by inappropriate promoter methylation in many 

cancers including HCC (10).     

              Our study was designed to evaluate the 

biochemical changes of blood RASSF1A promoter 
methylation in patients with chronic liver diseases 

including bilharziasis, HCV- associated liver cirrhosis 

as well as HCC on top of HCV- associated liver 

cirrhosis and its potential use as a marker for detecting 

HCC in comparison to or in association with S.AFP. 

 

2. SUBJECTS AND METHODS  

Our study was conducted on 56 subjects 

selected from internal medicine department, Benha 

University Hospitals. They were categorized into 1- 

Control group; consisted of 10 healthy volunteers 2- 
Bilharzial liver fibrosis group; consisted of 12 

bilharzial liver fibrosis patients, free of HCV or HBV 

infection. 3- Liver cirrhosis group; consisted of 14 

HCV- associated liver cirrhosis patients, free from 

bilharziasis. 4- HCC group; consisted of 20 HCC 

patients on top of HCV- associated liver cirrhosis and 

free from bilharziasis. HCC was diagnosed by S.AFP, 

abdominal ultrasound & spiral CT with or without liver 

biopsy. Patients with hepatic metastasis due to other 

malignancies or with HBV infection were excluded 

from the study. Approval of the ethical committee was 

obtained and written informed consents were taken 
from all subjects of the study.  

 

Sample collection and preparation: 
   Venous blood sample (10 ml) was withdrawn 

from patients and control. The blood samples were 

divided into two parts:      ● The 1st part was left to 

clot, centrifuged and the sera were separated for 

measurement of S.AFP levels by enzyme linked 

fluorescent assay using VIDAS AFP kits supplied by 

bioMerieux sa,France, Bilharzial antibody titre by 

indirect haemagglutination using schistosomiasis 
fumouze kits supplied by Fumouze Diagnostics, France 

and HCV antibody test and hepatitis b surface antigen 

by immunochromatographic analysis using ACON® 

HCVone step test and ACON® HBsAg one step test 

respectively supplied by ACON Laboratories Inc.. 

 ● The 2nd part: was applied into EDTA containing 

vacutainer and stored at – 80oC for later detection of 

methylation status of RASSFIA gene by methylation 

specific PCR (MSP) technique. 
  

A- DNA extraction:  

100 µl of eluted DNA was extracted from 200 

µl of anticoagulated blood using the “Axy prep blood 

genomic DNA mini prep kit” supplied by Axygen 

biosciences. 

 

B- Bisulfite treatment (DNA modification):  

Bisulfite modification of genomic DNA 

would convert unmethylated cytosine residues into 

uracil residues. Conversely, methylated cytosine 

residues would remain unmodified. Thus, methylated 
and unmethylated DNA sequences would be 

distinguishable by using sequence-specific PCR 

primers(11). Bisulfite modification was conducted using 

the EZ DNA methylation-GoldTM kit. 10 µl of eluted 

modified DNA was obtained from 20µl of DNA 

sample. The eluted modified DNA was stored at-70oC 

as modified DNA is fragile like RNA for subsequent 

MSP. 

 

C-Polymerase chain reaction (PCR): 

Bisulfite-modified DNA was amplified using 
primers specific for the methylated sequence 5′-

GTGTTAACGCGTTGCGTATC-3′ and 5′-AACCCCG 

CGAACTAAAAACGA-3′ together with primers 

specific for the unmethylated sequence 5′-TTTGGTTG 

GAGTGTGTTAATGTG-3′ and 5′-CAAACCCCACA 

AACTAAAAACAA-3′ (11). 

Amplification of the methylated and the 

unmethylated sequences was done using the GeneAmp 

DNA Amplification Kit and AmpliTaq Gold 

polymerase (Applied Biosystems, Perkin-Elmer, Foster 

City, CA).  The optimized thermal profile included 

initial denaturation at 95°C for 12 min., followed by 45 
cycles of 95°C for 45 sec., 54°C for 45 sec., 72°C for 1 

min., and a final extension at 72°C for 10 min..  

 

D- Detection of amplified PCR product by Agarose 

gel electrophoresis: 

The amplification products were analyzed by 

agarose gel electrophoresis in 2٪ agarose gel, and 

ethidium bromide staining and photographed by 

Polaroid camera under UV light. 

 

STATISTICAL ANALYSIS 
The collected data were computed and 

statistically analyzed using SPSS version 17 software. 

Suitable statistical techniques were calculated as mean, 

±SD. ANOVA & Z tests were used as tests of 

significance. ROC curve was used to predict cutoff 

values of S.AFP with the optimum sensitivity and 

specificity of S.AFP & RASSF1A promoter 
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methylation for diagnosis of different liver diseases. In 

addition, logistic regression analysis was done to 
predict the equation that determines the probability of 

being HCC by S.AFP and RASSF1A promoter 

methylation. 

Logit(Y) = b0 + b1x1 + b2x2 + ……. 

(Probability >0.5 indicates that the test can predict the 

disease and the maximum of probability is being one). 

Moreover spearman correlation coefficient 

was estimated to correlate the S.AFP and DNA 

methylation. P values less than 0.05 were considered 

significant. 

 

3.     RESULTS  
The 56 subjects included in the study were 32 

males and 24 females .The control group consisted of 4 

males and 6 females with age ranging from 22 - 48 

years and mean value of 35 ± 9.5, while the bilharzial 

liver fibrosis group consisted of 8 males and 4 females, 

with age ranging from 23 – 50 years and mean value of 

32 ± 11.8. Moreover the liver cirrhosis group consisted 

of 7 males and 7 females, with age ranging from 47 – 

80 years and mean value of 56.07 ± 9.2. In addition, 

HCC group consisted of 13 males and 7 females with 

age ranging from 40- 75 years and mean value of 59.35 
± 9.01.    

S.AFP level was measured in the different 

study groups and it was found to be significantly 
elevated in the HCC group compared to the other study 

groups. Cut off values were determined for S.AFP in 

the different study groups (table 1) to determine the 

percentage of positive and negative S.AFP (Table 2). 

Also the percentage of positive and negative RASSF1A 

promoter methylation in the different study groups was 

determined (Table 2). Moreover our study showed that 

there was a positive significant correlation between 

S.AFP level and DNA methylation (r = 0.49, P<0.001).   

 

Table (1): The mean, ± SD and cutoff values of 

S.AFP in the different study groups 

Parameter 
 

 

Group 

 

 

S.AFP 

(ng/ml) 

Mean 

± SD 

ANOVA 

test 

P 

value 

Post hoc 

(Bonferroni 

test) 

P 

value 
Cut 

off 

value 

Control 
3.45 ± 

1.21 

22.6 

 

< 

0.001 

 

Control#HCC < 

0.001 

4.55 

Bilharzial 

liver 

fibrosis 

5.30 ± 

1.86 

Fibrosis#HCC < 

0.001 

6.4 

Liver 

cirrhosis 

31.42 ± 

12.21 

Cirrhosis#HCC < 

0.001 

16.5 

HCC 
118.56 

± 67.30 

  33.5 

 

  

 

 

Table (2): The percentage of positive and negative S.AFP and RASSF1A promoter methylation in the 

different study groups. 

 Parameter 

 

Group 

S.AFP RASSF1A promoter methylation 

Negative Positive Z1 

P  

 Z2 

P 

Z3 

P 

Negative Positive Z1 

P 

Z2 

P 

Z3 

P n % n % n % n % 

Control 

(n=10) 
8 80 2 20   

 
10 100 0 0   

 

Bilharzial 

liver 

fibrosis 

(n=6) 

8 66.7 4 33.3 
0.68 

>0.05 

3.77 

<0.001 

 

10 83.3 2 16.7 
1.36 

>0.05 

2.9 

<0.001 

 

Liver 

cirrhosis 

(n=14) 

1 7.1 13 92.9 
3.6 

<0.001 

0.7 

>0.05 

3.2 

<0.001 
10 71.4 4 28.6 

1.89 

<0.05 

2.4 

<0.01 

0.72 

>0.05 

HCC 

(n=20) 3 5 17 95 
3.5 

<0.001 
 

 

6 30 14 70 
3.6 

<0.001 
 

 

n: number of cases                     Z1 versus control              Z2 versus HCC         Z3 versus bilharzial liver fibrosis        
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Table (3): Cut off values, sensitivity, specificity and predictive values of S.AFP and RASSF1A promoter 

methylation in the diagnosis of different liver diseases. 

 

 

According to the results of our study (table 

3), bilharzial liver fibrosis is diagnosed with S.AFP 

level >6.4-16.5. In addition, liver cirrhosis is 

diagnosed with S.AFP level > 16.5- 33.5, while HCC 

is diagnosed with S.AFP level above 33.5. The 
sensitivity and specificity of S.AFP level as a 

diagnostic test for these diseases are shown in table 

(3). Also the sensitivity and specificity of RASSF1A 

promoter methylation as a diagnostic test for these 

diseases are shown in the same table.    

According to the results of the logistic 

regression analysis:         

●Logit (HCC) = -2.08 + 3.1 (S.AFP positive). So 

When S.AFP alone is positive the probability of the 

case to be HCC = 0.58. 

 ●Logit (HCC) = -3.06 + 3.08 (S.AFP positive) + 2.4 

(RASSF1A promoter methylation positive).  So when 

both S.AFP and RASSF1A promoter methylation are 

positive, the probability of the case to be HCC = 

0.82.  
Also, according to the odds ratio calculated; 

it was found that individual with positive S.AFP is 

21.7 times more likely to have HCC. Moreover, the 

individual with positive RASSF1A promoter 

methylation is 11.1 times more likely to have HCC 

(Table 4). The PCR products on the agarose gel are 

shown in figure (1).  

 

 

Table (4): Odds ratios calculated for positive S.AFP and RASSF1A promoter methylation tests. 

  

 
 

Figure (1): verification of the PCR products on agarose gel: Lane M shows PCR marker (100bp), lanes 1, 2, 3, 7, 

8, 9, 10, 11 and 12 show bands of RASSF1A promoter methylation of 300 bp length while lanes 4, 5 and 6 are 

negative for RASSF1A. Promoter methylation. 

 

 

 

 

 

 

95% 

confidence 

interval 

P value Accuracy 

    (%) 

NPV 

 (%) 

PPV 

  (%) 

Specificity 

      (%) 

Sensitivity 

     (%) 

Cut off 

value 

Test Group 

0-1 

0.6-0.88 

< 0.001 

<0.05 

96 

73.8 

95 

100 

80 

34.5 

95 

52.5 

80 

100 

≤ 4.55 

     ─ 
•S.AFP 

• RASSF1A 

Methylation 

Control (n=10) 

0.66-0.91 

0.4-0.84 

<0.05 

>0.05 

78 

62.1 

93.9 

96.3 

23.5 

21.7 

70.5 

59.1 

66.7 

83.3 

   6.4 

     ─ 
•S.AFP 

• RASSF1A 

Methylation 

Bilharzial liver 

fibrosis (n=12) 

0.37-0.69 

0.26-0.61 

>0.05 

>0.05 

52.8 

43.5 

95 

67.7 

43.3 

76 

52.8 

58.3 

92.9 

28.6 

   16.5 

    ─ 

•S.AFP 

• RASSF1A 

Methylation 

Liver cirrhosis 

(n=14) 

0.79-1 

0.62-0.91 

< 0.001 

< 0.01 

90.7 

76.7 

88.9 

80.6 

73.9 

73.7 

80 

83.3 

85 

70 

  33.5 

    ─ 

•S.AFP 

• RASSF1A 

Methylation 

HCC (n=20) 

95% confidence interval P value Odds ratio Test 

3.7-127.4 0.001 21.7 Positive S.AFP 

1.9-64.3 0.007 11.1 Positive RASSF1A methylation 
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4. DISCUSSION 

Hypermethylation of CpG islands located in 
the promoter regions of tumor suppressor genes results 

in transcriptional silencing of these genes and genomic 

instability. CpG hypermethylation acts as an alternative 

and/or complementary mechanism to gene mutations 

causing gene inactivation, and it is now recognized as 

an important mechanism in carcinogenesis. Although 

the mechanisms responsible for CpG island 

hypermethylation in cancer are poorly understood, it 

has been hypothesized that epigenetic silencing 

depends on activation of a number of proteins known 

as DNA methyltransferases that possess de novo 

methylation activity(12). A growing number of genes 
have been reported to undergo CpG island 

hypermethylation in HCCs, which indicates the 

potential role of CpG island hypermethylation in 

hepatocarcinogenesis(13).  

RASSF1A hypermethylation has been 

detected frequently in the tissues of different cancers 

including HCC(14). Tissue RASSF1A promoter 

methylation has been documented in 85%(15), 100%(16), 

93%(7) and 66.7%(13) of HCC. Moreover, it was 

detected slightly less frequently in the hepatitic / 

cirrhotic tissue adjacent to HCC, ranging from 70%(15) 
to 82.75%(16).On the other hand, absence of RASSF1A 

promoter methylation was detected in the non 

neoplastic hepatitic / cirrhotic tissue far from 

tumors(13,15), hepatitic tissue with or without cirrhosis in 

patients with absent HCC (13) and normal liver tissue in 

patients without HCC(15,16). This indicates that 

RASSF1A promoter methylation occurs as an early 

event in hepatitis and cirrhosis before the development 

of HCC and is closely linked to hepatitis and cirrhosis 

in hepatocellular carcinoma patients. This suggests that 

it plays an important role in the human 

hepatocarcinogenesis. In addition, RASSF1A promoter 
methylation has been documented in different body 

fluids of different cancers including the serum in HCC 

which indicated its value for the early-stage diagnosis 

of tumors(14). All of these data indicates that RASSF1A 

promoter methylation may play a role as a potential 

marker for cancer risk assessment and early detection 

of human HCC as like any ideal biomarker, it appears 

early in the course of disease and is detectable in 

biological samples that can be obtained noninvasively. 

This is in spite of the unclear exact mechanism of how 

the tumor DNA enters systemic circulation. 
This study had evaluated RASSF1A promoter 

methylation in the blood of three types of chronic liver 

diseases including bilharziasis, HCV associated liver 

cirrhosis as well as HCC on top of HCV associated 

liver cirrhosis. Methylation was evaluated using MSP 

technique. MSP is the most widely used technique for 

studying the methylation of CpG islands of genes and 

is one of the most effective choices for investigating 

the methylation profile of these regions(17). 
According to the results of our study, there 

was a significant elevation in the percentage of positive 

blood RASSF1A promoter methylation in the HCC 

group (70%) in comparison to the healthy control 

group (0%), bilharzial liver fibrosis group (16.6%) and 

the liver cirrhosis group (28.5%). RASSF1A promoter 

methylation was also significantly higher in the liver 

cirrhosis group compared to the healthy control group 

and non significantly higher compared to the bilharzial 

liver fibrosis group. Furthermore, RASSF1A promoter 

methylation was non-significantly higher in bilharzial 

liver fibrosis than in the control group.  
RASSF1A promoter methylation was detected 

in the serum of 31%(14) and plasma of 44.1%(18) of 

HCC patients on top of HBV- associated liver cirrhosis 

compared to 79.3%(14) and 91.2%(18) in the 

corresponding cancerous tissue of the same patients 

using MSP. Moreover, serum RASSF1A 

hypermethylation was reported in 70% of HCV 

associated HCC and 80% of HBV associated HCC 

cases using MSP(19). On the other hand, No RASSF1A 

methylation was detected in the serum(14) or plasma(18) 

or peripheral blood mononuclear cells(20) of 10 healthy 
blood donors in each study. However RASSF1A  

promoter methylation was reported in three out of 35 

control subjects, but two or three of these subjects(as 

the authors did not clarify) had either hepatitis B virus 

or/and HCV infections; one subject had a history of 

smoking and alcohol drinking. They explained the 

hypermethylation in serum DNA from controls was 

perhaps due to hepatitis virus infection and chemical 

carcinogen exposure and that another possibility was 

that some normal controls have cryptogenic hepatic 

cirrhosis(19). 

            Hypermethylated RASSF1A sequences were 
detected in the

 
sera of 93% of HCC patients mostly on 

top of HBV infection(89%), 58% of HBV carriers, and 

8% of the healthy volunteers using real-time PCR after 

digestion with a methylation-sensitive restriction 

enzyme. The sensitivity of this technique is higher than 

MSP (5). This explains the higher RASSF1A 

methylation frequency in HCC patients (93%) to 

approach that of tissues detected by other 

studies(7,15,16,18). It also explains the higher RASSF1A 

methylation frequency in HBV carriers and the 

presence of RASSF1A methylation in 8% of the 
healthy volunteers. These results are higher than our 

study and the previous studies using MSP(14,18,19) or 

using bisulfite sequencing and PCR-RFLP(20). The 

lower sensitivity of MSP or bisulfite sequencing and 

PCR-RFLP is due to substantial degradation of DNA 

(up to 96%) caused by the bisulfite conversion step. 

However with using real-time PCR after digestion with 
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a methylation-sensitive restriction enzyme, there is 

specific degradation of unmethylated 
sequence by the 

methylation-sensitive restriction enzyme, in contrast to 

the nondiscriminatory degradation of both methylated
 

and unmethylated DNA with bisulfite conversion(21). 

The absence of RASSF1A methylation in the 

peripheral blood mononuclear cells(20) indicates that the 

source of RASSF1A methylation in the blood of the 

HCC, liver cirrhosis and bilharzial liver fibrosis groups 

using MSP in our study is not from the peripheral 

blood mononuclear cells but from diffusion from the 

liver tissue into the blood. 

The development and progression of HCC is a 

multistep process whereby the normal hepatocytes 
undergo inflammation, fibrosis by the hepatitis virus or 

other stimuli, followed by liver cirrhosis, which then 

progresses to HCC or dysplastic nodule and subsequent 

HCC(13). 

RASSF1A promoter  methylation in our 

HCV- associated liver cirrhosis and  in HCC on top of 

HCV- associated liver cirrhosis can be explained by 

increased DNA methyltransferase mRNA expression 

that have been observed to occur  early in the HCC 

tissues and in liver tissues showing hepatitis (22,23) . 

Persistent inflammatory stimulation caused by chronic 
hepatitis and cirrhosis results in aberrant 

hypermethylation that with its continuation finally lead 

to HCC, as it has been reported that inflammatory 

proliferative diseases such as ulcerative colitis(24), 

Barrett’s esophagitis(25), and Epstein-Barr virus-

associated gastritis(26) are strongly related to aberrant 

hypermethylation of various CpG islands. Also several 

studies reported frequent silencing of multiple genes by 

CPG island methylation, including RASSF1A and 

other genes in hepatitis B virus associated HCC which 

accumulate during the pathogenesis of human HCC(20). 

It was reported that there were no associations between 
the methylation status of RASSF1A and other tumour 

suppressor genes and the type of hepatitis virus(13). 

Moreover, the status of promoter methylation of 

RASSF1A and other tumour suppressor genes were 

significantly correlated with the viral infections in the 

background liver parenchyma(27). In addition, HBV- or 

HCV-positive HCCs showed more frequent 

hypermethylation of CpG islands than virus-negative 

ones. Furthermore, there is possibility that the 

regeneration process that is characteristic of chronic 

liver disease may be associated with aberrant 
methylation that may involve tumour suppressor 

genes(20).  

It is possible that the detection of blood 

RASSF1A promoter methylation in the HCV 

associated -liver cirrhosis cases in our study is indicator 

that these cases are going to develop HCC and that this 

methylation is a step towards HCC development. This 

is evidenced by the presence of RASSF1A promoter 

methylation in the hepatitic / cirrhotic tissue adjacent to 
HCC(15,16) and its absence in the hepatitic / cirrhotic 

tissue far from the tumour or in patients without 

HCC(13). So, it is recommended to follow up these 

cases more frequently to find out if they are going to 

develop HCC and the time of occurrence of HCC in 

comparison to the liver cirrhosis cases without 

RASSF1A promoter methylation. Also, it is 

recommended to quantitate those cases of HCV 

associated -liver cirrhosis with RASSF1A methylation 

to follow up these cases by quantitative measurement 

of RASSF1A methylation to find out if they exceed the 

cut off value for HCC reported by Allen and associates 
(5)

 . This is to ensure the usefulness of the use of 

RASSF1A promoter methylation as a predictor of the 

future development of HCC in cases of HCV 

associated liver cirrhosis and thus its usefulness as a 

potential molecular biomarker for cancer risk 

assessment in the precancerous lesions. 

The results of our study showed that the PPV 

of RASSF1A methylation in cases of HCC was 73.7% 

and in cases of liver cirrhosis was 76%. This supports 

the use of RASSF1A methylation as a powerful marker 
in the diagnosis of both liver cirrhosis and HCC and 

thus differentiating these diseases from other liver 

diseases. . However the PPV of RASSF1A methylation 

in the diagnosis of bilharzial liver fibrosis is low 

indicating that that it is a weak biomarker for its 

diagnosis. 
As regards schistosomal liver fibrosis, it was 

reported that the liver injury produced by schistosomal 

egg-induced inflammatory response is mild or limited 

compared to the necro-inflammatory reaction produced 

by the HCV. Also, the liver mesenchymal cells 

(myofibroblasts) involved in fibrogenesis were 
increased in both schistosomal periportal fibrosis and 

HCV-induced cirrhosis than in normal liver, but higher 

in HCV-induced cirrhosis(28). This indicates that the 

regenerative process is stronger in response to the more 

inflammatory reaction produced by HCV infection. So 

the stronger inflammatory reaction and thus the higher 

regenerative process in response to HCV infection may 

explain the higher RASSF1A promoter methylation in 

HCV- associated liver cirrhosis group and HCC group 

than in schistosomal liver fibrosis group. Also the 

limited inflammatory response to schistosoma eggs 
may explain the non significant mild increase of  

RASSF1A methylation in the schistosomal liver 

fibrosis group in comparison to the control group. 

To our knowledge, there are no previous 

studies conducted to assess RASSF1A promoter 

methylation in schistosomal liver patients. However, it 

was found that mice infested with schistosoma mansoni 

have promutagenic methylation damage in liver, but 
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not in kidney, spleen or bladder(29). Also remnants of 

schistosomal eggs were found in the severe 
granulomatous reaction present in a well-differentiated 

hepatocellular carcinoma that had developed in a 

chimpanzee devoid of hepatitis B or C markers(30). On 

the other hand, it was stated that in bladder cancers, 

schistosoma-associated tumors had more genes 

methylated than non-Schistosoma tumors and they 

suggest that schistosomal involvement in bladder 

cancers associates with a greater degree of epigenetic 

changes in the urothelium (31). However, infection with 

schistosoma mansoni is not classified as being 

carcinogenic to humans, while infection with 
schistosoma haematobium is carcinogenic to humans, 

but schistosoma mansoni may still be linked to 

hepatocellular carcinoma through potentiating the 

effects of hepatitis B virus and hepatitis C virus on the 

liver(32). Moreover a study supported the rapid 

progressive course of HCV infection in the presence of 

bilharzial infection in Egypt leading to rapid 

development and aggressive course of cirrhosis and 

higher incidence of HCC(33). 

The presence of RASSF1A methylation in 

16.6% of bilharzial liver fibrosis, which is classified as 
non carcinogenic to humans may contradict the 

possibility that the detection of blood RASSF1A 

promoter methylation in the HCV associated  liver 

cirrhosis cases in our study is indicator that these cases 

are going to develop HCC..However, we suggest that 

continuous limited inflammation and regeneration in 

the bilharzial liver fibrosis without viral hepatitis may 

result in limited RASSF1A methylation unable to 

conduct the development of HCC. Moreover, when 

schistosoma mansoni infection is combined with HCV 

infection that causes further methylation, HCC may 

develop. Therefore quantification of blood and tissue 
RASSF1A methylation in bilharzial liver fibrosis with 

and without HCV infection is recommended. 

As regards S.AFP, our results showed that its 

level was significantly higher in the HCC group 

compared to the other groups. Also, the percentage of 

positive S.AFP according to our cut off values was 

significantly higher in the HCC group (95%) compared 

to the control (20%) and bilharzial liver fibrosis 

(33.3%) groups and in the liver cirrhosis group (92.9%) 

compared to the control group and bilharzial liver 

fibrosis groups. 
AFP is a fetal-specific glycoprotein, 

synthesized primarily by the embryonic liver, by cells 

of the vitelline sac and by the fetal intestinal tract in the 

first trimester of pregnancy.  The expression of AFP is 

repressed within a few weeks after birth. 
Pathologically, patients with chronic liver disease, 

particularly those associated with a high degree of 

hepatocyte regeneration, can express AFP in the 

absence of cancer. Also, S.AFP is elevated in 

hepatocarcinogenesis, embryonic carcinomas and in 
gastric and lung cancer. S.AFP is not elevated in all 

patients with HCC. Up to 42% of patients with HCC 

present with S.AFP levels within normal values(34). 

The results of our study showed that the PPV 

of S.AFP (with a cut off value 33.5 ng/ml) in cases of 

HCC was 73.9%. This supports the use of S.AFP   as a 

powerful marker in the diagnosis of HCC. However the 

PPV of S.AFP in the diagnosis of bilharzial liver 

fibrosis and liver cirrhosis are low indicating that it is 

weak biomarker for diagnosis of these diseases. The 

high sensitivity, specificity and NPV of S.AFP (with a 

cut off value 33.5 ng/ml ) in our study which were 
85%, 80% and 88.9% respectively, indicates the 

importance of S.AFP at this cut off value in the 

diagnosis of HCC.   

In accordance to our study,  a study revealed  

the  diagnostic importance of  S.AFP in differentiating 

HCC from other liver diseases as they reported that the 

PPV of S.AFP in HCC was high (60%) (35). 

A group of scientists analyzed five studies 

detecting the sensitivity and specificity of S.AFP for 

detecting HCC in patients with HCV. They reported 

that by using the most commonly reported cutoff value 
of a positive test result for HCC (AFP level > 20 

ng/ml), the ranges of test characteristics were as 

follows; sensitivity, 41% to 65%; specificity, 80% to 

94%; positive likelihood ratios, 3.1 to 6.8; and negative 

likelihood ratios, 0.4 to 0.6. Four of the 5 studies 

reported sensitivity and specificity for S.AFP cutoff 

value higher than 200 ng/ml, a value that is frequently 

reported to be specific for the diagnosis of 

hepatocellular carcinoma. The range of specificities for 

hepatocellular carcinoma was very high at this cutoff 

value (99% to 100%), but the sensitivity was very low 

(20% to 45%) (36). 
However, a study reported that the best 

discriminating AFP value  between HCC and chronic 

liver disease was 16 ng/ml. Using S.AFP level of 20 

ng/ml (the upper normal range) as the cut-off yielded 

equivalent sensitivity (60.0% vs. 62.4%) and specificity 

(90.6% vs. 89.4%). The PPV and NPV were 84.6% and 

69.7%, respectively. In non-infected patients with 

either HCV or HBV the PPV was 100% and the NPV 

ranged from 59.0 to 73.0% (37). 

Also, another study revealed that the best 

discriminant cut-off value of S.AFP between liver 
cirrhosis and HCC on top of liver cirrhosis was 30 

ng/ml which approaches that of our study. The etiology 

of liver cirrhosis and HCC in this study was mostly 

HCV (more than 70%), and less frequently non viral 

cause, HBV or combined HCV and HBV respectively.  

At this cut-off value 65% sensitivity, 89% specificity, 

74% PPV and 79% NPV were determined. This cut-off 
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value was more useful in detecting non-viral HCC, 

because PPV to diagnose non viral HCC was 
significantly (94%) higher than in viral HCC (70%). In 

the non-viral diseases PPV reached 100% for S.AFP 

levels of 100 ng/ml, while in the viral diseases PPV 

was 100% when S.AFP was greater than 400 ng/ml. 

There were no significant differences in specificity, 

sensitivity or NPV between viral and non-viral liver 

diseases(38). 

Our study had revealed a positive significant 

correlation between the serum concentrations of AFP 

and RASSF1A methylation status. This disagrees with 

another study that reported no statistically significant 

correlation of plasma methylation with S. AFP 
levels(18). However a significant association between 

methylation status of tissue RASSF1A, and S.AFP 

level was detected before (39). 

The results of our study showed that 

combined use of RASSF1A promoter methylation and 

S.AFP is better than the use of S.AFP alone in the 

prediction of HCC. This result agrees with a study 

which indicated the usefulness of combined 

measurement of S. AFP and RASSF1A levels in HCC 

diagnosis than the measurement of S.AFP alone. It 

reported that the diagnostic sensitivity and specificity 

were 77% and 89%, respectively, for combined AFP 

and RASSF1A levels analysis compared with 65% and 

87%, respectively, for AFP measurement alone(5). 

In conclusion, RASSF1A methylation plays 

an important role in the process of human 

hepatocarcinogenesis and is an important biomarker for 

the diagnosis of HCC when combined with S.AFP. 
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)OH[LELOLW\�LQ�DGPLVVLRQ���1R� DGXOW� VKRXOG� QRW� RQO\� EH� GHSULYHG� RI� HGXFDWLRQ�EHFDXVH�RI�WKH�QHFHVVDU\�FRQGLWLRQV�IRU�DGPLVVLRQ�LQ�WKH� FODVV� GRHV�� 2I� FRXUVH� WKLV� LV� QRW� VXFK� D� SHUVRQ�ZLWKRXW�DFDGHPLF�UHFRUGV�WR�SDUWLFLSDWH�LQ�XQLYHUVLW\�FODVVHV�LV�DFFHSWHG��$GRSWLRQ�RUGHU�LV�WKDW�WKH�DGXOWV�

LQ�HGXFDWLRQDO�SURJUDPV�DW�GLIIHUHQW�OHYHOV��DFFRUGLQJ�WR� WKH� SRVVLELOLW\� RI� XVLQJ� WKH� RSSRUWXQLW\� WKDW� LV�SURYLGHG� PXVW� EH� EDVHG� RQ� WKH� H[SHULHQFH� DQG�NQRZOHGJH�DQG�WKHLU�NQRZOHGJH�LV��
7R�FRPELQH�HGXFDWLRQ�DQG�MRE�UHVSRQVLELOLWLHV���$GXOWV� VKRXOG� EH� DEOH� WR� ZRUN� GXULQJ� WKDW� WLPH�HQJDJHG�LQ�WUDLQLQJ�FODVVHV�WDNH�WKHP��,Q�RWKHU�ZRUGV��WKHLU�SUHVHQFH�LQ�WKH�FODVV�VKRXOG�EH�FRQVLGHUHG�SDUW�RI�WKHLU�ZRUN��7KLV�PHDQV�WKDW�ORZ�OLWHUDWH�RU�LOOLWHUDWH�ZRUNLQJ�SHRSOH�ZKR�DUH�DOORZHG�WR�ZRUN�DQ�KRXU�RI�\RXU� GDLO\� VSHQGLQJ� VXUSDVVHG� SDUWLFLSDWLRQ� LQ�HGXFDWLRQDO�SURJUDPV���
3ULQFLSOHV�RI�$GXOW�/HDUQLQJ����385326(�7KH�)LQDQFLDO�/LWHUDF\�)RXQGDWLRQ�KDV�SUHSDUHG� WKLV�GRFXPHQW� WR�SURYLGH�HGXFDWLRQ�PDWHULDOV�GHYHORSHUV�ZLWK� LQIRUPDWLRQ� RQ� WKH� NH\� SULQFLSOHV� RI� DGXOW�OHDUQLQJ��,W�LV�D�VKRUW�VXPPDU\�RI�D�YHU\�EURDG�DUHD�RI�UHVHDUFK�DQG�DGYLFH��SUHSDUHG�ZLWK�WKH�LQSXW�RI�$GXOW�/HDQLQJ� $XVWUDOLD�� WKH� QDWLRQDO� SHDN� ERG\�UHSUHVHQWLQJ� RUJDQLVDWLRQV� DQG� LQGLYLGXDOV� LQ� WKH�DGXOW�OHDUQLQJ�ILHOG��
���� 1(('6�� :$176�� &21&(516� $1'�$%,/,7,(6�2)�<285�/($51(56�$VVHVV� WKH� QHHGV�� ZDQWV�� FRQFHUQV� DQG� FXUUHQW�DELOLWLHV�RI�WKH�WDUJHW�OHDUQHUV��(DFK�WDUJHW�JURXS�ZLOO�KDYH� WKHLU� RZQ� VSHFLDO� QHHGV� DQG� SUREDEO\� H[SHFW�GLIIHUHQW� RXWFRPHV� IURP� XQGHUWDNLQJ� \RXU� WUDLQLQJ�SURJUDP��&RPPRQ�WKHPHV�\RX�FDQ�SUHSDUH�IRU�DUH��:K\�DUH� \RX� KHUH"� � QR�RQH� UHDGLO\� DGPLWV� WR� QRW�NQRZLQJ�VRPHWKLQJ�IXQGDPHQWDO�WKDW�PD\�LPSDFW�RQ�WKHLU� OLIH� FKDQFHV�� 7KHUHIRUH� SURJUDP� PDWHULDO��SDUWLFXODUO\� WKDW� GHVLJQHG� IRU� DGXOW� OHDUQHUV� VKRXOG�DOZD\V� WUHDW� DVSHFWV� RI� ZK\� OHDUQHUV� DUH� LQ� WKH�WUDLQLQJ�VHQVLWLYHO\��'HVFULEH�WKH�RXWFRPHV�H[SHFWHG�IURP�WKH�WUDLQLQJ�LQ�SRVLWLYH��HQKDQFLQJ�WHUPV�DQG�QRW�DV�UHGUHVVLQJ�D�ZHDNQHVV�RU�IDLOXUH�RQ�WKH�SDUW�RI�WKH�OHDUQHU��)RU�H[DPSOH��³8QGHUWDNLQJ�WKLV�SURJUDP�ZLOO�LPSURYH� �UDWKHU� WKDQ� UHGUHVV� D� IDLOLQJ�� WKH�ZD\� \RX�PDQDJH�\RXU�PRQH\´��7HOO� PH� PRUH� � OHDUQHUV� PD\� ZHOO� HQWHU� SURJUDPV�OLNH�WKLV�ZLWK�SRRU�SDVW�H[SHULHQFHV�RI�PRQH\�PDWWHUV�RU�DW� OHDVW�VRPH� WUHSLGDWLRQ�DERXW�KDQGOLQJ�SHUVRQDO�ILQDQFHV�LQ�WKH�IXWXUH��5HFRJQLVH�WKLV�LQ�WKH�SURJUDP�LQWURGXFWLRQ�EXW� LQGLYLGXDO� OHDUQHUV� VKRXOG�QHYHU� EH�UHTXLUHG�WR�H[SRVH�DQ\�RI� WKHLU�QHJDWLYH�H[SHULHQFHV�LQ�D�JURXS��,W�PLJKW�VHHP�D�JRRG�µLFH�EUHDNHU¶�WR�DVN�D QHZ� JURXS� RI� OHDUQHUV� WR� VKDUH� ZKDW� WKH\� H[SHFW�IURP� WKH� SURJUDP� EXW� UHVLVW� JRLQJ� WRR� IDU� ZKHQ�DVNLQJ�OHDUQHUV�WR�WDON�DERXW�SDVW�SUREOHPV�WKH\�PD\�KDYH� KDG� ZLWK� ILQDQFHV�� )LUVWO\�� WKH\� PD\� EH�XQFRPIRUWDEOH� GRLQJ� WKLV� LQ� D� JURXS� DQG� VHFRQGO\�\RX� FRXOG� VWDUW� WKH� SURJUDP� LQ� D� VHD� RI� QHJDWLYH�
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YLHZV�DERXW�ILQDQFLDO�PDWWHUV�JHQHUDOO\��$�VXFFHVVIXO�SURJUDP�LQWURGXFWLRQ�ZLOO�IRFXV�RQ�ZKHUH�WKH�OHDUQHUV�ZLOO� JR� UDWKHU� WKDQ� GZHOO� WRR� PXFK� RQ� ZKHUH� WKH\�PD\�KDYH�EHHQ��:KDW�GR�\RX�NQRZ"�� *DXJH�WKH�OLNHO\�FDSDELOLWLHV�RI� \RXU� WDUJHW� JURXSV�� 2YHUHVWLPDWLQJ� WKHLU� FXUUHQW�VNLOOV�LQ�GHDOLQJ�ZLWK�PRQH\�FRXOG�PHDQ�WKH�SURJUDP�PLVVHV� IXQGDPHQWDO� SULQFLSOHV� DQG� XQGHUVWDQGLQJV��8QGHUHVWLPDWLQJ�H[LVWLQJ�NQRZOHGJH�LV�DOVR�QRW�JRRG�DV� SORGGLQJ� WKURXJK�EDVLF�PDWHULDO�PRVW�DOUHDG\� DUH�IDPLOLDU� ZLWK� ZLOO� ERUH� SDUWLFLSDQWV� DQG� WKH� IXOO�SURJUDP�FRQWHQW�ZLOO�QRW�EH�DVVLPLODWHG��:KDW�ZLOO�,�EH�DEOH�WR�GR"�± DERYH�DOO� WKHVH� WDUJHW�JURXSV�ZLOO�ZDQW�WR�EH�KDQGV�RQ�DQG�GHPRQVWUDWH� WR�WKHPVHOYHV�DQG�WKHLU�SHHUV�WKDW�WKDW�FDQ�GR�VRPHWKLQJ�WKH\�FRXOG�QRW�EHIRUH�WKH�WUDLQLQJ��DQG�GR�LW�ZHOO��/HW�WKHP� NQRZ� ULJKW� DW� WKH� EHJLQQLQJ� WKDW� WKH\� ZLOO� EH�DEOH�WR�GR�WKLQJV�WKDW�ZLOO�EH�RI�JUHDW�EHQHILW�WR�WKHP��QRW�MXVW�NQRZ�PRUH��%XLOG� RQ� VPDOO� VXFFHVVHV� ± LI� D� WDUJHW� JURXS� RI�OHDUQHUV�KDV�KDG�OLPLWHG�SRVLWLYHV�LQ�WKHLU�OLIH�RU�ZRUN�H[SHULHQFHV�LWV�LPSRUWDQW�WR�SURYLGH�VPDOO�DQG�UHJXODU�µVXFFHVV¶�SRLQWV�LQ�WKH�SURJUDP��6LPSO\�H[SRVLQJ�WKH�FRQWHQW� DQG� DVVXPLQJ� HYHU\RQH� LV� DVVLPLODWLQJ� LW��SXWWLQJ� LW� DOO� WRJHWKHU� KROLVWLFDOO\� DQG� EXLOGLQJ� XS�WKHLU� VNLOOV� LV� QRW� HQRXJK�� 7KH� EHJLQQLQJ� RI� WKH�SURJUDP�VKRXOG�EH�GHVLJQHG�VR� WKDW� D�GLVFUHWH�SLHFH�RI�OHDUQLQJ�WKDW�WKH�OHDUQHUV�FDQ�XVH�ULJKW�DZD\�EXLOGV�WKHLU�FRQILGHQFH�WR�PRYH�RQ��7KH�SURJUDP�VKRXOG�EH�D VHULHV� RI� VWHSV� ZKHUH� WKH� OHDUQHUV� FRQILUP� WKHLU�SURJUHVV�DQG�UHLQIRUFH�RQH�QHZ�VNLOO�E\�UHODWLQJ�LW�WR�DQRWKHU�WKH\�FDQ�DOUHDG\�FRQILGHQWO\�DSSO\��7HVWLQJ�� ± PDQ\� DGXOWV� DQG� SHRSOH� QRW� UHJXODUO\�HQJDJHG�LQ�OHDUQLQJ�IHDU�WHVWLQJ��0DQ\�PD\�KDYH�KDG�EDG�H[SHULHQFHV�RI�DVVHVVPHQW�LQ�VFKRRO�DQG�YLHZ�WKH�SUDFWLFH� DPRQJ� SHHUV� DV� VWUHVVIXO�� 0DNH� VXUH� WKH\�XQGHUVWDQG� WKDW� ZKDW� WKH\� DUH� LQ� LV� D� OLIH� VNLOOV�SURJUDP�DQG� QR�RQH� FDQ� µIDLO¶� DV� VXFK�� ,Q� IDFW� HDFK�FDQ�VXSSRUW�RWKHUV�LQ�WKLQJV�WKH\�GR�ZHOO�WKDW�IHOORZ�OHDUQHUV�PD\�QHHG�KHOS�ZLWK�VR�LW¶V�D�FRRSHUDWLYH�QRW�FRPSHWLWLYH� HQYLURQPHQW� WKDW� WKH\� DUH� OHDUQLQJ� LQ��%XLOG� LQ� VRPH� WHDPHG� H[HUFLVHV� DQG� DVVHVVPHQWV� WR�DYRLG� SHRSOH� IHHOLQJ� LVRODWHG� LQ� WKHLU� OHDUQLQJ� DQG�IHDUIXO�RI�IDLOXUH�LQ�IURQW�RI�WKH�JURXS��6SHFLDO� QHHGV� <RX� QHHG� WR� FRQVLGHU� OHDUQHUV� ZLWK�VSHFLDO� QHHGV� DQG� WKRVH� ZKR� KDYH� (QJOLVK� DV� WKHLU�VHFRQG� ODQJXDJH�� 5HDVRQDEOH� DGMXVWPHQW� VKRXOG� EH�PDGH� GHSHQGLQJ� RQ� HDFK� LQGLYLGXDO� OHDUQHU¶V�SDUWLFXODU�QHHGV�DQG�DELOLWLHV��<RXU�SURJUDP�PDWHULDO�VKRXOG� LQFOXGH� DGYLFH� WR� WKH� WUDLQHU� RQ� KRZ� WR�GHWHUPLQH� WKH� QHHG� WR� PDNH� DGMXVWPHQWV� ZKLFK��GHSHQGLQJ�RQ�D�OHDUQHU¶V�DELOLWLHV�PD\�LQFOXGH��x SURYLGLQJ�LQWHUSUHWHUV�IRU�SHRSOH�ZKR�DUH�GHDI��x HQVXULQJ� DFFHVV�� IRU� H[DPSOH� E\� FRQGXFWLQJ�WUDLQLQJ�DQG�DVVHVVPHQW�LQ�IDFLOLWLHV�ZKLFK�KDYH�UDPSV� IRU� SHRSOH� XVLQJ� ZKHHOFKDLUV� DQG�

DGMXVWDEOH� GHVNV� IRU� SHRSOH� ZLWK� SK\VLFDO�GLVDELOLWLHV��x DOORZLQJ� IRU� DFFHVV� RI� SHUVRQDO� DVVLVWDQWV� RU�QRWH�WDNHUV��x DOORZLQJ�DGGLWLRQDO�WLPH�IRU�DVVHVVPHQWV��x DOORZLQJ� RUDO� LQVWHDG� RI� ZULWWHQ� UHVSRQVHV� WR�TXHVWLRQV��x DGDSWLYH� WHFKQRORJ\� VXFK� DV� VFUHHQ� UHDGHUV��VSHHFK� V\QWKHVLVHUV�� FRPSXWHU� VRIWZDUH� RU�KDUGZDUH��DQG��x DVVLVWDQFH�ZLWK�PDQDJLQJ�VWUHVV�DQG�DQ[LHW\��
����+2:�'2�$'8/76�/($51"�<RXU�SURJUDP�QHHGV�WR�DFFRXQW�IRU��� 0RWLYDWLRQ�RI�WKH�OHDUQHU��� 5HLQIRUFHPHQW� RI� WKH� VNLOOV� DQG� NQRZOHGJH� EHLQJ�GHYHORSHG��� 5HWHQWLRQ�RI�NH\�OHDUQLQJ��DQG��� 7UDQVIHUHQFH�RI�ZKDW�LV�OHDUQW�WR�QHZ�VLWXDWLRQV��
�0RWLYDWLRQ�� $GXOWV�OHDUQ�PRVW�HIIHFWLYHO\�ZKHQ�WKH\�KDYH� DQ� LQQHU�PRWLYDWLRQ� WR� GHYHORS� D� QHZ� VNLOO� RU�JDLQ�QHZ�NQRZOHGJH��7KH\�UHVLVW�OHDUQLQJ�PDWHULDO�LI�LW�LV�IRUFHG�RQ�WKHP��RU�LI�WKH�RQO\�UHDVRQ�JLYHQ�LV�WKDW�WKH�PDWHULDO�ZLOO�� LQ� VRPH� YDJXH�ZD\�� EH� �JRRG� IRU�WKHP� WR� NQRZ��� $GXOWV� QHHG� WR� NQRZ�ZK\� WKH\� DUH�EHLQJ� DVNHG� WR� OHDUQ� VRPHWKLQJ�� DQG� WKH\� GHILQLWHO\�ZLOO�ZDQW� WR� NQRZ�ZKDW� WKH� EHQHILWV�ZLOO� EH� EHIRUH�WKH\�EHJLQ� OHDUQLQJ��7KLV�PHDQV� WKH�EHVW�PRWLYDWRUV�IRU�DGXOW�OHDUQHUV�DUH�H[SOLFLW�LQWHUHVW�DQG�VHOI�EHQHILW��,I� WKH\� FDQ� EH� VKRZQ� WKDW� WKH� SURJUDP�ZLOO� EHQHILW�WKHP� SUDJPDWLFDOO\� DQG� SUDFWLFDOO\�� WKH\� ZLOO� OHDUQ�EHWWHU��DQG� WKH�EHQHILWV�ZLOO�EH�PXFK� ORQJHU� ODVWLQJ��7\SLFDO� PRWLYDWLRQV� LQFOXGH� D� GHVLUH� IRU� EHWWHU�KDQGOLQJ� RI� SHUVRQDO� PRQH\� PDWWHUV�� VD\� LQ�UHWLUHPHQW��ZDQWLQJ�D�QHZ�RU�ILUVW�MRE��SURPRWLRQ��MRE�HQULFKPHQW�� D� QHHG� WR� UHLQIRUFH� ROG� VNLOOV� LQ� VD\��KDQGOLQJ�FUHGLW�RU�OHDUQ�QHZ�RQHV��D�QHHG�WR�DGDSW�WR�FRPPXQLW\� FKDQJHV� VXFK� DV� RQ�OLQH� EDQNLQJ� DQG� VR�RQ�� 5HPHPEHU� WKH� WRQH� RI� WKH� SURJUDP� VKRXOG� EH�PRWLYDWLQJ�� <RXU� SURJUDP� VKRXOG� HPSOR\�PHWKRGRORJLHV� VR� WKDW� \RXU� WUDLQHUV� HVWDEOLVK� D�IULHQGO\��RSHQ�DWPRVSKHUH�WKDW�VKRZV�WKH�SDUWLFLSDQWV�WKH\� ZLOO� KHOS� WKHP� OHDUQ� UDWKHU� WKDQ� SUHVHQW� DV�µH[SHUWV¶�LPSDUWLQJ�NQRZOHGJH��1R�RQH�HQJDJHV�ZHOO�ZLWK�D�WUDLQHU�WHDFKHU�ZKR�LV�MXVW�µVKRZLQJ�RII¶�ZKDW�WKH\� NQRZ�� )LQDQFLDO� VHUYLFHV� KDYH� D� SOHWKRUD� RI�MDUJRQ�DQG� FRPSOLFDWHG� LGHDV� WKDW� FDQ�SXW�PDQ\� OD\�SHRSOH� RII�� ([SRVLQJ� WKLV� VRUW� RI� WHUPLQRORJ\� DQG�H[SODLQLQJ� LW� LQ� VLPSOH� WHUPV� ±�RU� GHFLGLQJ�ZKHWKHU�VRPH� RI� LW� QHHGV� H[SRVXUH� DW� DOO� ±� LV� SDUDPRXQW� WR�NHHSLQJ�\RXU�OHDUQHU¶V�WUXVW�DQG�LQWHUHVW��
�$SSURSULDWH� OHYHO� RI� GLIILFXOW\�� 7KH� GHJUHH� RI�GLIILFXOW\� RI� \RXU� ILQDQFLDO� OLWHUDF\� SURJUDP� VKRXOG�EH� VHW� KLJK� HQRXJK� WR� H[SRVH� DOO� WKH� HVVHQWLDO�
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HOHPHQWV� RI� WKH� WRSLF� DQG� FKDOOHQJH� OHDUQHUV� WR�VXFFHHG��EXW�QRW�VR�KLJK�WKDW� WKH\�EHFRPH�IUXVWUDWHG�E\�LQIRUPDWLRQ�RYHUORDG��7RR�PXFK�ILQDQFLDO�LQGXVWU\�WHUPLQRORJ\� VWUXQJ� WRJHWKHU� FDQ� EH� D� FRPSOHWH� WXUQ�RII� IRU� SHRSOH� ZKR� PD\� DOUHDG\� VWUXJJOH� ZLWK� WKH�IXQGDPHQWDOV� ±� LV� LW� UHDOO\� D� QHFHVVDU\� SDUW� RI� WKH�VNLOOV�WKH\�QHHG"�6R� VWDUW� ZLWK� ILQDQFLDO� LQIRUPDWLRQ� DQG� WHFKQLTXHV�WKDW� UHODWH� GLUHFWO\� WR� WKH� OHDUQHU¶V� RZQ� SHUVRQDO�QHHGV�DQG�ZDQWV��3HUVRQDO�EXGJHWLQJ�LV�DOZD\V�XVHIXO�DQG� OHVV� FRPSOLFDWHG� WKDQ� VD\�� FRPSDULQJ�PRUWJDJH�RSWLRQV��'RQ¶W�PDNH�ZKDW�FRXOG�EH�D�OHVVHU�XVHG�VNLOO�VR� LPSRUWDQW� LQ� WKH� SURJUDP� LW� GH�PRWLYDWHV� WKH�OHDUQHUV�DQG�ORVHV�WKHLU�LQWHUHVW��0RWLYDWLRQDO�UHZDUG�GRHV�QRW�QHFHVVDULO\�KDYH�WR�EH�LQ� WKH� PRQHWDU\� VSKHUH�� LW� FDQ� EH� VLPSO\� D�GHPRQVWUDWLRQ� RI� VRFLDO� RU�ZRUNSODFH�EHQHILWV� WR� EH�UHDOLVHG�IURP�QHZ�ILQDQFLDO�PDQDJHPHQW�VNLOOV��2OGHU�SDUWLFLSDQWV� FRXOG� SHUKDSV� OHDUQ� KRZ� WR� KHOS� WKHLU�FKLOGUHQ� ZLWK� ILQDQFLDO� GHFLVLRQV�� 3HRSOH� FRXOG� EH�VKRZQ� KRZ� WR� XWLOLVH� EHWWHU� ILQDQFLDO� SODQQLQJ� LQ� D�FOXE� RU� VRFLHW\� WKH\� EHORQJ� WR�� ,WV� DERXW� LPSURYLQJ�ZKROH� RI� OLIH� H[SHULHQFHV� QRW� MXVW� GLUHFW� PRQHWDU\�UHZDUG��7KH�RYHUDOO� WKUXVW�RI� WKH�SURJUDP�VKRXOG�EH�PRWLYDWLQJ� DQG�� OLNH� DOO� JRRG� WHDFKLQJ� DQG� OHDUQLQJ�SURJUDPV�� FRXUVH� PDWHULDO� VKRXOG� HQVXUH� RWKHU� NH\�DGXOW�OHDUQLQJ�HOHPHQWV�DUH�FRYHUHG��
�5HLQIRUFHPHQW��$V�ZH�NQRZ�UHLQIRUFHPHQW�LV�D�YHU\�QHFHVVDU\� SDUW� RI� DQ\� WHDFKLQJ�OHDUQLQJ� SURFHVV��7KURXJK� LW�� WUDLQHUV� HQFRXUDJH� FRUUHFW� PRGHV� RI�EHKDYLRXU� DQG� SHUIRUPDQFH� DQG� GLVFRXUDJH� EDG�KDELWV��<RXU�SURJUDP�VKRXOG�XVH�ERWK�UHLQIRUFHPHQW�WHFKQLTXHV� WKURXJKRXW�� 3RVLWLYH� UHLQIRUFHPHQW� LV�QRUPDOO\�XVHG�ZKHQ�SDUWLFLSDQWV�OHDUQ�QHZ�VNLOOV��$V�LPSOLHG�� SRVLWLYH� UHLQIRUFHPHQW� LV� �JRRG�� DQG�UHLQIRUFHV� �JRRG�� �RU� SRVLWLYH�� EHKDYLRXU�� 1HJDWLYH�UHLQIRUFHPHQW�LV�XVHIXO�LQ�WU\LQJ�WR�FKDQJH�EDG�KDELWV�RU�LQDSSURSULDWH�PRGHV�RI�EHKDYLRXU��7KH�LQWHQWLRQ�LV�H[WLQFWLRQ� ��� WKDW� LV�� WKH� WUDLQHU� XVHV� QHJDWLYH�UHLQIRUFHPHQW�XQWLO�WKH��EDG��EHKDYLRXU�GLVDSSHDUV�RU�WKH� OHDUQHU� XQGHUVWDQGV� ZK\� SDVW� SUDFWLFH� LV� QRW�EHQHILFLDO� WR� WKHP�� ([DPSOHV� FRXOG� EH� HQVXULQJ�SDUWLFLSDQWV�DOZD\V�FRPSDUH�GLIIHUHQW�UDWHV�RI�LQWHUHVW�DYDLODEOH�WR�WKHP�EHIRUH�VLJQLQJ�XS�IRU�DQ\�QHZ�GHEW��D�SRVLWLYH�UHLQIRUFHPHQW��DQG�QRW�FRQVLGHULQJ�FUHGLW�SXUFKDVHV�WKDW� OHDYH�WKHP�ZLWK�QR�LQFRPH�VDIHW\�QHW�IRU� XQIRUHVHHQ� FLUFXPVWDQFHV� �QHJDWLYH�UHLQIRUFHPHQW���
�5HWHQWLRQ�� /HDUQHUV� PXVW� UHWDLQ� ZKDW� WKH� SURJUDP�GHOLYHUV�WR�WKHP�LQ�RUGHU�WR�EHQHILW�IURP�WKH�OHDUQLQJ��,Q� RUGHU� IRU� SDUWLFLSDQWV� WR� UHWDLQ� WKH� LQIRUPDWLRQ�WDXJKW�� WKH\�PXVW� VHH�D�PHDQLQJ�RU�SXUSRVH� IRU� WKDW�LQIRUPDWLRQ��7KH\�PXVW�DOVR�XQGHUVWDQG�DQG�EH�DEOH�WR� LQWHUSUHW� DQG� DSSO\� WKH� LQIRUPDWLRQ� LQ� WKHLU� RZQ�

UHDO�OLIH�FRQWH[WV��8QGHUVWDQGLQJ�LQFOXGHV�WKHLU�DELOLW\�WR� DVVLJQ� WKH� FRUUHFW� GHJUHH� RI� LPSRUWDQFH� WR� WKH�PDWHULDO�DQG�LWV�DSSOLFDWLRQ�LQ�WKH�IXWXUH��7KH�DPRXQW�RI�UHWHQWLRQ�LV�DOZD\V�GLUHFWO\�DIIHFWHG�E\�WKH�GHJUHH�RI�RULJLQDO�OHDUQLQJ��,Q�RWKHU�ZRUGV�LI�WKH�OHDUQHUV�GLG�QRW� OHDUQ� WKH� PDWHULDO� ZHOO� LQLWLDOO\�� WKH\� ZLOO� QRW�UHWDLQ� LW�ZHOO� HLWKHU��5HWHQWLRQ�E\� WKH�SDUWLFLSDQWV� LV�GLUHFWO\� DIIHFWHG� E\� WKHLU� DPRXQW� RI� SUDFWLFH� GXULQJ�WKH�OHDUQLQJ��$IWHU�WKH�VWXGHQWV�GHPRQVWUDWH�WKH\�FDQ�DSSO\� QHZ� ILQDQFLDO� VNLOOV�� WKH\� VKRXOG� EH� XUJHG� WR�SUDFWLFH�LQ�WKHLU�RZQ�WLPH�DQG�IRU�WKHLU�RZQ�SHUVRQDO�QHHGV�WR�UHWDLQ�DQG�PDLQWDLQ�WKH�GHVLUHG�SHUIRUPDQFH��
�7UDQVIHUHQFH�� 7UDQVIHU� RI� OHDUQLQJ� LV� WKH� UHVXOW� RI�WUDLQLQJ� DQG� LV� VLPSO\� WKH� DELOLW\� WR� XVH� WKH�LQIRUPDWLRQ� WDXJKW� LQ� \RXU� SURJUDP� EXW� LQ� QHZ�VHWWLQJV� DQG� FRQWH[WV�� $V� ZLWK� UHLQIRUFHPHQW�� ERWK�W\SHV� RI� WUDQVIHU�� SRVLWLYH� DQG� QHJDWLYH� VKRXOG� EH�XVHG�LQ�WKH�SURJUDP�DSSURDFK��3RVLWLYH� WUDQVIHUHQFH��OLNH�SRVLWLYH� UHLQIRUFHPHQW��RFFXUV�ZKHQ� WKH� OHDUQHU�XVHV� WKH� VNLOO� OHDUQW� LQ� \RXU� SURJUDP�� ,W� LV� YHU\�LPSRUWDQW� IRU� DQ\� OHDUQHU¶V� RULHQWDWLRQ� WR� WKH� QHZ�VNLOOV�WKH\�GHYHORS�WKDW�WKH\�FDQ�SUDFWLFH�LQ�WKHLU�RZQ�VLWXDWLRQV�� 8VLQJ� NQRZOHGJH� IURP� ILQDQFLDO� OLWHUDF\�WUDLQLQJ�WR�ZRUN�RXW�WKH�EHVW�ZD\�WR�XVH��RU�QRW�XVH��FUHGLW� LQ� WKHLU� OLYHV� LV� DQ� LPSRUWDQW� WRRO� WKDW� PDQ\�SDUWLFLSDQWV�FRXOG�XVH� LPPHGLDWHO\��3DUWLFLSDQWV� FDQ�FKHFN�KRZ�PXFK�FUHGLW�GHEW�WKH\�KDYH��ZKDW�LQWHUHVW�WKH\� DUH� SD\LQJ� DQG�ZKDW� DOWHUQDWLYHV� WKHUH�PD\� EH��1HJDWLYH� WUDQVIHUHQFH�� DJDLQ� OLNH� QHJDWLYH�UHLQIRUFHPHQW��RFFXUV�ZKHQ�WKH�OHDUQHUV�DSSO\LQJ�WKH�VNLOO�GR�QRW�GR�ZKDW�WKH\�DUH�WROG�QRW�WR�GR��7KLV�DOVR�UHVXOWV� LQ� D� SRVLWLYH� �GHVLUHG�� RXWFRPH�� 7KLV�PHDQV�LW¶V�LPSRUWDQW�WR�ILQG�RXW�ZKDW�WKH�SDUWLFLSDQWV�LQ�\RXU�SURJUDP�KDYH�EHHQ�XVLQJ�WKHLU�QHZ�VNLOOV�IRU��&KHFN�WR�VHH�LI�WKH\�DUH�DSSO\LQJ�WKH�WHFKQLTXHV�SURSHUO\�RU�ZKHWKHU�WKH\�KDYH�PLVXQGHUVWRRG�D�NH\�DVSHFW�RI�WKH�SURJUDP�� 2QFH� ZURQJ� LQIRUPDWLRQ� LV� DEVRUEHG� DQG�XVHG�DJDLQ�DQG�DJDLQ�LW�VLPSO\�EHFRPHV�DQRWKHU�EDG�KDELW� WKDW� FRXOG� PDNH� ILQDQFLDO� GHFLVLRQ�PDNLQJ�ZRUVH�LQVWHDG�RI�EHWWHU��7UDQVIHUHQFH�LV�PRVW�OLNHO\�WR�RFFXU�LQ�WKH�IROORZLQJ�VLWXDWLRQV��� $VVRFLDWLRQ� SDUWLFLSDQWV� FDQ� DVVRFLDWH� WKH� QHZ�LQIRUPDWLRQ�ZLWK� VRPHWKLQJ� WKDW� WKH\�DOUHDG\�NQRZ��:KDW� VNLOOV� KDYH� WKH� OHDUQHUV� DOUHDG\�PDVWHUHG� WKDW�WKH\�FDQ�EULQJ�WR�EHDU�RQ�EHWWHU�ILQDQFLDO�SODQQLQJ�IRU�H[DPSOH"� 3HUKDSV� WKH\� KDYH� D� KREE\� ZKHUH� LW� LV�QHFHVVDU\� WR� DFFHVV� LQIRUPDWLRQ� IURP� ZULWWHQ�PDWHULDOV�RU�WKH�,QWHUQHW�DQG�WKH�VDPH�VNLOOV�FRXOG�EH�XVHG�WR�REWDLQ�DQG�DQDO\VH�EHWWHU�ILQDQFLDO�GDWD�WR�XVH�LQ�WKHLU�EXGJHWLQJ��� 6LPLODULW\� WKH� LQIRUPDWLRQ� LV� VLPLODU� WR� PDWHULDO�WKDW� SDUWLFLSDQWV� DOUHDG\� NQRZ�� WKDW� LV�� LW� UHYLVLWV� D�ORJLFDO� IUDPHZRUN� RU� SDWWHUQ�� 8VLQJ� FDOHQGDUV� RU�HOHFWURQLF� SODQQHUV� WR� SODQ� IXWXUH� KROLGD\V�� ZRUN�
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VKLIWV�HWF�FDQ�EH�WUDQVIHUUHG�WR�VHWWLQJ�XS�D�ORQJ�WHUP�EXGJHW�SODQQHU�IRU�ILQDQFLDO�SD\PHQWV�DQG�LQFRPH��� &ULWLFDO�DWWULEXWH�HOHPHQW� WKH�LQIRUPDWLRQ�OHDUQHG�FRQWDLQV� HOHPHQWV� WKDW� DUH� H[WUHPHO\� EHQHILFLDO��FULWLFDO�� LQ�SHUVRQDO� OLIH�RU�LQ�WKH�ZRUNSODFH��7U\� WR�UHLQIRUFH� WKH� LPSRUWDQFH� RI� DVSHFWV� RI� WKH� ILQDQFLDO�OLWHUDF\�SURJUDP�WR�WKH�OHDUQHU¶V�RZQ�JRDOV��ZKHWKHU�WKHVH� DUH� LQ� WKHLU� KRPH� OLIH�� JHWWLQJ� D� MRE� RU�LPSURYLQJ�WKHLU�SURVSHFWV�LQ�ZRUN�WKH\�DOUHDG\�KDYH��3HRSOH� FDQ� HYHQ� VWDUW� WKHLU� RZQ� VPDOO� EXVLQHVV�YHQWXUHV�LI�WKH\�KDYH�WKH�ILQDQFLDO�VNLOOV�WR�ZRUN�RXW�WKH�FRVWV�DQG�EHQHILWV�ILUVW��
���'(/,9(5<�675$7(*,(6�)LQDOO\� LQ� GHYHORSLQJ� \RXU� SURJUDP� FRQVLGHU� WKDW�DGXOWV� KDYH� GLIIHUHQW� SHUVRQDO� DQG� VRFLDO� OLYHV� WKDQ�\RXQJ�SHRSOH�LQ�IRUPDO�VFKRROLQJ�RU�FROOHJH��8QOLNH�FKLOGUHQ� DQG� WHHQDJHUV�� DGXOWV� KDYH� PDQ\�UHVSRQVLELOLWLHV� WKDW� WKH\� PXVW� EDODQFH� DJDLQVW� WKH�GHPDQGV� RI� OHDUQLQJ�� %HFDXVH� RI� WKHVH�UHVSRQVLELOLWLHV�� DGXOWV� PD\� KDYH� EDUULHUV� DJDLQVW�SDUWLFLSDWLQJ�LQ�OHDUQLQJ��7KHVH�EDUULHUV�FRXOG�LQFOXGH�ODFN�RI� WLPH��PRQH\�� FRQILGHQFH��RU� LQWHUHVW�� ODFN�RI�LQIRUPDWLRQ�DERXW�RSSRUWXQLWLHV� WR� OHDUQ�� VFKHGXOLQJ�SUREOHPV�� �UHG� WDSH��� DQG� SUREOHPV�ZLWK� FKLOG� FDUH�DQG�WUDQVSRUWDWLRQ��7U\�WR�FRQVLGHU�WKHVH�IDFWRUV�ZKHQ�VFKHGXOLQJ� WKH� SURJUDP�� ,I� LW� LV� WR� EH� GHOLYHUHG� WR�SHRSOH�LQ�D�ZRUNSODFH�LW�VKRXOG�ILW�DURXQG�WKHLU�ZRUN�WLPHV�DQG�QRW�UHTXLUH�WKHP�WR�FRPH�EDFN�KRXUV�ODWHU�ZHOO� DIWHU� WKH\� KDYH� FRPSOHWHG� D� KDUG� GD\¶V� ZRUN��:HHN�HQGV�PLJKW� VHHP� OLNH� JRRG� IUHH� WLPH� WR� OHDUQ�EXW�PDQ\�DGXOW�OHDUQHUV�DUH�FRQGLWLRQHG�WR�ZHHN�HQGV�EHLQJ�IRU�IDPLO\�SXUVXLWV�DQG�DUH�OLNHO\�WR�EH�UHOXFWDQW�WR�JLYH�XS�KRXUV�DZD\�IURP�WKLV�IRU�ILQDQFLDO�WUDLQLQJ��7U\� WR� LGHQWLI\� JURXSV� RI� OHDUQHUV� IRU� HDFK� SURJUDP�WKDW�FDQ�VXSSRUW�HDFK�RWKHU�LQ�WUDQVSRUW�WR�ZKHUH�WKH�SURJUDP� LV� GHOLYHUHG�� DVVLVWDQFH� LQ� PLQGLQJ� \RXQJ�FKLOGUHQ�DQG�FRPPRQ�LQWHUHVWV�RXWVLGH�RI�WKH�IRUPDO�OHDUQLQJ��*URXSV� VHHNLQJ� HPSOR\PHQW�RU� WKRVH� VRRQ�WR� UHWLUH� DUH� REYLRXV� H[DPSOHV� RI� SDUWLFLSDQWV� ZKR�ZLOO� KDYH� VLPLODU� LQWHUHVWV� DQG�PRWLYDWLRQV� DQG� FDQ�KHOS� HDFK� RWKHU� WR� DFFHVV� WKH� WUDLQLQJ� DQG� OHDUQ�FROODERUDWLYHO\�WR�XVH�WKH�QHZ�VNLOOV������(1*$*(0(17�2)�7+(�/($51(5�*RRG� SURJUDP� VWUDWHJLHV� HQFRXUDJH� UHDO� OHDUQLQJ��ZKHUH�WKH�OHDUQHU�LQFUHDVLQJO\��� WDNHV�UHVSRQVLELOLW\�DQG�RZQHUVKLS�RI�WKHLU�OHDUQLQJ��� HQJDJHV�LQ�H[SHULHQWLDO�OHDUQLQJ��� SDUWDNHV�LQ�FRRSHUDWLYH�OHDUQLQJ��DQG��� HQJDJHV�LQ�UHIOHFWLYH�OHDUQLQJ��%\� UHTXLULQJ� RU� HQFRXUDJLQJ� \RXU� OHDUQHUV� WR� WDNH� D�PRUH�GLUHFWLYH�DQG�DFWLYH�UROH�LQ�WKH�SURJUDP�DV�LW�LV�GHOLYHUHG�\RX�DUH�HQFRXUDJLQJ�WKHP�WR�HQJDJH�LQ�WKH�FULWLFDO�SURFHVVHV�RI��

� PDNLQJ� PHDQLQJ� RXW� RI� WKH� QHZ� ILQDQFLDO�PDQDJHPHQW�NQRZOHGJH�WKH\�KDYH��� GLVWLOOLQJ� SULQFLSOHV� IURP� WKH� SURJUDP��ZKLFK�ZLOO�DLG� WKHLU� WUDQVIHUHQFH� RI� ILQDQFLDO� VNLOOV� WR� QHZ�FRQWH[WV��DQG��� SUDFWLVLQJ� WKHLU� ILQDQFLDO� SODQQLQJ� VNLOOV� DQG�PDVWHULQJ� SURFHVVHV� WR� LPSURYH� WKHLU� PRQH\�PDQDJHPHQW��,Q� \RXU� ILQDQFLDO� OLWHUDF\� SURJUDP� OHDUQHU� GLUHFWHG�DFWLYLWLHV� FDQ� DOVR� HQFRXUDJH� JUHDWHU� OHYHOV� RI�PRWLYDWLRQ��7KH�OHDUQLQJ�LV�PRUH�SXUSRVHIXO��EHFDXVH�WKH\� KDYH� D� VHQVH� RI� RZQHUVKLS� RYHU� ZKDW� WKH\�DFKLHYH� DQG� LGHQWLI\� WKHPVHOYHV� DV� WKH� NH\�EHQHILFLDULHV�RI�WKH�RXWFRPHV��$Q�DEVWUDFW�H[HUFLVH�LQ�GHYHORSLQJ�D�VDYLQJV�SODQ�IRU�DQ�LPDJLQDU\�SHUVRQ�RU�IDPLO\� PD\� DSSHDU� WR� LQWURGXFH� WKH� ULJKW� SULQFLSOHV�EXW� LW�PD\�QRW� UHVRQDWH�ZLWK� WKH� LQGLYLGXDOV�\RX�DUH�WUDLQLQJ��7KLQN�RI� \RXU� WDUJHW� JURXS��:KDW� DUH� WKHLU�VDYLQJV�JRDOV"�:KDW�DVSHFWV�RI�WKHLU�LQFRPH�DUH�DYDLODEOH�WR�VDYLQJ�DQG�KRZ�FDQ�WKH\�ZRUN�WKLV�RXW"�:KDW� IRUP� RI� VDYLQJ� LV� EHVW� IRU� WKHP� LQ� WHUPV� RI�DFKLHYDEOH� WDUJHWV�� UHJXODU�FRQWULEXWLRQV� DQG� OLPLWHG�ULVN"�7HDFKHUV� DQG� WUDLQHUV� RIWHQ� GHYHORS� H[DPSOH�H[HUFLVHV� EDVHG� RQ� LPDJLQDU\� VLWXDWLRQV� EHFDXVH��IUDQNO\�� WKH\� DSSHDU� WR� SXW� HYHU\RQH� RQ� WKH� VDPH�WHVWLQJ� OHYHO� DQG� LW� LV� HDVLHU� WR� DVVHVV� EHFDXVH� WKHUH�DUH�D�FRPPRQ�VHW�RI� µULJKW¶�DQVZHUV��7KLV�LV�QRW�WKH�ZD\�WR�PDNH�ILQDQFLDO� OLWHUDF\� OHDUQLQJ�ZRUN�IRU� WKH�WDUJHW�JURXSV��7KH\�VKRXOG�EH�HQFRXUDJHG�WR�ZRUN�RQ�LQGLYLGXDO� VLWXDWLRQV� HQWLUHO\� UHOHYDQW� WR� WKHP�� 7KLV�PD\� PHDQ�PRUH� HIIRUW� RQ� WKH� SDUW� RI� WKH� WUDLQHU� LQ�DVVLVWLQJ� ZLWK� WKH� ZRUN� HDFK� SHUVRQ� LV� GRLQJ� DQG�DVVHVVLQJ� RXWFRPHV� EXW� WKH� UHVXOW� ZLOO� EH� SUDFWLFDO�H[HUFLVHV� WKDW� NHHS� WKH� OHDUQHUV� LQYROYHG� DQG�PRWLYDWHG��
����$66(66,1*�352*5(66�$1'�287&20(6�*RRG�DVVHVVPHQW�LV�D�FROODERUDWLYH�SURFHVV�LQYROYLQJ�WKH�DVVHVVRU�� OHDUQHUV�DQG�RWKHUV��ZKHUH�DSSURSULDWH��<RXU� DVVHVVPHQW� SURFHVV� VKRXOG� EH� WUDQVSDUHQW� DQG�DOORZ�IRU�RQJRLQJ�IHHGEDFN�IURP�DQG�WR�WKH�OHDUQHUV��5HPHPEHU�WKHVH�DGXOW�OHDUQHUV�ZDQW�WR�LPSURYH�WKHLU�VNLOOV� LQ� PDQDJLQJ� PRQH\� DQG� DUH� QRW� QHFHVVDULO\�LQWHUHVWHG� LQ� IRUPDO� UHFRJQLWLRQ� RU� EHLQJ� UDQNHG�DJDLQVW� WKHLU� SHHUV� LQ� WKH� JURXS�� :KHUH� SRVVLEOH��SUHVHQWHUV� VKRXOG� HPSKDVLVH� IURP� WKH� VWDUW� WKDW� QR�RQH� LV� JRLQJ� WR� µIDLO¶� WKH� SURJUDP�� (YHQ� ZKHUH�VWXGHQWV� DUH� VHHNLQJ� IRUPDO� FHUWLILFDWLRQ� RI� WKHLU�DFKLHYHPHQW�� SUHVHQWHUV� FDQ� DGYLVH� WKDW� WKHUH� LV� QR�FRPSHWLWLRQ� EHWZHHQ� WKH� OHDUQHUV� LQ� WKH� JURXS� RU�EHWZHHQ�DQ�LQGLYLGXDO�DQG�WKH�WRSLF�PDWHULDO�±�LW¶V�DOO�DFKLHYDEOH�DQG�HYHU\RQH�FDQ�PDNH�LW�ZRUN�IRU�WKHP��0DNH� VXUH� WKH\� XQGHUVWDQG� WKDW� WKH\� ZLOO� DOO� OHDYH�ZLWK� EHWWHU� ILQDQFLDO� VNLOOV� WKDQ� WKH\� KDYH� DW� WKH�
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EHJLQQLQJ�� ,I� VRPHRQH� LQ� WKH� JURXS� LV� VRPHKRZ�µEHWWHU¶� RU� µIDVWHU¶� DW� XQGHUVWDQGLQJ� VXSHUDQQXDWLRQ�WKDQ� RWKHUV� WKDW� LV� WKHLU� JRRG� IRUWXQH� EXW�PDNHV� QR�GLIIHUHQFH�WR�WKH�EHQHILWV�HYHU\RQH�LQ�WKH�JURXS�JDLQV�IURP�NQRZOHGJH�DQG�VNLOOV�LQ�KDQGOLQJ�WKLV�LPSRUWDQW�ILQDQFLDO� WRRO�� (YHU\RQH� ZLOO� LPSURYH� WKHLU� OLIH�FKDQFHV�WKURXJK�SDUWLFLSDWLQJ�LQ�SURJUDP�DQG�RXWVLGH�RI� WUDLQLQJ� IRU� IRUPDO� FHUWLILFDWLRQ�� DVVHVVPHQW� LV� WR�GHPRQVWUDWH�WKLV�WR�WKHP�DQG�QR�RQH�HOVH��,I� \RX�ZDQW� IXUWKHU� ,QIRUPDWLRQ� RQ� FROODERUDWLRQ� LQ�WKH� GHVLJQ� RI� DVVHVVPHQW� PDWHULDOV� DQG� WKH� UROH� RI�OHDUQHUV�LQ�WKH�DVVHVVPHQW�SURFHVV�WKLV�FDQ�EH�IRXQG�LQ��� *XLGH� 2QH� ±� 7UDLQLQJ� 3DFNDJH� $VVHVVPHQW�0DWHULDOV�.LW�DQG�*XLGH�)LYH�±�&DQGLGDWH¶V�.LW�LQ�WKH�7UDLQLQJ�3DFNDJH�$VVHVVPHQW�*XLGHV��DQG��� /HDUQLQJ�&LUFOHV�5HVRXUFH�0DQXDO� IRU� )DFLOLWDWRUV�DQG� /HDUQHUV� �GHYHORSHG� E\� $GXOW� /HDUQLQJ�$XVWUDOLD����
&RQFOXVLRQ��/HDUQLQJ� DFWLYLWLHV� VXFK� DV� DFWLYLWLHV� RXWVLGH� WKH�FODVVURRP��GLDORJXH��UROH�SOD\LQJ�DQG�����$QRWKHU�W\SH�RI� FRQWHQW� LV� SUHVHQWHG�� 'XWLHV� DUH� SODFHG� RQ� WKH�OHDUQHU�� D� UHVRXUFH� IRU� GHYHORSLQJ�NQRZOHGJH�� VNLOOV�DQG�LQVLJKWV�KH�FRQVLGHUHG��&XUULFXOXP� FRQWHQW� RQO\� IURP� WKH� WUDLQLQJ� SURYLGHG�WR� OHDUQHUV� RU� QRW�� EXW� SXW� WRJHWKHU� WKHLU� OHDUQLQJ�WKURXJK�DFWLYLWLHV�WKDW�FDQ�LQIRUP�RU�GRHV��VNLOOV�DQG�DWWLWXGH� WR�DFKLHYH�� ,Q� WKLV�FDVH�� DSDUW� IURP� OHDUQLQJ�WKDW�WKH�DVVD\V�WDXJKW�OHDUQHUV�GLUHFWO\�WR�VXVWDLQDEOH�DQG�HIIHFWLYH�OHDUQLQJ�RFFXUV�LQ�KLV��$QRWKHU�ZD\�RI�SURYLGLQJ�FRQWHQW�WKDW�LV�HGXFDWLRQDO�DFWLYLWLHV� RXWVLGH� WKH� OHDUQLQJ� HQYLURQPHQW� SRVVLEOH�IRU� OHDUQLQJ�PRUH� DQG� EHWWHU� HQDEOHV� DGXOW� OHDUQHUV��)RU�H[DPSOH��KLWV�� ILHOG� WULS�H[SHULHQFHV�IRU� OHDUQHUV�RU� WUDQVIHU� LV� SURYLGHG�� GHYHORS� NQRZOHGJH�� LQVLJKW�DQG�VNLOOV�WKH\�ZLOO��7R� HQVXUH� WKDW� VFLHQFH� FXUULFXOXP� DQG� HGXFDWLRQDO�DVSHFWV�� DFFRUGLQJ� WR� FRPPXQLW\� QHHGV� DQG�DXGLHQFHV�� DSSOLFDWLRQ� IRUP� LV� SURYLGHG� RU� QRW�� WKH�FRQWHQW�VHOHFWLRQ�FULWHULD�VKRXOG�EH�FRQVLGHUHG��7KHVH�FULWHULD� LV� EHLQJ� LQFOXGH� NQRZOHGJH�� HIIHFWLYHQHVV��IOH[LELOLW\��GLYHUVLW\��UHOHYDQFH�DQG�SUDFWLFDO�OHDUQLQJ���7KH�WDVN�IRUFH¶V�SROLF\�UHFRPPHQGDWLRQV�DUH�JXLGHG�E\�WKHVH�SULQFLSOHV��x 6KLIW� IURP� WRS�GRZQ� LPSOHPHQWDWLRQ� RI� D�IHGHUDO�RU�VWDWH�SURJUDP�WR�OHDGLQJ�D�VWDWHZLGH�SXEOLF�FDPSDLJQ�WKDW�GHSHQGV�IXQGDPHQWDOO\�RQ�D ERWWRP�XS� FRPPLWPHQW� RI� FRPPXQLWLHV��HPSOR\HUV�� DQG� HGXFDWLRQDO� LQVWLWXWLRQV�� 7KH�FDPSDLJQ�PXVW�HQJDJH�DOO�DVSHFWV�RI�.HQWXFN\�OLIH²DOO� GLPHQVLRQV� RI� VWDWH� DQG� ORFDO�JRYHUQPHQW�� DOO� HGXFDWLRQ� OHYHOV�� WKH� VWDWH¶V�EXVLQHVV� DQG� FLYLF� OHDGHUV�� YROXQWDU\�RUJDQL]DWLRQV�� DQG� DOO� RWKHUV� ZKRVH� ZRUN�

DIIHFWV²RU� LV� DIIHFWHG� E\²WKH� SUREOHP� RI�DGXOW�LOOLWHUDF\��x 7KH�IXWXUH�RI�.HQWXFN\�GHSHQGV�RQ�QDUURZLQJ�WKH� GLVSDULWLHV� DPRQJ� FRXQWLHV� E\� LPSURYLQJ�WKH� DGXOW� OLWHUDF\� RI� WKH� SRSXODWLRQ� LQ� DOO�UHJLRQV�RI�WKH�VWDWH��x 6KLIW� IURP� DQ� HPSKDVLV� RQ� SURYLGHUV� WR� WKH�QHHGV� RI� FOLHQWV�� 0HDVXUH� SHUIRUPDQFH� DQG�SURJUHVV� LQ� WHUPV� RI� LPSDFW� RQ� WKH� TXDOLW\� RI�OLIH�DQG�HFRQRPLF�ZHOO�EHLQJ�RI���� ,QGLYLGXDOV�� &RPPXQLWLHV�� 5HJLRQV�� 7KH�&RPPRQZHDOWK�DV�D�ZKROH��x 6KLIW�IURP�DQ�HPSKDVLV�RQ�SURJUDPV�DQG�SLORWV�WR�D�IRFXV�RQ�V\VWHPLF�LPSDFW�RQ�DGXOW�OLWHUDF\�LQ�DOO�FRXQWLHV�RI�WKH�&RPPRQZHDOWK��x )RFXV� RQ� DOO� DGXOWV� ZKR� DUH� LQ� QHHG� RI�VLJQLILFDQW� LPSURYHPHQW� LQ� WKHLU� NQRZOHGJH�DQG�VNLOOV� WR�EH�IXOO�SDUWLFLSDQWV�LQ�.HQWXFN\¶V�ZRUNIRUFH�DQG�VRFLHW\��WR�GHYHORS�DQG�PDLQWDLQ�KHDOWK\� IDPLOLHV�� DQG� WR� FRQWLQXH� WKHLU�HGXFDWLRQ�DQG�WUDLQLQJ�DV�QHFHVVDU\�WKURXJKRXW�WKHLU�OLIHWLPHV��x UHFRJQL]H�PXOWLSOH�GLPHQVLRQV�RI�WKH�LVVXH�DQG��FRQVHTXHQWO\�� WKH� LPSRUWDQFH� DQG� HIILFDF\� RI�PXOWLSOH�� VHSDUDWH� EXW� FRRUGLQDWHG� VWUDWHJLHV�DLPHG� DW� WKH� QHHGV� RI� GLIIHUHQW� WDUJHW�SRSXODWLRQV��LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��� 3DUHQWV�RI�\RXQJ�FKLOGUHQ��� $GXOWV� LQ� WKH� ZRUNIRUFH�� LQFOXGLQJ� WKRVH� ZLWK�VHFRQGDU\� HGXFDWLRQ� FUHGHQWLDOV�� IRU� EDVLF� OLWHUDF\�DQG�ZRUNSODFH�VNLOOV�DQG�IRU�UHWUDLQLQJ�DQG�XSJUDGLQJ�RI�NQRZOHGJH��VNLOOV��DQG�FRPSHWHQFLHV��� <RXWK�IURP����WR����ZKR�GURS�RXW�RI�VFKRRO�RU�DUH�QRW�ZHOO�VHUYHG�E\�WUDGLWLRQDO�VHFRQGDU\�SURJUDPV��� $GXOWV� ZLWK� VLJQLILFDQW� OHDUQLQJ� GLVDELOLWLHV� WKDW�OLPLW� WKHLU� DELOLW\� WR� WDNH� DGYDQWDJH� RI� IXUWKHU�HGXFDWLRQ�DQG�WUDLQLQJ��� $GXOWV�ZLWK�OLPLWHG�(QJOLVK�ODQJXDJH�OLWHUDF\��� ,QFDUFHUDWHG�DGXOWV��� $GXOWV�ZKRVH�DFFHVV�WR�IXUWKHU�HGXFDWLRQ�LV�VHYHUHO\�UHVWULFWHG� E\� JHRJUDSK\�� WUDQVSRUWDWLRQ�� WHFKQRORJ\��DQG�RWKHU�HFRQRPLF�DQG�VRFLDO�EDUULHUV��� $OO�.HQWXFN\�DGXOWV�ZKR�ZLOO�QHHG�OLIHORQJ�OHDUQLQJ�RSSRUWXQLWLHV� IURP� EDVLF� OLWHUDF\� WKURXJK�SRVWVHFRQGDU\� HGXFDWLRQ� WR� VXFFHHG� LQ� WKH� FKDQJLQJ�VRFLHW\�DQG�HFRQRP\��x (PSKDVL]H�ERWK�FRQWLQXLW\�DQG�GHYHORSPHQW�RI�EDVLF� KXPDQ� DQG� SK\VLFDO� DVVHWV� WR� SURYLGH�VHUYLFHV� DV� ZHOO� DV� SHUIRUPDQFH� LQ� VHUYLQJ�FOLHQW�� FRPPXQLW\�� DQG� &RPPRQZHDOWK� QHHGV�DQG�SULRULWLHV��x 5HFRJQL]H�WKH�FXUUHQW�DQG�WUDGLWLRQDO�UROHV�DQG�VWUHQJWKV� RI� SXEOLF� VFKRROV�� SRVWVHFRQGDU\�
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LQVWLWXWLRQV��HPSOR\HUV��DQG�RWKHU�SURYLGHUV��DV�D FRUROODU\�� DYRLG� DVVLJQLQJ� WR� NH\� SOD\HUV�UHVSRQVLELOLWLHV� WKDW� DUH� LQFRQVLVWHQW�ZLWK� WKHLU�VWUHQJWKV��� 5HFRJQL]H�� VXSSRUW�� DQG� EXLOG� XSRQ� WKH� ZRUN� RI�H[LVWLQJ� SURYLGHUV�� LI� WKH\� PHHW� SHUIRUPDQFH�H[SHFWDWLRQV��� 5HZDUG�WKRVH�ZKR�KDYH�SHUIRUPHG�DQG�FRQWLQXH�WR�SHUIRUP�HIIHFWLYHO\���&RUUHVSRQGLQJ�$XWKRU��$UH]RR�0LU]DHL�)RUPHU�*UDGXDWH�6WXGHQW��0��6���<RXQJ�5HVHDUFKHUV�&OXE�� *DUPVDU� %UDQFK�� ,VODPLF� $]DG� 8QLYHUVLW\��*DUPVDU��,UDQ�H�PDLO��$UH]RRBDJUL#\DKRR�FRP�

5HIHUHQFH��
��� %LU]HD��&����������7KH�VRFLDO�LPSDFW�RI�WKH�FRQWLQXRXV�

SURIHVVLRQDO� WUDLQLQJ�� %XFKDUHVW�� 7KH� 1DWLRQDO�
5RPDQLDQ�2EVHUYHU��

��� %URRNILHOG�� 6�� '�� �������� 8QGHUVWDQGLQJ� DQG�
)DFLOLWDWLQJ� $GXOW� /HDUQLQJ�� 6DQ� )UDQFLVFR�� -RVVH\��
%DVV��

��� %URRNILHOG�� 6�'�� �������� 'HYHORSLQJ� &ULWLFDO�
7KLQNHUV�� &KDOOHQJLQJ� $GXOWV� WR� ([SORUH� $OWHUQDWLYH�
:D\V�RI�7KLQNLQJ�DQG�$FWLQJ��6DQ�)UDQFLVFR��-RVVH\�
%DVV��

��� %XGLQ��+����������7KH�FRPSXWHU�HQWHUV�WKH�FODVVURRP��
7HDFKHUV�&ROOHJH�5HFRUG����������������

��� &UDQWRQ�� 3�� �������� :RUNLQJ� ZLWK� $GXOW� /HDUQHUV��
7RURQWR��:DOO�	�(PHUVRQ��

��� &UDQWRQ�� 3�� �������� 3URIHVVLRQDO� 'HYHORSPHQW� DV�
7UDQVIRUPDWLYH� /HDUQLQJ�� 6DQ� )UDQFLVFR�� -RVVH\��
%DVV��

��� &UHLJKWRQ�6�� ��������3DUWLFLSDWLRQ� WUHQGV�DQG�SDWWHUQV�
LQ�DGXOW�HGXFDWLRQ�������������8QLWHG�6WDWHV��1DWLRQDO�
&HQWHU�IRU�(GXFDWLRQ�6WDWLVWLFV��

��� (JDQ�� .�� �������� ,PDJLQDWLRQ� LQ� 7HDFKLQJ� DQG�
/HDUQLQJ��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV��

��� )DEU\�� '�� /��	+LJJV�� -�� 5�� �������� %DUULHUV� WR� WKH�
HIIHFWLYH� XVH� RI� WHFKQRORJ\� LQ� HGXFDWLRQ�� &XUUHQW�
VWDWXV�� -RXUQDO� RI� (GXFDWLRQDO� &RPSXWLQJ� 5HVHDUFK��
����������������

���� +DUWUHH�� $�� �������� 0DOFROP� .QRZOHV¶� WKHRU\� RI�
DQGUDJRJ\�� $� FULWLTXH�� ,QWHUQDWLRQDO� -RXUQDO� RI�
/LIHORQJ�(GXFDWLRQ�����������������

���� +RSH\�� &�� �������7HFKQRORJ\� DQG� DGXOW� HGXFDWLRQ��
5LVLQJ�H[SHFWDWLRQV��$GXOW�/HDUQLQJ����������������

���� ,VDKDN� +DURQ� 	� 'RUDLVDP\�� -�� �������� /LIHORQJ�
HGXFDWLRQ� LQ�0DOD\VLD��$�JHQHUDO�VXUYH\��7KHVLV�0DV��
80������������.XDOD�/XPSXU��8QLYHUVLWL�0DOD\D��

���� .LP�.����������3DUWLFLSDWLRQ�LQ�DGXOW�HGXFDWLRQ�LQ�WKH�
8QLWHG� 6WDWHV�� ����������� 8�6�� 'HSW�� 2I� (GXFDWLRQ��
2IILFH�RI�(GXFDWLRQDO�5HVHDUFK�DQG�,PSURYHPHQW��

���� .LQJ�� .�� 3�� �������� 8QOHDVKLQJ� WHFKQRORJ\� LQ� WKH�
FODVVURRP�� :KDW� DGXOW� EDVLF� HGXFDWLRQ� WHDFKHUV� DQG�
RUJDQL]DWLRQV� QHHG� WR� NQRZ�� $GXOW� %DVLF� (GXFDWLRQ��
���������������

���� .LQJ�� .�� 3�� �������� /HDUQLQJ� WKH� QHZ� WHFKQRORJLHV��
6WUDWHJLHV� IRU� VXFFHVV�� ,Q� .�� 3�� .LQJ� 	� 3�� /DZOHU�
�(GV���� 1HZ� SHUVSHFWLYHV� RQ� GHVLJQLQJ� DQG�
LPSOHPHQWLQJ�SURIHVVLRQDO�GHYHORSPHQW�RI�WHDFKHUV�RI�
DGXOWV�� 1HZ� GLUHFWLRQV� IRU� DGXOW� DQG� FRQWLQXLQJ�
HGXFDWLRQ��9RO������SS����������6DQ�)UDQFLVFR��-RVVH\�
%DVV��

���� .QRZOHV��0��6�� ��������7KH�PRGHUQ�SUDFWLFH�RI�DGXOW�
HGXFDWLRQ��DQGUDJRJ\�YHUVXV�SHGDJRJ\��$XWKRU� RI� WKH�
&ODVVLF�,QIRUPDO�$GXOW�(GXFDWRU���UG�(GQ��1HZ�<RUN��
$VVRFLDWLRQ�3UHVV��

���� .QRZOHV�� 0�� 6�� �������� $QGUDJRJ\� LQ� DFWLRQ��
$SSO\LQJ� PRGHUQ� SULQFLSOHV� RI� DGXOW� OHDUQLQJ�� 6DQ�
)UDQFLVFR��-RVVH\�%DVV�,QF��3XE��

���� .QRZOHV��0��6����������7KH�PDNLQJ�RI�DGXOW�HGXFDWRU��
$Q�DXWRELRJUDSKLFDO� MRXUQH\���VW�(GQ��6DQ�)UDQFLVFR��
-RVVH\�%DVV�,QF��3XE��

���� .ROE�� 'DYLG� $�� �������� ([SHULHQWLDO� OHDUQLQJ��
([SHULHQFH�DV�WKH�VRXUFH�RI�OHDUQLQJ�DQG�GHYHORSPHQW��
�VW�(GQ��8QLWHG�6WDWHV��)7�3UHVV��

���� .RWUOLN�� -�:��	6PLWK�� 0�� 1�� �������� &RPSXWHU�
DQ[LHW\� OHYHOV� RI� YRFDWLRQDO� DJULFXOWXUH� DQG� RWKHU�
YRFDWLRQDO� WHDFKHUV�� ,Q� 0�� )�� %XUQHWW� �(G����
3URFHHGLQJV�� QDWLRQDO� DJULFXOWXUDO� HGXFDWLRQ� UHVHDUFK�
PHHWLQJ� �SS�� ������ &ROXPEXV�� 2+�� $PHULFDQ�
$VVRFLDWLRQ�IRU�$JULFXOWXUDO�(GXFDWLRQ��

���� .UDMQF��$�� ��������$QGUDJRJ\�� ,Q� &ROOLQ�� -�� 7�� �(G����
/LIHORQJ� HGXFDWLRQ� IRU� DGXOWV�� $Q� LQWHUQDWLRQDO�
KDQGERRN���VW�(GQ��1HZ�<RUN��3HUJDPRQ�3UHVV��

���� 0D]DQDK�0XKDPDG�	�$VVRFLDWHV�� ��������$GXOW� DQG�
FRQWLQXLQJ� HGXFDWLRQ� LQ� 0DOD\VLD�� �VW� (GQ�� .XDOD�
/XPSXU��8QLYHUVLWL�3XWUD�0DOD\VLD��

���� 0HUULDP��6�%���%DXPJDUWKHU��/�0���	�&DIIDUHOOD��5�6��
�������� /HDUQLQJ� LQ� DGXOWKRRG�� $� FRPSUHKHQVLYH�
JXLGH���QG�(GQ��6DQ�)UDQFLVFR��-RVVH\�%DVV�3XE��

���� 0H]LURZ��-DFN�DQG�$VVRFLDWHV��(GV�����������)RVWHULQJ�
&ULWLFDO� 5HIOHFWLRQ� LQ� $GXOWKRRG�� $� *XLGH� WR�
7UDQVIRUPDWLYH� DQG� (PDQFLSDWRU\� (GXFDWLRQ�� 6DQ�
)UDQFLVFR��-RVVH\�%DVV��

���� 0RRUH�0�� *��	.HDUVOH\�� *�� �������� 'LVWDQFH�
HGXFDWLRQ�$V\VWHPV�YLHZ��%HOPRQW�&$�:DGVZRUWK���

���� 2IILFH� RI7HFKQRORJ\� $VVHVVPHQW�� 8�6�� &RQJUHVV��
��������$GXOW�OLWHUDF\�DQG�QHZWHFKQRORJLHV��7RROV�IRU�
D� OLIHWLPH� �)LQDO� 5HSRUW� 1R�� 27$�6(7�������
:DVKLQJWRQ��'&��*RYHUQPHQW�3ULQWLQJ�2IILFH��

���� 1HFXODX��$����������7KH�DGXOWV¶�HGXFDWLRQ��5RPDQLDQ�
H[SHULHQFHV�� ,DVL��3ROLURP�3XEOLVKLQJ�+RXVH��3 XQ��(��
�������� 7KH� VFKRRO�� $� VRFLR�SHGDJRJLFDO� DSSURDFK��
,DVL��3ROLURP�3XEOLVKLQJ�+RXVH��

���� 1RU]DLQL� $]PDQ�� �������� +LVWRU\�� WUHQGV� DQG�
VLJQLILFDQW� GHYHORSPHQW� RI� DGXOWV� HGXFDWLRQ� LQ�
0DOD\VLD�LQ�+,6725,$��-RXUQDO�RI�+LVWRULFDO�6WXGLHV��
9RO��9,,��1R�����%DQGXQJ��+LVWRULD�8WDPD�3UHVV��

���� 3UDWW��'�'����������$QGUDJRJ\�DIWHU�WZHQW\�ILYH�\HDUV��
1HZ� GLUHFWLRQV� IRU� DGXOW� DQG� FRQWLQXLQJ� HGXFDWLRQ��
-RXUQDO�$UWLFOHV��6DQ�)UDQFLVFR��-RVVH\�%DVV�,QF��3XE��

�
����������
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6WUHQJWKHQ�$GXOW�(GXFDWLRQ��0HWKRGV�DQG�3URFHGXUHV��$EEDV�(PDPL�� � $OLUH]D�%RODQGQD]DU�� DQG�0RMWDED�6DGLJKL��
������0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�&RUUHVSRQGLQJ�DXWKRU��KRVVHLQ�����#\DKRR�FRP

$EVWUDFW��/HDUQLQJ�DFWLYLWLHV�VXFK�DV�DFWLYLWLHV�RXWVLGH�WKH�FODVVURRP��GLDORJXH��UROH�SOD\LQJ�DQG�����$QRWKHU�W\SH�RI�FRQWHQW�LV�SUHVHQWHG��GXWLHV�DUH�SODFHG�RQ�WKH�OHDUQHU��D�UHVRXUFH�IRU�GHYHORSLQJ�NQRZOHGJH��VNLOOV�DQG�LQVLJKWV�KH�FRQVLGHUHG��&XUULFXOXP�FRQWHQW�RQO\�IURP�WKH�WUDLQLQJ�SURYLGHG�WR� OHDUQHUV�RU�QRW��EXW�SXW� WRJHWKHU�WKHLU� OHDUQLQJ�WKURXJK�DFWLYLWLHV� WKDW�FDQ�LQIRUP�RU�GRHV��VNLOOV�DQG�DWWLWXGH�WR�DFKLHYH��,Q� WKLV�FDVH��DSDUW�IURP�OHDUQLQJ�WKDW� WKH�DVVD\V�WDXJKW�OHDUQHUV�GLUHFWO\�WR�VXVWDLQDEOH�DQG�HIIHFWLYH�OHDUQLQJ�RFFXUV�LQ�KLV��DQRWKHU�ZD\�RI�SURYLGLQJ�FRQWHQW�WKDW� LV�HGXFDWLRQDO�DFWLYLWLHV�RXWVLGH� WKH�OHDUQLQJ�HQYLURQPHQW�SRVVLEOH�IRU�OHDUQLQJ�PRUH�DQG�EHWWHU�HQDEOHV�DGXOW�OHDUQHUV��)RU�H[DPSOH��KLWV��ILHOG�WULS�H[SHULHQFHV�IRU�OHDUQHUV�RU�WUDQVIHU�LV�SURYLGHG��GHYHORS�NQRZOHGJH��LQVLJKW�DQG�VNLOOV� WKH\� ZLOO�� WR� HQVXUH� WKDW� VFLHQFH� FXUULFXOXP� DQG� HGXFDWLRQDO� DVSHFWV�� DFFRUGLQJ� WR� FRPPXQLW\� QHHGV� DQG�DXGLHQFHV��DSSOLFDWLRQ�IRUP�LV�SURYLGHG�RU�QRW��WKH�FRQWHQW�VHOHFWLRQ�FULWHULD�VKRXOG�EH�FRQVLGHUHG��7KHVH�FULWHULD�LV�EHLQJ�LQFOXGH�NQRZOHGJH��HIIHFWLYHQHVV��IOH[LELOLW\��GLYHUVLW\��UHOHYDQFH�DQG�SUDFWLFDO�OHDUQLQJ��>$EEDV� (PDPL� � �� $OLUH]D� %RODQGQD]DU� DQG� 0RMWDED� 6DGLJKL�� 6WUHQJWKHQ� $GXOW� (GXFDWLRQ�� 0HWKRGV� DQG�3URFHGXUHV��/LIH�6FLHQFH�-RXUQDO�������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�
.H\ZRUGV��$GXOW�(GXFDWLRQ��OHDUQ���
,QWURGXFWLRQ��$GXOW�ZKR�LV�DEOH�WR�UHFRJQL]H�WKHLU�QHHGV��+H�LV�ZKR�NQRZV�ZKDW�ZLOO��5HIHUV�WR�LQGLYLGXDO�DGXOWV�LQ�WKHLU�OLYHV� FURVV� DQG� XQGHUVWDQG� WKHLU� UHVSRQVLELOLWLHV� DQG�KDV� DFFHSWHG� WKH� UROH� LV� VRFLDO�� $GXOW� OHDUQHUV� DUH�RIWHQ�WKRVH�WKDW�GLVWLQJXLVK�HDFK�RWKHU�DQG�KDYH�PDQ\�GLIIHUHQW� WDUJHWV� DW� WKH� VDPH� WLPH� DQG�ZLOO� IROORZ� D�FRPPRQ�FKDOOHQJH�WR�IXOILOO�WKH�JRDOV�RI�EXLOGLQJ�VHOI�PRWLYDWLRQ� YHFWRUV� DV� HGXFDWLRQDO�PDWHULDOV� WR� OHDUQ�DQG� XVH� WKH� IRUJH�� 6HYHUDO� GHILQLWLRQV� RI� DGXOW�HGXFDWLRQ�KDV�EHHQ�GRQH��&RPPXQLW\��x $GXOW� (GXFDWLRQ� LV� D½LQ� WKH� IROORZLQJ�H[DPSOHV�DUH�JLYHQ�RI�WKHP�� �FRQVFLRXV�HIIRUW�E\� SXEOLF� LQVWLWXWLRQV� RU� YROXQWDU\�RUJDQL]DWLRQV� WR� SURPRWH� FRPPXQLW\�DZDUHQHVV�FRPHV�DFWLRQ��x DGXOW�HGXFDWLRQ�WHDFKLQJ�LV�W\SLFDOO\�VSHFLILF�

DJH� JURXS� DERYH� WKH� OHJDO� DJH½ OLPLWV� DV�IRUPDO�DQG�LQIRUPDO��YROXQWDU\�DQG�DW�GLIIHUHQW�OHYHOV�RI�WLPH��SODFH�x $GXOW� (GXFDWLRQ� LV� D� SURFHVV� LQ� ZKLFK�
SHRSOH� ZKR½DQG� HGXFDWLRQ� LV� SUHVHQWHG���VRPHKRZ�EHHQ�FXW�FRXUVH� WKH\�FRQVFLRXVO\� WR�FKDQJH� RU� DGYDQFH� WKHLU� VNLOOV� LQ� LQIRUPDWLRQ�DQG�GR�RUJDQL]HG�DFWLYLWLHV��x $GXOW� HGXFDWLRQ� LQFOXGHV� DOO� IRUPDO� DQG�
LQIRUPDO� WUDLQLQJ�DQG�YROXQWHHU� DIWHU½ VFKRRO��ZKLFK�E\�H[SHULHQFHG�HGXFDWRUV�DQG�DZDUH�RI�WKH�V\VWHP����(GXFDWLRQDO�PDWHULDOV� RQ� DGXOW� HGXFDWLRQ�ZLWK� GDLO\�OLIH��QHHGV��JRDOV��DVSLUDWLRQV�DQG�SDVW�H[SHULHQFHV�RI�

DGXOWV� DQG� WKHLU� UHODWLRQVKLS�KHOSV� WR� UHVXOWV� OHDUQHG�LQ�OLIH�DQG�FDUHHU�DUH�XVHG��LQ�GHYHORSHG�FRXQWULHV��DGXOW� HGXFDWLRQ� LV�D� IRUP�RI�LQIRUPDO� HGXFDWLRQ� IRU� SHRSOH� DERYH� ��� \HDUV� LV�SUHVHQWHG��,Q�IDFW��D�PHDQV�RI�H[SDQGLQJ�NQRZOHGJH��VNLOOV�DQG�DELOLWLHV�RI�DGXOWV��,Q�WKHVH�FRXQWULHV��DGXOW�HGXFDWLRQ� KHOSV� DGXOWV� WR� YDULDEOH� FRQGLWLRQV� RI�SROLWLFDO�� VRFLDO�� HFRQRPLF� DQG� FXOWXUDO� DGMXVWPHQW��DQG�SD\�WR�IL[�WKHLU�VKRUWFRPLQJV��,Q� GHYHORSLQJ� FRXQWULHV� DQG� EDFNZDUG� EHFDXVH� WKH�SUREOHPV�LQ�SULPDU\�HGXFDWLRQ��ODFN�RI�UHVRXUFHV�DQG�IDFLOLWLHV�� SRYHUW\�� VRFLDO� H[LVWHQFH�� HFRQRPLF� DQG�FXOWXUDO� FRQFHSW� RI� DGXOW� HGXFDWLRQ� LV� GLIIHUHQW�� ,Q�VXFK�FRXQWULHV�WKH�FRQFHSW�RI�DGXOW�HGXFDWLRQ��OLWHUDF\�HGXFDWLRQ�LV��&RQFHSW� RI� DGXOW� HGXFDWLRQ� LQ� UHYROXWLRQDU\�FRXQWULHV�� LV� D� FRPELQDWLRQ� RI� WKHVH� WZR� FRQFHSWV��&KDQJHV�LQ�WKHVH�FRXQWULHV�GXH�WR�VRFLDO��SROLWLFDO�DQG�FXOWXUDO� UHYROXWLRQ�� UHVXOWLQJ� IURP�� OLWHUDF\� DQG�FRQWLQXLQJ�HGXFDWLRQ�QHFHVVDU\�WR�ILQG�EHFDXVH�RI�WKH�UHYROXWLRQ��WKHUH�LV�FXOWXUDO�SRYHUW\�RQ�WKH�RWKHU�KDQG�WKH� LPSOHPHQWDWLRQ� RI� GHYHORSPHQW� SODQV� DQG� WKH�QHHG� IRU� VNLOOHG� SHUVRQQHO� DUH� H[SHUW��*HQHUDO� DGXOW�HGXFDWLRQ� V\VWHP� EDVHG� RQ� HFRQRPLF� FRQGLWLRQV� ��VRFLDO� DQG� FXOWXUDO� FRPPXQLW\� LV� GLIIHUHQW� DQG� HDFK�VSHFLILF�JRDOV�ZLOO�IROORZ��*HQHUDO�REMHFWLYHV�RI�DGXOW�HGXFDWLRQ� DQG� OLWHUDF\� LQ� WZR� FDWHJRULHV� LV� GLYLGHG�LQWR�SURIHVVLRQDO�HGXFDWLRQ��
�$GXOW�FKDUDFWHULVWLFV���WR� XQGHUVWDQG� WKH� FKDUDFWHULVWLFV� RI� DGXOW� OHDUQHUV��WKHLU� PHQWDO� DQG� SK\VLFDO� FRQGLWLRQ� VKRXOG� EH�FRQVLGHUHG�LQ�WKH�IROORZLQJ�UHIHUUHG�WR�VRPH�RI�WKHP��
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2SHUDWLQJ�VSHHG���VORZ� UHDFWLRQ� LQ� DGXOWV� LV� QDWXUDO� WKDW� QHFHVVDULO\�PHDQV�UHGXFLQJ�WKH�ORJLF�DQG�SUDFWLFH�VNLOOV��QRW�GXH�WR� ZHDNQHVV� DQG� LQFUHDVHG� DZDUHQHVV� RI� QDWXUDO�IRUFHV�DQG�WKHLU�VNLOOV��
&RQVFLRXVQHVV���QR� VWLPXOXV� DQG� LQFHQWLYHV� HQFRXUDJLQJ�� GHVSLWH�LQKLELWLQJ� VWLPXOL�� VORZ� WUDQVIHU� UDWH�� PHQWDO�� DQG�ZHDN� LQKLELWRUV� RI� QDWXUDO� IRUFHV� �PRVWO\� YLVXDO� DQG�DXGLWRU\�� DUH� IDFWRUV� WKDW� VORZ� UHDFWLRQ� DIIHFW�LQGLYLGXDO�PHQWDO� DQG�FRJQLWLYH�DFWLYLWLHV��EXW�QHYHU�DEOH�WR�XQGHUVWDQG��XQGHUVWDQGLQJ�DQG�OHDUQLQJ�DELOLW\��ZKLFK� YDULHV� ZLWK� WKH� VSHHG� RI� OHDUQLQJ�� LV� QRW�UHOHYDQW��
+HDOWK���ZKDW�LV�PRVW�DJH��ORQJHU�GXUDWLRQ�LV�QHFHVVDU\�WR�EH�KHDUG� E\� OLVWHQLQJ� LVVXH�� :K\� LV� WKDW� ZKHQ� HOGHUO\�SHRSOH�DQG�ROG�FRXOG�QRW�KHDU�ZHOO��WKHLU�FRQILGHQFH�DQG�YXOQHUDEOH�WR�WKH�SRVVLELOLW\�WKDW�QHJDWLYH�EHOLHIV�DERXW�WKHLU�ILQG��WKH\�DUH�JUHDW��9LVXDO�DELOLWLHV�FDQ�EH�OLNH�RWKHU�SHRSOH��XVXDOO\�GHFUHDVHV�ZLWK�DJH��%DFNJURXQG� RI� NQRZOHGJH� �� VNLOOV� DQG� EHOLHIV� RI�DGXOWV���DGXOWV��VRFLDO�H[SHULHQFHV��PDQ\�KDYH�DOUHDG\�OHDUQHG�GLIIHUHQW� YDOXHV� DQG� EHOLHIV� LQ� WKHLU� SURQRXQV� KDYH�VWDELOL]HG��VR�FKDQJHV�LQ�WKH�QHZ�DFW�YHU\�FDXWLRXVO\��7KH� LGHD� RI� VXFK� D� PDQQHU� WKDW� VNLOO� DQG� DSSO\LQJ�WKHP� ROGHU� DQG� ORQJHU� OLIH� LV�� 6LPLODU� UHVLVWDQFH� WR�DFFHSW� QHZ� LGHDV� ZLOO� EH� PRUH� DQG� PRUH� VHYHUH��7KXV��WKH�DGXOW�FULWHULD�IRU�WKH�EXLOW�DQG�SDLG�IRU�WKHLU�LGHDV�DQG�EHOLHIV� WKDW� DUH� IRUPLQJ��%HFDXVH�RI� WKHVH�FULWHULD�DQG�WKH�EHOLHIV�WKDW�WKH\�DUH�DIUDLG�RI�IDLOXUH��7KHUHIRUH�� WR� SUHYHQW� LW�� VRPHWLPHV� DJDLQVW� WKH�UHVLVWDQFH� RI� QHZ� SKHQRPHQD� DUH� RQO\� WKH� PDWHULDO�WDXJKW�DQG�LWV�IDFH�WKDW�PDNH�UHLQIRUFHG�FRQFUHWH�DQG�WDQJLEOH�LQWHUIHUHQFH�VLWXDWLRQ�LV��
&KDUDFWHULVWLFV�RI�DGXOW�HGXFDWLRQ���IOH[LELOLW\�LQ�WLPH���,Q�WKH�SDVW��XVXDOO\�RQH�RI�WKH�REVWDFOHV�LQ�WKH�ZD\�RI�OHDUQLQJ� DQG� GHYHORSPHQW� RI� DGXOW� HGXFDWLRQ� ZDV�EHLQJ�LQIOH[LEOH�DQG�WLPH�FRXUVHV�ZHUH�SURJUDPV��%XW�QRZ�PRVW� FRXQWULHV� KDYH� WR� FRQVLGHU� WKDW� WKH� VSHHG�OLPLW�RI� WLPH�DQG� OHDUQLQJ�DELOLW\�DQG�IDFLOLWLHV�PXVW�EH� DGXOWV�� )OH[LELOLW\� LQ� WLPH� PHDQV� WKDW� QRW� RQO\�VKRXOG� WKH� WLPH� FODVVHV� DQG� SURJUDPV� IRU� DGXOWV� LV�DSSURSULDWH�� EXW� QHFHVVDU\� IDFLOLWLHV� VKRXOG� EH�SURYLGHG�IRU�LQGHSHQGHQW�VWXG\��
)OH[LELOLW\�LQ�WKH�ORFDWLRQ���2QH�RI�WKH�DVSHFWV�RI�IOH[LEOH�VSDFH�LV�WKDW�LQGLYLGXDOV�FDQ�� UHJDUGOHVV� RI� WKHLU� UHVLGHQFH� WR� WKH� VWXG\� DQG�DGYDQFLQJ� WKHLU� NQRZOHGJH� DQG� VNLOOV� SD\�� )RU�H[DPSOH��DGXOWV�LQ�UHPRWH�YLOODJHV�VKRXOG�OLNH�SHRSOH�ZKR� OLYH� LQ� WKH� FLW\� XVH� RI� HGXFDWLRQDO� SURJUDPV��$IWHU� IOH[LELOLW\� LQ� RWKHU� SODFHV� LV� WKDW� WKH� LVVXH� RI�VSHFLILFLW\� RI� ORFDWLRQ� LV� QRW� FRQVLGHUHG� SULPDULO\�HGXFDWLRQDO��

)OH[LELOLW\�LQ�DJH���(GXFDWLRQDO�RSSRUWXQLWLHV� IRU� FHUWDLQ�DJH� VKRXOG�QRW�XVH� LW� IRU� DOO� UHJDUGOHVV� RI� WKHLU� DJH�� LV� SRVVLEOH�� ,Q�IDFW�� HGXFDWLRQDO� SURJUDPV� PXVW� XVH� SHRSOH� RI�GLIIHUHQW�DJHV�WR�SUHSDUH��
)OH[LELOLW\�LQ�DGPLVVLRQ���1R� DGXOW� VKRXOG� QRW� RQO\� EH� GHSULYHG� RI� HGXFDWLRQ�EHFDXVH�RI�WKH�QHFHVVDU\�FRQGLWLRQV�IRU�DGPLVVLRQ�LQ�WKH� FODVV� GRHV�� 2I� FRXUVH� WKLV� LV� QRW� VXFK� D� SHUVRQ�ZLWKRXW�DFDGHPLF�UHFRUGV�WR�SDUWLFLSDWH�LQ�XQLYHUVLW\�FODVVHV�LV�DFFHSWHG��$GRSWLRQ�RUGHU�LV�WKDW�WKH�DGXOWV�LQ�HGXFDWLRQDO�SURJUDPV�DW�GLIIHUHQW�OHYHOV��DFFRUGLQJ�WR� WKH� SRVVLELOLW\� RI� XVLQJ� WKH� RSSRUWXQLW\� WKDW� LV�SURYLGHG� PXVW� EH� EDVHG� RQ� WKH� H[SHULHQFH� DQG�NQRZOHGJH�DQG�WKHLU�NQRZOHGJH�LV��
7R�FRPELQH�HGXFDWLRQ�DQG�MRE�UHVSRQVLELOLWLHV���$GXOWV� VKRXOG� EH� DEOH� WR� ZRUN� GXULQJ� WKDW� WLPH�HQJDJHG�LQ�WUDLQLQJ�FODVVHV�WDNH�WKHP��,Q�RWKHU�ZRUGV��WKHLU�SUHVHQFH�LQ�WKH�FODVV�VKRXOG�EH�FRQVLGHUHG�SDUW�RI�WKHLU�ZRUN��7KLV�PHDQV�WKDW�ORZ�OLWHUDWH�RU�LOOLWHUDWH�ZRUNLQJ�SHRSOH�ZKR�DUH�DOORZHG�WR�ZRUN�DQ�KRXU�RI�\RXU� GDLO\� VSHQGLQJ� VXUSDVVHG� SDUWLFLSDWLRQ� LQ�HGXFDWLRQDO�SURJUDPV��
:D\V�WR�6WUHQJWKHQ�$GXOW�(GXFDWLRQ����&UHDWH�D�FXOWXUH�WKDW�VXSSRUWV�DGXOW�VWXG\���� &RPPXQLFDWH� WKDW� OHDUQLQJ� LV� LQWULQVLF� WR� IDLWK�GHYHORSPHQW��/LIW�XS�RQJRLQJ�VWXG\�� LQFOXGLQJ�DGXOW�HGXFDWLRQ�� DV� DQ� HVVHQWLDO� IXQFWLRQ� RI� DQ\� &KULVWLDQ�FRPPXQLW\����� 5HLQIRUFH� WKH� H[SHFWDWLRQ� RI� VWXG\� SDUWLFLSDWLRQ�IURP�WKH�SXOSLW�DQG�ZLWK�QHZ�PHPEHUV�����0DNH�%LEOH�VWXG\�D�SDUW�RI�RWKHU�FKXUFK�DFWLYLWLHV�VXFK�DV�FRPPLWWHH�PHHWLQJV�DQG�PLVVLRQ�DFWLYLWLHV����� 8VH� VFULSWXUH� PHDQLQJIXOO\� LQ� ZRUVKLS�� 'RQ¶W�DVVXPH� \RXU� ZRUVKLSSHUV� NQRZ� WKH� FRQWH[W� RI� WKH�SDVVDJHV� UHDG�� 8VH� VHUPRQV� DV� DQ� RSSRUWXQLW\� WR�WHDFK�WKH�%LEOH��
��� 2IIHU� D� YDULHW\� RI� IRUPDWV�� VFKHGXOHV�� DQG�DSSURDFKHV���� ([SHULPHQW� ZLWK� D� YDULHW\� RI� WLPHV� ��� 6XQGD\�PRUQLQJ� FODVVHV��ZHHNQLJKW� JURXSV�� UHWUHDWV�� RQHGD\�HYHQWV�� DQG� EUHDNIDVW�KRXU� RU� QRRQ�WLPH� FODVVHV� ±�GHSHQGLQJ�RQ�OLIHVW\OHV�LQ�\RXU�FRQJUHJDWLRQ�����&RQVLGHU�VFKHGXOLQJ�VRPH�FODVVHV�RU�VPDOO�JURXSV�LQ� KRPHV� RU� RWKHU� FRPPXQLW\� ORFDWLRQV�� &KULVWLDQ�HGXFDWLRQ�GRHVQ¶W�KDSSHQ�RQO\�LQ�FKXUFK�EXLOGLQJV�����6WDUW� QHZ� VWXGLHV� DQG�JURXSV�RIWHQ��'HVSLWH� WKHLU�EHVW� LQWHQWLRQV�� RQJRLQJ� JURXSV� KDYH� D� WHQGHQF\� WR�EHFRPH� FOLTXLVK��1HZFRPHUV� DUH� IDU�PRUH� OLNHO\� WR�IHHO�FRPIRUWDEOH�MRLQLQJ�VRPHWKLQJ�QHZ����� +DYH� DV� \RXU� JRDO� D� %LEOH� VWXG\� SURJUDP� WKDW�H[SRVHV�FKXUFK�PHPEHUV�WR�WKH�HQWLUH�ELEOLFDO�ZLWQHVV�RYHU�WLPH����� 5HFRJQL]H� GLIIHUHQW� OHDUQLQJ� VW\OHV� DPRQJ�LQGLYLGXDOV� DQG� DJH� JURXSV�� 2OGHU� IRONV� WHQG� WR� EH�PRVW� FRPIRUWDEOH� ZLWK� WUDGLWLRQDO� FODVVURRP�
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VWUXFWXUHV��%RRPHUV�DUH�LQFOLQHG�WR�TXHVWLRQ�DXWKRULW\�DQG� HQMR\� GLVFXVVLRQ�� <RXQJHU� SHUVRQV� DUH� PRUH�DFFXVWRPHG� WR� PHGLD� DQG� WHFKQRORJ\� DQG� SUHIHU� D�IDVW�SDFHG��LQIRUPDO�VW\OH������ 0DNH� XVH� RI� D� YDULHW\� RI� GLIIHUHQW� DSSURDFKHV��LQFOXGLQJ� OHFWLRQDU\�EDVHG� VWXGLHV�� WRSLFDO� VWXGLHV��FKDUDFWHU�VWXGLHV��HWF������ ,QFRUSRUDWH� GLIIHUHQW� OHDUQLQJ� VWUDWHJLHV�� VXFK�DV�UROH�SOD\LQJ��GUDPDWL]DWLRQ��JXLGHG�PHGLWDWLRQ�� HYHQ�PHPRUL]DWLRQ������&KXUFKHV�WRR�VPDOO�IRU�D�ODUJH�QXPEHU�RI�JURXSV�FDQ�YDU\� WKHLU� DSSURDFK�E\� URWDWLQJ�GLIIHUHQW� VWXGLHV�DQG�FXUULFXOD�ZLWK�JURXSV������ 'RQ¶W� WHDFK� ³DERXW´� WKH� %LEOH� LQ� D� ZD\� WKDW�GRHVQ¶W� DOORZ� SHRSOH� WR� HQFRXQWHU� WKH� WH[WV� IRU�WKHPVHOYHV��(QFRXUDJH�LQGLYLGXDO�UHDGLQJ�RU�PDNH�LW�SDUW�RI�WKH�JURXS¶V�WLPH�WRJHWKHU������ (QFRXUDJH� DFWLYH�� GLVFXVVLRQ�EDVHG� OHDUQLQJ��%UHDN�LQWR�VPDOO�FRQYHUVDWLRQ�JURXSV�IUHTXHQWO\������$OORZ�IRU�GLYHUVLW\�LQ�SHUVSHFWLYHV������ (QFRXUDJH� WKH� XVH� RI� D� YDULHW\� RI� GLIIHUHQW�ELEOLFDO�WUDQVODWLRQV��7KRVH�OHVV�H[SHULHQFHG�LQ�%LEOH�VWXG\�PD\�ILQG�LW�KHOSIXO�WR�UHDG�IURP�D�SDUDSKUDVH��
����0HHW�SHRSOH�ZKHUH�WKH\�DUH����� $FNQRZOHGJH� ELEOLFDO� LOOLWHUDF\� DPRQJ� PDQ\�DGXOW� FKXUFK�JRHUV� ±� HYHQ� WKH� ZHOO�HGXFDWHG� ±� DQG�VWULYH�IRU�PHWKRGV�WKDW�VWUDGGOH�WKLV�SDUDGR[������5HFRJQL]H�WKDW�VRPH�EHJLQQHUV�ZLOO�EH�WXUQHG�RII�E\� ³KRPHZRUN�´� 8VH� YLGHRV�� LQ�FODVV� UHDGLQJV��GUDPDWL]DWLRQV��RU�DXGLR�WDSHV�DV�DOWHUQDWLYH�ZD\V�RI�JHWWLQJ� HYHU\RQH� ³RQ� WKH� VDPH� SDJH´� DQG� UHDG\� IRU�GLVFXVVLRQ�� DOO� WKH� ZKLOH� HQFRXUDJLQJ� WKH� KDELW� RI�GDLO\�VFULSWXUH�UHDGLQJ������ 3URYLGH� VKRUW�WHUP� FODVVHV� IRU� WKRVH�ZKR�ZRQ¶W�FRPPLW� WR� D� ORQJ�WHUP� VWXG\� RU� RQJRLQJ� FODVV�� EXW�PDNH�WKHVH�VKRUW�WHUP�OHDUQLQJ�H[SHULHQFHV�³VWHSSLQJ�VWRQHV´�WRZDUG�JUHDWHU�LQYROYHPHQW������&RQGXFW�³WDVWHU´�FODVVHV�IRU�WKRVH�ZKR�ZDQW�WR�WU\�RXW� WKH� H[SHULHQFH� EHIRUH� WKH\� FRPPLW� WR� LW�� 6HOHFW�WRSLFV�WKDW�ZLOO�DSSHDO�WR�WKRVH�QHZ�WR�%LEOH�VWXG\������ %UHDN� DQ� RQJRLQJ� FODVV� LQWR� VKRUWHU�� GHILQHG�VHJPHQWV�� HDFK�ZLWK�D�FOHDUO\� LGHQWLILHG�IRFXV��:LWK�HDFK�QHZ�VHJPHQW�� WDNH� WKH�RSSRUWXQLW\� WR�SXEOLFL]H�WKH�WRSLF�DQG�LQYLWH�QHZFRPHUV������ 7HDFK� VWHZDUGVKLS� RI� WLPH� WR� FRXQWHUDFW�³EXV\QHVV�´� -XVW� DV� ZLWK� ILQDQFLDO� VWHZDUGVKLS��SHUVRQV� QHHG� WR� EH� HQFRXUDJHG� WR� PDNH� &KULVWLDQ�HGXFDWLRQ� D� SULRULW\�� (QFRXUDJH� ³ILUVW� IUXLWV´�FRPPLWPHQWV�RI�WLPH������ %H� FOHDU� DERXW� H[SHFWDWLRQV� ZLWK� UHJDUG� WR�DWWHQGDQFH��SDUWLFLSDWLRQ��DQG�SUHSDUDWLRQ��
�
���3URPRWH�SDUWLFLSDWLRQ�HIIHFWLYHO\�

���� /LQN� JURXS� VWXG\� WRSLFV� WR� VHUPRQ� VHULHV� DQG�HQFRXUDJH�SDUWLFLSDWLRQ�IURP�WKH�SXOSLW������ (PSKDVL]H� VWXG\� GXULQJ� /HQW�� 6HOHFW� D� WRSLF� RU�FXUULFXOXP�IRU�FKXUFK�ZLGH� VWXG\�GXULQJ� WKLV�SHULRG�DQG� HQFRXUDJH� DOO� WR� WDNH� SDUW�� 7LH� WKH� WRSLF� LQWR�SUHDFKLQJ�DQG�ZRUVKLS������/LIW�XS� VWXG\� OHDGHUV�DQG�SDUWLFLSDQWV��&HOHEUDWH�HYHU\� WLPH� D� QHZ� JURXS� VWDUWV� RU� FRPSOHWHV� D� VWXG\�SURJUDP�� 8VH� WKH� QHZVOHWWHU�� D� SKRWR� ERDUG�� RU� D�GHGLFDWLRQ�VHUYLFH�LQ�ZRUVKLS������$VN�FODVV�PHPEHUV�WR�ZULWH�D�QHZVOHWWHU�DUWLFOH�RU�WHVWLI\� DERXW� WKH� VLJQLILFDQFH� RI� WKHLU� OHDUQLQJ�H[SHULHQFHV������ 5HPHPEHU� WKDW� SHUVRQDO� LQYLWDWLRQV� DUH� XVXDOO\�WKH�PRVW�HIIHFWLYH�ZD\�RI�JHWWLQJ� VRPHRQH� LQYROYHG�LQ�DQ\�DFWLYLW\������&DSLWDOL]H�RQ�WKH�FXUUHQW�SRSXODULW\�RI�ERRN�FOXEV�DQG� ILOPV� E\� FUHDWLQJ� RSSRUWXQLWLHV� IRU� WKRVH� ZKR�HQMR\� WKHVH� DFWLYLWLHV�� &KHFN� RXW� ³5HHO� 7LPH´� IURP�&RNHVEXU\��
����)RVWHU�VWURQJ�OHDGHUVKLS����� 5HFUXLW� OHDGHUV� DV� WKH� ILUVW� VWHS� WRZDUG� IRUPLQJ�JURXSV�� *URXSV� ZLOO� RIWHQ� IRUP� DURXQG� D� JLIWHG�OHDGHU������6WUHVV�WKH�JURXS�OHDGHU¶V�UROH�DV�IDFLOLWDWRU��UDWKHU�WKDQ� WHDFKHU�� 6HWWLQJ� XS� RQH� SHUVRQ� DV� ³WKH� H[SHUW´�FUHDWHV� D� SRRU� JURXS� G\QDPLF� DQG� GLVFRXUDJHV� QHZ�SHRSOH� IURP� VWHSSLQJ� LQWR� OHDGHUVKLS�� 7KLQNLQJ� RI�JURXS�OHDGHUV�DV�IDFLOLWDWRUV�DOORZV�6FULSWXUH�DQG�WKH�+RO\�6SLULW�WR�GR�WKH�WHDFKLQJ������ ([SHFW� \RXU� SDVWRU� WR� PRGHO� WKH� LPSRUWDQFH� RI�RQJRLQJ�DGXOW�HGXFDWLRQ�E\�OHDGLQJ�DQG�SDUWLFLSDWLQJ�LQ�VWXG\��EXW�GRQ¶W� UHLQIRUFH�WKH�QRWLRQ�WKDW�RQO\�WKH�RUGDLQHG�FDQ�OHDG�VWXG\�JURXSV������ 7DNH� DGYDQWDJH� RI� WKH� OHDGHU� WUDLQLQJ�RSSRUWXQLWLHV� SURYLGHG� LQ� FRQMXQFWLRQ� ZLWK� PDQ\�SRSXODU�VWXG\�FXUULFXOD������ 3URYLGH� RULHQWDWLRQ� DQG� RQJRLQJ� VXSSRUW� IRU�JURXS�OHDGHUV������7UDLQ� OHDGHUV� LQ�JURXS�SURFHVV� VR� WKH\�FDQ�NHHS�WKHLU�JURXSV�RQ� WUDFN�� EHLQJ� VHQVLWLYH� WR� WKH�QHHG� WR�NHHS�PRUH�RXWVSRNHQ�SDUWLFLSDQWV�LQ�FKHFN�DQG�GUDZ�RXW�WKH�PRUH�UHVHUYHG�XVLQJ�SKUDVHV�OLNH��³/HW¶V�KHDU�IURP�VRPH�RI�WKH�RWKHUV�´�RU�³<RX�ORRN�OLNH�\RX�KDYH�VRPHWKLQJ�WR�VD\�´�����(PSKDVL]H�WKH� LPSRUWDQFH�RI�OHDGHU�SUHSDUDWLRQ��HVSHFLDOO\� PDSSLQJ� RXW� GLVFXVVLRQ� TXHVWLRQV� LQ�DGYDQFH������(QFRXUDJH� WHDP� OHDGHUVKLS�� ([SHULHQFHG� OHDGHUV�VKRXOG� LQYLWH� D� QHZHU� SHUVRQ� WR� SDLU� ZLWK� WKHP� LQ�OHDGLQJ� JURXSV� WR� GHYHORS� WKH� OHVV� H[SHULHQFHG�OHDGHU������ 5RWDWH� WKH� OHDGHUVKLS� UHVSRQVLELOLW\� ZLWKLQ� D�JURXS�VR� WKDW� DOO�SDUWLFLSDQWV� JHW� H[SHULHQFH� OHDGLQJ�VHVVLRQV��
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���� .QRZ� WKDW� 6XQGD\� 6FKRRO� FODVVHV� DQG� VPDOO�JURXSV� DUH� RQH� RI� WKH� EHVW� SODFHV� WR� GHYHORS� OD\�OHDGHUV� DQG� OD\� UHODWLRQVKLSV� WKDW� VWUHQJWKHQ� WKH�FKXUFK��
����8VH�UHVRXUFHV�HIIHFWLYHO\����� 6WD\� DEUHDVW� RI� QHZ� UHVRXUFHV�� LQFOXGLQJ� WKRVH�DYDLODEOH�IURP�RWKHU�GHQRPLQDWLRQV�RU�WUDGLWLRQV�DQG�WKH�VHFXODU�SUHVV������'RQ¶W�EH�DIUDLG� WR� LQWURGXFH�LGHDV�DQG� UHVRXUFHV�IURP�D�YDULHW\�RI� WKHRORJLFDO�SHUVSHFWLYHV��7UXVW� WKH�GLVFHUQPHQW�DELOLWLHV�RI�LQGLYLGXDOV�DQG�WKH�JURXS������8VH�ZRUNERRN�VW\OH�VWXGLHV�FUHDWLYHO\��1RWKLQJ�LV�PRUH� ERULQJ� WKDQ� D� OHVVRQ� UHDG� VWUDLJKW� RXW� RI� D�OHDGHU¶V� PDQXDO�� )LQG� ZD\V� WR� PDNH� SUH�SDFNDJHG�OHVVRQ�SODQV�FRPH�DOLYH������ 8VH� YLGHRV� WR� EULQJ� H[SHUW� SHUVSHFWLYHV� WR� EHDU�DQG� WR� JHW� HYHU\RQH� ³RQ� WKH� VDPH� SDJH´� IRU�GLVFXVVLRQ��%XW�DYRLG�FODVV�VHVVLRQV�WKDW�DUH�QR�PRUH�WKDQ� YLHZLQJ� D� YLGHR�� RU� SDUWLFLSDQWV� ZLOO� VRRQ�ZRQGHU� ZK\� WKH\� VKRXOGQ¶W� VWD\� KRPH� DQG� ZDWFK�WKHLU�RZQ�79������&UHDWH�D�UHVRXUFH�FHQWHU�ZLWK�UHIHUHQFH�PDWHULDOV��PDSV�� DQG� RWKHU� LWHPV� WR� VXSSRUW� \RXU� OHDGHUV� DQG�SDUWLFLSDQWV������ 'RQ¶W� DOORZ� \RXU� FKXUFK� OLEUDU\� WR� EHFRPH� D�PXVHXP�� 8SGDWH� WKH� FROOHFWLRQ�� 2IIHU� ERRNV� DQG�UHVRXUFHV�OLQNHG�WR�VHUPRQ�WRSLFV�DQG�FRQJUHJDWLRQDO�VWXG\�WKHPHV������ &RQVLGHU� D� ERRN� VDOHV� NLRVN� DQG� VWRFN� LW� ZLWK�WKLQJV� \RX¶G� OLNH� \RXU� FRQJUHJDQWV� WR� EH� UHDGLQJ��0DQ\� EXV\� SHRSOH� ZRXOG� UDWKHU� EX\� D� ERRN� WKDQ�ZRUU\�DERXW�GXH�GDWHV�DQG�OLEUDU\�ILQHV��
����6WUHVV�VSLULWXDO�IRUPDWLRQ����� 5HPHPEHU�� WKH� JRDO� LV� IRUPDWLRQ�� QRW�LQIRUPDWLRQ�� (YHU\� FODVV� VKRXOG� EH� GHOLEHUDWH� LQ�KHOSLQJ�PHPEHUV�DFFHSW�*RG¶V�JUDFH��JURZ� LQ� IDLWK��GHHSHQ�WKHLU�UHODWLRQVKLS�WR�WKH�&KULVWLDQ�FRPPXQLW\��DQG�DQVZHU�&KULVW¶V�FDOO�WR�GLVFLSOHVKLS������,QFOXGH�SUD\HU�DV�SDUW�RI�HYHU\�VWXG\�VHVVLRQ�DQG�HQFRXUDJH� JURXS� PHPEHUV� WR� SUD\� IRU� RQH� DQRWKHU�GDLO\������(QFRXUDJH�D�FRYHQDQWDO�UHODWLRQVKLS�ZLWKLQ�VWXG\�JURXSV������ 1XUWXUH� D� VHQVH� RI� &KULVWLDQ� FRPPXQLW\� DQG�FRQQHFWHGQHVV�ZLWKLQ�JURXSV��$�6XQGD\�6FKRRO�FODVV�RU� VPDOO� JURXS� FDQ� EH� D� ³KRPH´� IRU� LQGLYLGXDOV�ZLWKLQ�D�ODUJHU�FKXUFK���
&RQFOXVLRQ��$GXOW�OHDUQHUV�KDYH�D�GLIIHUHQW�DSSURDFK�WR�OHDUQLQJ��%\�WKH�WLPH�\RX�UHDFK�DGXOWKRRG��\RX¶UH�PRVW� OLNHO\�UHVSRQVLEOH� IRU� \RXU� RZQ� VXFFHVV� DQG� \RX¶UH�SHUIHFWO\�FDSDEOH�RI�PDNLQJ�\RXU�RZQ�GHFLVLRQV�RQFH�\RX�KDYH�WKH�LQIRUPDWLRQ�\RX�QHHG��

$GXOWV�OHDUQ�EHVW�ZKHQ�OHDUQLQJ�LV�IRFXVHG�RQ�WKHP��QRW�WKH�WHDFKHU��7KLV�LV�FDOOHG�DQGUDJRJ\� WKH�SURFHVV�RI�KHOSLQJ�DGXOWV�OHDUQ��0DOFROP� .QRZOHV�� D� SLRQHHU� LQ� WKH� VWXG\� RI� DGXOW�OHDUQLQJ��REVHUYHG�WKDW�DGXOWV�OHDUQ�EHVW�ZKHQ��

��� 7KH\� XQGHUVWDQG� ZK\� VRPHWKLQJ� LV�LPSRUWDQW�WR�NQRZ�RU�GR������ 7KH\�KDYH�WKH�IUHHGRP�WR�OHDUQ�LQ�WKHLU�RZQ�ZD\������ /HDUQLQJ�LV�H[SHULHQWLDO����� 7KH�WLPH�LV�ULJKW�IRU�WKHP�WR�OHDUQ������ 7KH�SURFHVV�LV�SRVLWLYH�DQG�HQFRXUDJLQJ��
7\SHV�RI�FRQWHQW�DQG�HGXFDWLRQDO�UHVRXUFHV�LQ�YDULRXV�SDUWV� RI� DGXOW� FXUULFXOXP� PDWHULDOV� PRWLYDWLRQDO�ERRN�� FRXUVH� PDWHULDOV�� VXSSOHPHQWDU\� PDWHULDOV��WUDFN� PDWHULDOV� �FRQWLQXHG�� SDUWLFLSDWRU\� IRUP� DQG�PDWHULDOV��,QFHQWLYHV�DLPHG�DW�SURYLGLQJ�FRQWHQW� WKDW�DXGLHQFHV�DUH�SURGXFHG�SULPDULO\� WR�DWWUDFW�GLIIHUHQW�JURXSV� RI� DGXOWV� LQWHUHVWHG� LQ� GHVLJQ�� VR� WKDW� WKHLU�SDUWLFLSDWLRQ� LQ� OHDUQLQJ� SURJUDPV� DUH� HQFRXUDJHG��0RWLYDWLRQDO�WUDLQLQJ�PDWHULDOV�IRU�OHDUQHUV�DQG�KDYH�JUHDW� LPSRUWDQFH� HYHQ� LQ� VXSSRUW� RI� VXFFHVVIXO�DSSOLFDWLRQV�RYHU�OHDUQHUV��SODQQHUV�DQG�H[HFXWRUV�IRU�HGXFDWLRQDO�SURJUDPV�LV�LPSRUWDQW��0DWHULDO� RIWHQ� VHW� GLIIHUHQW� W\SHV� RI� PDWHULDOV� DQG�HGXFDWLRQDO� FRQWHQW� LQ�ERRNV� DQG�SDPSKOHWV�� ERRNV��WUDLQLQJ� JXLGHV�� WUDLQHUV�� HTXLSPHQW� DX[LOLDU\� DXGLR��YLVXDO� DQG� PDWHULDO� DUH� LQFOXGHG� VXFK� WKDW� GXULQJ�DFWXDO�WHDFKLQJ�VHVVLRQV��DUH�XVHG�LQ�WKH�WUDQVPLVVLRQ�DQG�FRQWHQW�EXW�DOVR� WR�DFKLHYH� WKH�JRDOV� RI�PDNLQJ�HGXFDWLRQ�SURJUDPV�DUH�LPSRUWDQW��6RPH�UHVHDUFK�ILQGLQJV�WKDW�FDQ�EH�D�OHDUQLQJ�SURFHVV�IRU�WKH�*XLGHOLQHV�IRU�WUDLQLQJ�RSHUDWLRQV�DUH�DSSOLHG��LV�JLYHQ�EHORZ����� �� 3UHSDUDWLRQ� IRU� DGXOWV� WR� OHDUQ� KRZ� PXFK� KH�GHSHQGV� RQ� SUHYLRXV� OHDUQLQJ�� .QRZOHGJH� WKDW� KDV�DFFXPXODWHG� EHFDXVH� RI� DQ� DELOLW\� WR� DEVRUE� QHZ�LQIRUPDWLRQ� PRUH� SHUVRQ� LV�� 3DVW� HGXFDWLRQDO�H[SHULHQFH�IHDWXUHV�D�GLYHUVH�JURXS�RI�DGXOW�OHDUQHUV��WKH� VWDUWLQJ� SRLQW� RI� DQ\� DFWLYLW\� RQ� WKH� GLYHUVLW\�WUDLQLQJ�LV�HPSKDVL]HG����� LQWULQVLF�PRWLYDWLRQ�� OHDUQLQJ� D� GHHSHU� DQG�PDNH�WKHP� VXVWDLQDEOH��:KHQ� WKH� QHHG� LV�PHW� GLUHFWO\� E\�WKH� OHDUQLQJ� LWVHOI�� ZKDW� LV� OHDUQHG�� EXW� LV�FRPSOHPHQWDU\� OHDUQLQJ��&UHDWLQJ�D� WUDLQLQJ�DFWLYLW\�LQ�DGXOW�OHDUQLQJ�QHHGV��OHDUQLQJ�HQVXUHV�VWDEOH���� 3RVLWLYH� UHLQIRUFHPHQW� �UHZDUG�� OHDUQLQJ� WR�UHLQIRUFH�WKH�QHJDWLYH��SXQLVKPHQW��LV�PRUH�HIIHFWLYH��0DQ\� DGXOWV� EHFDXVH� RI� QHJDWLYH� H[SHULHQFHV� DW� WKH�EHJLQQLQJ�RI�VFKRROLQJ��DUH�ZHDN�DQG�DIUDLG��)HHOLQJ�RI� VXFFHVV� LQ� DGXOW� OHDUQLQJ� IRU� FRQWLQXRXV� OHDUQLQJ�DQG�DGXOW�SDUWLFLSDWLRQ�LV�HVVHQWLDO��
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Abstract: Purpose: Smoking is an independent risk factor that has dose-response effect. The goal of the present 
work is to study the biophysical and biological effects of smoking on the crystalline lens of the rabbits. Materials 
and methods: Twenty New Zealand albino rabbits used in this study were classified into five groups in which group 
I (n=4) served as control. The other groups were exposed to different durations of cigarette smoke (five cigarettes 
per day). Animals were decapitated after 2, 4, 6 and 8 weeks and soluble lens proteins were separated and the 
following measurements were carried out: estimation of total soluble protein, refractive index measurement, sodium 
dodocyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and determination of sodium, calcium and 
potassium concentrations. Results: The results showed that, exposure of the animals to cigarette smoke resulted in 
decrease of the protein concentration and potassium content that was accompanied by an increase in the refractive 
index of the soluble lens proteins and an increase in sodium and calcium content. In addition, there were changes in 
the molecular structure of soluble lens proteins demonstrated by SDS-PAGE. Conclusion:  smoking causes 
morphological and functional changes to the lens that may lead to cataract. 
[Eman M.Aly and Eman S. Elabrak. Lens Protein Changes Associated With Cigarette Smoking. Life Science 
Journal. 2011;8(2):553-558] (ISSN:1097-8135). http://www.lifesciencesite.com. 
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1. Introduction 

Cigarette or tobacco smoking is a well-
recognized major risk factor for a wide range of 
diseases, such as cardiovascular, respiratory, and 
malignant diseases(1).  Human(2,3,4) and animal 
studies(5,6,7) have demonstrated that maternal smoking 
has several detrimental and teratogenic impacts on 
pregnancy and its outcomes such as placental 
insufficiency, foetal growth retardation, low birth 
weight, foetal brain damage, and sudden infant death 
syndrome. Smoking also has adverse ocular effects. It 
has been shown to be a risk factor for many common 
and severe eye diseases, such as Graves’ 
ophthalmopathy(8), age related macular degeneration 
(9), glaucoma (10), and cataract (11,12,13). Many of these 
diseases lead to irreversible blindness. The 
epidemiological relationship between smoking and 
cataracts has been well studied by case-controlled 
(14,15), cross-sectional (16,18), and prospective studies 
(19-20). There is a dose-response relationship between 
the cumulative amount of smoking and the risk of 
nuclear cataract developing (21). A major teratogenic 
component of tobacco smoke responsible for adverse 
effects is nicotine. A typical smoker using 20 
cigarettes a day will absorb about 0.3 mg/kg nicotine 
daily, resulting in peak plasma nicotine 
concentrations in the range of 10 to 50 ng/ml(22,23,24).  
The present work deals with the biophysical and 
biological effects of smoking on the crystalline lens 
of the rabbits after different periods of exposure 
namely 2, 4, 6 and 8 weeks to provide support for the 

hypothesis that cigarette smoking increases the risk 
of cataract formations. 
 
2. Materials and methods 

Twenty New Zealand albino rabbits with an 
average body weight of 2.5±0.5 Kg were selected 
from the animal house facility at the Research 
Institute of Ophthalmology, Giza, Egypt. The 
research protocol was approved by the local ethical 
committee that applies the ARVO (THE 
ASSOCIATION FOR RESEARCH IN VISION 
AND OPHTHALMOLOGY) statements for using 
animals in ophthalmic and vision research. The 
animals were classified into five groups in which 
group I (n=4) served as control. The other groups 
were exposed to cigarette smoke (five cigarettes per 
day) (25) by using eye speculum to insure that their 
eyes were exposed to smoke. Groups II, III, IV and V 
were exposed to smoke for 2, 4, 6 and 8 weeks, 
respectively. Animals were decapitated after different 
periods of exposure and eyes were enucleated. Then, 
the lenses were freed from the eye. The lenses 
without their capsules were weighed, homogenized 
separately in de-ionized water and centrifuged at 
16,000 rpm to extract soluble lens proteins then 
stored at -20oC for the following measurements. 
Estimation of total soluble lens proteins: 

Total proteins in the soluble part of the 
crystalline lens were determined by the method of 
Lowry et al.(26). 
Refractive index: 
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The refractive index of native soluble lens 
protein was measured using Abb's-refractometer 
attached with temperature control unit type W Lauda 
(Germany).  
SDS polyacrylamide gel electrophoresis: 

Soluble lens proteins were separated according 
to their molecular weights by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
according to Laemmli(27) using 5% stacking gel and 
12% separating gel. The data represented graphically 
with an automatic scanner (model R-112, 
manufactured by Beckman). 
 
Sodium (Na+), Potassium (K+) and calcium (Ca++) 
content: 

Sodium, potassium and calcium content in lens 
homogenate were recorded using atomic absorption 
spectroscopy in order to study the membrane 
permeability of the lens. 
 Statistical analysis:  

Data were expressed as the mean ± SD. 
Comparison between groups was performed using 
analysis of variance (ANOVA), commercially 

available statistical software package (SPSS-11, for 
windows) was used where the significance level was 
set at p<0.05. 
 
3. Results: 

Fig (1) shows the total soluble lens proteins of 
control and exposed rabbits to cigarette smoking after 
2, 4, 6 and 8 weeks. The protein concentration in 
control (group I) was 290.7±3.5 mg/g lens tissue wet 
weight. After 2 week of exposure to smoke the 
protein content was 288.1±3.9 that indicate no 
change in group II. But the rest of exposed animals' 
groups  show a significant decrease  in the soluble 
lens protein content to 280±4 (group III), 260.4±5.2 
(group IV) and 255±4.3 (group V) after  4, 6 and 8 
weeks, respectively.  
Fig (2) shows the refractive index of soluble lens 
protein for control and after exposure to smoke for all 
periods. It is clear from the figure that the groups 
exposed to smoke were characterized by an increase 
in the refractive index relative to control, except 
group II.  
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Panel (a) of Fig (3) shows the electrophoretic patterns 
of lens proteins for control rabbits, it was 
characterized by the presence of 10 peaks, which 
reflect the different soluble protein fractions with 
specific intensities and broadening that covered the 
molecular weight range 39 – 178 KDa. In panel (b) of 
fig (3), the patterns of lens proteins for group II 
which were exposed to cigarette smoke for 2 weeks 
revealed no change in the electrophoretic mobility 
and the intensity of all peaks proteins fractions.  After 
4 weeks of exposure to cigarette smoke (panel c of 
fig 3), the pattern revealed some shift to high 
molecular weight for all fractions and covered the 
molecular weight range 42-183 KDa. Also a decrease 
in the intensity of the 75 KDa peak is observed to be 
0.1 compared to the control which is 0.17.  Panels (d) 
and(e) of fig (3) shows the electrophoretic pattern of 
soluble lens proteins for animals exposed to cigarette 
smoke for 6 and 8 weeks, respectively. The two 

patterns revealed propagation of the same 
phenomenon; shift in all fractions to high molecular 
weight and covered the molecular weight range 40-
185 KDa and 65-195 KDa after exposure to smoke 
for 6 and 8 weeks, respectively. Panel (d) 
characterized by decrease in the intensity of low 
fractions mobile groups.  Also panel (e) (8 weeks 
exposure to smoke) is characterized by reduction of 
fractions to 9 peaks. 

The cigarette smoke influence on the 
concentration of cations in the lens protein 
homogenates was illustrated in Figs 4-6. Sodium, 
Ca++ and K+ concentrations did not change after 2 
weeks of exposure to cigarette smoke. Four, 6 and 8 
weeks of exposure produced a remarkable increase of 
both Na+ and Ca++ concentrations in exposed rabbits 
(Fig 4, 5). On the contrary exposure to cigarette 
smoke caused a pronounced decrease of K+ 
concentration with respect to control samples (Fig 6). 
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Fig3. Electrophoretic pattern for (a) control animals, (b), (c),(d) and (e) animals exposed to cigarette smoking 

for 2,4,6 and 8 weeks, respectively 
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4. Discussion 

Cigarette smoke contains numerous organic and 
metallic compounds emitted as gases and condensed 
tar particles, many of them being oxidants and 
prooxidants, capable of producing reactive oxygen 
species (ROS). These chemically ROS are known to 
be present or formed in cigarette smoke which may 
lead to modification of biological macromolecules (28). 
Smoking causes morphological and functional 
changes to the lens due to its atherosclerotic and 
thrombotic effects on the ocular capillaries. Smoking 
also enhances the generation of free radicals and 
decreases the levels of antioxidants in the blood 
circulation, aqueous humour, and ocular tissue. Thus, 
the eyes are more at risk of having free-radical and 
oxidation attacks in smokers.  

Total soluble lens proteins of the rabbits lens 
and refractive index were quantitatively changed after 
exposure to cigarette smoke more than 2 weeks. 
These changes may give an interpretation about the 
appearance of high molecular weight aggregates 
which could be attributed to the formation of new 
protein molecules that differ from the native protein 
of the control lens.  Also these changes are supported 
by the electrophoretic studies in which shift of all 
fractions to high molecular weight due to either loss 
of surface charge or increase in the molecular weight. 
 The present study supports the hypothesis that 
damage to lens cell membrane affects ion exchange 
mechanisms with associated formation of cataract 
(29,30).  It has been demonstrated that in cataract 
formation there is a significant increase in lens 
cytosolic calcium and sodium concentrations, 
together with a decrease in cytosolic potassium levels 
(31) .The results obtained in our study suggest that 
increased levels of calcium and sodium and 
decreased levels of potassium are related to the 
oxidative damage of cigarette smoking relative to the 

period of smoking time. Duncan et al.(32) studied the 
physiological status of human eye lens membranes of 
different ages in the population. One likely 
mechanism of cataract formation is oxidation and 
precipitation of lens proteins. Smoking may increase 
the oxidative stress in the lens that increases lipid 
peroxidation and decreases plasma antioxidant levels. 
The relationship between smoking and cataracts has 
been well studied (14,16,19). There is a dose-response 
relationship between the cumulative amount of 
smoking and the risk of nuclear cataract developing 
(21). Heavy smokers are more at risk than other groups. 
The cigarette smoking contributes to the formation of 
cataracts in two ways. First, free radicals present in 
smoke assault the eye directly, potentially damaging 
lens proteins and fiber cell membrane in the lens. 
Second, smoking reduces the body's levels of 
antioxidants and certain enzymes which may help 
remove damaged protein from the lens. 

In conclusion, Smoking -if continued- may lead 
to cataract, perpetuate further ocular damage and lead 
to permanent blindness. Cessation of smoking and 
avoidance of passive smoking is advised to minimize 
the harmful effects of smoking on the eyes. 
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ABSTRACT - With the phenomenal growth of B2C e-commerce, most industries including banking and financial 
services sector have been influenced, in one way or another. Several studies suggest that customers have not adopted 
B2C e-commerce in the same degree primarily because of risk concerns and trust- related issues. This paper extends 
an area of information systems research into a marketing of financial services context by look in into the element of 
trust and risk in e- banking. A conceptual model of trust in e banking is proposed with two main antecedents that 
influence customer's trust: perceived security and perceived privacy. Trust is being defined as a function of degree 
of risk involved in the e- banking transaction, and the outcome of trust is proposed to be reduced perceived risk, 
leading to positive intentions towards adoption of e- banking. 
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Introduction  
        With the development of the internet, more 
knowledge is accessible to people anywhere at 
anytime. Facilitating communication, data 
transmission, and global interaction, the internet is a 
playing field unlike any other. Transcending the 
traditional barriers of time and space, the internet is 
redefining the world of banking. The internet has 
created new methods for carrying out a variety of 
financial transactions. With these developments, a 
new era of banking has emerged which has come to 
be known as “e-banking”. E-banking encompasses an 
array of financial transactions, once done through the 
tangible exchange of information, now are done 
electronically. While the benefits of such 
advancements have been welcomed, there also have 
been drawbacks. Issues such as security, fraud, and 
theft have deterred people from participating in the 
internet e-banking revolutions [1]. 
        The extension of money and banking to the 
cyberspace is an inevitable development in the 
information age. Over the past few years, many 
financial institutions have launched e- retail banking 
over the internet. Given the requirements of matching 
marginal gains against marginal costs, evaluating the 
profitability of market development along specific 
dimensions and segments, and determining whether 
the new technology would be accepted, it is 
imperative that this decision is continually re-
evaluated. Commercial banks face significant 
challenges on both the supply side and demand side, 
associated in particular with competition, product- 
service quality and differentiation, transaction 
security, cost efficiency, and demographic change 
[2]. 

        Many banks have hired qualified teams of 
network administrators as a part of their IT 
departments to ensure the safety of both the customer 
and the institution that operate from and log into the 
banks network. Future compliance with these security 
measures also will lead to techniques such as 
biometrics and electronic fingerprint ability. Banks 
are also encouraged to focus on security from within 
by exploring scenarios of disgruntled employees or 
hackers from within the organization. The 
responsibility for safety and protection also lies with 
the customer [3]. The development of customer 
identification numbers, passwords, and other forms 
of customer identifications permitting users to into a 
banks web site and make secure transactions are the 
main emphasis behind consumer protection. 
Password protection is the one of the biggest 
problems facing customers. Creating passwords that 
are not easily recognizable prevents outside parties 
with malicious intent from computer hacking. Many 
banks now require passwords to be case sensitive, 
include a certain number of characters, and contain 
both numbers and letters. In addition, customers are 
recommended, and in some cases required, to change 
their password on a regular basis [4, 3]. 
        Customers' trust on electronic banking 
transactions as compared with face to transactions 
have some unique dimensions, such as the extensive 
use of technology for transactions, the distant and 
impersonal nature of the online environment, and the 
implicit uncertainty of using an open technological 
infrastructure for transactions. The spatial and 
temporal separation of the bank branch and the 
customer, and that of the customer. 
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        The financial advisor increases fears of 
opportunism arising from product and identify 
uncertainty. Customers trust in an internet 
environment thus, is very important as there is little 
guarantee that the online vendor will refrain from 
undesirables, unethical, opportunistic behavior, such 
as unfair pricing, presenting inaccurate information, 
distributing personal data and purchase activity 
without prior permission [4,5]. To further complicate 
the situation there is a concern about the reliability, 
of the underlying internet and related infrastructure 
the banks and financial service providers employ to 
interface with customer. Overall, these unique 
differences reduce customer perceptions of control 
over their online transactions, increasing their 
apprehension about adopting e-banking and 
providing unique challenges to banks and financial 
service providers to find ways in which to initiate and 
foster electronic relationships with their customers 
[6]. It is important to understand the factors that 
might influence consumer’s intentions to engage in 
banking and financial services over internet. As 
discussed in the next section an important factor that 
is recognized as key for the continued growth of 
electronic banking is the concept of trust. Congruent 
with this, the aim of this paper is to explore the 
nature, drivers and consequences of customers trust 
on the banking and financial services over internet. 
such understanding of customers trust will provide 
the practitioners and researchers with a set of 
manageable, strategic levers to build such trust, 
which will promote greater acceptance of electronic 
banking and financial services [7,8]. 
 
THEORETICAL PERSPECTIVE AND 
DEFINITION OF TRUST 
        Trust has long been considered as a catalyst in 
many buyer – seller transactions that can provide 
consumers with high expectations of satisfying 
exchange relationships [9]. Many researchers have 
argued that trust is essential for understanding 
interpersonal behavior and economic exchanges [10, 
11] The notion of trust has been examined in various 
contexts over the years are related to bargaining [12], 
industrial buyer–seller relationships [13], distribution 
channels [14], partner co-operation in strategic 
alliances [15], 1998), and the use of market research 
[16] personality psychologists traditionally have 
viewed trust as an individual characteristic [17]. They 
have conceptualized trust as a belief, expectancy, or 
feeling deeply rooted in the personality and 
originating in the individuals early psychological 
development, also known as disposition to trust. 
However, this approach can only be taken into 

account but is an uncontrollable factor that cannot be 
influenced by the web merchant [18]. 
 
RESEARCH ON TRUST IN E-BANKING 
        The particular case of electronic banking that 
lacks the physical presence of bank branch and a 
physical interaction between the bank personnel and 
the customer, render a unique environment, in which 
trust is of paramount importance. Retail banks can 
build mutually valuable relationships with customers 
through atrust–based collaboration process [19]. 
Howevre, the way in which trust may be gained and 
the impact it has on online banking outcomes are not 
yet well understood [20]. Trust in electronic banking 
is a new and emerging area of interest in the filed 
marketing of financial services research. Extant 
literature on trust related to online banking is scarce 
and focused on more general issues of e- commerce. 
 
BACKGROUND TO E-BANKING AND ITS 
SUCCESS FACTORS 
        Some researchers in the field of e-banking have 
been engaged in quantifying the current provision of 
electronic services by the banks from an innovation 
and marketing point of view [21]. Liao and cheung 
(2002), have explored the perception of customers 
about ebanking. King and liou (2004) and compared 
the e-channel with other channels. Some strategic 
issues such as outsourcing of e- banking initiatives 
have been discussed by Cantoni and Rossignoli 
(2000) or competitive advantage of e-banking by 
Griffiths and Finlay (2004), but the area of strategic 
organizational issues of e–banking has generally not 
been covered adequately by the current body of the 
literature. This research was aimed to help bridge this 
gap. This section summaries some of the research 
done in this area. We have divided these factors into 
three categories: strategic, operational and technical. 
This categorization will help to explain our findings 
in terms of the nature of success factors in e- banking 
adoption [22, 23]. 
 
STRATEGIC FACTORS 
        The interactive nature of e-banking also creates 
an opportunity to gain a much deeper understanding 
of the customer during his/ her interaction with the 
bank can be analyzed using data mining techniques 
and this marketing decision capability may ultimately 
determine the success of the banks internet channel 
[4]. To succeed in the e-banking arena, companies 
need to transform their internal foundations to be 
effective because of the reasons mentioned above. 
The new type of business would consist of finely 
tuned integration of business, technology and 
processes [24]. Therefore one critical issue is re-
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engineering of the business processes, which also 
includes technological processes. 
 
OPERATIONAL FACTORS 
        The most common factor cited by many in 
literature, is good customer service [25] Legislation 
has increased customers rights while technology and 
competition have increased their choice of products 
and providers. The increasing amount of information 
on the internet and changes in social behaviours has 
reduced the loyalty factor considerably. These 
changes will result in the growth of users with 
sophisticated needs and new channels are required to 
serve most of these needs. Harden (2002) argues that 
e–channels erode a direct relationship with customers 
and stresses the need for personalization in customer 
communication. According to Jayawardhena and 
Foley (2000), banks must continually invent new 
products and services in light of changes brought by 
the internet and also make existing products more 
suitable for online delivery. Similarly, Riggins (2000) 
identified a number of critical success factors of 
internet banking in the context of the Australian 
banking industry. These include: developing the will 
to innovate rapidly, aggressively marketing the banks 
website address to generate first time visitors, online 
decision support tools for personal financial 
management, the creation of an online virtual 
community for financial services, and bundling of 
products/ services [26]. 
 
TECHNICAL FACTORS 
        Security, which may include protection of 
consumer’s personal data and safe transactions to 

prevent misuse, is paramount for the growth of any 
sort of online trade, including e- banking. Security in 
this context includes secure transactions as well as 
secure front and back up systems [25, 27]. 
        Franco and klein (2006) stress the importance of 
upgrading existing technological infrastructure 
(which may still largely depend on slow and 
fragmented legacy systems)to bring it up to the speed 
with the internet trade. Storey, Thompson, Bokma, 
and bradnum (2000) state that technology failures 
lead to loss of custom, often forever. Shortcomings in 
technological infrastructure are often the biggest 
hurdle in adoption of the e-banking channel and its 
integration with other channels [11]. 
 
A MODEL OF E-TRUST FOR ELECTRONIC 
BANKING 
        The literature on trust provides a useful basis for 
investigating consumer trust and its antecedents in 
the context of electronic commerce, but as pointed 
out by Mayer et al. (2005) many researchers confuse 
trust with its antecedents. This section aims to 
remove this confusion by proposing a simple yet 
parsimonious model of trust on electronic banking, 
with strong support from literature. While proposing 
their model of organizational trust Mayer et al. 
(2005) suggested that a parsimonious model with a 
manageable number of factors should provide a solid 
foundation for the empirical study of trust on another 
party. Based on the above discussion and the review 
of literature, a theoretical model for of trust in e-
banking is proposed in Figure.1. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

Fig 1. The proposed model of e-trust for e-banking [28] 
 
 
PERCEIVED SECURITY 
        Security is being defended as a threat which 
creates circumstance, condition, or event with the 
potential to cause economic hardship to data or 
network resources in the form of destruction, 

disclosure, modification of data, denial of service, 
an/or fraud, waste, and abuse [22] under this 
definition, in context of electronic banking threats 
can be made either through network and data 
transaction attacks or through unauthorized access to 
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the account by means of false or defective 
authentication. Perceived security then is the 
customers perception of the degree of protection 
against these threats. Security has been widely 
recognized as one of the main obstacles to the 
adoption of electronic banking seems to remain one 
of the most significant barriers for adoption. The 
rapid developments in technology have made 
significant contributions to securing the internet for 
electronic business. However, the challenges remain 
in this area, and security remains a substantial issue 
for the development of electronic businesses, 
especially electronic banking. The need for security 
has already been recognized within the electronic 
banking community and a number of technologies 
have been developed to secure electronic transactions 
[29, 30].  
 
PERCEIVED PRIVACY 
        Privacy has been identified to be a major, if not 
the most critical, impediment to e-commerce: In our 
view, the single, overwhelming barrier to rapid 
growth of e–commerce is a lack of consumer trust 
that consumer protection and privacy laws will apply 
in cyberspace. Consumers' worry, deservedly, that 
supposedly legitimate companies will take advantage 
of them by invading their privacy to capture 
information about them for marketing and other 
secondary purposes without their informed consent 
[2] Consumers in online environment in contrary to 
traditional retail environments, perceives little control 
over information privacy and this has a striking 
influence on their willingness to engage in exchange 
relationships with merchants. Due to the fall in cost 
data transmission and emerging technologies, it is 
now easier to collect personal information from 
customers and share it with third parties.  
        According to stone and stone (2000) customers 
are likely to have positive perceptions about privacy 
when: information is collected in the context of an 
existing relationship. (b) They perceive that they 
have the ability to control the future use of the 
information. (c) The information collected or used is 
relevant to the transaction, and (d) they believe that 
the information will be used to draw reliable and 
valid inferences about them [31]. 
 
PERCEIVED TRUSTWORTHINESS 
        People make important buying decisions based, 
in part, on their level in the product, salesperson, or 
the company. Similarly, electronic banking decision 
involves trust not simply on the transaction medium 
but also between the customer and the bank or 
financial service provider. Mayer and his colleagues 
have identified and validated three main element of 

trustworthiness: integrity (trustee honesty and 
promise keeping), benevolence (trustee caring and 
motivated to act in the trustor's interest and 
competence [1]. 

 
QUALITY 
        Quality can be defined as excellence. Dabholkar 
(2000) posited that within service contexts, the 
evidence supports an assertion that customers who 
view technology based service as easy-to-use, 
reliable, and enjoyable also perceive service quality 
in such technology–mediated service offerings (i.e.-
service). Perceived service quality is believed to 
contribute to positive business outcomes such greater 
levels of customer satisfaction and, by extension, 
favorable marketing behaviors such as repurchase 
and positive word–of–mouth behaviors [32]. 

 
SATISFACTION 
        Satisfaction, on the other hand, is the consumer 
fulfillment response (Oliver, 2007). Szymanski and 
Hise (2000) argued for the impotence of e-
satisfaction in technology–mediated relationships. 
The authors suggested that the conceptual domain of 
e-satisfaction appears similar to that understood from 
the general marketing literature. This assertion 
further supports our reliance on Oliver's (2007) 
constitutive definition for purposes of this research 
study. In addition, satisfaction judgments are 
generally believed to be superior to quality 
perceptions. 
        B2B, or business–to–business e- businesses, are 
companies that sell to one another online. B2C, or 
business–to- consumer e-businesses, are companies 
who sell to consumers via websites (Lerouge & 
Picard, 2000; Morrish, 2001) some writers argue that 
integrating both B2B and B2C capabilities may 
become essential to respond to customer demands 
and streamlining their supply chain management 
.C2B refers to trade between consumers and 
businesses, and is best exemplified by companies like 
Priceline. Com. C2C refers to trade between 
consumers and is best exemplified by companies like 
eBay. 
        The relationship between satisfaction and 
loyalty has also enjoyed a measure of attention in the 
recent literature. This research study envisions 
loyalty as super ordinate to satisfaction in that loyalty 
can capture long–term relationship elements that lie 
outside the domain of satisfaction in a business–to 
business (B2B) context (Barnes et al, 2000). This 
B2B perspective appears consistent with Heskett, 
Sasser, and Schlesinger (2007) and Hunter (2007) 
who asserted that three primary measurements of 
customer loyalty commonly known as the three R's 
included [33]: 
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1. Revenues and profits from retention of loyal 
customers. 

2. Repeat sales  
3. Referrals  

        From a practitioner perspective, Pastore (2001) 
suggested that customer loyalty and satisfaction will 
continue to play key roles as companies evaluate 
spending budgets based on a study by NFO 
prognostics (proprietary). In fact while the study 
suggested that satisfaction scores and reference 
ratings are generally strong, many professional 
service buyers are shopping around with each new IT 
project. Such shopping around behavior is an indicant 
of a weak marketing relationship. This finding 
strengthens the basic premise of this research study 
calling for relationship–marketing-based models 
specific to the e-banking industry. In summary, the 
weight of the evidence to date suggests that 
satisfaction should be subordinate to loyalty in the 
formation of customer behaviors .Assuming a base 
level of satisfaction, the research expects loyal 
customers to engage in activities that support and 
strengthen their relationship with the sponsoring e-
banking company, as well as engage in positive 
word–of mouth activities within the professional 
Community. 

 
DISCUSSION AND CONCLUSIO 
        Trust is been identified as key to e-commerce. If 
trust is vital, then building trust is even more crucial. 
This paper provides several preliminary insights into 
the role of perceived security, perceived privacy and 
the perceived trustworthiness attributes on the issue 
of trust in electronic banking. The paper also 
highlights the importance of using security and 
privacy as two distinct concepts, even though they 
are conceptually related. It has attempted to review 
the nature of customer's trust on ebanking and 
proposed a research model of customer trust on e- 
banking. The model presents the major relationship 
between customer trust and two major potential 
antecedents perceived security and perceived privacy. 
The trust model presented in this paper provides a 
coherent framework for further empirical research on 
the phenomenon of trust in e–banking [34]. 
        This paper, tell the e-banking practitioners 
which trust antecedent to focus on in order to 
increase customer trust and thus increase the adoption 
rate of e- banking. Bearing in mind that we have 
proposed that trust antecedents are perceptual in 
nature, they can be influenced by appropriate 
advertising and marketing campaigns, visible privacy 
policies and the web site design of the bank. Finally, 
research into the trust model developed in this paper 
will help accelerate the adoption of e- banking by 

removing one of the major obstacles to its 
development, namely, lack of trust.  
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7KH�UROH�RI��LQGLJHQRXV�NQRZOHGJH�WRZDUG�LPSURYLQJ�DJULFXOWXUH�� 0RKDGGDVHK�1D]DUSRXU��� 0DU\DP�$EHGL�� DQG�� )DWHPHK�%DNKWLDU�
������0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�&RUUHVSRQGLQJ�DXWKRU��VDED�����#\DKRR�FRP��$EVWUDFW��([SHULHQFH�VKRZV�WKDW�LQGLJHQRXV�NQRZOHGJH�QRW�RQO\�KDV�QR�FRQWUDGLFWLRQ�ZLWK�IRUPDO�NQRZOHGJH�EXW�GLIIHUHQW�LQGLJHQRXV�NQRZOHGJH�IHDWXUHV��SXW�LW�DV�ZHOO�FRPSOHPHQWDU\�IRU�IRUPDO�NQRZOHGJH��,QGLJHQRXV�NQRZOHGJH�LV�DFFHVVLEOH��XVHIXO�DQG�FKHDS��,WV�SHUVSHFWLYH�LV�KROLVWLF�DQG�LWV�WUDQVPLVVLRQ�LV�YHUEDO��.QRZOHGJH�LV�G\QDPLF�DQG�WLPH�WHVWHG�� DQG� ZKLOH� LW� KDV� JURZQ� ZLWKLQ� ORFDO� QDWXUDO� DQG� VRFLDO� HQYLURQPHQW�� VR� LW� LV� YHU\� VXVWDLQDEOH� ZLWK�LQGLJHQRXV�FRQGLWLRQ��,QGLJHQRXV�NQRZOHGJH�UHIHUV�WR�ERWK�FRPSRQHQW�DQG�ZKROH�SDUW�RI�FXOWXUH�RI�HDFK�QDWLRQ�DQG�WKLV� FRPSRQHQW� DQG� ZKROH� LQWHJUDWLRQ� LV� VR� WKDW� VWRS� WR� FKDQJH� WUDGLWLRQDO� VRFLHW\� RI� OLIH� ZLWKRXW� LQGLJHQRXV�NQRZOHGJH�RXW�RI�LWV�FXOWXUDO�RULJLQ�DQG�WKHUHIRUH�ZRXOG�ORVH�LW�FRQFHSW�DQG�HIIHFWLYHQHVV��>0RKDGGDVHK�1D]DUSRXU��0DU\DP�$EHGL� � DQG� � )DWHPHK�%DNKWLDU�� 7KH� UROH� RI� � LQGLJHQRXV� NQRZOHGJH� WRZDUG�LPSURYLQJ� DJULFXOWXUH�� /LIH� 6FLHQFH� -RXUQDO�� �����������������@� �,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�

.H\ZRUGV��DJULFXOWXUH��LQGLJHQRXV�NQRZOHGJH��
,QWURGXFWLRQ��,Q�UHFHQW�GHFDGHV�IROORZLQJ�LVVXHV�KDG�EHHQ�UHFRJQL]HG� YHU\� HVVHQWLDO� �� SURJUDPPLQJ� DQG�SHUIRUPLQJ� GHYHORSPHQW� SODQV� �� LQGLJHQRXV�NQRZOHGJH� DW� IDUPLQJ� �� SHVW� FRQWURO� �� UDQFKLQJ� ��YHWHULQDU\� �� QXWULWLRQ� �� PHGLFLQH� �� ZDWHUVKHG�PDQDJHPHQW� �� IRUHVWLQJ� �� DUFKLWHFWXUH� �� XUEDQ�SODQQLQJ� �� VRFLDO� DVVRFLDWLRQV� DQG� GHFLVLRQ� PDNLQJ�PHWKRG� DV� VXVWDLQDEOH� WHFKQRORJ\� �� $W� RQ� KDQG��UHDVRQ�RI�WKLV�JUHDW�HYROXWLRQ�FDQ�EH�IRXQG�GXH�WR��ZURQJ� SROLF\� DQG� DW� WKH� RWKHU� KDQG� LQ� XQGHVLUDEOH�HQYLURQPHQWDO�FRQVHTXHQFHV�RI�WKHVH�SROLFLHV���VWXGLHV� KDYH� JLYHQ� QHZ� GLPHQVLRQ� WR� DJULFXOWXUH�UHVHDUFK��1RZ��LQ�PDQ\�FRXQWULHV�WKH�PDQDJHUV�RI��DJULFXOWXUH� UHVRXUFHV�DUH� WKH�SHRSOH�ZKR�DUH� WUDLQHG�LQ� ZHVWHUQ� FRXQWULHV�� 6R� LI� WKH� PDQDJHU� EHFRPH�IDPLOLDU� ZLWK� WKH� FXOWXUH� DQG� HQYLURQPHQW� URRWV� RI�LQGLJHQRXV� V\VWHP� RI� UHVRXUFH� PDQDJHPHQW�� WKH\�ZRQ
W�GR�PLVWDNH��,QGLJHQRXV�DJULFXOWXUH�LV�EDVHG�RQ�FRRSHUDWLRQ�RI�IDUPHU�ZLWK�QDWXUH���,QGLJHQRXV� NQRZOHGJH� RI� HDFK� QDWLRQ� KDV� HQDEOHG�WKHP� WR� VXSSO\� WKHLU� QHHGV� IURP� QDWXUDO� VRXUFHV�ZLWKRXW� UHGXFLQJ� WKHVH� VRXUFHV�� 6R�� LQGLJHQRXV�NQRZOHGJH�FROOHFWLRQ�RI�ZRUOG� LV�YDOXDEOH� VRXUFH�RI�SUDFWLFHV�DQG�WLPH�WHVWHG�WRRO�WKDW�ZRXOG�EH�XVHIXO�IRU�VXVWDLQDEOH�GHYHORSPHQW�RI�DOO�VRFLHWLHV���$W� WKLUG� ZRUOG� FRXQWULHV�� XQFRQVLGHUHG� WULXPSK� RI�ZRUOG�GHYHORSPHQW�SROLFLHV�KDV�OHG�WR�YDULRXV�VRFLDO��HFRQRPLF�� FXOWXUDO� DQG� HQYLURQPHQWDO� LVVXHV��$JUDZDO���������,PEDODQFH� SRSXODWLRQ� JURZWK�� QRQ�VXVWDLQDEOH�HIILFLHQF\�RI�QDWXUDO�VRXUFHV�DQG�XQHTXDO�GLVWULEXWLRQ�RI� UHVRXUFHV�� JRRGV� DQG� VHUYLFHV� PDGH� LQYROYHG�VRFLHWLHV� LQ� FRQIXVLQJ� LVVXHV� DQG� LPSDVVHV�� ,Q� WKHVH�FRXQWULHV� �� LQDSSURSULDWH� VDPSOLQJ� RI� DEURDG�FRXQWULHV�DQG�LQRUGLQDWH�LPSRUWV��H�J��KHWHURJHQHRXV�

DQG� QRQ�LQGLJHQRXV� WHFKQRORJ\� �� GHYDVWDWHG�LQGHSHQGHQW� FROOHFWLRQ�RI�PLFUR� ORFDO� V\VWHPV� �� DQG�LQVWHDG�KDV�HVWDEOLVKHG�KHWHURJHQHRXV�DQG�GHSHQGHQW�V\VWHP� WR� JOREDO� HFRQRP\� V\VWHP� �� WKDW� REYLRXVO\�FRXOGQ¶W� VXSSO\� SHRSOH¶V� QHHGV�� 6LQFH� �� WKLV�GHYHORSPHQW� SURFHVV� LV� IRUPHG�ZLWKRXW� FRQVLGHULQJ�VRFLDO� �� FXOWXUDO� DQG� HQYLURQPHQWDO� FRQVHTXHQWV� VR�LVQ¶W� FRQWLQXLQJ� DQG� KXPDQ� KDYH� WR� ILQG� VWUDWHJLHV�ZKLFK� FDQ� PDNH� GHYHORSPHQW� VXVWDLQDEOH� DQG�KXPDQH�3RS]DQ�����������,QGLJHQRXV� NQRZOHGJH� RZQHUV� RI� ZRUOG� LQ� FXUUHQW�DJH��ZKLFK�NQRZQ�DV�LQIRUPDWLRQ�DJH��KDYH�YDOXDEOH�H[SHULHQFHV�IURP�LQGXVWU\�DJH�DQG�IURP�LQDSSURSULDWH�H[SORLWDWLRQ�RI�WKHLU�QDWXUDO�VRXUFHV��7KHVH�FRXQWULHV�KDYH�OHDUQHG�WKDW�H[SRUWLQJ�SURGXFHG�JRRGV�LV�EHWWHU�WKDQ� VHOOLQJ� SHWUROHXP�� HQIRUFLQJ� LQGLJHQRXV�SURGXFWLYH� V\VWHP� DW� YLOODJHV� DQG� DOVR� HQFRXUDJLQJ�\RXWKV�DQG�WHHQV�WR�OHDUQ�LQGLJHQRXV�NQRZOHGJH�DW�RQ�KDQG� �� DQG� SUHSDULQJ� VXLWDEOH� UHVHDUFK� FRQGLWLRQ� IRU�DSSOLHG�VFLHQFHV� VFKRODUV� LQ� RUGHU� WR� LGHQWLI\� EHWWHU�DQG� LQFUHDVLQJ� DSSOLHG� DSWLWXGH� RI� LQGLJHQRXV�NQRZOHGJH�DW� WKH�RWKHU�KDQG� �� LV� HTXDO� WR�SURWHFWLRQ�DQG�VXVWDLQDEOH�XVH�RI��QDWXUDO�UHVRXUFHV�=DUH��+�DQG�<DJKRXEL����������)URP�5REHUW�&KDPEHUV
�YLHZ��SRZHU�DQG�ZHDOWK�DUH�DW�LQGXVWU\�DQG�DW�FLWLHV��DQG�SRYHUW\�DQG�GHSULYDWLRQ�DUH�SDUW�RI�YLOODJHU¶V�OLIH��3RZHU�DQG�ZHDOWK�RI�FLWLHV�RI� ZRUOG� KDV� DEVRUEHG� H[SHUWV�� VRXUFHV� DQG� QHHGHG�UHVHDUFK� IDFLOLWLHV� IRU� SURGXFLQJ� DQG� GLVVHPLQDWLQJ�NQRZOHGJH�� .QRZOHGJH� RI� WKHVH� PRGHUQ� FHQWHUV� LV�FRQVLGHUHG�VFLHQWLILF��DGYDQFHG��DQG�YDOLG�DQG�HQMR\V�SUHPLXP�WHFKQRORJ\��+H�ODEHOHG�WKLV�JURXS�DV�³ILUVW´�DQG�LQ�FRQWUDVW�³ODVW´�IRU�GHSULYHG�YLOODJHUV��%HFDXVH��SUHIHUHQFHV� DQG� YDOXHV� RI� WKHVH� WZR� JURXSV� DUH�GLIIHUHQW���
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7KHLU� NQRZOHGJH� DQG� DWWLWXGHV� DUH� DOVR�GLIIHUHQW�� KH�EHOLHYHV�WKDW�VLQFH�³ILUVW´�GHYHORSPHQW�UHPHGLHV�DQG�WKHLU� DWWLWXGHV� KDYH� OHG� WR� IDXOW� �� LUUHJXODU� DQG�GHSULYDWLRQ� �� VR� GHSULYHG� YLOODJHU¶V� DWWLWXGHV� DQG�NQRZOHGJH� VKRXOG�EH� FRQVLGHUHG� VHULRXV� LQ� RUGHU� WR�UHDFK� WR� LPSURYH� FRQGLWLRQV� IRU� WKLV� SDUW� RI� KXPDQ�VRFLHW\� DV� WKH\� QHHG� DQG� GHPDQG�$]NLD�� 0� DQG�,PDQL������������)HDWXUHV�RI�LQGLJHQRXV�NQRZOHGJH��6RPH�RI�WKHVH�IHDWXUHV�DUH�DV�IROORZ��,QGLJHQRXV� NQRZOHGJH� LV� KROLVWLF�� LQGLJHQRXV�NQRZOHGJH� LV� JDLQHG� E\� VHQVH� DQG� LQVSLUDWLRQ� IRUFH�DQG� OHDGV� LQIRUPDWLRQ� XQLW\�� ,Q� VSLWH� RI� IRUPDO�NQRZOHGJH�WKDW�LV�DXUDO��YLVXDO�DQG�DQDO\WLF��,QGLJHQRXV� NQRZOHGJH� LV� YHUEDO�� ZULWLQJ� DQG�GRFXPHQWLQJ� LQGLJHQRXV� NQRZOHGJH� ZRXOG� PDNH� LW�RXW�RI�UHDFK�RI�YLOODJHUV�ZKR�FDQ�DGG�WR�LW��LI�LW�ZRXOG�QRW�IROORZ�DSSOLHG�DFWLYLWLHV��,QGLJHQRXV� NQRZOHGJH� LV� SUDFWLFDO�� LW� LV� SRVVLEOH� WR�ZULWH� DERXW� LQGLJHQRXV� NQRZOHGJH� EXW� LW� LV�LPSRVVLEOH�WR�HGXFDWH�DQG�OHDUQ�LW�WKURXJK�ERRNV�DQG�DUWLFOHV��2QO\�ZD\�WR�OHDUQ�LW�LV�FORVH�YLHZ�DQG�IROORZ�SURIHVVRU���,QGLJHQRXV� NQRZOHGJH� LVQ¶W� H[SODQDWRU\�� LW� LVQ¶W�SRVVLEOH� WR� H[SHFW� RQH� PDVWHU� �H�J�� PDVRQ��DSRWKHFDU\��IDUPHU��WR�H[SODLQ�KLV�PHWKRG�HIILFLHQF\�LQ�D�ZD\�WKDW�LV�DSSUHKHQVLEOH�WR�XV��OLWHUDWH�SHRSOH���,QGLJHQRXV�NQRZOHGJH�LV�ORFDO��YLOODJHU¶V�NQRZOHGJH�KDV� IRUPHG� LQ� LWVHOI� HQYLURQPHQWDO� DQG� FOLPDWH�IUDPHZRUN�� (IIHFWLYH� LQGLJHQRXV� NQRZOHGJH� DW� RQH�JHRJUDSKLFDO� DUHD� LVQ¶W� QHFHVVDULO\�HIIHFWLYH�DW�RWKHU�DUHD��1RZURR]L��$�DQG�$ODJKD���������,QGLJHQRXV� NQRZOHGJH� LV� JHQHUDO� �� ZKLOH�� IRUPDO�NQRZOHGJH�HPSKDVLV�LV�RQ�VDYLQJ�WLPH�DQG�UHPRYLQJ�LGHDV�DQG�DOVR�PRQRSRO\�RI�NQRZOHGJH�DW�XQLYHUVLWLHV�DQG�UHVHDUFK�LQVWLWXWHV���EXW�LQGLJHQRXV�NQRZOHGJH�LV�� UHFHSWLYH� �� LQFHQWLYH� DQG� QHHGV� WR� PRUH� SHRSOH¶V�SDUWLFLSDWLRQ� DW� OHDUQLQJ� �� GHYHORSLQJ� DQG� DGG� WR� LW��)XUWKHUPRUH�� LQ� YHUEDO� FXOWXUHV�� LW� LV� LPSRVVLEOH� WR�VHSDUDWH� VFLHQFH� IURP� ZRUOG� DQG� HYHQ� LQFOXGH� LW� WR�FRPSXWHU� DQG� ERRN�� (YHU\� KXPDQ� DUH� LPSRUWDQW� LQ�LQGLJHQRXV�NQRZOHGJH��,QGLJHQRXV� NQRZOHGJH� LV� GHWHULRUDWLQJ� TXLFNO\�� E\�HYHU\� GHDWK� RI� ROG� LQGLJHQRXV� SHRSOH�� JUHDW�NQRZOHGJH� UHVRXUFHV� ZRXOG� EH� ORVW� DOVR�� VR� HYHU\�DFWLRQ� WRZDUG� JDWKHULQJ� LQGLJHQRXV� NQRZOHGJH� LV�QHFHVVDU\���/HDUQLQJ� E\� GRLQJ�� UHSHDWLQJ� DFWLRQ� LQ� RUGHU� WR�VXVWDLQ� DQG� HQIRUFH� LQGLJHQRXV� NQRZOHGJH� WKURXJK�³OHDUQLQJ�E\�GRLQJ´�LV�RQH�RI� IHDWXUHV�RI� LQGLJHQRXV�NQRZOHGJH�LQ�UHDO�RSHUDWLRQ�HQYLURQPHQW��(PDGL�DQG�$EEDVL���������9LOODJHU¶V� NQRZOHGJH� DQG� HVSHFLDOO\� LQGLJHQRXV�NQRZOHGJH� V\VWHPV� KDYH� YDULRXV� GLPHQVLRQV� WKDW� LV�

LQFOXGH� OLQJXLVWLF� NQRZOHGJH�� ]RRORJ\�� HFRORJ\��FOLPDWH��DJULFXOWXUH��UDQFKLQJ�DQG�SURIHVVLRQDO�VNLOOV��5DQJH� DQG� YDOXH� RI� WKLV� NQRZOHGJH� KDVQ¶W� EHHQ�FRQVLGHUHG�� )RXU� DVSHFWV� RI� YDULRXV� GLPHQVLRQV� RI�UXUDO�NQRZOHGJH�ZHUH�VHOHFWHG�DQG�ZHUH�DQDO\]HG��,Q�RUGHU� WR�FKDQJH�DWWLWXGHV�DQG�UHIRUPHU¶V�EHKDYLRU�RI�UXUDO�GHYHORSPHQW��7KHVH�GLPHQVLRQV�DUH��DJULFXOWXUH�RSHUDWLRQV�� UXUDO� NQRZOHGJH� DERXW� QDWXUH�� UXUDO�SHRSOH¶V�DSWLWXGHV�DQG�DELOLWLHV�DQG�WKHLU�H[SHULHQFHV��5D]DYL���������,Q� &KDPEHUV
� � RSLQLRQ� �� LQGLJHQRXV� NQRZOHGJH� RU�UXUDO� NQRZOHGJH� KDV� YDULRXV� GLPHQVLRQV� WKDW� KH�FODVVLILHG�WKHP�WR�IRXU�SDUWV�LQ�RUGHU�WR�H[SODLQ�PRUH�DQG� EHWWHU� DERXW� GLYHUVLW\� RI� LQGLJHQRXV� NQRZOHGJH�WKDW� DUH� DV� IROORZ� �� $�� IDUPLQJ� DFWLYLW\� �� %��NQRZOHGJH� LQ� UHODWLRQ� WR� QDWXUH� �� &� �� LQGLJHQRXV�SHRSOH
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6XVWDLQDEOH�DJULFXOWXUH��*HQHUDOO\� VXVWDLQDEOH� DJULFXOWXUH� LV� HYHU\� NLQG� RI�SURGXFWLRQ�V\VWHP�ZKLFK�IROORZV�WKHVHV�JRDOV���0RUH� FRPSOHWH�PL[LQJ� RI� QDWXUDO� SURFHVVHV� VXFK� DV�IRRG� F\FOHV�� QLWURJHQ� IL[DWLRQ�� DQG� UHODWLRQ� RI� SHVWV�DQG� QDWXUDO� GLVDVWHUV� ZLWK� DJULFXOWXUH� SURGXFWLRQV�SURFHVVHV���'HFUHDVLQJ�XVH�RI�WKDW�QRQ�IDUPLQJ��RXWVLGH�DQG�QRQ�UHQHZDEOH� LQSXWV� LQ� RUGHU� WR� UHGXFH� GDPDJH� WR�HQYLURQPHQW� RU� OHVV� GDPDJH� WR� IDUPHUV� DQG�FRQVXPHU¶V�KHDOWK���0RUH� IDLU� DFFHVV� WR� LQWHUHVWV� DQG� SURGXFWLRQV�RSSRUWXQLWLHV�DQG�SURJUHVV�LQ�RUGHU�WR�DFFHVV�WR�IRUPV�RI� DJULFXOWXUH� WKDW� LV� IDLUHU�� DQG� DOVR� LQFUHDVLQJ� VHOI�UHOLDQFH� EHWZHHQ� IDUPHUV� DQG� YLOODJHUV� �&KDPEHUV����������8VLQJ�PRUH�SRWHQWLDO�ELRORJLF�DQG�JHQHWLF�DSWLWXGH�RI�SODQW�DQG�DQLPDO�VSHFLHV���8VLQJ� PRUH� ORFDO� NQRZOHGJH� LQFOXGLQJ� LQQRYDWLYH�DSSURDFKHV� WKDW� VFKRODUV� GLGQ¶W� XQGHUVWDQG� LW�FRPSOHWHO\�RU�IDUPHUV�GLGQ¶W�DFFHSW�LW�H[WHQVLYHO\���&RPELQHG�DJULFXOWXUH�ZRXOG�SUHSDUH�WKLV�RSSRUWXQLW\�IRU�FRPPRQ�V\VWHPV�WR�DSSO\�QHHGHG�UHIRUPV�ZLWKRXW�FUHDWLQJ� LQFOXVLYH� FKDQJHV� LQ� LW� WRZDUG� RUJDQLF�V\VWHPV�� 7KHUHIRUH�� DIRUHPHQWLRQHG� V\VWHPV� DUH�FRQVLGHUHG� DV� PHGLXP� EHWZHHQ� FRPPRQ� LQWHQVLYH�DJULFXOWXUH�DQG�RUJDQLF�DJULFXOWXUH�PHWKRGV��



/LIH�6FLHQFH�-RXUQDO���������������������������������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP

KWWS���ZZZ�VFLHQFHSXE�QHW�OLIH OLIHVFLHQFHM#JPDLO�FRP���

7ZR� SULQFLSOHV� KDYH� HVSHFLDO� LPSRUWDQFH� DW�VXVWDLQDEOH�DJULFXOWXUH�WKDW�LV���DW�HDUO\�����¶V���ZLWK�WKH�HPHUJHQFH�RI�QHZ�FRQFHSWV��UHQHZDEOH� DJULFXOWXUH� DQG� VXVWDLQDEOH� DJULFXOWXUH�HYROYHG� DQG� LQGHHG� LW� ZDV� � EDVHG� RQ� ³HFRORJLFDO�LQWHUSOD\� DIIHFW´� �QRZ�� WKLV� FRQFHSW� IRUPV� DOWHU�LQGLJHQRXV�DJULFXOWXUH�SKLORVRSK\���6XVWDLQDEOH�DJULFXOWXUH�SUHVHQWHG�IURP������DW�JOREDO�VFDOH��,Q�WKLV�SULQFLSOH��³DJULFXOWXUDO�LQWHUSOD\�DIIHFWV�ZLWK�VRFLHW\´�LV�SUHVHQWHG��7KUHH�LVVXHV�DUH�LPSRUWDQW�DERXW�VXVWDLQDELOLW\��ILUVW�LV�HQRXJK�LQFRPH�HVSHFLDOO\�EHWZHHQ� SRRU� SHRSOH�� 6HFRQG� LV� LQFUHDVLQJ� DFFHVV�RSSRUWXQLW\�WR�IRRG�DQG�LWV�FRQVXPSWLRQ��7KLV�PHDQV�WKDW�PRUH�IRRG�VKRXOG�EH�SUHSDUHG�WKURXJK�LQFUHDVLQJ�SURGXFWLRQ� DQG� LPSURYLQJ� PDUNHWLQJ�� 7KLUG� LVVXH�FRQWDLQV�SURWHFWLQJ� DQG� LPSURYLQJ�QDWXUDO� UHVRXUFHV��/RXLVH�����������
&RQFOXVLRQ�DQG�GLVFXVVLRQ���$W�RQH�UHVHDUFK�DV�D�QDPH�RI�³DQDO\]LQJ�SRVLWLRQ�RI�LQGLJHQRXV� NQRZOHGJH� DW� VXVWDLQDEOH� UXUDO�GHYHORSPHQW´�WKDW�ZDV�GRQH�E\�%X]DUMRPKRUH��������LW� ZDV� VLJQLILHG� WKDW� DOWKRXJK� WKHUH� DUH� VRPH�GLIIHUHQFHV� EHWZHHQ� LQGLJHQRXV� DQG� IRUPDO�NQRZOHGJH�� EXW� WKH\� VKRXOG� QRW� EH� FRPSDUHG��EHFDXVH�WKH\�DUH�FRPSOHPHQWDU\�RI�HDFK�RWKHU�DQG�LW�LV� SRVVLEOH� WR� JDLQ� VXFFHVVHV� E\� V\QWKHVL]LQJ� WKHP�WKDW�LV�LPSRVVLEOH�ORQHO\��%DVH�RQ�QHZ�SDUDGLJPV�RI�UXUDO� GHYHORSPHQW� LQ� RUGHU� WR� VROYH� UXUDO� SUREOHPV��ZH�VKRXOG�ILUVW�UHIHU�WR�LQGLJHQRXV�VROXWLRQV�DQG�LI�LW�ZDV�ZRUNLQJ�� WKHQ�ZH�VKRXOG� UHLQIRUFH� LW�� LI� QRW�ZH�VKRXOG�WHVW�DQG�XVH�RXWVLGH�VROXWLRQV��)LQGLQJV�RI�RQH�UHVHDUFK� GRQH� E\� (PDGL� DQG� $PLUL� �������� DV�³6\QWKHVL]LQJ� LQGLJHQRXV� NQRZOHGJH� DQG� IRUPDO�NQRZOHGJH� DV� QHFHVVLW\� IRU� DFFHVVLQJ� WR� VXVWDLQDEOH�UXUDO�GHYHORSPHQW´��KDV�VKRZQ�WKDW�GRPLQDWHG�EHOLHI�DPRQJ� HGXFDWHG� JURXSV� WRZDUG� QDWLYHV� DQG� WKHLU�NQRZOHGJH� LV� SUHFRQGLWLRQ� RI� HYHU\� LQWHUDFWLRQ��V\QWKHVLV�DQG�UHODWLRQ��&UHDWLQJ�UHYROXWLRQ� LQ� IRUPDO�HGXFDWLRQ� V\VWHPV� LQ� RUGHU� WR� DWWHQGLQJ� HPSLULFDO�NQRZOHGJH� DUHD� LV� FRQVLGHUHG� DV� RQH� RI� PDLQ�QHFHVVLW\�RI�WKLV�V\QWKHVLV�WKDW�LV�RXWFRPH�RI�\HDUV�RI�UHVHDUFKHV�� 5HVHDUFKHUV� DWWHQWLRQ� WR� ³H[SORLWHU¶V�DFFXPXODWHG�H[SHULPHQWDO�DQG�KLVWRULFDO�ZLVGRP´�LV�RQH� RI� RWKHU� QHFHVVLWLHV� RI� WKLV� UHYROXWLRQ� E\� XVLQJ�FRRSHUDWLYH�� TXDOLWDWLYH� DQG� ILOHG� PHWKRGV�� $OVR��DSSO\LQJ� PXWXDO� H[WHQVLRQ� ZD\V� DQG� FUHDWLQJ�UHYROXWLRQ� DW� FRPPXQLFDWLRQ� V\VWHP� EHWZHHQ�JRYHUQPHQWDO�� HGXFDWLRQ�H[WHQVLRQ� FHQWHUV� DQG�IDUPHUV�DQG� UXUDO�SHRSOH� VR� WKDW� WKH\�EH� LQWHUDFWLQJ��ZDV� FRQVLGHUHG� DV� SUHFRQGLWLRQ� DQG� QHFHVVLWLHV�� $W�UHVHDUFKHV�DV�³LQGLJHQRXV�NQRZOHGJH�DW�GHYHORSPHQW�SURFHVV´�GRQH�E\�.DULPL����������ILQGLQJV�VKRZ�WKDW�LQGLJHQRXV� NQRZOHGJH� LV� SULQFLSDO� IDFWRU� DQG� PDLQ�VRXUFH� DW� WKH� ILHOG� RI� UHVHDUFK� RI� VXVWDLQDEOH�GHYHORSPHQW� �� GHFUHDVLQJ� SRYHUW\� �� HQDEOLQJ� ORFDO�

PHQ�DQG�DWWUDFWLQJ�WKHLU�SDUWLFLSDWLRQ�DW�DFWLYLWLHV�DQG�UXUDO� GHYHORSPHQW� SURJUDPV�� GHYHORSLQJ� DQG�SURGXFLQJ� DSSURSULDWH� WHFKQRORJ\� �� VHOI�UHOLDQFH� RI�UXUDO�VRFLHWLHV�DQG�FRXQWU\���6R�� HIIRUW� DQG� QDWLRQDO� FRPPLWPHQW� DQG� PXOWL�GLPHQVLRQDO� VXSSRUW� LV� YHU\� FULWLFDO� IRU� UHFRUGLQJ��YDOXLQJ�� H[WHQGLQJ� DQG� H[FKDQJLQJ� WKLV� ULFK� VRXUFH�DQG�DOVR�SUHSDULQJ�PHFKDQLVP�DQG�SUDFWLFDO�VWUDWHJ\�IRU�V\QWKHVL]LQJ�WKLV�NQRZOHGJH�ZLWK�QHZ�NQRZOHGJH�DQG�DJULFXOWXUDO�GHYHORSPHQW�SURJUDPV����&RUUHVSRQGLQJ�$XWKRU��0RKDGGDVHK��1D]DUSRXU��0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�(�PDLO��VDED�����#\DKRR�FRP��
5HIHUHQFHV����� $KPHG�� 0�� ������,QGLJHQRXV� .QRZOHGJH� IRU�6XVWDLQDEOH�'HYHORSPHQW� LQ� WKH� 6XGDQ��.KDUWRXP��6XGDQ��.KDUWRXP�8QLYHUVLW\�3UHVV����� $PLUL� $UGDNDQL�� 0�� DQG� 6KDKYDOL�� 0��3ULQFLSOHV��FRQFHSWV�DQG� LQGLJHQRXV�NQRZOHGJH�$JULFXOWXUH� �VHULHV� RI� SXEOLFDWLRQV� DQG�GHYHORSPHQW�RI�YLOODJHV�1R������6HFRQG�(GLWLRQ���������� $SSOHWRQ��+��� DQG� -HDQV��$�� ���� �� 7HFKQRORJ\�IURP� WKH� 3HRSOH�� 7HFKQRORJ\� 7UDQVIHU� DQG�,QGLJHQRXV� .QRZOHGJH���6FLHQFH�� 7HFKQRORJ\�DQG�'HYHORSPHQW����� $]NLD�� 0� DQG� ,PDQL� $�� 6XVWDLQDEOH� 5XUDO�'HYHORSPHQW� �� 3XEOLFDWLRQV� ,QIRUPDWLRQ��7HKUDQ������������ %RX]DUMPHKUL�� .K�� LQGLJHQRXV� IDUPLQJ�NQRZOHGJH� RI� JHQGHU� DQG� LWV� UROH� LQ� 5XUDO�'HYHORSPHQW�DQG�5HVHDUFK��&HQWUH�RI�4XDUWHUO\�7HKUDQ� 8QLYHUVLW\� :RPHQ� �:RPHQ
V�5HVHDUFK������������ %R[��/����������IRU�WKH�IXQ�RI�LW��*XHVW�&ROXPQ��,QGLJHQRXV� NQRZOHGJH� DQG� 'HYHORSPHQW�0RQLWRU������������� %URXZHU�� -DQ�� �������� ,.�� ,.6� DQG� ,7.��,QGLJHQRXV� NQRZOHGJH� DQG� 'HYHORSPHQW�0RQLWRU��9RO����,VVXH����S��������� %XUJHU�� -�� ������7KH� *DLD� $WODV� RI� )LUVW�3HRSOHV�� $� )XWXUH�IRU� WKH� ,QGLJHQRXV� :RUOG��3HQJXLQ�%RRNV��DQG�5LQJZRRG����� &KDPEHUV��5� �� UXUDO� GHYHORSPHQW�� SULRULW\� SDUW�WR� WKH� SRRU� �VXSSRUWLQJ� YXOQHUDEOH� JURXSV���WUDQVODWHG�E\�0XVWDID�$]NLD��7HKUDQ�8QLYHUVLW\�3UHVV������������ 'HZHV�� Z�� �������� ,QWURGXFWLRQ�� S�� �LQ�WUDGLWLRQDO� NQRZOHGJH� DQG� VXVWDLQDEOH� LQ� 6�� +��'DYLV� DQG� .�� (EEH� �(GV�� 3URFHHGLQJV� RI� D�FRQIHUHQFH�KHOG�DW�WKH�:RUOG�%DQN�:DVKLQJWRQ��
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V�1R���������������� (PDGL��0�DQG�$PLUL�$UGDNDQL��0����FRPELQLQJ�LQGLJHQRXV� NQRZOHGJH� DQG� IRUPDO� NQRZOHGJH��QHFHVVDU\�WR�DFKLHYH�VXVWDLQDEOH�GHYHORSPHQW�RI�$JULFXOWXUH� �� 5XUDO� 'HYHORSPHQW� 3XEOLFDWLRQ�1R���������������� (VKUDJKL�� *� �� ,QGLJHQRXV� .QRZOHGJH� DQG�'HYHORSPHQW� 3ODQQLQJ�� -RXUQDO� RI� )RUHVW� DQG�5DQJHODQG�� 1R�� ���� )RUHVW�� 5DQJHODQG� DQG�:DWHUVKHG�FRXQWU\������������ )DUURNKL�� 6� DQG� <DJKRXEL�� -�� WHFKQRORJ\�GHYHORSPHQW� WKURXJK� LQGLJHQRXV� NQRZOHGJH�V\VWHPV�ZLWK� DJULFXOWXUDO� UHVHDUFK� �� -RXUQDO� RI�-LKDG��1R��������������������� *LJOHU�� 6�� HW� DO�� �������� ,&7� IRU� ,QGLJHQRXV�'HYHORSPHQW�� $YDLODEOH� DW�� KWWS���� WRSLFV��'HYHORSPHQWJDWHZD\�RUJ�� LFW�� VGP�� SUHYLHZ�'RFXPHQW��'R�a�DFWLYH�'RFXPHQW�,G����������� .DUDPL�� 5� DQG� 0RUDGL�� .K�� 7KH� SODFH� RI�UHVHDUFK�� WUDLQLQJ� DQG� SURPRWLQJ� WKH�SUHVHUYDWLRQ� RI� LQGLJHQRXV� NQRZOHGJH�� -RXUQDO�RI�-LKDG��1R����������������� .RODZRSOH�� '�� �������� /RFDO� .QRZOHGJH�8WLOL]DWLRQ�DQG�6XVWDLQDEOH�UXUDO�GHYHORSPHQW�LQ�WKH����6W��&HQWXULHV��,.�0RQLWRU�$UWLFOH������������ /RXLVH�� *� �������� :RUNLQJ� ZLWK� LQGLJHQRXV�NQRZOHGJH��$�JXLGH�IRU�UHVHDUFKHUV���SXEOLVKHG�E\� WKH� ,QWHUQDWLRQDO� 'HYHORSPHQW� UHVHDUFK�&HQWUH��SR�%R[������2WWDZD��2Q��&DQDGD�.,*��+������� 0HUUHZLM�� $�� Y�� �������� 7KUHH� GHILQLWLRQV� RI�LQGLJHQRXV� NQRZOHGJH�� ,QGLJHQRXV� NQRZOHGJH�DQG�'HYHORSPHQW�0RQLWRU��9RO����,VVXH����S���������� 1RZURR]L��$�DQG�$ODJKD��(��D�QHZ�FDWHJRU\�RI�LQGLJHQRXV� NQRZOHGJH� LQ� UXUDO� GHYHORSPHQW�UHVHDUFK���-RXUQDO�RI�MLKDG��1R��������������������� 3HQQ\� 5�� $� �������� *HQGHU� DQG� ,QGLJHQRXV�.QRZOHGJH��,.	'�0��$UWLFOH������������ 3RS]DQ�� $�� 'HVLJQ� DQG� FRPSLODWLRQ� RI�LQGLJHQRXV� NQRZOHGJH��PRGHUQ�PHGLD� LQ� RUGHU�WR� DFKLHYH� D� SDUWQHUVKLS� DSSURDFK� LQ�.HUPDQVKDK�SURYLQFH���HQG�RI�SHULRG�OHWWHU�3K'�7HKUDQ�8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUH�WR�KHOS�$]NLD�DQG�6H\HG�0DKPRXG�+RVVHLQL������������ 5D]DYL�� 0�� $JULFXOWXUH� DQG� QDWXUDO� UHVRXUFHV��LQGLJHQRXV� NQRZOHGJH� DQG� FRPELQLQJ� LW� ZLWK�PRGHUQ�NQRZOHGJH��-LKDG�PDJD]LQH��WZHQW\�ILYH�\HDUV��1R����������������� 5DMDVHNDUDQ��%�'�'��0��:DUUHQ�DQG�6�&��%DEX��������� ,QGLJHQRXV� QDWXUDO�UHVRXUFH�PDQDJHPHQW�V\VWHP�IRU�VXVWDLQDEOH�DJULFXOWXUDO�

GHYHORSPHQW�� D� JOREDO� SHUVSHFWLYH� -RXUQDO� RI�,QWHUQDWLRQDO�'HYHORSPHQW������������ 6PLWD� 0�� ������:RPHQ
V� LQGLJHQRXV�NQRZOHGJH�RI�IRUHVW�PDQDJHPHQW�LQ�2ULVVD��������������
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Abstract: Synthetic-based fluids (SBF), which are composed mostly of linear alpha Olephins, Esters and Paraffins 
are used in drilling mud to lubricate the drill bit, control reservoir pressure and bring rock chips and cuttings to the 
surfaces which are subsequently released into the marine environment as a residue on the cuttings as they are 
discharged. Aerobic biodegradation is a major criterion for selecting synthetic –based fluids for drilling mud.  In the 
present study, sediments were collected from four different locations in the Gulf of Guinea measuring from 100-
500m depth and were used in indoor basin benthic chamber tests to measure degradation rates of 4 different Ester 
based synthetic fluids at room temperature over a 120 day test period. At each 30 day interval, residual organic 
carbons were measured by gas chromatograph while microbial populations were quantified with the most probable 
plate number method (MPN). At the end of the 120-day monitoring period, the following % degradation rates were 
recorded for the different ester based fluids used in the study; BR-EST (94%), CH-EST (91%), PFB-009 (94.8%), 
PFB-008 (93.8%). This result indicate that the Ester based fluids used in the experiment are readily biodegradable 
and the Gulf of Guinea sediments harbour considerable populations of indigenous hydrocarbon utilizing 
microorganisms that are capable of degrading the exogenous ester based synthetic fluids. This study addressed the 
fate of the synthetic ester base fluid portion of the drilling mud in Gulf of Guinea sediments by determining the 
potential of indigenous marine sediment microbes to degrade representative SBF under natural conditions.  
[Okoro Chuma. Conlette. Aerobic Degradation of Synthetic-Based Drilling Mud Base Fluids by Gulf of Guinea 
Sediments under Natural Environmental Conditions. Life Science Journal. 2011;8(2):569-576] (ISSN:1097-8135). 
http://www.lifesciencesite.com. 
 
Keywords: Synthetic base fluids, Drilling mud, Cuttings, Biodegradable, Hydrocarbon utilizing microorganisms, 
Gulf of Guinea sediments. 
 
1. Introduction 

Three major types of cuttings can be defined 
depending on the drilling muds used to facilitate the 
boring process and also to carry the cuttings to the 
surface. They include: 
i. Water based muds containing for example 

KCl/Polymers or glycol. 
ii. ii. Pseudo-oil-based muds commonly comprising 

of olefins and Esters 
iii. Oil based muds comprising either clean mineral 

oil or in early stages, diesel. 
The oil based muds are considered to have 

the most deleterious effect on the local environment 
especially diesel, so their use has been gradually 
phased out in some countries (Kjeilen et al, 1996). 
Alternative types of drilling fluids have been 
developed as a consequence of increasingly strong 
environmental protection legislation. The alternative 
drilling fluids have been designed to have less 
negative impact on the environment i.e., they are 
more easily degradable and less toxic than oil based 
drilling fluids. These alternative drilling fluids are 
pseudo oil based comprising mainly of Olefins, 
Esters and Paraffins and they have been proved to be 

very important in difficult deepwater drilling 
operations (Deborah and Alan, 2006). They also 
combine the technical advantage of oil base fluids 
and the low toxicity of water base fluids and are used 
mainly to lubricate the drill bit, control reservoir 
pressure and bring rock chips or cuttings to the 
surface. 

Ester based fluids are well known for their 
high biodegradation potential but they are susceptible 
to calcium and acidic gas combination as well as 
thermal limitations (West et al, 2009), despite that, 
Ester based fluids deliver outstanding performance 
even under extreme bore hole and formation 
conditions (Tapavicza, 2005). Ester quality (EQ) 
stands for a new generation of drilling fluids, they are 
based on vegetable esters derived from natural raw 
materials like palm kernel oil. The overall benefits of 
Ester based drilling fluids include; faster drilling, 
reduced drilling costs, superior lubricity, excellent 
hole cleaning, protection of drilling formations and 
proven track record on performance (Tapavicza, 
2005). Esters strongly protect the geological 
formations, preventing the swelling of the reactive 
clay and shale formations. The polar Ester groups and 
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the balanced vegetable C-chain are the main factors 
conferring these properties. The biodegradable Ester 
based muds are better alternatives to oil based muds 
because oil based muds are not environment friendly 
and often involve recovering and transportation of 
drill cuttings to onshore locations for treatment and 
disposal which is very costly. In contrast, vegetable 
ester drill cuttings can be safely discharged into the 
ocean without harming the ecosystem if they meet the 
local regulatory requirement, In Nigeria, the 
discharge limit is less than 50ppm of oil (DPR, 1991). 
When they are discharged, the cuttings and adherent 
synthetic base fluids settle to the sea floor and their 
concentration in the sea floor environment may 
decrease with time due to re-suspension, bed 
transport, bioturbation and biodegradation but 
biodegradation is expected to be the most significant 
mechanism of synthetic based fluid removal and 
subsequent environmental recovery (Deborah and 
Alan, 2006). 

Aerobic biodegradation is a key criterion for 
selecting a base fluid for bioremediation though there 
may be other important factors such as availability of 
the base fluids, drilling environment and the 
operator’s policy and local legislation. Numerous 
studies on petroleum degradation in marine 
environment and soil demonstrate that organic 
ingredients in oily cuttings are biodegradable under 
aerobic conditions (Prince, 1993, Kjeilen, 1997, 
Deborah and Alan, 2006) but in the floor of some 
sediments for instance the Gulf of Mexico, the 
average oxygen concentration is 6.8mg/L (0.21nm) 
and the oxygen only diffuses a few centimetres into 
the sediment, an indication that oxygen availability 
can be limiting in deep offshore sediments (Deborah 
and Alan, 2006). A wide variety of aerobic 
hydrocarbon degrading microorganisms have been 
isolated from the Gulf of Guinea sediments namely; 
Flavobacterium sp., Micrococcus sp., Alkaligenes sp., 
Corynebacterium sp., Aspergillus niger, Aspergillus 
fumigatus and Penicillium sp (Okoro, 2010a), in a 
related development, an investigation carried out by 
Okoro (2010b) revealed that aerobic microorganisms 
are very active in the Gulf of Guinea sediment up to a 
depth of 2-5cm with total heterotrophic bacterial 
counts of 3.20 x 106 cfu/g and 2.20 x 104 cfu/g 
respectively. Other aerobic microorganisms 
implicated in hydrocarbon degradation in marine 
sediments by other researchers include; Pseudomonas 
sp. (Tagger et al, 1990), Flavobacterium sp. 
(Okpokwasili et al, 1984), and Vibrio sp. (West et al, 
1984). 

In the present study, the biodegradation 
potential of 4-Ester based drilling fluids (BR-EST, 

CH-EST, PFB-009 and PFE-008) was tested under 
natural aerobic conditions using Gulf of Guinea 
sediments. The main objective of the study therefore 
is to determine the fate of these drilling fluids in the 
Gulf of Guinea sediments over time under natural 
aerobic environmental conditions. 

 
2. Material and Methods: 
Experimental Design: 

 The experimental test set up consists of a 
series of 4 easily assessable rectangular shaped glass 
indoor basins called benthic chambers measuring 
approximately 18x30 inches (about 18 inches deep). 
Each of the glass containers was filled with the wet 
sediment collected from Escravos river (Located 
within the Gulf of Guinea) up to 12 inches depth 
followed by the introduction of 100mls of each of the 
Ester based fluids to the respective containers. The 
sediment/fluid mixture was mixed thoroughly by 
manual means using a metallic mixer. The 
experimental set up was allowed to settle for about 
6hrs before the collection of the first sediment sample 
at day 0. The experiment was monitored for a period 
of 120 days and at each 30-day interval, sediment 
samples were collected and analysed for residual 
organic carbon and hydrocarbon utilizing bacteria. 
The entire set up was similar to the simulated sea bed 
experiment conducted by OGP (2003). The 4 
sediment samples were labelled as follows; 1.SE-BR-
EST, 2. SE-CH-EST, 3. SE-PFB-009, and 4. SE- 
PFB-008 depending on the type of ester based fluid 
added to the sediment. 
 
Description of the Synthetic-based fluids (SBF) 
used for the study. 

The SBF samples which were collected from 
the Nigerian Department of Petroleum Resources 
(DPR) were coded and have the following 
descriptions. 
1. BR-EST (BAROID ESTER) 
2. CH-EST (CHEVRON ESTER) 
3. PFB-009 (Mixture of Ester and Olefin) 
4. PFE-008 (Ester of Aliphatic acid). 

 
Microbiological and Physicochemical Analysis of 
the Sediment samples 
Enumeration of Total Heterotrophic Bacterial and 
Fungal Counts. 

Heterotrophic bacteria and Fungi were 
enumerated by adopting the standard plate count 
technique using spread plate method. Appropriate 
dilutions of samples were plated out on nutrient agar 
plates for bacteria and potato dextrose agar (PDA) 
plates for Fungi. The plates for bacteria were made in 
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duplicates and incubated aerobically at 290C for 
24hrs while that of Fungi were incubated aerobically 
for 3-4 days. 2µg/L of chloramphenicol was added to 
PDA  plates to inhibit bacterial growth as described 
in Eaton et al, 1995. 
 
Enumeration of hydrocarbon carbon utilizing 
bacteria 

Hydrocarbon utilizing bacterial counts were 
obtained by plating out at low dilutions 10 –1 – 10-3 of 
samples on mineral salt medium of Mills et al (1978). 
The composition of the medium in ( g/L)  is as 
follows NaCl ( 10 ), MgSO4.7H20 ( 0.42), KCl (0.29), 
KH2PO4 (0.83), Na2HPO4 (1.25), NaNO3 (0.42), Agar 
bacteriological (15),  distilled water (1000 ml), and 
pH  (7.2 ). The medium was autoclaved at 1.1 kg/cm2 
for 15 mins. The inoculated mineral agar plates were 
then inverted over sterile membrane filters moistened 
with crude oil (Escravos light ) and held in the lid of 
the petri dishes. The dishes were wrapped round with 
a masking tape so as to increase the vapor pressure 
within the Petri dishes while the plates were 
incubated at 290C for 6 days after which the growth 
of hydrocarbon degrading bacteria were observed and 
counted. For fungal plates, 0.1g of Penicillin was 
added to 250ml mineral salt medium to inhibit 
bacterial growth. 
 
pH, Temperature measurement and Salinity  
The pH of the sediment was measured with a portable 
water proof pH meter (Jenway, 3150, 
USA),Temperature was measured using portable 
thermometer (Hanana , H1-93510, USA). Salinity 
was measured as Chloride using the Argentometric 
method as earlier described in (Eaton et al, 1995).  

 
Estimation of Background Nutrient Concentration 
of the sediment 

Interstitial water samples were withdrawn 
with a simple apparatus as described in McKee et al, 
1988. The collected interstitial water was filtered and 
inorganic nutrients such as Phosphorus and 
Potassium were analysed with ICP (Inductively 
coupled argon plasma emission spectrometer) as 
described in Eaton et al, 1995). Ammonium-Nitrogen 
was analysed with auto analyser as described in 
Eaton et al, 1995. 

 
Detection of heavy metals: 

 Heavy metals were detected using the 
Atomic absorption Spectrophotometer (Perkin Elmer 
5100PC, England) after sample preparation and 
digestion as previously described (Eaton et al,1995). 

 

Moisture content: 
The moisture content of the sediment was 

measured by simple gravimetric analysis. 10grams of 
the sample containing water was dried in the oven at 
a temperature of 200oC after which, the sample was 
measured again and the difference in weight is the 
moisture content as previously described (Eaton et 
al,1995) 

 
Solvent extraction of Residual Oil 

One gram of the sample was introduced into 
a separating funnel containing 50mls of Methylene 
chloride, this was followed by vigorous shaking for 
10mins and filtration using Watman no.1 filter paper 
as  previously described (Eaton et al, 1995) and the 
filtrate was collected in a clean conical flask. 

 
Gas Chromatography of Oils 

Degraded organic carbon were analyzed by 
gas chromatography using Hewlett Packard 5890 
series 11 Gas chromatograph equipped with single 
flame ionization detector (FID) fitted with Perkin 
Elmer Nelson analog digital converter ( 900 series ) 
and a Compaq deskpro computer. A J and W 
scientific DB-1 capillary column of 15 m length and 
an internal diameter of 0.32 mm wide bore of 
1micron film thickness were used. A temperature 
program of 50-3050C increasing at 3.50C per minute 
for 27.15min was employed. Hydrogen with a flow 
rate of 2ml per min was used as a carrier gas while 
the flow rate of air was 400ml per min. The detector 
temperature was 3250C while the injection port 
temperature was 3050C. 1 ml of the residual organic 
carbon extract was dissolved in methylene chloride at 
the ratio of 1:1 and a sample volume of 0.2 µl was 
injected into the GC.  

 
Identification Microorganisms capable of utilizing 
SBF 
         The growth and morphology of bacterial 
isolates in minimal salts medium and on nutrient 
Agar  plates were noted with regards to the following 
characteristics; Form, Pigmentation, 
Texture, Colour and Elevation. Fungal cultures were 
stained with Methylene blue and observed under a 
microscope (x40) and each fungal culture was 
identified based on its morphological characteristics. 
Bacterial cultures were stained using grams staining 
procedure and proper identification was done using a 
computerized BBL Enterotube identification test kits, 
manufactured by Becton Dickson Microbiology 
systems Inc. USA. 

 
3. Results. 
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Microbiological and Physicochemical properties of 
Gulf of Guinea sediments 

The total heterotrophic bacterial counts of 
the four sediments investigated ranged between 1.20-
3.10 x 106 cfu/g while the hydrocarbon utilizing 
bacterial counts ranged from 0.011-0.080 x 106 cfu/g. 
Heterotrophic fungal and yeast counts in the 
sediments ranged between 0.0034 – 0.018 x 106 cfu/g 
while the hydrocarbon utilizing fungal and yeast 
counts ranged from 0.00016 – 0.00042 x 106 cfu/g. 

The total organic carbon (TOC) in all the 
sediments tested were less than 10ppm suggesting 
that the sediment is pristine and have not undergone 
any significant pollution in the past. The levels of 
Nitrogen, Potassium and Phosphorus in all the 
sediments tested indicate that the sediments have 
sufficient nutrient that can sustain microbial growth 
and proliferation. The detailed results of the 
microbiological and physicochemical properties of 
the Gulf of Guinea sediments are shown on table 1. 

 
Aerobic degradation of Ester based drilling fluids 
in the sediment 

Aerobic microorganisms comprising of 
Bacteria and Fungi considerably degraded the Ester 
based fluids in the sediment within the 120 day 
experimental period. At day 60, all the ester based 
fluids tested achieved over 60 % degradation in the 
sediment and by the end of the 120 day period, 
almost all the residual ester present in the sediment 
(over 90%) were degraded by the microorganisms as 
shown in Figure 1. 
Changes in the population dynamics of 
microorganisms with the capability to utilize the 
ester based fluids as the sole carbon source during 
biodegradation studies 

Changes in the population dynamics of 
microorganisms with the capability to utilize the ester 
based fluids as their sole carbon sources in the 
sediment were monitored during the 120 day 
experimental period and the results showed that the 
population densities of the microorganisms increased 
progressively from day 0 to day 60 which was the 
peak population density. The microbial population 
however showed a gradual decline after day 60 and 
this can be attributed to the considerable drop in the 
concentration of the ester based fluids as 
biodegradation progressed. The results are shown on 
table 2. 
 
Microorganisms isolated from Gulf of Guinea 
Sediments with the capability to utilize the SBF. 

A wide variety of microorganisms with the 
capability to utilize the synthetic based fluids were 
isolated from the Gulf of Guinea sediments during 
the 120 day period the experiment lasted. At day 0, 
various bacterial and fungal species were isolated 
from the various sediments tested and the 
predominant microbial flora comprised of 
Pseudomonas sp., Micrococcus sp., Alkaligenes sp., 
Corynebacterium sp., Actinomycetes sp., 
Enterobacter sp., Acinetobacter sp., Aspergillus niger, 
Penicillium sp., Penicillium crysogenum and 
Candida sp. but at the end of the experiment at day 
120, the predominant microbial flora in the sediment 
declined to Pseudomonas sp., Alkaligenes sp., 
Micrococcus sp., Achromobacter sp., Aspergillus 
niger, Penicillium sp. and Penicillium crysogenum. 
The percentage of total heterotrophs in the sediment 
with the capability to utilize SBF ranged from 0.92-
3.30%, the detailed results are shown on table 3. 
 

 
Table 1. Microbiological and Physicochemical properties of  Gulf of Guinea sediments 

  SE-BR-EST SE-CH-EST SE-PFB-009 SE-PFE-008 
1 Total Heterotrophic Bacterial Counts (Cfu/g x 106) 1.20 2.60 1.40 3.10 
2 Hydrocarbon utilizing bacterial counts (Cfu/g x 106) 0.011 0.086 0.023 0.041 
3 Total Heterotrophic Fungi/Yeast Counts. (Cfu/g x 106) 0.004 0.016 0.0034 0.018 
4 Hydrocarbon Utilizing Fungi/Yeasts. (Cfu/g x 106) 0.00016 0.00042 0.00016 0.00022 
5 Total Organic Carbon (TOC) (ppm) 6.50 7.60 9.50 8.40 
6 pH 6.70 6.80 6.70 6.90 
7 Temperature (0C) 23 24 24 23 
8 Salinity (mg/g) 5280 5360 5540 5920 
9 Moisture content (%) 56 58 60 58 
10 Phosphorus (mg/g) 106 128 98 130 
11 Potassium (mg/g) 98 83 76 82 
12 Ammonia-N (mg/g) 3.20 3.11 2.80 3.0 
13 Heavy Metals detected Pb(0.032), Cr 

(0.10) 
Cd(0.05), 
Pb(0.018) 

Fe(0.022), 
Zn (0.04) 

Fe (0.031), Cd 
(0.006), Zn (0.03)  
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Figure 1. Degradation of Ester based drilling fluid in the sediment by aerobic microorganisms. 
 
 
4. Discussion: 

The degradation of surrogate ester based 
SBF under natural conditions by the indigenous 
microbial flora of the Gulf of Guinea sediments were 
examined under natural environmental conditions 
over a 120 day period. Incubation at hydrostatic 
pressure was not necessary because previous research 
have shown that incubation at such deep offshore 
pressure had no effect on the hydrocarbon substrate 
degradation (Benka-Coker and Olumagin, 1995, Alan 
et al,2006, Deborah and Alan ,2006). 

The present study have demonstrated that 
the Gulf of Guinea sediments used in the study 
harboured considerable population of 
microorganisms with the capability to utilise and 
degrade the ester based fluids. Analytical study on 
the background nutrient composition of the sediment 
used in the study equally showed that the sediments 
had fairly good nutrient composition that can sustain 
microbial growth and proliferation. Previous 
investigations have shown that the Gulf of Guinea 
sediments have significant background nutrient 
composition and are populated with wide variety of 
microorganisms with the capability to utilize the 
organic carbon in the sediment (Okoro, 2010a). In the 
present study, the indigenous microbial populations 
of the sediment ranged between 1.20 -3.10 x 106 cfu/g 
and only about 0.92-3.30% of the total heterotrophic 
population have the capability to utilize and degrade 
the ester based SBF in the sediment. Deborah and 
Alan (2006) have demonstrated that the indigenous 

aerobic microbial populations in the Gulf of Mexico 
sediments ranged between 1.0 x 108 – 1.4 x 109 cfu/g 
but less than 10% of the total heterotrophic 
population have the capability to utilize the SBF as 
their sole carbon and energy source. 

In the present study, it was observed that the 
populations of microorganisms in the sediment that 
are capable of utilizing the ester based fluids 
increased in population when the ester based fluids 
were introduced but the populations declined 
gradually upon the degradation of the ester based 
fluids. A similar study conducted by OGD (2003) 
showed that biodegradation of esters increased with 
higher concentration of fluids in the sediment, the 
study also went further to demonstrate that sediment 
type (Sandy Vs Clay or Silt) for instance effects 
degradation rate and that degradation occurs more 
rapidly in Silt/Clay sediments than in sandier 
sediments. The sediment that was used in this study 
was sandy.  

An investigation carried out Cavellier et al, 
1999 with the Gulf of Mexico sediments showed that 
under aerobic and anaerobic conditions, about 50% of 
the esters in the sediments were degraded after 28 
days and the residual concentration of esters were 
reduced to zero after 120 days of exposure. In the 
present study, only aerobic degradation was 
monitored and the average % degradation of the Ester 
based fluids in the sediment was, about 43% for a 30 
day period and 94% for the 120 day period. A similar 
investigation carried out by OGD(2003) revealed that 



Life Science Journal, 2011;8(2)                                                                http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life             lifesciencej@gmail.com  574

loss of the SBF deposited on the cuttings which was 
measured over a period of 150-187 days was about 
80%. Other investigators like Prince (1993), Swannel 
et al,(1996), Kjeilen (1997) and Paulsen et al (1997) 

have equally demonstrated that the organic 
ingredients in the SBF are readily biodegradable over 
a considerable length of time. 

 
Table 2. Population dynamics of Hydrocarbon utilizing bacteria during biodegradation of Ester based fluids 
(Bacterial Population x 106 cfu/g) 
SEDIMENT DAY 0 DAY 30 DAY 60 DAY 90 DAY 120 
SE-BR-EST 0.011 0.580 1.260 0.360 0.086 
SE-CH-EST 0.080 0.620 1.560 0.840 0.460 
SE-PFB-009 0.023 0.180 1.040 0.960 0.210 
SE-PFE-008 0.041 0.186 1.132 0.840 0.110 

 
Table 3. Microorganisms isolated from Gulf of Guinea Sediments with the capability to utilize the SBF 

 SE-BR-EST SE-CH-EST SE-PFB-009 SE-PFE-008 
DAY 0 Micrococcus sp., 

Pseudomonas sp., 
Enterobacter sp., 
Corynebacterium 
sp.,Actinomycetes sp., 
Achromobacter sp., 
Pseudomonas mallei, 
Aspergillus niger, 
Candida sp., 
Penicillium sp., 
Rhizopus sp. 

Acinetobacter lwoffii, 
Pseudomonas sp., 
Enterobacter sp., 
Alkaligenes sp., 
Flavobacterium sp. 
Bacillus sp., 
Aspergillus niger 
Aspergillus 
fumigatus 
Penicillium 
crysogenum 

Vibrio sp., 
Pseudomonas sp., 
Acinetobacter 
lwoffii. Alkaligenes 
sp. Pseudomonas 
mallei. Penicillium 
sp.,Actinomycetes, 
Enterobacter, 
Penicillium 
crysogenium, 
Aspergillus niger 

Micrococcus sp., 
Pseudomonas sp., 
Enterobacter sp., 
Corynebacterium sp., 
Achromobacter sp., 
Pseudomonas mallei 
Rhodotorula sp. 
Candida sp., 
Cladosporium sp.,  
Fusarium sp 

DAY 30 Micrococcus sp., 
Pseudomonas 
sp.,Actinomycetes sp., 
Achromobacter sp., 
Pseudomonas mallei, 
Aspergillus niger, 
Penicillium sp., 
 

Pseudomonas sp, 
Alkaligenes sp., 
Flavobacterium sp. 
Bacillus sp., 
Aspergillus niger 
Penicillium 
crysogenum 

Pseudomonas sp.. 
Alkaligenes 
sp., Pseudomonas 
mallei. Penicillium sp., 
Penicillium 
crysogenium, 
Aspergillus niger 

Micrococcus sp., 
Pseudomonas sp.,., 
Corynebacterium sp., 
Achromobacter sp., 
Rhodotorula sp. 
Candida sp., 
Cladosporium sp.,  
Fusarium sp. 

DAY 60 Micrococcus sp., 
Pseudomonas 
sp.,Actinomycetes sp., 
Achromobacter sp., 
Aspergillus niger, 
Penicillium sp., 
 

Pseudomonas sp, 
Alkaligenes sp., 
Flavobacterium sp. 
Bacillus sp., 
Aspergillus niger 
Penicillium 
crysogenum 

Pseudomonas sp.. 
Alkaligenes 
sp,. Penicillium sp., 
Penicillium 
crysogenium, 
Aspergillus niger 

Micrococcus sp., 
Pseudomonas sp., 
Achromobacter sp., 
Rhodotorula sp,. 
Candida sp., 
Cladosporium sp.,  
Fusarium sp. 

DAY 90 Micrococcus sp., 
Pseudomonas 
sp.,Actinomycetes sp., 
Achromobacter sp., 
Aspergillus niger, 
Penicillium sp., 

Alkaligenes sp., 
Flavobacterium sp. 
Bacillus sp., 
Aspergillus niger 
Penicillium 
crysogenum 

Pseudomonas sp.. 
Alkaligenes 
sp,. Penicillium sp., 
Penicillium 
crysogenium, 
Aspergillus niger 

Micrococcus sp., 
Pseudomonas sp., 
Achromobacter sp.,. 
Candida sp., 
Cladosporium sp.,  

DAY 120 Micrococcus sp., 
Pseudomonas sp., 
Actinomycetes sp., 
Achromobacter sp., 
Aspergillus niger, 
Penicillium sp., 

Alkaligenes sp., 
Flavobacterium sp. 
Bacillus sp., 
Aspergillus niger 
Penicillium 
crysogenum 

Pseudomonas sp.. 
Alkaligenes 
sp,. Penicillium sp., 
Penicillium 
crysogenium, 
Aspergillus niger 

Micrococcus sp., 
Pseudomonas sp., 
Achromobacter sp.,. 
Candida sp., 
Cladosporium sp.,  

% of 
Heterotrophs 
utilizing SBF 

0.92 3.30 1.64 1.32 
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One important issue in mixed culture 
microbial degradation is the issue of dominance of 
some microbial species over others. The population 
dynamics and the species diversity of the indigenous 
microorganisms that have the capability to utilize the 
ester based fluids as their sole carbon source was 
monitored and the dominant microbial flora in the 
Gulf of Guinea sediments were identified as 
Pseudomonas sp., Alkaligenes sp., Micrococcus sp., 
and Achromobacter sp. among the bacterial species 
and Penicillium sp., Aspergillus niger and 
Penicilluim crysogenum among the fungal species. A 
similar study in the Gulf of Guinea sediments by 
Benka-Coker and Olumagin (1995) showed the 
predominant microbial flora of the Gulf of Guinea 
sediments with the capability to utilize the SBF as 
Alkaligenes and Micrococcus, among the Bacterial 
species and Penicilium and Cladosporium sp. among 
the Fungal species. The study also showed that 6% of 
the total heterotrophic population possess the 
capability to utilize the SBF as their sole carbon and 
energy source. 
 
Conclusion: 

The present study have clearly demonstrated 
that all the ester based fluids used in the study are 
readily biodegradable and the Gulf of Guinea 
sediment is populated with diverse microbial flora 
with adequate nutrient composition which made the 
biodegradation of ester based SBF easier. The 
literature reviews conducted as part of this research 
revealed that ester based SBF are more readily 
degradable than others such as paraffins and olefins. 
In conclusion therefore, it can be deduced from the 
present study that the 4 ester based SBF used in the 
study are readily biodegradable by the Gulf of Guinea 
sediment and as such can be safely discharged into 
the ocean. The recommended ocean discharge is safer 
and far more economical than other disposal options 
like onshore thermal treatment process and land 
farming. 
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Abstract: This study assesses the level of community participation for poverty reduction in rural areas of Iran. Data 
were collected using focus group discussions. Results indicate that although there is sense of community towards 
poverty reduction between the rural people; but rural communities still face challenges and constraints which hinder 
their participation in poverty reduction.  
[Fatemeh Allahdadi. Community Participation for Poverty Reduction in Iran. Life Science Journal. 
2011;8(2):577-579] (ISSN:1097-8135). http://www.lifesciencesite.com. 
 
Keywords: community participation, rural community, poverty reduction 
 
 
1. Introduction  

The term ‘participation’ has recently come to 
play a central role in the discourse of rural 
development practitioners and policy makers (United 
Nations, 2009). Participation is a dynamic process. 
Participation is considered as an important factor for 
successful and prosperity of local development (Aref 
et al., 2010). At the same time, people’s 
interpretations of the term – and criticisms of other 
people’s interpretations – have multiplied, and the 
intentions and results of much participation in 
practice have been questioned or even denounced. In 
other words, participation has become a hotly 
contested term, in a debate with deep implications for 
the ways in which community, society, citizenship, 
the rights of the poor and rural development itself are 
conceived, and for the policies that are formulated 
about and around some of these concepts and the 
social realities to which they refer (United Nations, 
2009).  

Community participation refers to peoples’ 
engagement in activities within the community. It 
plays an essential and long-standing role in 
promoting quality of life (Putnam, 2000). 
Participation is recognized as an essential strategy to 
strengthen the well-being of individuals, families and 
communities, government and non government 
agencies (Aref, 2010a). Community participation is 
one of the mechanisms to empower people to take 
part in community development. Increased 
participation is a means to achieve community 
capacity to resolve the community problems (Lasker, 
Weiss, & Miller, 2001). Community participation 
also is the mechanism for active community 
involvement in partnership working, decision making 
and representation in community structures for 
poverty reduction (Aref, 2011; Chapman & Kirk, 

2001). It should be noted that community 
participation often means the involvement of people 
or community with the government to solve the 
community problems(Aref, 2011). 

In Iran there are some local organization for 
poverty reduction; but there are many challenges that 
face organizations who make it their goal to rural 
participation (Narayan, 2002). Hence, this paper 
addresses the specific challenge that is faced by 
participation for poverty reduction in rural area of 
Iran. 
 
2.  Literature review 

Community participation is a concept that 
attempts to bring different stakeholders together for 
problem solving and decision making (Talbot & 
Verrinder, 2005). The World Bank (1993) recognized 
the lack of community participation as a reason for 
failure of many community development attempts in 
developing countries (Aref, 2011). Community 
participation was measured in this study as a means 
of determining the level of community involvement 
in poverty reduction. 

Poverty being a rural phenomenon where the 
majority of the people live in most developing 
countries, the mechanisms to be used should target 
the recipients. One of these methods which are used 
widely today is to organize people in form of 
associations or collaboration (Adebayo, Chinedum, 
Dabo, & Pascal, 2010). According to World Bank 
poverty is hunger. Poverty is lack of shelter. Poverty 
is powerlessness, lack of  representation and freedom 
(Drinkwater, 2005). Whereas poverty is a multi-
faceted phenomenon that hinders the satisfaction of 
basic life requirements, the tendency has been for 
some analysts to conceptualize it in narrow economic 
terms by insinuating that it is simply the lack of 
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money (Smith & Ross, 2006). Poverty has been 
defined as the “denial of opportunities and choices 
most basic to human development to lead a long, 
healthy, creative life and to enjoy a decent standard 
of living, freedom, dignity, self-esteem and respect 
from others” (Hirschowitz et al.,2000, p. 54). Poverty 
has been defined as the “denial of opportunities and 
choices most basic to human development to lead a 
long, healthy, creative life and to enjoy a decent 
standard of living, freedom, dignity, self-esteem and 
respect from others” (Hirschowitz et al., 2000). 
Poverty can be reduced through community 
participation. Hence this study provides an 
approached for enhancement of community 
participation for poverty reduction in Iran.  

In despite of sense of community in rural areas, 
there is a number barrier for poverty reduction. For 
example lack of government programs and 
organizational capacity to respond to the 
opportunities provided (Jamieson & Nadkarni, 2009). 
Lack of formal education and skills and planning 
(Bushell & Eagles, 2007, p. 154). As a consequence, 
community facilities and services may be 
unacceptable for rural areas. Hence building local 
participation in rural communities is necessary for 
stakeholders involved in rural development (Bushell 
& Eagles, 2007). 
 
3. Methods 

The rural areas of Marvdasht in Fars province, 
Iran was selected as a case study area because it 
provided many opportunities to develop rural 
development; This study is based on quantitative 
methodology to investigate the barriers of community 
participation related to poverty reduction. The 
participants in FGD were educated people that were 
engaged in government and non government 
institutes.  To achieve the objectives of this study, the 
researcher uses quantitative method. Focus group 
discussion (FGD) was performed to collect data from 
local residents.  

FGD conducted in a group setting and was 
used for obtaining a better understanding of 
participants’ attitudes (Aref, 2010b). There is no 
consensus among qualitative researchers on the 
optimal number of participants in FGD. But the ideal 
number of participants in each FGD is six to ten. The 
respondents were participated in 10 groups. They 
ranged in age from 22 - 45 years. The researcher 
explained to them the objectives of the study and 
what questions would be asked. The researchers 
examined, categorized participants responses from 
each focus group of villagers that were recorded in 
video tapes 

 

4. Result  
Information for this study was gathered from 

educated people through FGD. A qualitative analysis 
was undertaken to determine viewed the current level 
of local participation for poverty reduction and also 
barriers of participation for poverty reduction. There 
were overall 55 participants with an average of 33 
years old.  The FGDs held on in 10 convenient 
centers in Marvdasht, Fars, Iran. They were chosen 
because of their knowledge. The questions were 
asked about the local particiaption in poverty 
reduction and barriers of local participation for 
poverty reduction.  

In terms of local participation in poverty 
reduction, they believe that rural residence does not 
have important role in their communities especially 
on poverty reduction. The findings showed that rural 
residence are without any certain planning for 
poverty reduction. Although the FGD respondent 
referred to variety barriers in terms of participation 
for poverty reduction in their communities, the study 
refer to some common barriers which have been 
discussed in majority of FGD groups. The most 
barriers in terms of local participation for poverty 
reduction were including:   

Lack of local conditions: The majority of 
FGD participants believed there are no suitable 
conditions in their village for participation in social 
and political participation and decision making.  

Lack of training: FGD respondents believed 
the lack of training; especially was behind the failure 
of participation for poverty reduction.  

Lack of skill and knowledge: The participants 
in all groups mentioned to this issue as one barrier of 
community participation for poverty reduction in 
their communities. Moscardo (2008) also argues that 
a lack of skill and knowledge has been used in many 
developing countries to justify the exclusion of local 
residents to resolve this problem (Aref, 2011). 

Community structural barriers: They 
respondents also referred to structural barriers for 
local participation in poverty reduction. Structural 
barriers are usually associated with institutional, 
power structures, legislative, and economic systems. 
Tosun (2000) describes a few of the relevant barriers 
including: attitude of professionals, lack of expertise, 
elite domination, lack of an appropriate legal system, 
lack of trained human resources, relatively high cost 
of community participation and lack of financial 
resources (Aref, 2011). 

Cultural barriers:  Through FGD respondents 
believed that there are some cultural barriers towards 
community participation. There seem to be some 
cultural factors including limited capacity of poor 
people to handle development effectively, apathy and 
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low level of awareness in the local community (Aref, 
2011; Moscardo, 2008). 

Overall the results of this study indicated that 
in most rural area local participation is limited by the 
some cultural restrictions that limit their access to 
education and health services, and these impose 
serious constraints on their autonomy, mobility, and 
on the types of livelihoods that are available to them. 
Their lack of access to education and resulting low-
skill levels limits their opportunities for employment 
further. 

 
5. Conclusion 

This paper addresses the specific challenge 
that is faced by community participation for poverty 
reduction in Marvdasht, Iran. This study has 
identified the barriers of participation for poverty 
reduction. Lack of capable organizations, lack of 
resources, and cultural restrictions were an important 
element contributing to limited rural areas for poverty 
reduction. 

 Overall the findings indicated that residents 
have negative attitude towards contribution of rural 
residence towards poverty reduction in their 
communities. They refereed to government policy 
and lack of local organizational capacity as main 
barriers related poverty reduction. Clearly, the 
described barriers may not be only specific to rural 
areas; some of them may also be considered as 
common general problems in urban communities in 
Iran. Base on the findings for community 
participation, any project should include, include the 
below items: 
-The integration of procedures and principles aimed 
at enhancing and promoting the role of local people 
as creators of development,  
- The enhancement of the image of rural people as 
guardians of the traditional know-how so as to favor 
and promote their involvement in rural economic 
activities, and management processes. 
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Abstract: Proteases catalyzes the hydrolysis of protein. Among the various proteases, bacterial proteases are the 
most significant when compared with animal and fungal proteases. The aim of the present study was to production 
of alkaline thermostable bacterial protease for application in biodetergent technology. Screening studies were 
carried out for twenty one thermophilic bacterial isolates with respect to their ability to produce both protease and 
lipase when grown on mineral salts medium supplemented with gelatin as only source and carbon and energy at 
50°C and pH 9. The most potent thermophilic bacterial isolate for production of two enzymes was identified as 
Shewanella putrefaciens-EGKSA21. The optimum incubation temperature and pH for maximum alkaline–
thermostable protease production were 50°C and 9 under fermentation conditions. Optimum substrate 
concentrations for protease production were 3 % gelatine. The best carbon sources that induce protease production 
by Shewanella putrefaciens-EGKSA21 was D (+) arabinose and D-xylose. Potassium nitrate, sodium nitrate and 
ammonium chloride were the optimal nitrogen sources for alkaline–thermostable protease production by 
Shewanella putrefaciens-EGKSA21. Maximum protease production was observed at the end of 48hrs. The overall 
steps protocol resulted in raising the purification fold to 411.9 times. Optimum incubation temperature and thermal-
stability were 50 and 50-55 ºC for the purified protease. The activities of the purified enzymes increased gradually 
with the increase of time up to 48 h incubation of the reaction mixture. The activities of the purified enzyme 
increased gradually by the increase of enzyme concentrations. The effect of different metalic ions on the purified 
enzyme activities recorded that Sodium azide (50 ppm), Lead acetate  (50 ppm) and EDTA (50ppm) exhibited 
maximal activities while cadmium chloride and magnesium chloride inhibited the purified enzyme activities. The 
purified enzymes exhibited good stability towards organic solvents. The crude and purified protease of produced by 
Shewanella putrefaciens-EGKSA21 bacterial strain with a potential to be a candidate for the application in the 
detergent industry.  
[Bahobil, A. S.  Production, Purification and Characterization of Alkaline and Thermostable Protease by Shewanella 
putrefaciens-EGKSA21 Isolated from El-Khorma Governorate KSA. Life Science Journal. 2011;8(2):580-590] 
(ISSN:1097-8135). http://www.lifesciencesite.com. 
 
Key words: Thermostable protease, Biodetergent, Shewanella putrefaciens, Submerged fermentation; EL-Khorma 

Governorate. 
 
1. Introduction 

Proteases constitute one of the most important 
groups of industrial enzymes and have applications in 
different industries such as detergent, food, feed, 
pharmaceutical, leather, silk and for recovery of silver 
from used x-ray films. Proteases are one of the most 
important classes of biocatalysts from an industrial 
point of view, occupying a major share of 60% of the 
total enzyme market (Pandey, 2003). These 
biocatalysts hydrolyze peptide bonds in proteins and 
hence are classified as hydrolases and categorized in 
the subclass peptide hydrolases or peptidases (Ellaiah 
et al., 2002). Because of this functional property, they 
are widely used in laundry detergents, leather 
processing, protein recovery or solubilization, meat 
tenderization, and the biscuit and cracker industries 
(Johnvesly and Naik, 2001). However, other 
application potentials of these enzymes depend on the 
nature of catalytic activity with respect to reactant 
medium, which led to the classification of proteases as 

acidic, neutral, and alkaline. Among these different 
biocatalysts, alkaline proteases have wide application 
spectra and novel properties due to their exotic 
catalytic nature. Hence, these proteases and their 
producing organisms attracted attention of scientific 
community to understand the protein chemistry and 
protein engineering to enhance their utilization niche 
(Germano et al., 2003). 

Though several microorganisms such as 
bacteria, fungi, yeast, plant, and mammalian tissues are 
known to produce alkaline proteases (Ellaiah et al., 
2002; Prakasham et al., 2005 a&b), with increasing 
industrial demand for proteases it is expected that 
hyperactive strains will emerge and that the enzymes 
produced by new exotic microbial strains could be used 
as biocatalysts in the presently growing 
biotechnological era. Available literature information 
indicates that, among all protease-producing microbial 
organisms, the Bacillus genus assumes importance 
because of its potential for production in large amounts 
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(Kumar et al., 1999; Mabrouk et al., 1999; Mehrotra et 
al., 1999). Moreover, several medium components such 
as nitrogen and carbon sources, physiological factors 
such as pH, incubation temperature and incubation time, 
and biological factors such as the genetic nature of the 
organism influences the metabolic/biochemical 
behavior of the microbial strain and subsequent 
metabolite production pattern (Kumar et al.,1999; 
Ellaiah et al., 2002; Prakasham et al.,2005 a&b). 
Hence, in commercial practice, the optimization of 
medium composition is one of the essential steps to 
maintain a balance between the various medium 
components to minimize the amount of unutilized 
components at the end of fermentation and have cost-
effective metabolite yield (Kumar et al., 1999; 
Prakasham et al., 2005a&b).  

In general, no defined medium has been 
established for the best production of any metabolite 
because the genetic diversity present in different 
microbial sources causes each organism or strain to 
have its own special conditions for maximum product 
production (Ellaiah et al., 2002). Therefore, it is 
essential to have a detailed investigation on newly 
isolated microbial strain for production pattern under 
different environmental conditions and in an optimized 
pattern to achieve maximum production benefit. For 
effective triggering of alkaline protease production, it is 
highly imperative to optimize all fermentation 
conditions including medium composition, which 
further facilitates economic design of the full-scale 
operation system. However, it is impractical to 
optimize all parameters and to establish the best 
possible conditions by interrelating all parameters, as 
this involves numerous experiments to be carried out 
with all possible combinations (Prakasham et al., 2005 
a&b; Sreenivas Rao et al., 2004).  Experimental design 
based on statistical tools is known to provide economic 
and practical solutions in such cases. 

Optimization procedures developed to 
optimize the biotechnological processes consist of an 
empirical modeling system developed on a full 
factorial central composite technique for evaluation of 
the relationship among the parameters that influence 
the production process. The Taguchi method of 
statistical procedure is mainly based on orthogonal 
arrays to provide a systematic, simple, and efficient 
approach (Phadke and Dehnad, 1988). It allows a more 
realistic arrangement of the experimental sets working 
with the understanding system, parameter, and 
tolerance designs (Phadke and Dehnad, 1988). 
Importance of this procedure has been evaluated in 
several microbial secondary metabolite production 
processes (Prakasham et al., 2005 a&b; Sreenivas et al., 
2004). 

Alkaline proteases assume significant 
importance in laundry, food, leather and silk industries 

(Priest, 1977; Turk, 2006; Subba, 2008 a &b).However, 
novel proteases with high activity profile at versatile 
environments have major application potential in 
pharma, diagnostic, detergent, tannery, amino acid 
production, contact-lens cleaning agents, effluent 
treatment, enzymic debridement and support the 
natural healing process in the skin ulcerations (Subba, 
2009). 

Proteases properties like physical, 
biochemical, thermal, molecular and catalytic, vary 
with the genetic nature of the producing organism 
(Geok et al., 2003).  Each enzyme is specific and their 
use depends on stability and robustness against 
solvents, surfactants and oxidants.Hence, basic 
catalytic knowledge is one of the pre-requisites for 
evaluation of its potential for biotechnological 
application (Prakasham et al., 2006; Subba et al., 
2008a&b). 

This study aims (i) isolation of thermophilic 
and alkaliphilic bacterial isolates from local region in 
KSA (ii) Production of the thermoalkaliphilic proteases 
from the potent bacterial isolate under investigated 
optimal nutritional and environmental conditions and 
(iii) characterization of the purified enzyme. 
 
2. Materials and Methods 
Construction of standard curves  
A stock enzyme preparation:  

A stock solution of (50,000 µg/ml) purified 
protease enzyme supplied by Sigma chemicals Co. was 
prepared in Tris– buffer (0.2 M) at pH 9.0. Descending 
dilutions were prepared.  
 
Construction of the standard curves: 

 After preparing the required dilutions for 
protease enzyme, only 0.1 ml of each dilution was 
transferred to each well in the assay plate. Three wells 
were used for each dilution. Incubation was performed 
at 55ºC for 18 h. Then mean diameters of clearing 
zones (mm) were determined for protease 
concentration. A standard curve was constructed 
relating protease concentrations applied against their 
corresponding mean diameters of clearing zones (mm).
 The obtained standard curves were used for 
estimating the protease activities in terms of µg/ml and 
then units (U). One unit is defined as the amount of 
enzyme protein (mg) required to exert one unit of 
clearing zone (mm) in one unit of time under all the 
specified conditions of protease assay (clearing zone 
technique). 

 
Protein determination:- 

Protein of protease preparations was 
determined by the method of   Lowry et al. (1951) 
using Bovine Serum Albumin as standard.  
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Growth and maintenance medium: 
Nutrient agar (NA) medium:  
   This medium contained (g/l): Peptone, 5; 
sodium chloride, 5; beef extract, 3; agar-agar, 15; and 
distilled water up to 1000 ml. The ingredients were 
dissolved by heating, pH was adjusted  at 7, and 
sterilized  at 121ºC  for 15 min (Shiriling and Gottlieb, 
1966). 
 
Production media:  
       The basal medium (BM) was prepared according 
to Vincent (1970). It contained the following (g/l): 
Sucrose, 10; KNO3, 0.6; KH2PO4, 1; MgSO4, 0.25; and 
CaCl2, 0.1 was found most convenient for the 
production of different enzymes. It was modified to 
include the following constituents: (g/l) NaCl, 6; 
(NH4)2SO4, 1; yeast extract, 1; KH2PO4, 0.5; 
MgSO4.7H2O, 0.1; CaCl2, 0.1, and distilled water up to 
one litre. 
 
Isolation of thermophilic bacteria:- 

Thermophilic bacterial isolates were isolated 
from different localities alkaline desert soil samples 
collected from different localities of El-Khorma 
governorate, Taif, Kingdom of Saudi Arabia (KSA). 
Soil samples were applied using the soil dilution plate 
technique.  
 
Qualitative screening test media, methods and 
conditions (First survey): 
Proteolytic enzyme production: 
     The same ingredient of BM was used in addition to 
1% gelatin and 1.5% agar and was adjusted at pH 9. It 
was autoclaved at 1.5 atm. for 15 minutes. Plates of the 
same size were poured with equally amounts of agar 
medium in each Petri dish. After cooling, each plate 
was inoculated in the center with bacterial isolate onto 
the surface, then incubated at 55ºC for 24 h. Bacterial 
growth and clearing zones of the medium after addition 
of acidic mercuric chloride solution were investigated 
and taken as criteria for determining the proteolytic  
activity. 
 
Media used in screening test for selecting the most 
potent bacterial isolates:  

For screening protease(s) activity, the BM was 
used and a gelatin waste was used as a substrate by a 
concentration of 5%. Enzyme activity was detected by 
gelatin clearing zone (GCZ) technique. 
 
Assay media:  
      This medium was prepared according to 
gelatin clearing zone (GCZ) technique according to 
Ammar et al., (1991).  The assay plates containing 1% 
(w/v) gelatin and 1.5% (w/v) agar for solidification, to 
be dissolved up to 100 ml of Tris-buffer (pH 9).. At the 

end of incubation period, protease(s) activity was 
detected by flooding each plate with 10 ml freshly 
prepared acide mercuric chloride solution (Barrow and 
Feltham, 1993). Mean diameters of clearing zones were 
recorded, calculated and then taken as indication for 
proteolytic activities.  
 
Identification of the most potent thermophilic 
bacterial isolates:- 
          The most potent bacterial isolate EGKSA21 was 
identified by examination of their morphological 
physiological and biochemical characteristics.  
 
Reagent: 
          Acid  mercuric chloride reagent was prepared as 
the following: Mercuric chloride, 12g; distilled water, 
80 ml; and conc. HC1 16 ml. HgCl2 mixed with water, 
the acid added, and the mixture mixed well until 
solution was completely prepared(Barrow and Feltham, 
1993). 
 
Preparation of cell-free-filtrate (CFF) from the 
thermostable protease production medium: 

This was performed by preparing the 
previously mentioned production medium under all 
investigated optimal nutritional and cultural conditions. 
At the end of incubation period, the bacterial growth 
was harvested by centrifugation at 5,000 r.p.m. for 20 
min. The supernatant was obtained and preserved into 
the refrigerator as a crude enzyme and/or assayed at the 
same times. 
 
Parameters controlling the thermostable protease 
productivity:  

The effect of different temperatures; pH 
values; substrate concentrations; carbon and nitrogen 
sources and different incubation periods on protease 
production by EGKSA21 were determined by growth 
of organisms in fermentation medium. Protease 
productivity was measured through assay as previously 
mentioned. 
 
Purification of protease enzyme: 
 The following steps were performed during 
the course of production, and purification of 
thermostable protease. Shewanella putrefaciens-
EGKSA21 was allowed to grow under the optimal 
fermentation conditions for protease production.
 At the end of incubation period, the bacterial 
growth was harvested by centrifugation at 5,000 rpm 
for 15 min. The supernatant was filtrated, and the 
obtained cell-free filtrate was preserved in the 
refrigerator as a crude enzyme according to Ammar et 
al. (1985).  
 
Ammonium sulphate fractionation: 
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 The chart of Gomori (1955) as mentioned by 
Dixon and Webb (1964) was applied to calculate the 
solid ammonium sulphate to be added to achieve any 
given concentration of the cell free filtrate under 
investigation. 
 
Applying on column chromatography technique on 
sephadex G 200 : 
 The dialyzed-partially purified-protease 
preparation was applied onto a column packed with 
sephadex G 200. This was equilibrated with Tris-buffer 
(0.2 M) adjusted at pH 9, then eluted with the same 
buffer. Preparation of the gel column and the 
fractionation procedure was carried out as mentioned 
by Soliman (2003).  
 
Factors affecting the purified thermostable enzymes 
activities: 
Effect of incubation temperatures: 

This was carried out by incubation of purified 
protease after pouring in assay medium at different 
incubation temperatures viz. 35, 40, 50, 55, 60, 65 and 
70ºC respectively.  
 
Effect of temperature stability:  
 This experiment was designed to determine 
the range of temperature within which the enzymes 
maintained their activities. The experiment was carried 
out by incubating the purified enzymes for 2 h at 
different temperatures viz., 50, 55, 60, 65, 70, 75, 80, 
85 and 90ºC, respectively. At the end of incubation 
temperature, the replicate tubes were cooled and 
assayed for each purified enzyme to determine the 
retained enzyme activity as previously mentioned. 
 
Different pH values: 

The purified enzyme was incubated at 
different pH values viz., 6, 7, 8, 9, 9.5, 10 and 11 by 
using phosphate, Tris- or glycine buffers. After 
sterilization, pouring and solidification of the assay 
plates, three wells were made in each plate and then 0.1 
of ml purified enzymes were inoculated in the well. 
Then the plates were incubated at 55ºC for 18 h. The 
protease activity was determined as previously 
mentioned. 
Metallic ions as enzyme activators and /or 
inhibitors:  
 In this experiment, the purified enzymes were 
supplemented with different separated metallic ions in 
the form of cadmium chloride, magnesium chloride, 
sodium azide, lead acetate and EDTA. Different 
metallic ions concentrations were applied viz., 50, 100, 
250, 500 and 1000 ppm for each metallic ion. Enzymes 
activities were assayed as previously mentioned. 
 

Stability of the purified enzymes in the presence of 
organic solvents: 
 The aim of this experiment is to study the 
computability of the purified protease with organic 
solvent.  
 
Amino acid analytical data of the purified enzyme  
 The hydrolyzed protein amino acids have been 
determined in the central Lab. for Food, Agricultural 
Research Center according to the methods described by 
Pellet and Young (1980). LKB Alpha plus high 
performance Amino Acid Analyzer LKB Biochrom. 
LTD England was used for this purpose. Retention 
time and area was determined using Hewlett Pakard 
3390 recording integrator. The concentration of each 
amino acid GM/16 G.M., nitrogens was calculated by 
special designed program.  
 
3. Results: 
Construction of standard curve for determination of 
enzyme activity:  
 The productivity of protease was estimated in 
term of mean diameter (MD) of clearing zones (mm) 
using a special standard curves, prepared for such a 
purpose and covering the range of (24.4–50 000 µg 
protein /ml) as shown in figure (1). The standard 
protease (Sigma) was used by using GCZ plate 
techniques. Mean diameters of clearing zones in term 
of (mm) and their corresponding log. values of enzyme 
concentrations were recorded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Qualitative screening test for selection of the most 
potent thermostable protease producers: 

 Twenty one thermophilic bacterial isolates 
were isolated from different localities of different 
alkaline soil samples collected from khorma 
governorate , Taif, Kingdom of Saudi Arabia (KSA) . 
These isolates were purified, and subjected to a 
screening program in order to evaluate their proteolytic 
and lipolytic activities by measuring (observing) the 
hydrolysis of gelatin and tributyrin around the bacterial 
colonies. Out of twenty one isolates there was found 
that thirteen bacterial isolate gave proteolytic 
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Fig.(1):The relation of Log. Value of standard protease concentrations 
to their corresponding mean diameters of clearing zone (mm) 
using the gelatin clearing zone(GCZ) technique.. 
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productivity and isolate number 21 was found to be the 
best protease producer while eighteen isolates 
considered to have a good lipolytic activity and isolate 
number 21 also was found to be the best lipase 
producer (Table 1). 
Quantitative screening for selection of the most 
potent protease producer thermophilic bacterial 
isolates: 

 Data recorded in table (2) showed that 
bacterial isolate number 21 gave a higher protease 
productivity by gelatin clearing zone quantitatively. 
Bacterial isolate number 21 gave the highest 
proteolytic activities where it reached up to 25  (mm) 
compared to other isolates. From the previous results 
concerning the qualitative and quantitative screening of 
two enzymes qualitatively and protease quantitatively 
production, bacterial isolate number 21 were selected 
for their ability to produce the two enzymes in high 
enzyme production. The most potent thermophilic 
bacterial isolate was subjected to identification. 

 
Identification of the two most potent bacterial 
isolates: 

The most potent bacterial isolate 21 was subjected 
to an identification program to the species level.  

 
Table (1): A screening test for the selection of the 

most potent two hydrolytic thermostable 
enzymes producers out of twenty one pure 
thermophilic bacterial isolates 

Extracellular thermostable hydrolytic 
enzymes production 

Bacterial 
isolate 

code no. 

Lipase Protease(s) 

Bacterial  
Code  
No. 

 

22 0 15 1 

26.5 0 18 2 

17 18 20 3 

28 42 21 4 

26 34 22 5 

18.5 31 24 6 

18 0 41 7 

21.5 26 42 8 

16.5 38 50 9 

19.5 0 111 10 

22 29 112 11 

16 25 121 12 

22 32 122 13 

0 0 131 14 

0 0 132 15 

25 0 191 16 

22 29 212 17 

20 40 221 18 

17 32 2221 19 

17 29.5 2222 20 

0 0 SH1 21 

 

Table (2): Relation of thermostable protease 
production by most potent bacterial 
isolates at 55ºC for 48h. using GCZ 
techniques 

Bacterial 
isolate 

code no. 

   Extracellular thermostable 
protease production 

Bacterial  
Code  
No. 

 

19.5 20 1 

25 21 2 

18.5 22 3 

18 24 4 

 18 42 5 

20 50 6 

19 121 7 

18 122 8 

18.5 212 9 

21 221 10 

20 2221 11 

12 2222 12 

 
General characteristics of the most potent 
thermophilic bacterial isolates : 

All morphological characteristics and stain 
reaction led to the fact that the bacterial isolate under 
identification are suggestive of being belonging to the 
genus Shewanella , Gram-negative aerobes to 
facultative anaerobes, non Endo-spore formers. 
Amylase, cellulase, protease, lipase and catalase 
positive while, urease and caseinase negative. The cells 
were able to grow between (30-60°C) temperature 
interval. The cells were able to grow in the presence of 
(0-2%) of NaCl at pH 9.0     
 
Specific characteristics of the most potent 
thermophilic bacterial isolate: 

This isolate appears waxy in colour on nutrient 
agar medium, rod shaped, nitrate reduced, assimilate of 
N-acetyl –glucosamine and malic acid. Produced 
cyctochrome oxidase. Shewanella was able to grow 
facultative anaerobically, it is suggested to belong to 
the species putrefaciens. It could be given the tentative 
name Shewanella putrefaciens.  
 
Parameters controlling the four thermostable enzymes 
production 
  Data recorded in table (3) showed a 
summary of the optimal nutritional and 
environmental conditions for thermostable hydrolytic 
protease production by Shewanella putrefaciens-
EGKSA21. 
 
Purification of protease produced by Shewanella 
putrefaciens-EGKSA21 allowed to grow on BM 
under fermentation conditions. 
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In this section enzyme produced by 
Shewanella putrefaciens-EGKSA21 previously grown 
on BM supplemented with gelatin as a preferable 
substrate supplemented with mineral salts under the 
optimum nutritional and environmental conditions 
recorded in table (3) were purified to homogeneity as 
previously mentioned by performing ammonium 
sulphate fractionation, dialysis, and applying column 
chromatography on sephadex G200. The obtained 
purified enzymes were further investigated for some 
factors affecting its activity.  

 
Table (3): A summary of the optimal nutritional 
and environmental parameters controlling four 
thermostable hydrolytic enzymes productivities by 
Shewanella putrefaciens-EGKSA21 under solid or 
semi solid fermentation conditions. 

Shewanella putrefaciens-EGKSA21 No 
Parameter 

Protease(s) 

1 Temperature(ºC) 50 

2              pH  value 9 

3 Substrate 
concentration 

3% 

4 Carbon source L(+) Arabinose  

5 Nitrogen source Potassium nitrate 

6 Inoculme size (ml) 1 ml 

7 Incubation 
period(hours) 

48h 

 
Purification of thermostable protease:- 

The following steps were performed during 
the course of the purification of enzyme under study. 
where protease was produced  by Shewanella 
putrefaciens-EGKSA21 allowed to grow on BM 
supplemented with gelatin under submerged 
fermentation condition at 50ºC under all the optimal 
conditions. 
 
Enzyme production and preparation of CFF :-   
 The most potent bacterial strain was allowed 
to grow on the BM supplemented with gelatin under all 
the previously mentioned optimal submerged 
fermentation conditions as shown in table (3) for 
production of protease by Shewanella putrefaciens-
EGKSA21. At the end of incubation period, 1000 ml of 
protease production medium was extracted and 
collected separately. Centrifugation of the obtained 
extracts was done at 5000 rpm for 15 min at 10ºC. The 
precipitate was collected and tested for determination 
of protease activity and protein content and 
corresponding specific activity was calculated. 
 
Fractional precipitation by ammonium sulphate: 
         Results recorded in table (4) indicated that the 
most active enzyme protein preparation was obtained at 

an ammonium sulphate level at 60-80 % for protease 
was at 80%, where specific activity was 21658.5 U/mg 
1 proteins. Only 42 ml were obtained at the end of the 
process of dialysation against tap water of protease.  
 
Concentration by dialysation against sucrose:- 

  The most active ammonium sulphate fractions 
previously obtained at the best saturation, (50 ml) 
protease was dialyzed against distilled water followed by 
dialysis against sucrose crystals until a volume of 4.5 ml 
was obtained (Table 4).  
 
Table (4): Ammonium sulphate precipitation pattern 

of the protease produced by Shewanella 
putrefaciens-EGKSA21 allowed to grow 
on BM supplemented with gelatin at 50ºC. 

Purification 
fold 

Specific 
activity 
(U/mg-

1protein) 
(x/y) 

Protein 
content 
(mg/ml) 

(y) 

Protease 
activity 
(U/ml) 

(x) 

(NH4)2SO4 
saturation 

level 
(%) 

1.0 2718.617557 0.48 1304.936425 CFF 

1.1 3003.159759 0.622 1867.96537 20 

1.59 4349.557 0.88 3827.61067 40 

1.55 4214.6728 1.3 5479.07473 60 

2.4 6535.9007 1.2 7843.0868 80 

0.4 1111.72157 0.82 911.611698 100 

 
Preparation of sephadex G-200 gel filtrate column 
and applying the enzyme sample: 

Data recorded in table (5) showed that, there 
were one active peaks. It was found that the first beak 
(fractions 10-18) has the highest specificity and the 
fraction number 11 was reached to the maximum 
specific activity up to 5095.221 U/mg-1 protein. 
 
Table(5): Fractionation pattern of protease produced 

by Shewanella putrefaciens-EGKSA21 at 50 
ºC using  sephadex G-200 column 
chromatography technique. 

Specific activity 
(U/mg-1protein) 

(x/y) 

Protein content 
(mg/ml) (y) 

Protease 
activity 

(U/ml) (x) 

Fraction  
No. 

UD UD UD 1-9 

9199.830 0.0236 217.116 10 

5095.221 0.380 1936.184 11 

4584.398 0.353 1618.292 12 

3048.9392 0.428 1304.946 13 

1434.6868 0.477 684.205 14 

2142.6868 0.396 848.504 15 

4256.6368 0.179 761,938 16 

6803.0178 0.112 761.938 17 

4639.34114 0.123 571.869 18 

UD UD UD 19-40 

 
Characterization of the purified protease produced 
by Shewanella putrefaciens-EGKSA21 at 50OC. 
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        The aim of the present series of experiments was 
to investigate some properties of the partially purified 
enzyme produced by Shewanella putrefaciens-
EGKSA21 allowed to grow on BM and incubated 
under all optimal nutritional and environmental 
submerged fermentation conditions. These properties 
include:- Effect of incubation temperature, pH values, 
pH stability, inhibitors and/or activator  and stability 
with organic solvent on hydrolytic thermostable 
purified protease activity. 
 
1- Effect of incubation temperature: 
              Results recorded in table (6) showed that the 
maximum activity of thermostable protease was 
obtained at 55ºC, where it reached up to 1867.96537 
U/ml.  
 
Table (6): Different incubation temperatures in 
relation to the activity of purified protease 
produced by Shewanella putrefaciens-EGKSA21 . 

Protease activity (U/ml) Incubation temperature 
(ºC)   

715.092 35 

1304.946 40 

3199.175 50 

1867.96537 55 

0 60-70 

2-Effect of different pH values on the activity of 
purified enzymes:  
Data recorded in table (7) emphasized that the best 

pH value that fulfill the highest protease activity was 9 
where it reached up to 5479.074 U/ml.  
 
Table (7): Different pH values in relation to the 
activity of the purified protease produced by 
Shewanella putrefaciens-EGKSA21.            

Protease activity (U/ml) pH   

2673.919 Control  

74.02077 7 

2673.919 8 

3827.610 8.5 

5479.074 9 

3827.610 9.5 

217.116 10 

74.0207 11 

 
3- Effect of metallic ions (activators and / or 
inhibitors) on the purified protease activities:  

Results shown in table (8) that nearly all of 
the tested metallic ions exhibited inhibition effect on 
the purified protease activity. 
 
4-Stability of the purified enzymes in the presence 
of organic solvents: 
 The aim of this experiment is to study the 
computability of the purified enzyme with organic 
solvent. This is an important observation because of the 
fact that enzyme incompatibility with organic solvent is 
the reason for its stability. Data recorded in table (9) 
showed that 40% acetone concentration did not  exert 
any inhibition for protease activity.  
 
Table (8): Different inhibitors and/or activator in   
relation to the activity of the purified protease 
produced by Shewanella putrefaciens EGKSA21 

Inhibition (%) 
Protease 

activity (U/ml)  
Concentra-
tion (ppm) 

Activator 
and /or 

inhibitor 

0.0 32930.97301 0.0 Control  

99.02 322.1435 50 

0 0 100 

0 0 250 

0 0 500 

0 0 1000 

Cadmium 
chloride 

99.265 241.78305 50 

0 0 100 

0 0 250 

0 0 500 

0 0 1000 

Magnesium 
chloride  

90.285 3199.1751 50 

91.276 2872.7919 100 

91.880 2673.919 250 

92.442 2488.8137 500 

93.213 2234.9023 1000 

Sodium azide 

88.376 3827.6106 50 

89.181 3562.639 100 

93.213 2234.9023 250 

94.120 1936.1846 500 

94.906 1677.3935 1000 

Lead acetate   

89.181 3562.639 50 

90.957 2977.708 100 

92.166 2579.706 250 

94.120 1936.18 500 

96.037 1304.946 1000 

EDTA 

 
5- Amino acids analysis of the purified enzymes: 
 Data recorded in table (10) showed that, 12 
amino acids were detected in addition to ammonia. 
Alanine and glutamic acid represented the highest 
value i.e 305.28 and 180.3 µg/ml respectively. 
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Table (9): Stability of the purified protease 
produced by Shewanella putrefaciens EGKSA21in 
the presence of acetone. 

Acetone 
concentration (%) 

Protease 
activity 

Protein 
content 

Volume(ml) 

20 8129.51 0.312 10 
40 21412.590 0781 15 

60 11227.063 1.4 10 
80 5479.074 1.1 5 

Before 
precipitation 

23005.1513 0.821 9.5 

After precipitation 13432.470 1.2 40 

 
Table(10):A summary of amino acids analytical 

data of Shewanella putrefaciens-EGKSA21 
purified protease.  

(µg/ml).X4 
(µg/ml). Amino  acid R.T No. 

268.68 67.17 Aspartic 11.62 1 

82.36 20.59 Threionine 14.75 2 

158.8 39.70 Serine 16.17 3 

721.2 180.3 Glutamic acid 18.27 4 

1221.12 305.28 Alanine 27.03 5 

195.76 48.94 Valine 32.62 6 

28.08 7.02 Methionine 35.45 7 

81.88 20.47 Leucine 38.47 8 

271.76 67.94 Phenylalanine 42.93 9 

24.92 6.23 Histidine 50.97 10 

280.36 70.09 Lysine 53.85 11 

363.08 90.77 Arginine 62.75 12 

    R.T.: Retention time 
 
4. Discussion 

Enzyme production is a growing field of 
biotechnology and the world market for enzyme is over 
$1.5 billion and it is anticipated to double by  the year 
2008 (Lowe, 2002). The main object of the present 
work was an investigation of screening, production, 
purification and characterization of thermo-alkalostable 
enzymes for application in detergent technology has 
been undertaken.  
          In this regard twenty one bacterial isolates were 
isolated from different soil and water samples collected 
from different localities in Khorma Governorate, Taif, 
Kingdom of Saudia Arabia (KSA). These bacterial 
isolates were grown at 50°C and at pH 9 to be able to 
produce a thermostable and alkalophilic enzymes 
which favorable to be used as additive to bio-detergent 
formulations(Bayoumi et al., 2011; Bayoumi and 
Bahobil,2011).   

A screening test of proteolytic and lipolytic 
productivities of all bacterial isolates resulted in the 
fact that, only thirteen and seventeen bacterial isolates 
gave a good proteolytic and lipolytic productivities 
respectively.  

Shewanella spp. are widespread Gram-
negative bacteria that have been isolated from many 
different habitat. This adaptability is supported by a 
flexible metallic capability , particularly in the choice 
of respiratory electron acceptors (Gordon et al., 2000).  
 The present investigation was also aimed at 
optimization of medium components which have been 
predicted to play a significant role in enhancing the 
production of proteases (Gupta et al., 2002). Hence 
proper combination of various cultural conditions can 
be established in order to Shewanella putrefaciens-
EGKSA21 for high secretion of alkaline protease. 
Shewanella putrefaciens-EGKSA21 was allowed to 
grow in media of different pH ranging from 7-11. 
Maximum enzyme activity was observed in medium of 
pH      which was the optimum pH 9 for Shewanella 
putrefaciens-EGKSA21. The majority of 
microorganisms producing alkaline proteases show 
growth and enzyme production under alkaline 
conditions ( Tsujibo et al.,1990; Dunaevsky et al., 
1996). 

Enzyme activity recorded at different 
temperature revealed that the Shewanella putrefaciens-
EGKSA21 yielded maximum protease production at 50. 
The temperature was found to influence extracellular 
enzyme secretion; possibly by changing the physical 
properties of the cell membrane (Rahman et al.,2005).  

Various sources of carbon such as D(-) 
glucose, L(+) arabinose, D-xylose, D(-) lactose, 
maltose, D(-) mannitol, dextrin, cellulose, starch, inulin 
, Myo-inositol  and  D-sorbitol were used to with the 
original carbon source in growth media . Results 
obtained were showed that, L(-) arabinose brought the 
highest protease production compared to other carbon 
sources at 50ºC,pH 9 and         48 h of incubation. For 
commercial production , sugars like fructose, lactose, 
lactose, mannitol , sucrose will be prohibitive due to 
their cost (Suresh et al., 2008). 
   Production of extracellular protease has been 
shown to be sensitive to repression by different 
carbohydrate and nitrogen sources (Levisohn and 
Aronson,1967; Haulon et al., 1982). The effect of 
nitrogen source was studied in the growth medium , 
where sodium nitrate, potassium nitrate, ammonium 
oxalate, ammonium molybedate, peptone, urea 
ammonium chloride. Among the various nitrogen 
sources tested potassium nitrate was found to be the 
nitrogen source for alkaline protease production. 

The application in the detergent industry does 
not require high-purity of enzymes and generally 
require use of the crude or partially purified enzyme 
preparation. However, it is significant to obtain 
enzymes with higher specific activity for their kinetic 
characterization. Since Shewanella putrefaciens-
EGKSA21 proved to be the most potent proteolytic and 
lipolytic bacterial strain, they were selected for the 
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purpose of production, purification and investigating 
properties of proteases biosynthesized by this particular 
strain. However, there was no universal prescription for 
various techniques which could be applied for enzyme 
purification (Wilson and Walker, 1994).  

Purification process includes essential steps as 
precipitation of protein using ammonium sulphate or 
other precipitants as low molecular weight alcohols and 
gel filtration using different column chromatography. 
Needless to say, that, most of the enzyme purification 
schemes described in the literature focused on 
purifying small amounts of the enzyme to homogeneity 
to characterize it. Little information has been published 
on large-scale processes for commercial purification. 
Most commercial applications of enzymes does not 
require highly pure enzyme. Excessive purification is 
expensive and reduces over all recovery of the enzyme. 
In the present study, the purification procedure 
included preparation of cell free filtrate; applying 
precipitation technique, dialysis; and then passing the 
enzyme preparation through Sephadex G-200 column 
chromatography techniques. 
 Fractional precipitation of enzymes was 
carried out firstly by ammonium sulphate since it is 
highly soluble in water, cheap and has  no deleterious 
effect on structure of protein, so for all these reasons, 
precipitation by ammonium sulphate was selected as a 
first step of purification program. Many investigators 
used ammonium sulphate precipitation processes 
(Omar, 2000; Roushdy, 2001;  Sodhi et al., 2005).  

In a trial to precipitate enzymes by ammonium 
sulphate, results revealed that, increasing the 
concentration of ammonium sulphate resulted in an 
increase in specific activity of amylase up to 80% 
saturation, a decrease in specific activity was recorded 
above this value. On the other hand, 80% saturation 
with ammonium sulphate was proved to be the best 
concentration for maximal specific activity for 
protease. 

In complete accordance with the present 
results for protease, Chitte et al. (1999) found that, the 
crude protease enzyme was concentrated by 
precipitation with 80% saturation of ammonium 
sulphate. Hutadilok et al. (1999) used 80% saturation 
of ammonium sulphate for protease purification. 
Uchida et al. (2004) recorded that, 75% ammonium 
sulphate saturation for B.subtilis CN2. 

Gel filtration of the thermostable protease on 
sephadex G-200 showed that, the enzyme activity was 
detected firstly, in fractions 10-18 where the highest 
specific activity 5095.221 U/mg-1 protein was recorded 
in fraction 11. The major peak was in fraction  no. 11.   
 Moharam et al., (2003) purified protease from 
two strains of B.sephaericus (IS 2362) and NRC 69 by 
58 and 126 folds respectively by using ammonium 
sulphate fractionation and sephadex G-100 column 

chromatography while, Nilegaonkar et al., (2002) 
recorded 10 folds increase in specific activity of 
protease when purified using gel filtration on sephadex 
G-100. Uchida et al., (2004) purified protease produced 
by B.subtilis CN2 by 272 folds with an over all yield of 
9.2% from the culture supernatant.  
 In the present study, amino acids analytical 
data of the purified  protease produced by Shewanella 
putrefaciens-EGKSA21 indicated a total number of 15 
amino acids with glutamic acid and alanine showing 
the highest value. Similarly, Mahmoud, (2004) found 
that, glutamic acid gave the highest value for purified 
protease produced by Pseudomonas aeruginosa B8.   

Concerning the purified protease, it was found 
the temperature and pH optima 60ºC and 10.5 
respectively, and the enzyme was thermostable up to 
50-55ºC and pH stable at 6 and 10 where the maximal 
activity was obtained.  

Interestingly, in the present work, it was found 
that, Pb+2, Na+ and EDTA stimulated alkaline-
thermostable protease activity produced by Shewanella 
putrefaciens-EGKSA21 while Cd+2

  and Mg+2 make 
inhibition at high concentration (100-1000 ppm). 
Confirming that, these cations  take part in the 
stabilization of the protease structure and are required 
for protection against thermal denaturation (Paliwal et 
al., 1994), and play a vital role in maintaining the 
active confirmation of the enzyme at high temperatures 
(Gupta et al., 2002).   
          Similar results was recorded by Yang et al., 
(2000) who found that, the activity of purified protease 
enzyme produced by B.subtilis was increased in the 
presence of Mn+2, Fe+2, Zn+2, Mg+2, Co+2 ions, but it 
was inhibited by Hg+2 ions.  
 
5. Conclusion  
The aim of this research work was to isolate and 
identify high protease production from local habitat. 
Shewanella putrefaciens-EGKSA21 was produced 
maximum yield of alkaline protease and it was selected 
as a potent strain for further studies. The optimum 
temperature and pH were determined as 50OC and 9 
and best carbon and nitrogen sources were  L(-) 
arabinose and potassium nitrate. This information has 
enabled the ideal formulation of media composition for 
maximum protease production by this organism. After 
optimization, the mass production was carried out in 
one liter of optimized media at 50 ºC for 48 h at pH of 
9 on  basal medium. In conclusion, results of the 
present study suggested the possibility of Shewanella 
putrefaciens-EGKSA21 to produce enzymes by BM 
using cheapest substrates for enzyme production. This 
enzyme was stable over a wide range of pH and 
temperature. Considering the overall properties of 
different alkaline enzymes of microbial origin and the 
thermostable alkaline enzyme from our strain 
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Shewanella putrefaciens-EGKSA21 is better as regards 
to pH and temperature. 
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(PSOR\PHQW�RI�UXUDO�ZRPHQ��0RKDGGDVHK�1D]DUSRXU��� 0DU\DP�$EHGL�� DQG�� )DWHPHK�%DNKWLDU�
������0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�&RUUHVSRQGLQJ�DXWKRU��VDED�����#\DKRR�FRP�

$EVWUDFW��:RPHQ� DV� DQ� HIIHFWLYH�PHPEHU� RI� VRFLHW\�� FDQ� FU\VWDOOLQH� WKHLU� OHDG� UROHV� LQ� YDULRXV� UHVSRQVLELOLWLHV�IRUPDWLRQV�� 7KHVH� UHVSRQVLELOLWLHV� LQFOXGH� SURPRWLQJ� WKH� FRQFHSW� RI� SDUWLFLSDWLRQ� DQG� HPSOR\PHQW� LQ� OLIH� DQG�EXLOGLQJ� WKH�VXLWDEOH� DUHDV�IRU� IUHHO\�DFWLYLW\�DQG� LQWURGXFH� WKH� ULJKW�RI�HFRQRPLF�PDQDJHPHQW��RZQHUVKLS�DQG�����7KLV�UHTXLUHV� WKDW�DOO�IHHV�DQG�QHFHVVDU\�WUDLQLQJ�IRU�ZRPHQ�WR�EH�FRQVLGHUHG��'XH�WR�WKH�IDFW�WKDW�WKH�FRQFHSW�RI�ZRPHQ
V� SDUWLFLSDWLRQ�� LV� QRW� QHFHVVDULO\� WKH� IHPDOH� HPSOR\PHQW�� DOWKRXJK� FHUWDLQO\� SDUW� RI� WKH� SDUWLFLSDWLRQ� RI�ZRPHQ�ZLOO�EH�FU\VWDOOL]HG�LQ�WKHLU�HPSOR\PHQW��EXW�LQ�WKLV�FRQWH[W��KRPH�DQG�IDPLO\�DIIDLUV�E\�ZRPHQ�DQG�WKHLU�UROH� LQ� QXWULWLRQ� DQG� FKLOG� JURZWK� DQG� 7KHLU� HGXFDWLRQ� DUH� DOVR� PDQ\� UHVSRQVLELOLWLHV� WKDW� ZRPHQ� RIWHQ� DUH�UHVSRQVLEOH� IRU� WKHP��7KURXJKRXW�KLVWRU\�ZH�KDYH� DOZD\V�EHHQ� VHHQ� WKDW�ZRPHQ�KDYH� DOZD\V�EHHQ� DFWLYH�EXW� LQ�FXOWXUH� DQG� WUDGLWLRQ�� WKLV� PHQWDOLW\� ODUJHO\� H[LVWV� WKDW� LI� WKH� MRE� H[LVWV�� LW� ZRXOG� EH� IRU� PHQ�� %HFDXVH� WKH\� DUH�UHVSRQVLEOH�IRU�WKHLU�IDPLOLHV�(FRQRPLF�RU�ZKHUHYHU�WKHUH�LV�D�JRRG�RSSRUWXQLW\�IRU�SDUWLFLSDWLRQ��PHQ�KDYH�D�SULRU�ULJKW��>0RKDGGDVHK�1D]DUSRXU��0DU\DP�$EHGL� � DQG� � )DWHPHK� %DNKWLDU�� (PSOR\PHQW� RI� UXUDO� ZRPHQ�� /LIH� 6FLHQFH�-RXUQDO�������������������@��,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�
.H\ZRUGV��HPSOR\PHQW��UXUDO�ZRPHQ��
,QWURGXFWLRQ��5HDVRQ� WKDW� ZRPHQ� DUH� OHVV� LPSRUWDQW� LQ� WKH�GHYHORSPHQW� LV� WKLV� WKRXJKW� DQG� DFWLRQ�� %HFDXVH�ZRPHQ� DUH� LQ� RFFXUUHG� RSSRUWXQLWLHV� LQ� WKH� VHFRQG�VWDJH��RU�HYHQ�VRPHWLPHV�GR�QRW�FRPH�LQWR�DFFRXQW��=DQMDQL� LQ� WKH� DUWLFOH� �:RPHQ
V� (PSRZHUPHQW��DFFRUGLQJ� WR� HFRQRPLF�� VRFLDO� DQG� FXOWXUDO�FKDUDFWHULVWLFV�� RQH� RI� WKH� LPSRUWDQW� VXEMHFWV� WKDW�KDYH�LQYHVWLJDWHG�LV�WKH�HIIHFW�RI�QXPEHU�RI�FKLOGUHQ�LQ� IHPDOH� HPSOR\PHQW� LQ� XUEDQ� DQG� UXUDO�FRPPXQLWLHV��,Q�,UDQ�XUEDQ��HPSOR\PHQW�RSSRUWXQLW\�SRSXODWLRQ� FRQWLQXDOO\� UHGXFHV� E\� LQFUHDVLQJ� WKH�QXPEHU�RI�FKLOGUHQ��7KLV�UHGXFWLRQ�LV�ZHDN��XS�WR�WKH�WKLUG� FKLOG� DQG� WKHQ� WDNHV� WKH� LQWHQVLW\�� 6R� WKDW� WKH�HPSOR\PHQW�RSSRUWXQLWLHV�RI�ZRPHQ�GHFUHDVH�LQ�SD\�WR� ILUVW� FKLOG� WR� WKH� VHFRQG� �� �� �� SHUFHQW� DQG� WKH�VHFRQG� FKLOG� WR� WKH� WKLUG� �� �� �� SHUFHQW�� ZKLOH� WKLV�UHGXFWLRQ� IURP� WKLUG� FKLOG� WR� WKH� TXDUWHU� LV� �� �� ���SHUFHQW�� %XW� LQ� UXUDO� VRFLHW\� GXH� WR� WKH� KRXVHKROG�SUREOHPV�� W\SH� RI� DFWLYLW\� DQG� HPSOR\PHQW��LQFUHDVLQJ� QXPEHUV� RI� FKLOGUHQ� QRW� RQO\� PDNH� QR�UHGXFWLRQ� LQ� ZRPHQ� HPSOR\PHQW� RSSRUWXQLWLHV� VR�ZLWK�LQFUHDVLQJ�WKH�QXPEHU�RI�FKLOGUHQ��ZRPHQ
V�MRE�RSSRUWXQLWLHV� LV�DOVR�JURZLQJ� DQG�E\� KDYLQJ��� FKLOG�UHDFKHV�LWV�SHDN��6LQFH�WKHQ�UHOHJDWHG�WR�PLQRU�ILQGV��LQ� D� ZD\� WKDW� HPSOR\PHQW� RSSRUWXQLWLHV� RI� UXUDO�ZRPHQ� WKDW� KDV� QLQH� FKLOG� LV� HTXDO� WR� WKH� MRE�RSSRUWXQLWLHV� RI� D� ZRPDQ� ZLWK� RQH� FKLOG�� 7KXV�FKLOGUHQ�DUH�HIIHFWLYH�RQ�ZRPHQ�HPSOR\PHQW�VR�WKDW�LQFUHDVLQJ� WKH� QXPEHU� RI� FKLOGUHQ� LQ� XUEDQ� VRFLHW\�KDV�QHJDWLYH� HIIHFW� DQG� LQ� UXUDO� VRFLHW\� KDV� SRVLWLYH�HIIHFW��=DQMDQL���������/KVD\�=DGHK�LQ�D�UHVHDUFK�E\�WKH� QDPH� WKDW� �FRQVLGHULQJ� WKH� UROH� RI� ,UDQLDQ� UXUDO�

ZRPHQ� LQ� WKH� HFRQRPLF� VFHQH��� ILUVW� VSHFLILHG� WKH�ZRPHQ
V�SODFH�LQ�MRE�VWUXFWXUH��DQG�WKHQ�FRPSDUHG�LW�ZLWK�WKH�MRE�VLWH�RI�UXUDO�PHQ��+LV�VWXG\�GHPRQVWUDWHG�WKDW�WKH�HPSOR\PHQW�RI�UXUDO�ZRPHQ�LV� LPSRUWDQW�DV�PHQ�� %HFDXVH� WKH� UXUDO� HFRQRP\� LQFOXGHV� WKUHH�VHSDUDWHG�DQG� DOVR� UHODWHG� SDUWV��QDPHO\� DJULFXOWXUH��LQGXVWU\�DQG�VHUYLFHV��DQG� WKH�DXWKRU��ZLWK�WKH�VKDUH�RI� ZRPHQ� LQ� DJULFXOWXUDO� DFWLYLWLHV� FRPH� WR� WKH�FRQFOXVLRQ� WKDW� LQ� DGGLWLRQ� WR� WKHLU� FRQVLGHUDEOH�DGGHG� YDOXH� FRQWULEXWLRQ� LQ� DJULFXOWXUH��XQIRUWXQDWHO\�� WKH� UHDO� YDOXH� RI� WKHLU� DFWLYLW\� LV� QRW�NQRZQ�KDV�EHHQ�IRUPHG�LQ�WKH�DUWLFOH���/DKVDHH]DGHK��������
)DFWRUV� DVVRFLDWHG� ZLWK� HPSOR\PHQW� RI� UXUDO�ZRPHQ���:RPHQ
V�VKDUH�RI�WKH�WRWDO�ORW�RI�PDQSRZHU�UHTXLUHG�LQ� WKH� DJULFXOWXUDO� VHFWRU�ZRUOGZLGH�� DQG� ,UDQ� IRUP��)DFWV�DQG�ILJXUHV�DQG�VWDWLVWLFV�LQ�UHODWLRQ�WR�ZRPHQ�LQ� SURGXFWLYH� DFWLYLWLHV� DUH� RIIHUHG� PXFK� OHVV� WKDQ�UHDO�� EHFDXVH� WKH� VWDWLVWLFV� PDQ\� WLPHV�� RIWHQ�LQFOXGLQJ� VHDVRQDO� HPSOR\PHQW�� SDUW� WLPH� DQG�XQSDLG�� DQG� KRXVHNHHSLQJ� DFWLYLWLHV�:RPHQ� DUH� QRW�FRQVLGHUHG� �ODKVDHL]DGHK�� ������� 3HUKDSV� WKH� PRVW�IXQGDPHQWDO� SUREOHPV� EURXJKW� RQ� SDUWLFLSDWLRQ� UDWH�RI� ZRPHQ� LQ� UXUDO� DJULFXOWXUDO� HFRQRP\�� WKLV� LV� D�WRSLF� WKDW� SDUWLFLSDWLRQ� DQG� HPSOR\PHQW� RI� ZRPHQ�PRUH� WKDQ�PHQ�� LQIOXHQFHG� E\� HFRQRPLF� FRQGLWLRQV�DQG�YDULRXV�IDFWRUV���VRFLDO��FXOWXUDO�DQG�HFRORJLFDO�LV��$V�D�UHVXOW�RI�KRZ�ZRPHQ
V�HPSOR\PHQW�LQ�GLIIHUHQW�DUHDV�RU�ZLWKLQ�D�FRXQWU\�LV�GLIIHUHQW��+HUH�DUH�VRPH�LPSRUWDQW�IDFWRUV�DUH�PHQWLRQHG��� ��6WUXFWXUH�RI�DJULFXOWXUDO�DQG�VRFLDO�FODVVHV���
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:RPHQ� DV� WKH� ILUVW� JURXS� DUH� NQRZQ� WR� KDYH� SDLG�DJULFXOWXUDO� ZRUN�� DQG� HYLGHQFH� VKRZV� WKDW� ZRPHQ�IDUPHUV�KDYH�EHHQ�WKH�ILUVW��,PSRUWDQW�IDFWRU�FDXVLQJ�ZRPHQ
V� SDUWLFLSDWLRQ� LQ� DJULFXOWXUDO� DFWLYLWLHV� KDV�EHHQ�� DPRQJ� WKHP� ZH� FDQ� PHQWLRQ� WKH� IROORZLQJ��)DPL���������$ �� 6HDVRQDO� DJULFXOWXUDO� HPSOR\PHQW�� DQG�LQWHQVLILHG�WKH�QHHG�IRU�ODERU�LQ�FHUWDLQ�VHDVRQV���% ��0HQ�PLJUDWH� WR� ILQG� EHWWHU� MREV� DQG� WR� DVVXPH�UHVSRQVLELOLW\� IRU� KRPH� DQG� IDUP� DQG� DJULFXOWXUDO�ZRUN�DQG�LWV�PDQDJHPHQW�E\�ZRPHQ���,Q� VRPH� FRXQWULHV� PHQ� PLJUDWH� WR� FLWLHV�� RU� RQ�EULQJLQJ� WKRVH� WR� ZDJH� MREV� KDYH� OHG� WR� ZRPHQ
V�UHVSRQVLELOLW\� IRU� ��� WR� ��� SHUFHQW� RI� DJULFXOWXUDO�SODQWV�DQG�DUH� UHVSRQVLEOH�� LQ�VRPH�DUHDV� WKLV� ILJXUH�UHDFKHV����SHUFHQW��ODKVDHL]DGHK�����������&���(IIHFW�RI�FXOWXUDO���VRFLDO�FRQGLWLRQV�RQ�ZRPHQ�ZRUN���6RFLRORJLFDO�H[SHULHQFH�VKRZV�WKDW�NLQVKLS�QHWZRUNV�VWDWXV� DQG� FRPPXQLW\� SUDFWLFHV� GHWHUPLQH� WKDW� ZKR�DQG� LQ� ZKLFK� DUHDV� ZRPHQ� FDQ� KDYH� DFWLYLW\� DQG�HPSOR\PHQW�� 6HYHUDO� .LQVKLS� QHWZRUNV� SURYLGH�GLIIHUHQW� HFRQRPLF� UROHV� IRU� ZRPHQ� EDVHG� RQ� DJH��PDULWDO� VWDWXV� DQG� WKHLU� SODFH� LQ� IDWKHU� DQG� KXVEDQG�IDPLO\��0RYDKHGL���������
� ��FXOWLYDWLRQ�DQG�GLYHUVLW\�RI�SURGXFWV�V\VWHP���7KH�GHFLVLRQV�WR�FKDQJH�FXOWLYDWLRQ�SURGXFWV��ZKHWKHU�WKH� SURGXFWV� KDYH� GRPHVWLF� FRQVXPSWLRQ� RU� H[SRUW�DVSHFWV� DUH� WDNHQ�� FDQ� KDYH� DQ� LPSRUWDQW� HIIHFW� RI�ZRUNLQJ�SUHVVXUH�RQ�ZRPHQ��7KH�IDFW� WKDW�ZRPHQ�WUDGLWLRQDOO\� UHVHUYH�FDQ
W�KDYH�WKH�PHDQV�WKDW�WKH\�GRQ
W�KDYH�DQ\�DELOLW\�RU�LQWHUHVW�WR� JHQHUDWH� FDVK� SURGXFWV�� ,I� WKH\� IHHO� WKDW� D� FDVK�SURGXFW� \LHOGV� LV� KLJKHU� WKDQ� D� OLYHOLKRRG� RQH�� WKH\�FXOWLYDWH� LW� DQG� SOD\� WKH� UROH� LQ� LWV� SURGXFWLRQ� WKDW�KDYH�PXFK�PRUH� ZLGHVSUHDG� WKDW� LW� LV� WKRXJKW�� )RU�H[DPSOH�� ��� SHUFHQW� RI� FRIIHH� SURGXFWLRQ� DFWLYLWLHV�DUH� SHUIRUPHG� E\� ZRPHQ� LQ� 5ZDQGD� �6DOHK� 1DVDE��������WKH�UROH�RI�ZRPHQ�LQ�ULFH�DQG�WHD�SURGXFWLRQ�LV�YHU\�LPSRUWDQW�LQ�,UDQ��%DVHG�RQ�UHVHDUFK�FDUULHG�����SHUFHQW�RI�ULFH�SURGXFWLRQV�LQ�VRPH�/DKLMDQ�YLOODJHV��LQ� ,UDQ�� DUH� FDUULHG� E\� ZRPHQ�� 7KH� HIIHFW� RI�LPSURYLQJ� WKH� SODQWDWLRQ� UHODWHG� WR� UXUDO� SRYHUW\� LV�GLIIHUHQW�� )RRG� DQG� LQFUHDVH� SURGXFWLRQ� DIIHFWHG�IDUPHUV� DQG� ZRUNHUV� LQFUHDVLQJ� LQFRPH�� 5LVLQJ�DJULFXOWXUDO� DQG� SURGXFWLRQ� LQFRPHV�� OHDG� WR� ODERU�IRUFH�HPSOR\HG�E\�WKHP�DUH�DQG�WKLV�UHGXFH�WKH�ZRUN�SUHVVXUH� RQ� ZRPHQ� DQG� PDNH� VRPH� IUHH� WLPH� IRU�WKHP�IDQL�� ��������
� ��DJULFXOWXUDO�PRGHUQL]DWLRQ�7RZDUGV� H[SDQVLRQ� DQG� DJULFXOWXUDO� LQWHQVLILFDWLRQ�DFWLYLWLHV�� UXUDO� DFWLYLW\� UDWHV� DOVR� LQFUHDVHG��7KXV� LW�QHHG� IRU� D� WRRO�ZKLFK� UHGXFHV� WKH�PHQ� DQG�ZRPHQ�ZRUNLQJ� SUHVVXUH���$JULFXOWXUDO� 0RGHUQL]DWLRQ� DQG� WHFKQRORJ\�GHYHORSPHQW�� OHDG� WR� EXVLQHVV� GHYHORSPHQW�

RULHQWDWLRQ�� DQG� LQYHVWPHQWV� DUH� VHHNLQJ� PRUH�PRQH\�� ,Q� FDSLWDOLVW� GHYHORSPHQW�� PRQHWDU\�HPSOR\PHQW�WDNHV�WKH�PRQH\�IRUFH�DQG�WKH�VHSDUDWHV�WKH� ZRUNIRUFH� DQG� FDSLWDO�� 2YHUFRPH� WKHVH� WZR�YDULDEOHV� KDYH� LQWHUDFWLRQ� HIIHFW� RQ� WKH� W\SH� DQG�DPRXQW� RI� ZRUN� WKDW� ZRPHQ� VKRXOG� VSHQG� IRU�SODQWDWLRQ��,I�WKH�0RGHUQL]DWLRQ�GHYHORSPHQW�GRHVQ
W�LQFUHDVH�ZRPHQ
V�DJULFXOWXUDO�SDUWLFLSDWLRQ��LW�OHDGV�WR�VHSDUDWLRQ� RI� KRXVHZRUN� IURP� SURGXFWLYH� DFWLYLWLHV��,Q� VRPH� FDVHV��ZLWK� WKH� DJULFXOWXUDO� WUDGLQJ� DQG� WKH�WHFKQRORJ\� ERRP�� PHQ� KDYH� PRUH� UHVSRQVLELOLWLHV�WKDW� SUHYLRXVO\� ZHUH� GRQH� E\� ZRPHQ�� 6RPH�GHYHORSPHQW� WKHRULVWV�� EHOLHYH� WKDW� ZLWK� WHFKQRORJ\�GHYHORSPHQW� DQG� DSSOLFDWLRQ� RI� DJULFXOWXUDO�PDFKLQHU\�� HPSOR\PHQW� RI� ZRPHQ�� KDYH� EHHQ�DIIHFWHG��0HKUDEL�%DVKDUDEDG\��������2I�FRXUVH��WKLV�WKHRU\� FDQ� EH� GLVFXVVHG� IURP� GLIIHUHQW� DQJOHV� DQG�VWXG\��EXW�ZKDW�FDQ�DIIHFW�RQ�DJULFXOWXUDO�ODERU�IRUFH�PRGHUQL]DWLRQ� VWUXFWXUH�� LV� WKDW� WKH� HYHU\� GD\�GHSHQGHQFH� RI� IDUPHUV� WR� QHZ� DJULFXOWXUDO� DQG�LQYHVWPHQW�PHWKRGV�� VPDOO� IDUPHUV� DUH� OLNHO\� WR� JHW�RXW� IURP� VWDJH��7KH� UHDVRQ�FDQ� VHDUFK� LQ� LQFUHDVLQJ�FRVWV� DQG� GHFUHDVLQJ� SULFHV� RI� DJULFXOWXUDO� SURGXFWV�WKDW�WKH�SHWW\�SHDVDQWV�ZHUH�IRUFHG�WR�VHOO�WKHLU�ODQG��7KLV� OHG� WR� LQHTXDOLW\� UXUDO� HPSOR\PHQW� LQ� �$]NLD�DQG� LPDQL�� ������ WKDW� OHDG� WR� UHGXFHG�ZDJHV� DQG� LQ�WKLV�FDVH�LV�ZKHWKHU�ZRPHQ�DV�DJULFXOWXUDO�ZRUNHUV�RU�KRXVHZLYHV�LPSDFW�E\�SROLWLFV���� ��)DPLO\�VWDWXV�:RPHQ� DUH� FRQVLGHUHG� DV� ODERU� LQ� WKH� IDPLO\�� IRU�H[DPSOH�� HYHU\� ZRPDQ� LQ� WKH� DQLPDO� HFRQRP\�� FDQ�EOHHG�D�IHZ�VKHHS�DQG�JRDWV�DQG�WKLV�LPSOLHG�WKDW�WKH�QXPEHU�RI�ZRPHQ�LQ�IDPLOLHV�LV�KLJK��%\�FRQVLGHULQJ�WKDW� LQ�GHYHORSLQJ�FRXQWULHV�� WKH� HFRQRPLF�SRZHU� LV�LQ� PHQ� KDQGV�� PHQ� IRU� VXSSO\� WKHLU� UHTXLUHG� ODERU��PDUULHG�DJDLQ�DQG�LQ�VRPH�FDVHV��ZRPHQ�JR� WR�ZRR�IRU� WKHLU� KXVEDQGV� VHFRQG� PDUULDJH�� EHFDXVH� LW�UHGXFHV�WKHLU�H[SORLWDWLRQ��$O\�DQG�HW�DO���������\RXQJ� IDPLOLHV�ZLWK�PDQ\�FKLOGUHQ� LQ�YLOODJHV�RIWHQ�DUH� DQ� REVWDFOH� IRU� DJULFXOWXUDO� DQG� QRQ�IDUP�HPSOR\PHQW� RI� ZRPHQ� DQG� GLPLQLVK� WKHLU� ZRUNLQJ�WLPH��EXW�ZLWK�WKH�JURZWK�RI�FKLOGUHQ�WKHLU�IUHH�WLPHV�LQFUHDVH� WR� DFTXLUH� PRUH� ZRUNLQJ� RQ� WKH�IDUP�]DQMDQL���������%HLQJ��+RXVHKROGV�KHDG�LV�EHLQJ�RQH� RI� WKH� LPSRUWDQW� IDFWRUV� GHWHUPLQLQJ� WKH�SDUWLFLSDWLRQ� UDWH� RI� ZRPHQ�� )RU� H[DPSOH�� LQ�&RORPELD� ZKHQ� D� ZRPDQ� LV� KRXVHKROG
V� KHDG�� KHU�HQWHULQJ� WR�PDUNHW�� LQFUHDVHV� WR� ��� SHUFHQW�� EXW� IRU�ZRPHQ�ZKR�DUH�QRW�KHDGV�RI�KRXVHKROGV��HQWHULQJ�WKH�MRE�PDUNHW�LV�RQO\����SHUFHQW��6R�WKH�IDPLO\�VWDWXV�LV�RQH�RI� WKH� IDFWRUV�DIIHFWLQJ�UXUDO�ZRPHQ
V�ZRUN�DQG�OHDGV�WKHLU�SDUWLFLSDWLRQ�RU�QRQ�SDUWLFLSDWLRQ��
� �� SDUWLFLSDWLRQ� UDWH� RI� ZRPHQ� LQ� GHFLVLRQ�PDNLQJ���D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� ZRPHQ
V�SDUWLFLSDWLRQ� LQ� DJULFXOWXUDO� DQG� QRQ�DJULFXOWXUDO�
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HPSOR\PHQW� RI� PHQ� FDQ� EH� VHHQ�� VR� WKDW� LQ� VRPH�FRXQWULHV�PHQ�PLJUDWLRQ�WR�FLWLHV�RU�EULQJLQJ�WKHP�RQ�D GD\�ZDJH� MREV�KDV� OHG� WKHP�UHVSRQVLELOLWLHV� LQ� WKH�DEVHQFH� RI� WKHLU� KXVEDQGV� WDNH� FKDUJH� RI� ��� WR� ���SHUFHQW� RI�ZRUN� UHODWHG� WR� KRPH� DQG� DJULFXOWXUH�� ,Q�VRPH�DUHDV�WKLV�ILJXUH�UHDFKHV�WR����SHUFHQW���1XPEHU�RI� IDFWRUV� DOVR� OHG� WR� D� NLQG� RI� FRPPRQ� JHQGHU�GLYLVLRQ�RI�ODERU��HVSHFLDOO\�LQ�UXUDO�VRFLHWLHV�DQG�RQH�WKH�PRVW�YHWHUDQ�RI�WKHVH�IDFWRUV�LV�D�SDUWLFXODU�SRZHU�DQG� DELOLW\� RI� ZRPHQ� WR� SURYLGH� VXVWHQDQFH��*KDIIDUL����������
5HVXOWV��5D]DYL� GXULQJ� D� VWXG\� KDV� VKRZQ� WKRVH� ZRPHQ
V�DFKLHYHPHQWV�LQ�DFDGHPLF�DQG�VRFLDO�DUHDV�LQ�WKH�SDVW����\HDUV��DFFRUGLQJ�WR�WKHLU�VWDWXV�LQ�WKH�ODERU�PDUNHW�KDV� QRW� LPSURYHG�� :RPHQ
V� SDUWLFLSDWLRQ� UDWHV� DUH�ORZ� DQG� WKHLU� QRQ�� HPSOR\PHQW� UDWHV� LQFUHDVH� LQ�WKHVH� \HDUV� WKHLU� DQG� WKHLU� FDUHHU� RSWLRQV� DUH� VWLOO�OLPLWHG��ODKVDHL]DGHK���������+DVKHPL� ������� ZLWK� WKH� HPSOR\PHQW� VWDWXV� RI�ZRPHQ� LQ� ,UDQ�KDV� VKRZQ� WKDW� WKH� UDWH�RI�HFRQRPLF�SDUWLFLSDWLRQ� RI� ZRPHQ� LQ� ,UDQ� ZHUH� VLPLODU� ZLWK�GHYHORSLQJ� FRXQWULHV�� ZKLOH� WKHLU� OLWHUDF\� DQG�HGXFDWLRQ� UDWH� DUH� FRPSDUDEOH� ZLWK� DGYDQFHG�FRXQWULHV�� +H� EHOLHYHV� WKDW� IRUPDO� LQVWLWXWLRQV��QDPHO\�ODZV�DQG�UHJXODWLRQV�KDYH�WKH�PRVW�HIIHFWLYH�RQ�ZRPHQ
V�HPSOR\PHQW�OHYHOV�WKDW� LQ�WKHLU�WXUQ�DUH�XQGHU�WKH�VRFLDO�DQG�FXOWXUDO�HIIHFWV��%DPGDG�GXULQJ�KLV�VWXG\�RQ�VRFLR���HFRQRPLF�VWDWXV�RI� ZRPHQ� KDV� VKRZQ� WKDW� VRFLDO� DQG� HFRQRPLF�LPSURYHPHQW� RI� VRFLHW\� LV� DVVRFLDWHG� E\� LQFUHDVLQJ�HPSOR\PHQW� UDWH� RI� ZRPHQ�� 7KHUH� DUH� DOVR�GLIIHUHQFHV� LQ� FXOWXUDO� DQG� VRFLDO� GLVFULPLQDWLRQ�EHWZHHQ� PHQ� DQG� ZRPHQ�� LV� D� VHULRXV� REVWDFOH� LQ�LQFUHDVLQJ� WKH� HFRQRPLF� SDUWLFLSDWLRQ� RI� ZRPHQ��)LQDOO\��LQFUHDVLQJ�ZRPHQ
V�HFRQRPLF�SDUWLFLSDWLRQ�LV�WKH�IXQFWLRQ�RI�VRFLDO�GHYHORSPHQW�±�HFRQRPLF�IDFWRU��%DQLKDVKHP�� ��������7KH� SRVLWLYH� HIIHFW� RI� JRYHUQPHQW� VSHQGLQJ� LQ�ZRPHQ�HPSOR\PHQW�LQGLFDWHV�WKH�IDFW�WKDW��WKHUH�DUH�OLPLWDWLRQV�DQG�GLVFULPLQDWLRQ�IRU�ZRPHQ�LQ�WKH�ODERU�PDUNHW�WKDW�WKH�PDUNHW�PHFKDQLVP�FDQ�QRW�GHVWUR\�LW�WKXV� UHFRJQL]LQJ� WKHVH� OLPLWV�� GLVFULPLQDWLRQ� DQG�JRYHUQPHQW� LQWHUYHQWLRQ� LQ� WKH�PDUNHW� �RI� FRXUVH� LQ�FRRSHUDWLRQ� ZLWK� SHRSOH�� LV� QHFHVVDU\� WR� HOLPLQDWH�WKHP���7RGD\� WKHUH� LV� WKLV� EHOLHI� WKDW� FRPPXQLWLHV� UDWKHU�WKDQ�� DIIHFWHG� E\� PRRG� PHQ� DQG� HQYLURQPHQWDO�FRQGLWLRQV�� DIIHFW� E\� SHUVRQDOLW\� DQG� HGXFDWLRQ� RI�ZRPHQ��7KXV� LQ� WKH�SURFHVV�RI�HFRQRPLF�DQG�VRFLDO�GHYHORSPHQW��ZRPHQ�DIIHFWV�DUH�PRUH�WKDQ�PHQ��DQG�WKH� QRQ�GHYHORSHG� FRXQWULHV� KDYH� XQGHUVWRRG� WKH�XQGHQLDEOH� IDFW� WKDW� WR� DFKLHYH� WKH� HFRQRPLF�GHYHORSPHQW� VKRXOG� HPSOR\� ZRPHQ� FUHDWLYH� DQG�HIIHFWLYH� IRUFHV�� 6WUXFWXUH� RI� IHPDOH� HPSOR\PHQW� LQ�

GLIIHUHQW� FRXQWULHV� VKRZV� WKDW� WKHUH� LV� D� GLUHFW�UHODWLRQVKLS� EHWZHHQ� SRSXODWLRQ� JURZWK� DQG�LQFUHDVLQJ� HPSOR\PHQW� UDWHV� RI� ZRPHQ�� ,Q� RWKHU�ZRUGV��LQ�FRXQWULHV�ZKHUH�IHPDOH�HPSOR\PHQW�UDWH�LV�ORZHU�� WKH� SRSXODWLRQ� JURZWK� DQG� HFRQRPLF�GHYHORSPHQW� LV� VORZHU���6R� LI� WKH� VWDWH� JRDO� DQG� WKH� FRXQWU\
V� GHYHORSPHQW�SROLFLHV�� EH� WKH� DWWHQWLRQ� WR� ZRPHQ
V� DFWLYH�SDUWLFLSDWLRQ� LQ� VRFLHW\� DV� KDOI� RI� WKH� ODERU�FRPPXQLW\�� WKH� FXOWXUDO�� VRFLDO�� SROLWLFDO� DQG�HFRQRPLF� DUHD� � RI� WKHLU� SUHVHQFH� VKRXOG� DOORZ� WR�SURYLGH� WLOO� ZH� FDQ� XVH� WKHLU� LQWHOOHFWXDO� SRZHU��FUHDWLYLW\�� LQQRYDWLRQ� DQG� 7KH� ODUJH� QXPEHU� RI�ZRUNIRUFH� LQQRYDWLRQ� IRU� IDPLO\� DQG� VRFLHW\�HFRQRPLF� � GHYHORSPHQW�� RWKHUZLVH�� ZLWK� WKH� VORJDQ�DQG�ZULWH�SROLFLHV�DQG�VWUDWHJLHV�DQG�XVLQJ�QR�SURSHU�WRROV� DQG� H[HFXWLYH� 0LJUDWLRQ�� OLNH� WKH� IRUPHU��PDQSRZHU�RI� WKLV� KXJH�JURXS� VDZ� OLWWOH� SUHVHQFH� LQ�WKH� YDULRXV� FRPPXQLW\� DFWLYLWLHV���'LIIHUHQW�HFRQRPLF�VHFWRUV��SDUWLFXODUO\�LQGXVWU\�DQG�VHUYLFH� VHFWRU��KDYH� WKH� FDSDFLW\� WR�FUHDWH�PDQ\� MRE�RSSRUWXQLWLHV�IRU�DFWLYH�SDUWLFLSDWLRQ�RI�UXUDO�ZRPHQ�WKDW� FDQ� EH� PRUH� EHQHILW� LQ� PRUH� HPSOR\PHQW�RSSRUWXQLWLHV�� 6RPH� YDULDEOHV� VXFK� DV� PDUULDJH� WR�GLYRUFH�UDWLR��WKH�VKDUH�RI�JRYHUQPHQW�H[SHQGLWXUH�RI�*'3�� WKH� GHJUHH� RI� GHYHORSPHQW� DQG�8QGHUGHYHORSPHQW�� QXPEHU� RI� FKLOGUHQ� ERUQ� DQG�KRXVHKROG� H[SHQGLWXUH� DUH� LPSUHVVLYH� RQ� UXUDO�ZRPHQ
V� HPSOR\PHQW� UDWHV�� 7KXV�� LI� SROLF\� PDNHUV�LQWHQG� WR� SUHGLFW� WKH� HPSOR\PHQW� VWDWXV� RI� UXUDO�ZRPHQ��WKH\�VKRXOG�DWWHQG�WR�DIIHFWLYH�IDFWRUV�RQ�WKLV�JURXS�HPSOR\PHQW����&RUUHVSRQGLQJ�$XWKRU��0RKDGGDVHK��1D]DUSRXU��0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�(�PDLO��VDED�����#\DKRR�FRP��
5HIHUHQFHV����� $UHIQLD�� NK� �������� ,QIRUPDO� HFRQRP\�� LQ�UHDOLW\�XQNQRZQ�LVVXHV�RI�UXUDO�ZRPHQ��-RXUQDO�RI� $JULFXOWXUDO� (FRQRPLFV� DQG� 'HYHORSPHQW��WKH� WKLUG� \HDU�� VSHFLDO� UROH� RI� ZRPHQ� LQ�DJULFXOWXUH��7HKUDQ��1H\�SXEOLVKLQJ������ %DQLKDVKHP�� )�� �������� 5XUDO� ZRPHQ��HGXFDWLRQ�� DVVRFLDWLRQ� DQG� SDUWLFLSDWLRQ�� -LKDG�-RXUQDO�YLOODJH�����\HDUV��1R�������S��������� &DYDOFDQWL�� 7LDJR�9�� GH�9�� DQG� -RV�H� 7DYDUHV���������$VVHVVLQJ�KH�³(QJLQHV�RI�/LEHUDWLRQ´��+RPH� DSSOLDQFHV� DQG� IHPDOH� ODERU� RUFH�SDUWLFLSDWLRQ�� ZHE�LFV�SXUGXH�HGX�aWFDYDOFD��UHVHDUFK�� (QJLQHVRI/LEHUDWLRQ2FW�����SGI��3DJH���������� 'HO� %RFD�� '�� DQG� 0�� /RFDWHOOL�� 6��3DVTXD�������� (PSOR\PHQW� H[FLVLRQV� RI�
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0DUULHG� :RPHQ� �(YLGHQFH� DQG�([SODQDWLRQV�&+/'� RUNLQJ� 3DSHUV�� Q�� ��� SDJH��������� 'HO� %RFD�� '�� 5ROI� $DEHUJH�� 8JR� &RORPELQR��-RKQ�(UPLVFK��$UFR�)UDQFHVFRQL��6LOYLD�3DVTXD�DQG� 6WHLQHU� 6WURP�������� DERXW� PDUNHW�SDUWLFLSDWLRQ�RI�ZRPHQ�DQG�IHUWLOLW\��WKH�HIIHFW�RI� VRFLDO�SROLFLHV�ZZZ�IUGE�RUJ�LPDJHV�FXVWRPHU��SDSHUBGHOERFD��3I��3DJH����������� (PDGL�� 0�� +� �������� :RPHQ� DQG� SROLWLFDO�SDUWLFLSDWLRQ��&HQWHU�IRU�:RPHQ
V�3DUWLFLSDWLRQ�3UHVLGHQW��]HLWRRQ��SXEOLFDWLRQ����� )DPL�� 6K� �������� $QDO\WLFDO� SURFHVV� WR�GHWHUPLQH�WKH�HGXFDWLRQDO�QHHGV���H[WHQVLRQ�RI�UXUDO�ZRPHQ��3DUW�,���-LKDG�0DJD]LQH��1R��������������� )DQL�� =�� �������� 6WUXFWXUH� RI� ZRPHQ
V�SDUWLFLSDWLRQ� LQ� DJULFXOWXUDO� GHYHORSPHQW��-RXUQDO� RI� $JULFXOWXUDO� (FRQRPLFV� DQG�'HYHORSPHQW�� FRQIHUHQFH� SDSHUV�� ZRPHQ�SDUWLFLSDWLRQ�DQG�$JULFXOWXUH�������-RXUQDO�1R�����3XEOLVKLQJ�0LQLVWU\�RI�$JULFXOWXUH����� )$2� �������� :RPHQ� LQ� DJULFXOWXUDO�GHYHORSPHQW�� �7UDQVODWHG� E\�� 6DOHKQDVDQ���*+��� 3XEOLVKHU�� 0DQDJHPHQW� VWXGLHV� DQG�VWXGLHV� DQG� SURPRWLQJ� SHRSOH
V� SDUWLFLSDWLRQ�'HSXW\�$JULFXOWXUH��WKH�IRUPHU���3S������������ *KDIIDUL�� *+� �������� 7KH� UROH� RI�ZRPHQ� DQG�VRFLDO� GHYHORSPHQW�� :RPHQ
V� 0DJD]LQH�� 1R������S���������� +DVKHPL�� 0�� �������� 7KH� UROH� RI� VRFLR� ��HFRQRPLF�UXUDO�ZRPHQ��-RXUQDO�RI�$JULFXOWXUDO�(FRQRPLFV� DQG� 'HYHORSPHQW�� WKH� WKLUG� \HDU��VSHFLDO� UROH� RI� ZRPHQ� LQ� DJULFXOWXUH�� 7HKUDQ��0LQLVWU\�RI�$JULFXOWXUH�SXEOLFDWLRQV������ .DPDOL��$�� �������� 3DUWLFLSDWLRQ� RI�ZRPHQ� LQ�GHYHORSPHQW� DSSURDFK� SUHUHTXLVLWHV� DQG�REVWDFOHV��:RPHQ
V�5HVHDUFK�4XDUWHUO\��1R�����7HKUDQ�� 3UHVV� &HQWHU� 7HKUDQ� 8QLYHUVLW\�ZRPHQ
V�VWXGLHV��3���������� .KDQL��)���������3RVLWLRQ�DQG�UROH�RI�ZRPHQ�LQ�UXUDO�GHYHORSPHQW�SURFHVV��FDVH�VWXG\�RI�*LODQ�SURYLQFH��� 3K'� WKHVLV�� 7HUDELW� 0RGDUUHV�8QLYHUVLW\������ /DKVDHHL]DGHK�� D� �������� &ODVV� EDVH� RI� UXUDO�ZRPHQ� LQ� ,UDQ�� -RXUQDO� RI� $JULFXOWXUDO�(FRQRPLFV� DQG� 'HYHORSPHQW�� FRQIHUHQFH�SDSHUV�� ZRPHQ� SDUWLFLSDWLRQ� DQG� $JULFXOWXUH������� -RXUQDO� 1R�� ��� 3XEOLVKLQJ� 0LQLVWU\� RI�$JULFXOWXUH��3����������� /DKVDHHL]DGHK�� D� �������� 6RFLRORJ\� RI� UXUDO�GHYHORSPHQW��7HKUDQ��3XEOLFDWLRQ�'D\V��S���������� 0DPPHQ��.ULVWLQ�DQG�&KULVWLQD�3D[VRQ���������:RPHQ¶V� ZRUN� QG� HFRQRPLF� GHYHORSPHQW��

-RXUQDO�RI�(FRQRPLF�3HUVSHFWLYHV��YROXPH�����3DJHV����±��������� 0LQFHU��-����������/DERU�IRUFH�SDUWLFLSDWLRQ�RI�PDUULHG� ZRPHQ� LQ$OLHFK� $PVGRQ� �(G���(FRQRPLFV� RI� :RPHQ� DQG� :RUN�� &RORPELD��3HQJXLQ�%RRNV������ 0RYDKHGL�� 5�� �������� :RPHQ� IDUPHUV� DQG�H[WHQVLRQ� DFWLYLWLHV� HIIHFWLYHQHVV�� 0RQWKO\�-LKDG��1R��������������� 6DILUL��.K� ��������4XDQWLWDWLYH�DQG�TXDOLWDWLYH�DVSHFWV� RI� ZRPHQ
V� HPSOR\PHQW� DQG� LWV�UHODWLRQVKLS�ZLWK� HFRQRPLF�GHYHORSPHQW��3K'�WKHVLV��7HUDELW�0RGDUUHV�8QLYHUVLW\������ 6KDK�1�0�� ��������&KDQJHV� LQ�ZRPHQ� UROH� LQ�3DNLVWDQ��$UH� WKH� YROXPH� DQG� SDFH� DGHTXDWH"�7KH�3DNLVWDQ�'HYHORSPHQW�5HYLHZ��������3DJH�����������
���������
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&KDOOHQJHV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\��,&7��LQ�HGXFDWLRQ��
�0RKDPPDG�5H]D�5H]DHL��� 0HKGL�1D]DUSRXU��� $EEDV�(PDPL�

�������0DUYGDVKW�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��0DUYGDVKW��,UDQ�&RUUHVSRQGLQJ�DXWKRU��IHUHVKWHK�����#\DKRR�FRP�
$EVWUDFW��7HFKQRORJLHV� �,&7�� GXULQJ� WKH�SDVW� WZR�GHFDGHV�KDYH�KDG�PDQ\�SRLQWV�RI�FRQWDFW�ZLWK�HGXFDWLRQ�DQG�WUDLQLQJ��7KH�GHYHORSPHQW�RI�WHFKQRORJ\�LV�SODFLQJ�QHZ�GHPDQGV�RQ�H[SHUWLVH��DQG�LW�LV�DOVR�OHDGLQJ�WR�WKH�LQFUHDVHG�XVH�RI�LQIRUPDWLRQ�WHFKQRORJ\��,7��LQ�LQVWUXFWLRQ�DQG�OHDUQLQJ��$V�HDUO\�DV�LQ�WKH�����V�GLVFXVVLRQV�RI�WKH�IXWXUH�RI�VFKRRO� V\VWHPV�VWDUWHG� WR�SD\�DWWHQWLRQ� WR� WKH�RSSRUWXQLWLHV�SURYLGHG�E\�,&7��1RZ�ZLWK� WKH�DSSURDFK�RI� WKH�QHZ�PLOOHQQLXP��,7�LV�SOD\LQJ�DQ�LQFUHDVLQJO\�FHQWUDO�UROH�LQ�DOPRVW�DOO�IXWXUH�SODQQLQJ�RI�VFKRROV�DQG�LQVWUXFWLRQ��:LWK�WKH�KHOS�RI�VWDWH�DQG�ORFDO�IXQGLQJ��LQIRUPDWLRQ�WHFKQRORJ\�KDV�EHHQ�SXUFKDVHG�IRU�VFKRROV�HYHU�VLQFH�WKH�����V��7KH�VWDWH�KDV�DOVR�IRXQG�PDQ\�ZD\V�WR�VXSSRUW�WHDFKHU�WUDLQLQJ�LQ�WKH�XVH�RI�,7��DQG�LW�KDV�DOVR�DOORFDWHG�IXQGV�IRU�WKH�SURGXFWLRQ� RI� ,7� SURJUDPV�� ,QVWUXFWLRQ� LQ� WKH� XVH� RI� ,7� KDV� DOVR� SOD\HG� DQ� LPSRUWDQW� UROH� LQ� WHDFKHU� WUDLQLQJ�RUJDQL]HG�E\�ORFDO�VFKRRO�DXWKRULWLHV��,W�LV�DJDLQVW�WKLV�EDFNJURXQG�WKDW�WKH�QHHG�DURVH�WR�ILQG�RXW�KRZ�IDU�ZH�KDYH�SURJUHVVHG� LQ� WKH�DSSOLFDWLRQ�RI� ,&7�LQ�HGXFDWLRQ�DQG�ZKDW� LPSDFWV� WKHVH� VLJQLILFDQW�HFRQRPLF� LQYHVWPHQWV�KDYH�KDG��,W�LV�DOVR�WLPH�WR�VWDUW�D�YDOXH�RULHQWHG�GLVFXVVLRQ�RI�KRZ�VWURQJO\�WKH�IXWXUH�RI�WKH�,UDQ�VRFLHW\�ZLOO�EH�OLQNHG�WR�WKH�YLVLRQ�RI�DQ�LQIRUPDWLRQ�VRFLHW\�EULPPLQJ�RYHU�ZLWK�WHFKQRORJ\��>0RKDPPDG�5H]D�5H]DHL��0HKGL�1D]DUSRXU�DQG�$EEDV�(PDPL��&KDOOHQJHV�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\� �,&7�� LQ� HGXFDWLRQ�� /LIH� 6FLHQFH� -RXUQDO�� �����������������@� �,661�������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�
.H\ZRUGV��,&7��HGXFDWLRQ��
,QWURGXFWLRQ�7KHUH� DUH� )XQGDPHQWDO� FKDOOHQJHV� DERXW� WKH� UROH�RI�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQ�WHFKQRORJ\��,&7��LQ�HGXFDWLRQ��7KLV�KDV� OHG�WR�VHULRXV�VNLOOV�VKRUWDJHV�LQ�PDQ\� FRXQWULHV�� ,Q� WXUQ� WKLV� KDV� SXW� LQFUHDVLQJ�SUHVVXUH� RQ� SROLF\� PDNHUV�� XQLYHUVLWLHV� DQG� RWKHU�WUDLQLQJ� LQVWLWXWLRQV� WR� FRPH� XS�ZLWK� DSSURDFKHV� WR�LQVSLUH� \RXQJ� VWXGHQWV� WR� FKRRVH� ,&7� IRU� WKHLU�VWXGLHV��7KHUH�LV�DOVR�D�VWURQJ�DUJXPHQW�IRU�UHWUDLQLQJ�PDQ\� SHRSOH� ZKR� DOUHDG\� KDYH� SUH�VHUYLFH� DQG� LQ�VXUYLYH�HGXFDWLRQ��ZKHWKHU�LQ�WKH�ZRUNIRUFH�RU�QRW��WR�RYHUFRPH� WR� ORRPLQJ� ,&7� VNLOOV� FULVHV�� 7KLV� SDSHU�UHSRUWV�RQ�WKH�H[DPLQDWLRQ�RI�WKHVH�SRLQWV��,W�ZLOO�DOVR�H[SORUH� DSSURSULDWH� ZD\V� WR� FRPEDW� WKLV� SUREOHP�WKURXJK� DQDO\VLV� DQG� LGHQWLILFDWLRQ� RI� UHDO� SURVSHFWV�IRU�,&7�HGXFDWLRQ��$OWKRXJK�YDOXDEOH�FRXUVHV�PD\�DURXQG�WKH�ZRUOG�EH�OHDUQHG� EHVW� SUDFWLFHV�� WKHUH� LV� QR� IRUPXOD� WR�GHWHUPLQH� WKH� EHVW� OHYHO� RI� ,&7� LQWHJUDWLRQ� LQ�HGXFDWLRQ� V\VWHP�� 7KH� PDLQ� FKDOOHQJHV� IRU�SROLF\PDNHUV��SODQQHUV��PDQDJHUV��FRDFKHV�DQG�RWKHU�VWDNHKROGHUV� WKDW� VKRXOG� FRQVLGHU� LQFOXGH�� LV� D�FRPSUHKHQVLYH� HGXFDWLRQDO� SROLF\� DQG� SODQQLQJ��LQIUDVWUXFWXUH�� ODQJXDJH� DQG� FDSDFLW\� EXLOGLQJ� DQG�ILQDQFLDO�DIIDLUV���&ROOLV����������
��� 7KH� FKDOOHQJHV� WR� HGXFDWLRQDO� SROLF\� DQG�SODQQLQJ��7R� DFKLHYH� SURPRWLRQ� DQG� UHIRUP� LQ� HGXFDWLRQ�WKURXJK�,&7��VKRXOG�EH�FRQVLGHUHG�H[SOLFLW�DQG�FOHDU�

REMHFWLYHV�� JXLGHOLQHV�� PRELOL]H� WKH� UHTXLUHG�UHVRXUFHV� DQG� SROLWLFDO� UHTXLUHPHQWV� IRU�XQGHUVWDQGLQJ� WKH� SULPDU\� JRDO� LQ� DOO� OHYHOV�� 6RPH�HVVHQWLDO� HOHPHQWV� LQ� SODQQLQJ� IRU� ,&7� DUH� OLVWHG�EHORZ������$� FRUUHFW� DQDO\VLV� RI� WKH� FXUUHQW� VWDWH� RI�HGXFDWLRQ�V\VWHP��,&7�LPSDFWV�VKRXOG�EH�FRQVLGHUHG�LQVWLWXWLRQDOL]HG�DV�FXUUHQW�PHWKRGV��UHVSHFWLYHO\��DQG�HVSHFLDOO\� �WKRVH� ,&7� WR� GULYH� IRUZDUG� � DQG� WKH�EDUULHUV�VKRXOG�EH�UHFRJQL]HG��DV�ZHOO�DV�WKRVH�UHODWHG�WR� HGXFDWLRQ� DQG� WUDLQLQJ� SURJUDPV�� LQIUDVWUXFWXUH��FDSDFLW\�EXLOGLQJ��ODQJXDJH�DQG�FRQWHQW�DQG�ILQDQFH���&ROOLV�������������(GXFDWLRQDO� REMHFWLYHV� DW� GLIIHUHQW� OHYHOV� RI�HGXFDWLRQ�� DV� ZHOO� DV� YDULRXV� DVSHFWV� RI� ,&7�DSSOLFDWLRQV�WKDW�FDQ�EHVW�PHHW�WKHVH�JRDOV�LQ�WKH�VWDWH�EH�XVHG��3ROLF\PDNHUV�PXVW�XQGHUVWDQG�WKH�SRWHQWLDO�RI� ,&7� LQ�YDULRXV�GLIIHUHQW� JRDOV�ZKHQ� WKH�FRQFHSWV�DUH�XVHG��$V� ZHOO� DV�PD\� DOHUW� EHVW� SUDFWLFHV� DURXQG�WKH� ZRUOG�� DERXW� WKH� SULRULW\� HGXFDWLRQDO� QHHGV��ILQDQFLDO�DQG��+XPDQ� UHVRXUFHV� DQG� FDSDFLW\� ERWWOHQHFNV� WKH�FRXQWU\�DQG�KRZ�WKHVH�H[SHULHQFHV�FDQ�EH�DGDSWHG�WR�WKH� VSHFLILF� QHHGV� RI� WKH� FRXQWU\� �+DNNDUDLQHQ�������������� ,GHQWLI\LQJ� VWDNHKROGHUV� DQG� FRRUGLQDWLQJ�DFWLRQV�DPRQJ�GLIIHUHQW�LQWHUHVW�JURXSV���
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�����&RQGXFWLQJ�FKRVHQ�PRGHO�EDVHG�RQ�,&7��VKRXOG�DUH� WHVWHG� RQ� D� VPDOO� VFDOH�� EHVW� GHVLJQ� PRGHOV� RU�WKRVH� ZKR� SURYHG� WKH\� FDQ� EH� XVHG� LQ� RWKHU� DUHDV��6XFK�JXLGDQFH�LV�HVVHQWLDO�IRU�LGHQWLI\LQJ��FRUUHFWLQJ��IHDVLELOLW\��HWF��������3UHSDUDWLRQ�RI�DYDLODEOH�ILQDQFLDO� UHVRXUFHV�DQG�LGHQWLI\�VWUDWHJLHV�WR�JHQHUDWH�ILQDQFLDO�UHVRXUFHV�IRU�VWUHQJWKHQLQJ�WKH�DSSOLFDWLRQ�RI�,&7�LQ�WKH�ORQJ�UXQ���+DUULV����������
���,QIUDVWUXFWXUDO�FKDOOHQJHV�LQ�HGXFDWLRQ�RI�EDVHG�RQ�,&7��%HIRUH� DQ\� SURJUDP� RI� EDVHG� RQ� ,&7� WR� UXQ�� DQ�(GXFDWLRQDO�WHFKQRORJ\�LQIUDVWUXFWXUH�LV�SODFHG�DERYH�LQIUDVWUXFWXUH� RI� LQIRUPDWLRQ� DQG�WHOHFRPPXQLFDWLRQV�� 3ROLF\� PDNHUV� DQG� SODQQHUV�VKRXOG�FDUHIXOO\�WDNH�LQWR�DFFRXQW�WKH�IROORZLQJ��������$W�ILUVW��LV�WKHUH�VXLWDEOH�URRPV�DQG�EXLOGLQJV�IRU�SODFLQJ� WHFKQRORJ\"� %XLOGLQJ� VFKRROV� LQ� FRXQWULHV�WKDW� WKH\� DUH� WRR� ROG�� LV� UHTXLUHG� WR� HQVXUH� DQ�H[WHQVLYH�UHSDLU�RI�HOHFWULFDO�ZLULQJ�V\VWHP��EXLOGLQJ��FRROLQJ� DQG� KHDWLQJ�� YHQWLODWLRQ� DQG� VDIHW\���6ZDPLQDWKDQ��������������� DUH� WKHUH� HOHFWULFLW\� DQG� SKRQH"� 'HYHORSLQJ�FRXQWULHV�� YDVW� DUHDV� VWLOO� ODFN� DGHTXDWH� SRZHU� DQG�VHYHUDO� PLOHV� DZD\� WKHLU� QHDUHVW� SKRQH� VWDWLRQ�� ,Q�VRPH� $IULFDQ� FRXQWULHV� DUH� XVLQJ� ZLUHOHVV�WHFKQRORJ\�� DOWKRXJK� H[SHQVLYH� DSSURDFK�� EXW� RWKHU�GHYHORSLQJ� FRXQWULHV� ZLWK� SRRU� WHOHFRPPXQLFDWLRQV�FDQ�WU\�WKLV�VROXWLRQ��������3ROLF\�PDNHUV�PXVW�DUH�H[DPLQHG�DOVR�DWWHQGLQJ�D YDULHW\� RI� ,&7� LQ� WKH� FRXQWU\� LQ� JHQHUDO� DQG� WKH�HGXFDWLRQDO� V\VWHP� �DOO� OHYHOV�� LQ� SDUWLFXODU�� )RU�H[DPSOH�� �D� SULPDU\� QHHG� LQ� HGXFDWLRQ� RI� EDVHG� RQ�,&7� �XVLQJ� D� FRPSXWHU� DQG� YLD� RQOLQH�� DFFHVV� WR�FRPSXWHU� DQG� ,QWHUQHW� VHUYLFHV� DW� WKH� FRPPXQLW\�OHYHO�� HVSHFLDOO\� VFKRROV� DQG� KRVW� IDPLOLHV� �9LUJR���������
����&KDOOHQJHV�RI�&DSDFLW\�EXLOGLQJ���9DULRXV� DWWHPSWV� VKRXOG� EH� RFFXU� WKURXJKRXW� WKH�HGXFDWLRQDO�V\VWHP�LQWHJUDWLRQ�IRU�VXFFHVV�RI�,&7�������SURIHVVLRQDO�GHYHORSPHQW�RI�WHDFKHUV�VKRXOG�EH�KDYH�ILYH�D[LV���'DGJDUDQ��������x 6NLOOV�LQ�VSHFLILF�DSSOLFDWLRQV�x PHUJLQJ�LQ�H[LVWLQJ�FXUULFXOXP�x FXUULFXOXP� FKDQJHV� UHJDUGLQJ� WKH�DSSOLFDWLRQ� RI� ,7� �LQFOXGLQJ� FKDQJHV� LQ�LQVWUXFWLRQDO�GHVLJQ���x &KDQJHV�LQ�WKH�WHDFKHU
V�UROH��x WR�VXSSRUW�HGXFDWLRQDO�WKHRULHV��

,GHDOO\�WKHVH�VKRXOG�EH�VHUYHG�LQ�SUH�VHUYLFH�WUDLQLQJ�RI� WHDFKHUV� DQG� EH� XSJUDGHG� LQ� LQ�VHUYLFH�� ,Q� VRPH�FRXQWULHV�� OLNH� 6LQJDSRUH��0DOD\VLD� DQG� (QJODQG�� LV�UHTXLUHG�WR�UHFRJQL]H�WKH�DSSOLFDWLRQ�RI�,&7�WUDLQLQJ�FRXUVHV�� ,&7� ZLOO� FKDQJH� VSHHGLO\� WHFKQRORJLHV� DQG�LQ� WKLV� UHJDUG� HYHQ� WKH� PRVW� HOLWH� WHDFKHUV� QHHG� WR�SURPRWH� ,&7� VNLOOV� DQG� DUH� ZHOFRPH� WKH� ODWHVW�GHYHORSPHQWV�DQG�EHVW�SUDFWLFHV��$OWKRXJK� WKH� ILUVW� IRFXV� LV� VNLOOV� ZLWK� VSHFLILF�DSSOLFDWLRQV� EXW� RWKHU� IRXU� IRFXV� LV� LPSRUWDQFH��5HVHDUFK� RQ� ,&7� DSSOLFDWLRQ� LQ� GLIIHUHQW� ILHOGV� DV�HGXFDWLRQ�DQG�XQLIRUP�RYHU�WKH�\HDUV�VKRZ�GLVDELOLW\�DV�D�EDUULHU�WR�WHDFKHUV�VXFFHVVIXOO\�SODQ��XQGHUVWDQG�ZK\�WKH\�VKRXOG�XVH�,&7�DQG�KRZ�WR�SURSHUO\�JHW�WKH�EHVW�WHDFKLQJ�DLG���)DON�DQG�:ROIPD\U���������8QIRUWXQDWHO\�� PRVW� WHDFKHU� SURIHVVLRQDO�GHYHORSPHQW� LQ� ,&7� KDV� EHHQ� WKH� HPSKDVLV� RQ�WHDFKLQJ� WRROV� DQG� WKHLU� DSSOLFDWLRQ� LQ� HGXFDWLRQ�� ,I�OHDUQLQJ� SURFHVV� EHLQJ� 6WXGHQW� FHQWHUHG�� DQ[LHW\� RI�WHDFKHUV� IURP�EHLQJ� VWUXFN�E\� WKH� WHFKQRORJ\�RU� WKH�ORVV�RI�DXWKRULW\� LQ� WKH�FODVVURRP��FDQ�EH�SUHYHQWHG�DQG� DV� D� GHHS� XQGHUVWDQGLQJ� DQG� IHHOLQJ� D� VHYHUH�FKDQJH�LQ�WKHLU�UROH�WKDQ�GR�QRW�KDYH�WR�EH�UDLVHG��:KHWKHU�,&7�ZLOO� UHSODFH�WHDFKHUV"�$QVZHU�LV��QR���,Q� IDFW�� ZLWK� SURPRWLQJ� ,&7� LQ� WKH� FODVVURRP��WHDFKHU
V� UROH� LQ� OHDUQLQJ� SURFHVV� LV� HYHQ� PRUH�LPSRUWDQW��:KDW�FDQ�DQG�VKRXOG�FKDQJH�LV�WKH�UROH�RI�WHDFKHU�� /LNHZLVH� WKH� UROH� RI� VWXGHQWV� �GHYHORSHG�VLQFH� WKH�,&7�FDQ�EH�RSHQHG�FODVVURRP�GRRUV�WR�WKH�RXWVLGH�ZRUOG��WKH�FRPPXQLW\�FRXOG�EH�D�QHZ�UROH�LQ�FODVV���0RKVHQL���������6LQFH� HGXFDWLRQ� LV� WUDQVIHUUHG� LQ� PRGHO� FHQWHUHG��WHDFKHU� WR� FHQWHUHG�VWXGHQW� PRGHO�� WKH� XQLTXH�DXWKRULW\� RI� WHDFKHUV� ZDV� ORZ� DQG� DUH� NQRZQ�PRUH�WKDQ� DV� IDFLOLWDWRUV�� REVHUYHUV� DQG� WUDLQHUV� �RI� WKH�DEVROXWH�UXOHU�WR�JXLGH�WKH�ZD\���3ULPDU\�WDVN�RI�WKH�WHDFKHU�LV�WHDFKLQJ�VWXGHQWV�KRZ�WR� DVN� TXHVWLRQV� DQG� WR� GLVFXVV� WKH� LVVXH�� PDNH�K\SRWKHVHV�� DQG� WKHQ� LI� QHFHVVDU\� WR� UHDFK�,QIRUPDWLRQ�DERXW�ILQGLQJ�WKH�LVVXHV�UDLVHG�LQ�UHODWLRQ�WR�WKH�DVVHVVPHQW���)$2���������%HFDXVH�RI�LPSURYHG�,&7�WUDLQLQJ�D�QHZ�H[SHULHQFH��HYHQ�IRU�WHDFKHUV�� WHDFKHUV�OHDUQ�HGXFDWLRQDO�SURFHVV�DQG�QHZ�WKLQJV�DUH�GLVFRYHUHG�DPRQJ�WKH�VWXGHQWV��3OXV� WKLV� LV� QRW� XQXVXDO� WR� VHH� VWXGHQWV� LQ� D� FODVV�EDVHG�RQ�,&7�XQGHUWDNH�IRUPDO�DQG�LQIRUPDO�UROHV�RI�WHDFKHU� WR� \RXQJHU� IULHQGV� DQG� VWXGHQWV� DQG�VRPHWLPHV�HYHQ�IRU�WHDFKHUV���6DDGDQ���������7HDFKHUV� DQG� VWXGHQWV� IURP� GLIIHUHQW� VFKRROV��H[SHUWV�� SDUHQWV�� FRPPXQLW\� DQG� EXVLQHVV� OHDGHUV��SROLWLFLDQV�DQG�RWKHU�VWDNHKROGHUV�DUH�LQYROYHG�LQ�WKH�HGXFDWLRQDO�SURFHVV�DUHDV�DV�UHVRXUFH�SHUVRQV��FULWLF��REVHUYHU�DQG�HQFRXUDJLQJ���7KH\� DOVR� DUH� HVVHQWLDO� DQG� JHQHUDO� FXVWRPHUV� IRU�VWXGHQW�SXEOLVKHG�ZRUN�RQ� WKH�:HE�RU�RWKHU�PHGLD��1RW�PDQ\�WHDFKHUV�UHOXFWDQW�WR�XVH�,&7�DUH�HVSHFLDOO\�
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�FRPSXWHU�DQG�LQWHUQHW�XVDJH��+DQQDILQ�DQG�6DYHQ\H�ZHUH�IRXQG�VHYHUDO�UHDVRQV�IRU�WKLV�UHOXFWDQFH��� x 3RRU�GHVLJQ�RI�VRIWZDUH���x SHVVLPLVP� WRZDUGV� &RPSXWHU� HIIHFWV� RI�LQFUHDVLQJ�HIILFLHQF\�LQ�WHDFKLQJ���x ODFN�RI�PDQDJHULDO�VXSSRUW���x WKH� WLPH� DQG� HIIRUWV� WR� LQFUHDVH� WHFKQRORJ\�DQG�OHDUQ�KRZ�WR�XVH�IRU�WUDLQLQJ�x )HDU�RI�ORVLQJ�DXWKRULW\�LQ�WKH�FODVVURRP��DV�FODVV�LV�FHQWHUHG�VWXGHQW��7KHVH�DUH�SRLQWV�WKDW�VKRXOG�EH�VHUYHG�LQ�SUH�VHUYLFH�WUDLQLQJ� DQG� SURIHVVLRQDO� GHYHORSPHQW� SURJUDPV� LQ�LQ�VHUYLFH� WUDLQLQJ�RI� WHDFKHUV�� ,Q� LQ�VHUYLFH� WUDLQLQJ�DERXW� SURIHVVLRQDO� GHYHORSPHQW� RI� ,&7� WHDFKHUV��VKRXOG� LQ� WKH� ORQJ� UXQ�� EH� IOH[LEOH� DQG� SRVVLEOH���&HFFKLQL�DQG�WDODW���������)RU�PDQ\�WHDFKHUV�ODFN�WKH�QHFHVVDU\�FRQGLWLRQV��DQG�ZLWK�OHVV�ULJKWV�LQ�GHYHORSLQJ�FRXQWULHV��DGDSWDWLRQ�RI�,&7� HIIHFWLYHO\� VXEMHFW� WR� JUDQWLQJ� WKH� QHFHVVDU\�RSSRUWXQLWLHV� IRU� OHDUQLQJ� WKLQJV� WKDW� WKH\� QHHG� WR�OHDUQ�DFFRUGLQJ� WR� WKHLU�RZQ�H[SHULHQFH��0RWLYDWLRQ�RI� WHDFKHUV� DQG� VXSSRUWLQJ� WHDFKHUV� WR� SXUVXH�SURIHVVLRQDO�GHYHORSPHQW�SODQ�LV�QHFHVVDU\��7KDW�FDQ�EH�SURPRWHG�DV�ZLWK�,&7�LQLWLDWLYHV�IRU�WHDFKHUV�ZKR�DUH� FODVVURRP� WHDFKHUV� RU� HQVXUH� DGHTXDWH�DFFHVV� WR�WHFKQRORJ\�LV�DIWHU�WUDLQLQJ���
��� &XUUHQW� FKDOOHQJHV� ZLWKLQ� WKH� ODQJXDJH� DQG�FRQWHQW��(QJOLVK�LV�WKH�GRPLQDQW�ODQJXDJH�RQ�WKH�,QWHUQHW��2QH�HVWLPDWH�VKRZV�WKDW�����RI�RQOLQH�FRQWHQW�LV�(QJOLVK��$OVR�D� ODUJH�VKDUH�RI�HGXFDWLRQDO�VRIWZDUH�SURGXFHG�LQ�WKH�ZRUOG�PDUNHW�LV�LQ�(QJOLVK��$�VHULRXV�REVWDFOH�WR� PD[LPL]H� WKH� XVH� RI� :RUOG� :LGH� :HE� LQ�GHYHORSLQJ� FRXQWULHV� DQG� UHJLRQV� RXWVLGH� WKH�PDMRU�FLWLHV� LV� WKDW� (QJOLVK� LV� QRW� SUHYDOHQW�� �0RKVHQL����������(YHQ� LQ� FRXQWULHV� ZKHUH� (QJOLVK� LV� D� VHFRQGDU\�ODQJXDJH� �VXFK� DV� 6LQJDSRUH�� ,QGLD�� 3KLOLSSLQHV� DQG�0DOD\VLD�� LV� HVVHQWLDO� WKDW� PDWHULDOV� WKH� QHHGV� RI�QDWLRQDO� FRXUVHV� DQG� PHHW� WKH� ORFDO� FRQWHQW� RI� WKH�FXUULFXOXP��UDWKHU��WR�FUHDWH�ORFDO�ODQJXDJH�EH��0XVW� HQVXUH� WKDW� WKH� ZHE� LV� D� PXOWLFXOWXUDO�HQYLURQPHQW� ZLWK� SHRSOH� RI� GLIIHUHQW� FXOWXUHV��QDPHO\� KDYH� D� UROH� DQG� D� YRLFH� LQ� HGXFDWLRQ� RQOLQH�FRPPXQLWLHV��7KHUHIRUH��LV�HVVHQWLDO�DFFRUGLQJ�WR�WKH�VSHFLILF� QHHGV� RI� UHPRWH� DQG� UXUDO� VHJPHQWV� RI�FXOWXUDO�DQG�OLQJXLVWLF�PLQRULWLHV�LQ�JHQHUDO��
���&KDOOHQJHV�UHODWHG�WR�ILQDQFLQJ�WKH�FRVW�RI�,&7��2QH�RI�WKH�ELJJHVW�FKDOOHQJHV�LQ�DSSOLFDWLRQ�RI�,&7�LQ�HGXFDWLRQ�� EDODQFLQJ� HGXFDWLRQDO� REMHFWLYHV� ZLWK�HFRQRPLF� UHDOLWLHV�� ,&7� LQ� HGXFDWLRQDO� SURJUDPV�UHTXLUHV�PDVVLYH� LQYHVWPHQW� LQ�GHYHORSLQJ�FRXQWULHV�WKDW�VKRXOG�GHFLGH�RQ�ZKDW�PRGHOV�DERXW�WKH�FXUUHQW�

XVDJH� RI� ,&7� DQG� EH� FDXWLRXV� DQG� UHPDLQ� YLJLODQW�DERXW�NHHSLQJ�WKH�HFRQRPLF�EDODQFH���$QQDQ�������)LQDOO\�� WKLV� LVVXH� LV� UDLVHG� ZKHWKHU� DSSOLFDWLRQ� RI�,&7�YDOXH�DGGHG�FRVWV�WR�EDODQFH�RU�QRW��WKH�RWKHU�IRU�DQ\�HIIHFWLYH� ,&7�EDVHG� WHDFKLQJ�VWUDWHJLHV� LQWHQGHG�IRU� HGXFDWLRQDO� SXUSRVHV� RU� QRW�� DQG� LI� WKHUH� LV� DQG�VFDOH� UHTXLUHPHQWV� WKDW� FDQ� EH� LPSOHPHQWHG�UHJDUGOHVV�RI�H[LVWLQJ�KXPDQ�DQG�ILQDQFLDO�UHVRXUFHV�WKDQ�WKDW��ZKDW�GRHV�LW�VXSSRUW"��'DGJDUDQ��������:K\WH�RIIHUV�SRWHQWLDO� VRXUFHV�RI� ILQDQFLDO�DQG� ,&7�DSSOLFDWLRQV�LQ�IROORZLQJ��� ��� JUDQW�DLG����� WKH�SXEOLF�VXEVLGLHV����� SULYDWH�VHFWRU�IXQGV����� 6XSSRUW�(TXLSPHQW�DQG�YROXQWHHUV����� FRPPXQLW\�VXSSRUW��L�H��WR�SXWWLQJ�WKH�KRXVH�ZLWKRXW�UHFHLYLQJ�UHQW����� 0HPEHUV�PHPEHUVKLS�IHHV���� UHYHQXH� GHULYHG� IURP� WKH� FHQWUDO� DQG�PDLQ�WDVNV��D�� &RQQHFWLRQV� �WHOHSKRQH�� ID[��LQWHUQHW�DQG�ZHE�SDJH���E�� GLUHFW�DFFHVV�WR�FRPSXWHU�XVHUV�F�� DGPLQLVWUDWLYH�VHUYLFHV��SKRWRFRSLHUV��DXGLR�YLVXDO�DLGV�DQG�VFDQ����� 6XEVLGLDU\�DFWLYLWLHV�LQFRPH��D�� 'LIIHUHQW� VHUYLFHV� �ZRUG�SURFHVVLQJ�� SUHSDULQJ� ILQDQFLDO�VWDWHPHQWV�� WKH� SUHSDUDWLRQ�� SULQWLQJ�DQG�DGRSWLRQ�VHUYLFHV���E�� (GXFDWLRQDO� 6HUYLFHV� �QRQ� IDFH� WR�IDFH�WUDLQLQJ�DQG�HGXFDWLRQDO�FRXUVHV���F�� VRFLDO�VHUYLFHV��FRQIHUHQFH�URRPV��VRFLDO�HYHQWV��ORFDO�LQIRUPDWLRQ���G�� :RUNV�GLVWDQFH�DQG�FRQVXOWDWLRQ�H�� VSHFLILF�DFWLYLWLHV��WHOHPHGLFLQH��I�� 6DOH��
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Abstract: The aim of this study is to explain the relationship between Cadmium pollution in water and 
Crustacean gill parasites in freshwater cultured Tilapia zilli fish. A total of 375 adults cultured Tilapia zilli 
were studied the effect of water cadmium pollution on clinical examination and the prevalent seasonal 
crustacean gill parasitic infestations in the period 2009-2010. This investigation revealed the appearance of the 
parasites during spring, summer and autumn and their disappearance during winter. Clinical signs were pale 
skin, blood spots with cognation of gills, as well as post mortem lesions and isolation of infested parasites. 
Ergasilus sp and Lamproglena sp were decreased in gills with high concentration of cadmium. The present 
study was concluded that, there were inversely proportion relationship between cadmium concentration 
pollution in aquaculture and the prevalence of gill crustacean infestation during spring, summer and autumn 
seasons while infestation was disappeared during winter season. Also, there was a relationship between 
cadmium residues in Tilapia zilli gills and its concentration in the water, the obtained results showed that the 
cadmium concentration in the gills were higher than that in the water.   
 [A. I. E. Noor El Deen, S. I. A. Shalaby and M. S. Zaki. Field study on Cadmium pollution in water and Crustacean 
gill parasites in cultured Tilapia zilli at Lower Egypt fish farms. Life Science Journal. 2011;8(2):599-605] 
(ISSN:1097-8135). http://www.lifesciencesite.com. 
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1. Introduction 

Over the last few decades; aquatic pollution is 
still a problem in many freshwater and marine 
environments as it causes negative effects for the 
health of the respective organisms (Farombi et al. 
2007). Heavy metals are natural trace components of 
the aquatic environment, but their levels have 
increased due to domestic, industrial mining and 
agricultural activities (Kalay and Canli 2000). 
Aquatic organisms such as fish accumulate metals to 
concentrations many times higher than present in 
water (Olaifa et al. 2004 and Noor El Deen et 
al.2010). Permissible limits of cadmium are 0.05 ppm 
Egypt E.O.S.Q.C. (1993), but in environments 
impacted by man, concentrations can be several 
micrograms per liter or greater (Annune et al. 1994).  
They can take up metals concentrated at different 
levels in their different body organs. Target organs 
such as gills, have a tendency to accumulate heavy 
metals in high values by (Khaled 2004 and Yilmaz 
2005). Cadmium may have toxic effects, altering 
physiological activities in gills and fish blood (Mona 
Zaki et al. 2010). The relationship of parasitism and 
pollution is not simple and in essence involves a 
double edged phenomenon in which parasitism may 
increase host susceptibility to toxic pollutants or 
pollutants may result in an increase or decrease in the 
prevalence of certain parasites. Pollutants may affect 
an intermediate or alternate hosts in parasite life cycle 

and on free-living life cycle stages of parasite 
invasion (Sindermann 1990). Pollution stress can 
influence the prevalence of parasites directly or 
indirectly,or the parasite infestation may decrease the 
host resistance to toxic pollutants (Khan and Thulin 
1991) . Ergasilus sp which exposure to pollution 
considerably reduced in zone of pollution (Kuperman 
1992). The prevalence of  crustacean  parasite  
infesting  Oreochromis niloticus in Lower Egypt 
(Kafre El–Shiehk  Governorate ( 1998-1999) fish 
farms were  30 % and  the highest  the prevalence 
was obtained during summer (56.6%.) and 44.8% in 
spring, while was 20.5 % in autumn and 0% in winter 
in ( Noor El Deen 2000). The less polluted water can 
allow for or cause parasite proliferation,whilst higher 
level of contamination can have a negative effect on 
the survival of Lamproglina clariae ( Avenant-
Oldewage (2003). There is more awareness of the 
importance of studying fish parasites as one of the 
major obstacles in fish production. About 80% of fish 
diseases are parasitic especially for warm water fish 
(Eissa et al. 2000). This study was undertaken to 
investigate the correlation between cadmium 
concentration in water and the prevailing crustacean 
gill parasites in cultured Tilapia zilli which were 
collected from Kafr El sheikh governorate fish 
farms.Clinical picture, correlation between crustacean 
parasitic infestation and concentration of cadmium in 
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water and tissues of cultured Tilapia zilli are also 
considered. 
 
2. Materials and methods 
Fish: 

 A total number of 375 cultured adult 
Tilapia zilli fish were collected with average length 
of 15-20 cm and of body weight ranged from 85-100 
gm and subjected to clinical examination for 
detection of the prevalent parasitic infestations during 
the different seasons over a period of a year (2009 - 
2010). 
  
Water samples 

 A total number of 27 water samples 
simultaneously with fish specimens and equally 
distributed through out the different seasons, were 
collected from the different fish ponds from Kafr El 
sheikh governorate (Lower Egypt). 
 
 Clinical Examination  

Alive fish were clinically examined for 
general behaviors, changes in colour, respiratory 
manifestation, feeding and any clinical abnormalities 
of the gills according to the methods described by 
Noga (1996). 
  
Parasitological examination 

      Crustaceans  were refrigerated then fixed 
in 70% alcohol glycerin, passed through ascending 
grades of alcohol (70, 90,95% and absolute) then 
cleared in xylol, mounted in Canada balsam or by 
clearing in lacto phenol and mounted in glycerin 
gelatin according to  (Lucky 1977) and identified 
according to Paperna (1996). 
 
 Estimation of cadmium in Tilapia zilli gills 

     Each 0.5gm of different gill fish samples 
were well digested using Conc, H2sO4 according to 
the method outlined by Cottenie (1980).  
 
Statistical analysis                 

       The results of prevalance performances 
were statistically analyzed using analysis of variance 
procedure in SAS (Duncan 1955). 
 
3. Results 
Clinical picture  

      The first sign observed in Tilapia zilli 
exposed to cadmium pollution was swam rapidly in 
circles manner of the affected fish in which the fishes 
aggregate in groups around the water inlet. Most of 
these fishes showed dark discolourtion of the skin, 
emaciation, loss of appetite and eventually loss of 
escape reflex. The gills appeared pale in colour with 
numerous noduler like as white to yellowish 

colouration and appear as V or inverted V-shaped of 
the egg sacs on the attached gills in some examined 
fish  during post mortem examination.  
 
Parasitological examination  

The microscopical examination the white 
nodule appear as V or inverted V-shaped of the egg 
sacs on the attached gills revealed as ergasillid female 
copepods (Figure1). Also, other parasites appears as 
cylindrical consists of three distinctive parts, 
cephalothorax that is oval and externally 
unsegmented are present revealed as Lamproglid 
female attached firmly to gill filament by the aid of 
two powerful claws alone (Figure2). While in few 
tilapia fish both infestations (Figure3). 
 
Cadmium residues in water fish farms and Tilapia 
zilli gill tissues 

As shown in Table 1 , the mean 
concentration of cadmium in water of Tilapia zilli 
farms were 0.02± 0.009, 0.02± 0.002 and 0.02± 
0.009  ppm in location 1, 2 and 3 respectively 
during winter season and the mean concentration 
of cadmium in water of tilapia farms were 0.05± 
0.003, 0.03± 0.001 and 0.02± 0.003  ppm in 
location 1, 2 and 3 respectively in autumn season 
while the mean concentration of cadmium in water 
of Tilapia zilli farms were 0.07± 0.005, 0.04± 
0.003 and 0.03± 0.007 ppm in location 1, 2 and 3 
respectively in spring season and the mean 
concentration of cadmium in water of Tilapia zilli 
farms were 0.04 ± 0.009,0.03± 0.002 and 0.04± 
0.009 ppm in location 1, 2 and 3 respectively in 
summer season.  

 Table 2, showed that the mean 
concentrations of cadmium in gills of Tilapia zilli  
were 0.19±0.002, 0.72±0.002 and 0.99±0.004 in 
location 1, 2 and 3 respectively in spring season and 
the mean concentration of cadmium in gills were 
0.12±0.002,0.63±0.002 and 0.85±0.004 ppm in 
location 1, 2 and 3 respectively in summer season.  
While the mean concentration of cadmium in gills 
of Tilapia zilli  were 0.11±0.004, 0.53±0.004 and 
0.65±0.004 ppm in location 1, 2 and 3 respectively in 
autumn season and the mean concentration of 
cadmium in gills were 0.08±0.003, 0.35±0.004 and 
0.45±0.002 ppm in location 1, 2 and 3 respectively in 
winter season. Cadmium residues were significantly 
increased in gills of Tilapia zilli  than water fish 
farms. Also, the crustacean gill infestation increased 
parallel to increase cadmium pollution in examined 
water and gills of Tilapia zilli was observed. On 
opposite no infestation in winter season was 
observed. 
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Table 1: Cadmium concentration in water of Tilapia zilli   farms (three localities) in summer, spring and autumn 
seasons was done.  
Metal Areas In summer water samples 

(mg/L) 
In  spring water samples 
(mg/L) 

In autumn water  samples 
(mg/L) 

In winter water samples 
(mg/L) 

Min. Max. Mean ± 
SE 

Min. Max. Mean 
± SE 

Min. Max. Mean 
± SE 

Min. Max. Mean ± 
SE 

Cadmium 1 0.001 0.082 0.05±  
0.03 0.003 0.058 0.07 ± 

0.005 0.001 0.082 0.04± 
0.009 0.001 0.042 0.02± 

0.009 
2 0.001 0.062 0.03±0.01 0.002 0.042 0.04 ± 

0.003 0.001 0.062 0.03± 
0.002 0.002 0.037 0.02± 

0.002 
3 0.001 0.042 0.02± 

0.003 0.001 0.072 0.03± 
0.007 0.001 0.082 0.04± 

0.009 0.001 0.082 0.02± 
0.009 

Total average 0.0013 0.07 0.03±0.01 0.002 0.052 0.03 
±0.51 0.001 0.072 0.07 

±0.51 0.001 0.072 0.02± 
0.007 

Means within the same column of different letters are significantly different at (P < 0.05). 

Table 2: Residue of Cadmium and the prevalence of crustacean gill Tilapia zilli fishes parasites at 
different seasons.  

Season and 
samples 

location 

Autumn, 125 Tilapia zilli fish Summer,125 Tilapia zilli fish Spring,125 Tilapia zilli fish Winter,125 Tilapia zilli fish 

Cd in gills (mg/kg 
dry wt.) 

No of parasites Cd in 

gills(mg/kg dry wt.) 

No of parasites 
Cd in gills 

No of 
parasites 

Cd in 

gills(mg/kg dry 
wt.) 

No of 
parasites 

E L E&L E L E&L E L E&L E L E&L 

1 0.11±0.004 27 13 3 0.12±0.004 18 9 3 0.19±0.002 1 6 2 0.08±0.003 0 0 0 

2 0.53±0.004 25 10 3 0.63±0.007 17 7 2 0.72±0.002 8 4 0 0.35±0.004 0 0 0 

3 0.65±0.004 23 7 3 0.85±0.003 10 5 1 0.99±0.004 4 2 1 0.45±0.002 0 0 0 

Total average 0.43±0.004 25 10 3 0.53±0.0038 15 7 2 0.63±0.006 8 3 1 0.33±0.004 0 0 0 

% 20 9.
5 

2.4 12 5.3 1.7 6 2.
5 

1.3 0 0 0 

Cd: Cadmium E: Ergasilus L: Lamproglena Chi2 = 17.53 * = Significant at (P < 0.05). (The number of infested fish differ 
significantly among localities
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Figure 1:  Showing Tilapia zilli was suffering from cognation and white dot (Ergasilus sp.) on gills.
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Figure 2: Showing Tilapia zilli was suffering from 
paleness and white dot (Lamproglena sp.) on gills. 
 

 

 

 

Figure 3: Showing Tilapia zilli with mixed 
infestation with Ergasilus and Lambroglena sp. on 
gills. 
 

 
4. Discussion 

The fish farms in Egypt are probably 
polluted by Cd pollutant mainly through drainage 
system of irrigation water which is designed to 
flow directly to the fish farms and from by 
products of industry (Eissa et al. 2011). The 
relationship of parasitism and pollution was not 
simple and the parasitization might result in an 
increase or decrease in the prevalence of Ergasilus 
and Lamproglina sp among Tilapia zilli . 
Regarding to clinical signs of infested Tilapia zilli 
and exposed to natural Cd showed that respiratory 
distress and slimy pale skin. These may be 
attributed to prolonged exposed to Cd who affect 
on osmoregulation. These results were in 
agreement with (Allen,1994).  

Concerning, the postmortem of examined 
Tilapia zilli and infested with Ergasilus sp and 
Lamproglena sp, there were increase of mucus 
producing cells in the gills and presence of white 
dots. These results may be attributed to harmful 
effect of parasites. These results agree with those 
recorded by Rani and Ramamurthi 1987 and Eissa 
2004 who found that the postmortem examination 
of gills of tilapia sp revealed pale gill appearance 
with white dots.  

Dealing with parasitological examination 
of Tilapia zilli naturally exposed to Cd, infested 
with Ergasilus sp revealed that the Ergasilus 
appear as V or inverted V-shaped of the egg sacs 
on the attached gills. The results were coincided 
with those recorded by Eissa et al 2010. Also, 
Lamproglina sp parasite was appeared as 
cylindrical consists of three distinctive parts, 
cephalothorax that is oval and externally 
unsegmented are present revealed as Lamproglid 
female attached firmly to gill filament by the aid of 
two powerful claws alone . The results were 
coincided with those recorded by Eissa 2004.The 
results obtained from Tilapia zilli natural exposed 
to Cd in water of tilapia farms ,it was slightly 
increased gradually from winter season (0.02± 
0.007 ppm) and (0.03± 0.001ppm) in autumn 
season to (0.03± 0.005ppm) in summer season and 
(0.04± 0.005ppm) in spring season and the 
prevalence of infestation was decreased gradually 
from autumn season (20, 9.5 and 2.4 % of 
Ergasilus sp., Lamproglena sp. and mixed 
infestation respectively) and (12, 5.3 and 1.7 % of 
Ergasilus sp., Lamproglena sp. and mixed 
infestation respectively) in summer season to (6, 
2.5 and 1.3 % of Ergasilus sp., Lamproglena sp. 
and mixed infestation respectively) in spring 
season. While, the parasitic infestations in winter 
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season were absence result to sharp decrease of 
temperature which effect on crustacean parasites 
life cycle. These results revealed that were 
correlation between the prevalence of crustacean 
gill infestation and cadmium pollution was 
inversely. These results revealed that there were 
inversely proportion between cadmium 
concentration and prevalence of infestation where 
the number of   Ergasilus sp. and Lamproglena sp 
decreased with increased cadmium concentration. 
The increase cadmium pollution and decrease of 
infestation in spring and summer season may be 
attributed to industrial and agriculture activity. 
These results were agreement with that reported 
with (Rehab 2004) who revealed that inversely 
proportion between cadmium concentration and 
parasitic infestation. These results in agreement 
with that recorded by (Kuperman, 1992) who 
found that the number of highly sensitive 
ectoparasites of Abramis brama, Ergasilus sp 
(Crustaceans) reduced in Rybbinsk reservoir 
(Volga basin) polluted with heavy metals.   

Regarding the results of cadmium 
concentration in gills of examined Tilapia zilli  was 
decreased gradually from winter season 
(0.33±0.0004 ppm) and autumn season 
(0.43±0.004 ppm) to (0.53±0.003ppm) in spring 
season and (0.63±0.006 ppm ) in summer season. 
These concentrations were increased in spring and 
summer than autumn and winter season may be 
attributed to direct contact of examined fish to 
polluted water. The recorded results of cadmium 
concentrations in fish were higher than the 
permissible limits intended by FAO/WHO (1992) 
(0.05 ppm) and Egyptian Organization for 
Standardization and Quality Control "E.O.S.Q.C" 
(1993) (0.1 mg /1). These results was nearly 
agreement with those reported by Celik and 
Oehlenschlager (2007) who recorded Cd 
concentration with levels varied from 0.1 to 0.8 
ppm. The high levels of Cd in gills may be 
attributed to direct contact to polluted water fish 
farms. The result was revealed that inverted 
correlation between cadmium concentration and 
prevalence of crustacean gill parasites in different 
seasons and the infestation decrease gradually with 
increase of cadmium concentration, these results 
attributed to the harmful effect of cadmium on 
crustacean gill parasites. These results revealed 
that inversely proportion between cadmium 
concentration and crustacean gill parasites. From 
the point of view, one could attribute the result of 
effect of cadmium on crustacean gill parasites. 
These results in agreement that reported with 
(Sinderman 1990) who recoded that the relation of 
parasitism and pollution was not simple and the 

parasitisation might result in an increase or 
decrease in the prevalence of certain parasites and 
the effects of pollution on parasites may be 
positive or negative i.e. pollution may increase 
parasitism and on the other hand it may be fatal for 
certain parasite species leading to a decrease in 
parasitism. The effects of simultaneously occurring 
parasites and pollutants can be additive, synergistic 
or antagonistic and that they can not be predicted 
easily. These results obtained from crustaceans gill 
parasites of Ergasilus sp and Lamproglena sp 
infested Tilapia zilli were decreased gradually with 
cadmium concentration above the permissible limit 
in water and exposure time. These were attributed 
to the parasites with direct life cycles are normally 
ectoparasites. These results were agreement with 
that recorded by Khan and Thulin (1991) who 
recorded that ectoparasites directly exposed to 
water may be more sensitive to contamination, 
thereby reducing there survival and reproductive 
rates. Also,(Kuperman,1991) who reported that the 
abundance of  crustacean parasites changes under 
different environmental conditions and decrease 
considerably in polluted areas. Avenant-
oldewage(2003) who suggested the less polluted 
water can allow for or cause parasite proliferation , 
whilst higher level of contamination can have 
negative effect on the survival of Lamproglena 
clariae.   

 The results of seasonal prevalence of 
cultured investigated fish revealed that the highest 
percentage of infestation was in summer followed 
by spring and the lowest in autumn while no 
infestation in winter due to these crustacean 
parasites disappear at low temperature. On the 
other hand, cadmium concentration in gills of 
examined fish was the lowest in winter season and 
the crustacean gill parasites were absent. These 
may be attributed to absence of crustacean 
parasites with low temperature under 18C. These 
results were agreement with that recorded by 
Bruton (1979) who recorded that the suitable 
environmental condation for spawning, which 
usually takes place at water temperatures above 18 
°C.  

The present study was concluded that, 
there were inversely proportion relationship 
between cadmium concentration pollution in 
aquaculture and the prevalence of gill crustacean 
infestation during spring, summer and autumn 
seasons while infestation was disappeared during 
winter season. Also, there was a relationship 
between cadmium residues in Tilapia zilli gills and 
its concentration in the water, the obtained results 
showed that the cadmium concentration in the gills 
were higher than that in the water. 
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Abstract  Background: The purpose of this study was to observe the effect of benazepril on the formation of 
abdominal aortic aneurysm (AAA) in rabbits.Methods: Male New Zealand white rabbits were randomly divided 
into six groups according to the perfusion solution (saline, elastase, and elastase combined with benazepril 
intervention) and postoperative observation time (two days and seven days). Morphological changes of the 
abdominal aorta after perfusion and blood pressure changes were observed. The expression of matrix 
metalloproteinase-9 (MMP-9) and nuclear factor kappa B (NF-κB) were measured. Results: Among the three 
groups at postoperative day two, there was no significant difference in the mean dilation rate of the abdominal aorta 
(P=0.055). At postoperative day seven, the mean dilation rates were 7.50% (saline perfusion), 120.62% (elastase 
perfusion), and 39.20% (benazepril intervention). Blood pressure is not significantly correlated with the mean 
dilation rates of the abdominal aorta (r=-0.137). Benazepril partially reduce degradation of elastic fibers and inhibit 
inflammatory cell infiltration (P<0.01). In the benazepril intervention groups, the expression of MMP-9 were 
decreased in each time group compared with that in the elastase groups (P<0.01), and the intranuclear expression of 
NF-κB p65 was also decreased compared with that in the elastase groups (P<0.01). Conclusion: Benazepril can 
significantly inhibit AAA formation in rabbit models; the mechanism may be related to inhibition of inflammatory 
infiltration, multilevel down regulation of degradation of extracellular matrix, and protection of elastic fibers. 
[Yang Fu, Jianhua Huang, Huihuan Tang, Xiaocheng Li, Qi Zhang. Benazepril Inhibits the Formation of 
Abdominal Aortic Aneurysms in Rabbits. Life Science Journal. 2011;8(2):606-612] (ISSN:1097-8135). 
http://www.lifesciencesite.com. 
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1. 
Introduction 

Abdominal aortic aneurysm (AAA) is a common 
life-threatening arterial degenerative disease; currently, 
the main treatment of AAA is elective surgery based on 
imaging monitoring, and typically, an AAA diameter 
greater than 5.5 cm is considered to be an indication for 
surgery. A large-scale randomized controlled trial 
found that early elective surgery for small AAAs 
(diameter 4.0-5.5 cm) could not improve the survival 
time of the patients 1, 2. Therefore, drugs that can inhibit 
AAA formation and growth would greatly improve the 
current treatment of AAA. 

Studies have found that chronic transmural 
inflammation and destructive remodeling of structural 
proteins in the medial aortic layer are the main 
pathophysiological changes of AAA 3-5. Activation of 
matrix metalloproteinases (MMPs) is the main cause of 
structural protein degradation in the process of AAA 
formation. Large amounts of data have shown that 
macrophage-derived gelatinase MMP-9 is the main 
enzyme for elastase degradation and plays a critical 
role in the formation of AAA 6, 7. As a junction of the 
signal transduction pathway, nuclear factor kappa B 
(NF-κB) is closely related to the development of 

inflammation. In its non-activated state, NF-κB 
(p50/p65 dimer) is bound by its inhibitory protein IκBα 
in the form of a trimer and is sequestered in the 
cytoplasm. With stimulation of external signals, IκBα 
is phosphorylated by specific kinases and subsequently 
degraded, which results in the release of a p50-p65 
dimer. The free p50-p65 dimer then translocates to the 
nucleus, binds to κB sites in the promoter region of its 
target genes, and regulates the expression of its target 
genes. These target genes include many inflammatory 
mediators, including interleukin-1 (IL-1) and 
interleukin-6 (IL-6), and some matrix 
metalloproteinases, includingMMP-1,3, and 98-13. 
Pyrrolidine dithiocarbamate (PDTC, a specific inhibitor 
of NF-κB) inhibits the activity of MMP-9 and can 
effectively inhibit the formation of AAA in 
experimental rabbits 14. 

Angiotensin-converting enzyme inhibitors (ACE-I) 
not only have an anti-hypertensive effect but can also 
directly inhibit cardiovascular remodeling15,16. A 
retrospective analysis of 15, 326 patients with AAA in 
Canada showed that the incidence of rupture was 
significantly lower in patients treated with ACE-I, 
while other anti-hypertensive drugs did not have this 
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effect 17. In order to explore the effect and mechanism 
of ACE-I on the formation of AAA, we established an 
elastase perfusion AAA rabbit model. 

 
2. Material and Methods 
2.1 Surgical procedures   After obtaining approval 
from the Laboratory Animal Science Committee of 
Central South University, we selected 42 healthy male 
New Zealand white rabbits (1800-2200 g) and perfused 
the infrarenal abdominal aorta with elastase 18. After 
entering the rabbit abdominal cavity and exposing the 
abdominal aorta and inferior vena cava, a segment of 
the abdominal aorta (approximately 1 cm long) without 
branches in the anterior and lateral wall was selected (if 
the branches could not be avoided, they were ligated 
with #2-0 silk sutures); lumbar arteries in the posterior 
wall of this segment did not need to be fully mobilized. 
Then, the proximal end of this segment of the 
abdominal aorta was blocked with a noninvasive 
bulldog clamp, the common iliac artery on one side 
was punctured with a BD intima-II closed intravenous 
catheter (0.7*19 mm), and the needle after the catheter 
entered this segment of the abdominal aorta. Next, the 
catheter was advanced until it was 2 cm away from the 
bulldog clamp, the abdominal aorta was ligated at the 
site close to its branches by tying a slipknot with #0 
silk suture to fix the catheter, and the lumbar artery was 
blocked behind the abdominal aorta occluded with a 
bulldog clamp (Figure 1). The catheter was connected 
with a microperfusion pump with the perfusion 
pressure maintained at 100 mmHg. After 30 minutes of 
perfusion, the catheter was withdrawn, and the 
punctured site on the iliac artery was sutured with #6-0 
silk suture to restore blood flow in the abdominal aorta. 
Then the abdominal cavity was closed layer by layer 
with #0 silk suture. Animals were kept in separate 
cages after surgery. 

 

 
Figure 1. A blocked segment of the infrarenal abdominal aorta for 
catheterized perfusion. 

 

During surgery, we measured the diameter of the 
abdominal aorta before perfusion (AD pre) and after 
perfusion (AD post, 5 minutes after blood flow 
resumption) using an operating stereomicroscope 
(Leica, Deerfield, Ill) and a calibrated ocular grid. The 
second surgery was performed in rabbits two days or 
seven days later, and the final abdominal aortic 
diameters (AD final) were measured. After the second 
surgery, the perfused segment of abdominal aorta was 
harvested and divided into two segments; one segment 
was placed into liquid nitrogen and then immediately 
transferred into a -70°C freezer for preservation, and 
the other segment was placed into 10% neutral 
formalin and fixed overnight for routine paraffin-
embedding.  
2.2 Animal grouping and treatment  Rabbits were 
numbered and randomly divided into the following 
groups: saline perfusion control group (group A, 10 
rabbits), elastase perfusion control group (group B, 16 
rabbits), and benazepril experimental group (group C, 
16 rabbits). After surgery, rabbits in each group were 
randomly and equally divided into two groups, the two-
day group and the seven-day group. The perfusion 
solution in group A was saline and that of groups B and 
C was type I porcine pancreatic elastase solution 
(E1250, Sigma, US). Rabbits in group C were 
administered 3 mg/kg body weight/day benazepril 
intragastrically from one day before perfusion until one 
day before harvesting the samples. 
2.3 Measurement of blood pressure  OMP-7201 Life 
Scope monitor was used to measure the systolic 
pressure and diastolic pressure of three rabbits per 
group when punctured with a catheter before the first 
surgical perfusion, and then the mean arterial pressure 
was calculated. Mean value of three times of 
measurement in five minutes was calculated as blood 
pressure before perfusion (BP pre). The same method 
was employed in the second surgery to determine the 
mean arterial pressure as the final blood pressure (BP 
final). 
2.4 Histological staining  Aortic tissue cross sections 
(5 µm) were examined with hematoxylin-eosin (HE) 
and verhoeff-van gieson (VVG) staining. Inflammation 
was detected by HE staining. Sections from three 
animals in each group were scored using a one to five-
point scale for the extent of inflammation by three 
observers blinded to the experimental design. Elastic 
fiber was stained to black by VVG staining and 
quantitatively evaluated for changes in the aortic wall. 
The percentage of elastin content in the entire aortic 
wall was calculated by a morphometry system 
(MacSCOPE, Version 2.2, Mitani Corporation, Japan). 
2.5 Western blot  Tissue MMP-9 total protein and NF-
κB nucleoprotein were extracted using protein 
extraction kits (Pierce Chemical, Lot No:78503 for 
MMP-9, Lot No:78833 for NF-κB) and quantified by 



Life Science Journal, Volume 8, Issue 2, 2011                                                          http://www.lifesciencesite.com 

 

http://www.sciencepub.net/life             lifesciencej@gmail.com  608

Coomassie brilliant blue staining. The 
nucleoprotein was extracted as follows:  frozen issue 
was dissolved in PBS and homogenized, after 5 
minutes standing on ice, the mixture was centrifuged 
for 2 minutes at 500 rpm under 4°C and the supernatant 
was discarded; then Cytoplasmic Extraction 
Reagent and protease inhibitors were added and the 
solution underwent 15 seconds high-speed vortex and 
10 minutes standing on ice; after that, 5 seconds high-
speed vortex and 5 minutes centrifugation at 16000 
rpm under 4°C were performed and the supernatant 
was discarded. Nuclear Extraction Reagent and 
protease inhibitor were added in precipitation and 15 
seconds high-speed vortex was done. The mixture was 
placed on ice for 40 minutes and 15 seconds high-
speed vortex was done every 10 minutes. After 5 
minutes centrifugation at 16000 rpm under 4°C, the 
supernatant was collected, which was the nuclear 
protein. Samples were subjected to SDS-
polyacrylamide gel electrophoresis for 1 hour, and then 
transferred to polyvinylidene difluoride (PVDF) for 70 
minutes. Blots were blocked overnight with 1% Casein, 
sectioned, and incubated with appropriate primary 
antibodies for 2 hours. Primary antibodies included 
rabbit anti-NF-κB p65 (polyclonal antibody, 1:500, BD, 
NJ) and rabbit anti-MMP-9 (polyclonal antibody, 1:500, 
Chemicon, US). GAPDH (1:1000, Sigma-Aldrich, US) 
and PCNA (1:500, Santa Cruz, US) were used as 
internal controls for MMP-9 and NF-κB p65, 
respectively. The blots were then incubated for 1 hour 
in the appropriate secondary antibodies. Proteins were 
visualized using an enhanced chemiluminescence 
system (ECL, Pierce Chemical). Bands were quantified 
by densitometry. 
2.6 Statistical analysis  The data was analyzed using a 
SPSS 17.0 software package. Data in each group was 
shown as mean ± standard deviation (mean ± SD); the 
differences of means between two groups were 
compared using independent sample t tests and were 
compared using single factor analysis of variance 
(ANOVA) among multiple groups. The related samples 
were analyzed by paired t test. Person test was used to 
analyze correlation. P<0.05 was selected as the 
standard for significant difference. 
 
3. Results 
3.1 Dilation rate of the abdominal aorta 

The mean dilation rates of abdominal aortic 
diameter after perfusion are shown in Figure 2. There 
were approximately 50% dilation rates in each group 
immediately after perfusion, and the rates were not 
significantly different among the groups (F=1.401, 
P=0.257). In the two-day groups (A2, B2, C2), the 
aortic diameters in each group decreased two days after 
perfusion compared with those immediately after 
perfusion, but still increased compared with the 

diameters before perfusion. The mean dilation rates of 
group A2, B2, and C2 were 19.18%, 29.58%, and 
24.94%, respectively, and there was no significant 
difference among the three groups (F=5.330, P=0.055). 
In the seven-day groups (A7, B7, C7), the mean 
abdominal aortic dilation rates were 7.50%, 120.62%, 
and 39.20%, respectively. The mean aortic dilation rate 
of group B7 at the time of sampling was statistically 
different than those of A7 and C7 (P<0.01). An 
abdominal aortic dilation rate of more than 100% was 
selected as the diagnostic criteria for AAA. 
Accordingly, all the rabbits in group B7 had AAA, 
while there was no AAA formation in rabbits in group 
C7.  

 

 
Figure 2. The aortic diameters 
The aortic diameters at different times in each group are shown 

as the mean ± standard error by bar graph. The red line represented 
the mean preoperative aortic diameter of all experimental rabbits* (1 
+100%), which was also the criteria for AAA in this study. 

 

3.2 Changes in arterial pressure 
The rabbit blood pressure was monitored to 

find out whether the antihypertensive effect of 
benazepril was involved in the inhibiting of benazepril 
of AAA formation. Our results showed that there was 
no significant difference in BP pre between each group 

of rabbits (F=0.164，P=0.974, Table 1). Paired t test 
showed that BP final was not significantly different 
from BP pre in each group (P>0.05). Person correlation 
analysis showed that BP final was not obviously 
correlated with the final abdominal aortic dilation rates 
(r=-0.137, P=0.456). 

The systolic pressure and diastolic pressure 
were measured directly by a catheter puncturing into 
the iliac artery before first surgical perfusion. Mean 
arterial pressure = (systolic pressure + 2*diastolic 
pressure)/3. Mean value of three times of measurement 
was calculated in three rabbits from each group. Data 
were shown as mean ± SD. 
 
3.3 Histological staining 

In the saline infusion groups (groups A2 and 
A7), there was no significant inflammatory cell 
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infiltration, and the structures of elastic fibers were 
continuous and intact. In groups B and C, there was 
significant inflammatory cell infiltration of the arterial 
walls after elastase perfusion. However, there was no 
significant difference in the degree of inflammation 
between group B2 and group C2 (P=0.297), while 
there was a significant difference between group B7 
and group C7 (P=0.028). The content of elastic fibers 
in group B2 decreased after elastase perfusion and 
significantly decreased in group B7, characterized by 

elastic fiber rupture and degradation and vacuole 
formation. In the benazepril intervention groups (group 
C2 and C7), the content of elastic fibers also decreased 
in group C2, and there was no significant difference 
compared with group B2 (P=0.176). The content of 
elastic fibers in group C7 decreased further; however, 
when compared with group B7, the content and 
structural integrity of elastic fibers in group C7 were 
superior (P<0.01). (Figure 3) 
 

 
Table 1. Measurement of mean arterial pressure of rabbits of each group. 
Mean BP (mmHg) Group A2 Group A7 Group B2 GroupB7 Group C2 Group C7 
BP pre 88.9±3.0 89.4±4.7 89.5±3.5 90.8±3.3 89.4±3.1 90.1±3.6 
BP final 86.8±2.8 89.0±2.9 88.3±3.3 87.5±2.6 88.4±3.6 86.8±2.0 
 

 

 
Figure 3. the degree of inflammation 

A. There was no significant difference in the degree of inflammation between group B2 and group C2 (P=0.297), while there was a significant 
difference between group B7 and group C7 (P=0.028). B. The content of elastic fibers decreased in group C2, and there was no significant 
difference compared with group B2 (P=0.176). The content of elastic fibers in group C7 decreased further,and there was a significant difference 
between group B7 and group C7(P<0.01). C. VG staining in each group (VG*100): Group A7- The elastic fibers were continuous and intact. 
Group B7- Elastic fibers in the medial arterial wall were significantly injured, noncontinuous and had a large amount of vacuole formation. 
Group C7- Continuous elastic fibers can be seen in the medial arterial wall. The content and structural integrity were both significantly better than 
those of group B7. 

 
 
3.4 Western blotting 

The results of MMP-9 expression in each 
group are shown in Figure 4. There was no MMP-9 
protein expression in either of the two saline perfusion 
groups. The expression of MMP-9 in elastase perfusion 
groups increased two days after surgery (group B2) and 
increased significantly seven days after surgery (group 
B7). This was significantly different compared with 
group B2 (P<0.01). After benazepril intervention, 
MMP-9 expression in each time group (group C2 and 
C7) showed a significant decrease (P<0.01). 

 

 
Figure 4. Expression of MMP-9 in each group 

 
The intranuclear expression of NF-κB p65 was also 

detected using western blot analysis. Non-activated 
NF-κB p65 is bound in the cytoplasm by its inhibitor 
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IκBα. After phosphorylation and subsequent 
degradation of IκBα, NF-κB p65 is activated and then 
translocates to the nucleus. Therefore, the detection of 
intranuclear expression of NF-κB p65 is equivalent to 
detection of its activity. The results are shown in Figure 
5. There was no intranuclear expression of NF-κB p65 
in either of the two saline perfusion groups. In the 
elastase perfusion groups, the intranuclear expression 
of NF-κB p65 after perfusion was increased in both the 
two-day group (B2) and the seven-day group (B7); 
however, there was no significant difference between 
the two groups (P=0.092). In the benazepril 
intervention groups, the intranuclear expression of NF-
κB p65 in the two-day group (C2) and the seven-day 
group (C7) both decreased compared with those in 
group B, and there were significant differences 
between groups B2 and C2 (P<0.01) and between 
group B7 and C7 (P<0.01). These results suggested 
that the activation of NF-κB was inhibited after 
intervention with benazepril. 
 

 
Figure 5. Intranuclear expression of NF-κB p65 in each 
group 
 
4. Discussions 

Abdominal aortic aneurysm (AAA) is a common 
life-threatening disease. Currently, chronic transmural 
inflammation and destructive remodeling of structural 
proteins in the medial layer of the aorta are considered 
to be the most significant pathophysiological changes 
associated with AAA. Some studies indicate that ACE-
Is may inhibit the formation and development of AAA, 
but there have been no further studies on its mechanism. 
In this study, we focused on dynamic changes of 
MMP-9 and NF-κB as indicators, and for the first time, 
we found that benazepril could protect the medial 
aortic structural proteins and partially inhibit the 
infiltration of inflammatory cells by inhibiting the 
expression of MMP-9 and the activity of NF-κB, 
thereby inhibiting AAA formation. 

The results of this study showed that the content 
of elastic fibers started to decrease two days after 
elastase perfusion, and a large amount of inflammatory 
cells infiltrated the arterial wall, accompanied by 
increased MMP-9 expression and NF-κB activation. 
However, there was no significant change in aortic 
diameter. This may be due to the considerable amount 
of elastic fibers that can resist arterial pressure. ACE-Is 
could partially inhibit MMP-9 expression and NF-κB 
activation but could not prevent the decrease of elastic 
fiber content and inflammatory cell infiltration 

completely. In the later stage of this study, in groups 
without benazepril intervention, the expression of 
MMP-9 in the abdominal aorta continued to increase, 
NF-κB remained in an activated state, and the number 
of infiltrated inflammatory cells increased further. 
Additionally, the degraded fragments of elastic fibers 
could further induce inflammatory cell infiltration and 
increase the release of MMP-9, thereby causing a 
cascade that would significantly decrease aortic elastic 
fibers and lead to an AAA. ACE-Is could inhibit the 
continued expression of MMP-9, provide more 
protection to elastic fibers, inhibit activation of NF-κB, 
reduce inflammatory cell infiltration, and block this 
cascade effect. 

The current study shows that benazepril did not 
lower the rabbit blood pressure while inhibiting AAA 
formation, suggesting AAA suppression may not 
correlate with blood pressure decrease. However, no 
blood pressure reduction after a relatively short period 
of drug treatment in this study can not exclude the 
possibility of lowering blood pressure by long-term 
application of benazepril in rabbits. Besides, the dosage 
of benazepril required to suppress tumor, determined 
by preliminary experiments, may be lower than that 
decreasing blood pressure. Rabbits with normal blood 
pressure rather than those with hypertension were used 
in this study. Suguru[19] found that AAA diameter in 
rats with hypertension increased more rapidly than that 
in rats with normal blood pressure after perfusion with 
elastase. In any case, these results at least indicate that 
the function of benazepril in lowering blood pressure is 
not the main mechanism of its effect in AAA inhibition 
in rabbits. 

The inhibitory effect of ACE-I on MMP-9 may be 
through the following mechanisms. (1) Inhibition of 
MMP-9 activity by direct binding. Angiotensin-
converting enzymes (ACE) are zinc-dependent 
endopeptidases produced by macrophages and smooth 
muscle cells. Some researches found that ACE-I 
inhibits MMP-9 activation in rat kidney and human 
myocardium in in vitro experiments 20, 21. Another 
study found that, because there was a zinc binding 
structure (histidine side chain) in the activation center 
of MMP-9, which was similar to ACE, ACE-I could 
bind MMP-9 via two pathways to inhibit MMP-9 22. (2) 
Inhibition of the expression of MMP-9 through 
inhibiting NF-κB. Nakashima et al. 23 found that 
formation of AAA and expression of MMP-9 in aortic 
tissues in rats could be effectively inhibited by 
inhibiting the activity of NF-κB using 
oligodeoxynucleotide. A study of Lawrence et al. 24 
used the immunosuppressant rapamycin to inhibit the 
formation of AAA in experimental rats and found a 
similar effect. In this study, the results showed that 
inhibition of NF-κB activation was accompanied by 
down regulation of MMP-9 expression levels after 
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benazepril intervention. NF-κB is an important 
component of Ras and vascular inflammation. 
Angiotensin II activates the nuclear factors in 
macrophages and smooth muscle cells through one 
subtype of AT-1 receptor. After dephosphorylation, 
these activated nuclear factors translocate into the 
nucleus and up-regulate the expression of cytokines, 
adhesive molecules, and other inflammatory mediators, 
such as MCP-1, IL-6, and a variety of growth factors 25. 
In a rabbit model of atherosclerosis, quinapril was 
found to reduce NF-κB-mediated expression of pro-
inflammatory response factors 26.  (3) Direct inhibition 
of inflammatory cell infiltration to reduce the synthesis 
and release of MMP-9. (4) A possible direct protective 
effect on elastic fibers. An experimental animal model 
developed by Isenburg 27 was used to show that the 
protective agent of elastic fibers could inhibit protease-
mediated elastolysis simply through binding the 
hydrophobic area in elastic fibers, thus inhibiting 
formation of AAA without downregulation of MMP-9 
and inflammation inhibition. However, further research 
is needed to explore whether ACE-I has this effect. 
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Abstract: Fifty cancer, blood disease and non-cancer patients after operation of peripherally inserted central 
catheter were observed to analyze TNF-α, IL-6, IL-10, blood coagulation in blood which may correlated with the 
formation of venous thrombosis. Basically, for TNF-α and IL-6 by radioimmunoassay, IL-10 by enzyme-linked 
immunosorbent assay and the blood coagulation by automatic coagulation instrument were measured in plasma. The 
experimental results revealed that operation of peripherally inserted central catheter may cause inflammatory 
cytokines in plasma levels of TNF-α increased and levels of IL-6 decrease. It also anticipate the possibility of the 
formation of venous thrombosis. 
[Zhang Zhenxiang, Liu Ying, Wang Yanli, Yang Qiaofang, Cheng Ruilian, Gao Feng, Lin Beilei. The 
Observations of Cytokines and Coagulation for Patients after Operation of Peripherally Inserted Central 
Catheter. Life Science Journal. 2011;8(2):613-615] (ISSN:1097-8135). http://www.lifesciencesite.com. 
 
Keywords: PICC; vein; thrombosis; inflamation; factor 
 
 
Introduction 

PICC (Peripherally inserted central catheter) 
is basically a safe, low cost and less causing side-effect 
skill of making a central venous pathway for patients 
[1]. In China, this skill was imported from USA in the 
year around 1990 and widely used for patients [2]. 
However, the side effect of causing of thrombosis by 
inflammatory stimulation of the venous wall, high 
blood coagulation for cancer patients, drug adhesion 
and bad sealing of the catheter is becoming serious 
concerned. Clinic experimental evidences have shown 
that the variation of the inflammatory cell factor highly 
correlates to the blood thrombosis [3]. We have tested 
seven indicators including TNF- 、α IL- 、6 IL-10, 
plasma prothrombin time (PT), international 
standardization ratio (INR), activation part blood 
coagulation time (APTT) live enzyme, thrombin time 
(TT) and plasma fibrinogen (FIB) to recognize the 
difference between the patient and normal person. The 
experimental results revealed the high correlation for 
all indicators with blood thrombosis.  
 
Method 

Eighty eight patients with and without PICC 
were selected as statistical samples for analysis from 
February to September 2009. According to the disease 
catalogue, it was divided into four groups. The records 
of 38 healthy people were used as control. Records of 
20 not cancer patients were used as on experimental 
group I. Cancer patients with PICC were in group II. 16 

Hematological patients were in group III. Meanwhile, 
in group I, there were three subgroups were considered, 
two patients for esophageal carcinoma subgroup, five 
for lung cancer and three for gastric cancer patients. 
The materials for PICC were not found any significant 
difference. The blood samples from the vein were 
taken for all patients and the agreement following the 
experimental standards were signed. All the 
inflammatory factors TNF- 、α IL- 、6 IL-10 and four 
indexes of blood coagulation were tested including PT, 
APTT, FIB and TT.  

The regular method of RIA for checking the 
、levels of TNF IL-6 and ELLSA for testing IL-10 

were performed as well as using auto blood coagulation 
instruments to test the blood coagulation. The steps are 
all referred to the instruction guide.SPSS17 were used 
for s ＝tatistical analysis at α 0.05.  
 
Experimental Results 

The test result of  、 、 、PT APTT FIB TT and 
control for PICC with non cancer patients (group I) is 
listed in Table 1. The pvalues 

、 、 、 ，are.136 0.866 0.127 0.451 respectively 
(p ）>0.05 (Table 1). 

Other tests for PICC patients and control are 
listed in Table 2. Comparitively, least square anaysis is 
performed. For test of TNF-α, p is equal to 0.000<0.01 
for group II icomparied with control, p =0.002<0.01 for 

，group I comparied with control p =0.007<0.01 for 
group III compared with control. For test of IL-6, p 
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=0.000<0.01 for group II icomparied with control, p 
=0.000<0.01 for group I com ，paried with control p 
=0.000<0.01 for group III compared with control. 

However, for test of IL-10, no significant difference 
was observed (Table 2). 
 

 
 

Table 1. PICC  test result- （group I + ）s  
 （ ）n samples  PT APTT FIB TT 

PICC group I 20 11.85+1.43 31.68+4.75 4.01+1.83 18.34+3.45 
control 38 10.97+0.69 30.76+3.68 3.28+1.02 18.29+1.61 
：note * p ，<0.05  ** p<0.01 

 
 

Table 2. Test Results of TNF- 、α IL- 、6 IL-10 and controlfor of PICC (+ ）s  
 （ ）n samples  TNF-α IL-6 IL-10 

Group I 20 0.85+0.25▲ 97.09+44.39▲ 0.20+0.40 
Group II 14 1.07+0.38▲ 76.10+32.51▲ 0.19+0.04 
Group III 16 0.82+0.23▲ 128.13+50.70▲ 0.21+0.10 
Control 35 0.61+0.25 207.04+124.86 0.32+0.64 

note：n comparison with non-PICC patients, significant difference is demonstrated 
 
 
Discussion 

PICC to the clinical treatment of intravenous 
infusion bring great convenience, but also appeared to 
phlebitis, venous thrombosis mainly of a series of 
complications, which reported the incidence of venous 
thrombosis have very different at home and abroad, 
mainly in the 1.9% volatility between ~ 38.0% [6-9]. 
PICC operator's Dongzuoguoda injury in vein; catheter 
as a foreign body floating in the blood vessels within 
the movement; catheter tip to the vessel wall to 
stimulate; treatment of drug stimulation; patients after 
catheter tube side of the body over activities, will 
directly or indirectly caused by stimulation of vein wall 
intimal response to local inflammation, causing the 
release of inflammatory cytokines, resulting in 
inflammatory cytokines in the blood increased. 

Vein thrombosis is an acute non-suppurative 
venous inflammation and thrombosis associated with 
secondary disease [10]. Cancer patients in a 
hypercoagulable state itself, the endogenous synthesis 
of tumor cells and mononuclear macrophages can lead 
to anti-tumor effects of tissue factor in the increase of 
TNF-α, activates prothrombin directly involved in 
venous thrombosis [5]. IL-6 is a multifunctional 
inflammatory cytokine, is a key component of the 
network of inflammatory mediators in the 
inflammatory response play an important role. As a 
long-term anti-inflammatory cytokine or cytokines may 
be a balance of proinflammatory cytokines or the 
damaging effects of early cytokines, play a protective 
role [11]. PICC in this study three groups of serum 
TNF-α compared with the control group, respectively, 
higher than average, and the difference was statistically 
significant (p <0.01); of PICC three groups of serum 

IL-6, respectively, compared with the control group, 
lower than the mean PICC group, and the difference 
was significant (p <0.01). TNF-α and IL-6 level 
changes, suggesting that catheter and vein wall 
inflammation have great relevance.  

Studies have shown [12], hypercoagulable 
state in cancer patients can lead to self-vein thrombosis, 
blood, often accompanied by a series of patients with a 
coagulopathy [13], FIB prothrombotic state as 
molecular markers, their levels easy marks the 
occurrence of thrombosis or thrombosis. Disease, 
cancer and blood disease itself may affect the value of 
the significance of coagulation. The coagulation Africa 
mean tumor group compared with the control group, 
although both were no significant differences between 
the results (p> 0.05), but higher than the mean, 
indicating that PICC catheter for non-cancer patients 
have increased Four levels of clotting tendency, but the 
effect was not significant; PICC also shows that the 
main factors in patients with thrombosis may be caused 
by vein catheterization inflammatory response, rather 
than a direct impact on blood viscosity, but still needs 
further experimental studies are needed to confirm this. 

 
Reference  
[1] Zhao Linfang. The Research Progress of Infusion 
Team and PICC Management at Home and 
Abroad[J]. Chinese Nursing Management, 2009, 9 
(2):5-9. 
 
[2] Li JunYing, Yu Chunhua. The Research Progress of 
PICC associated Thrombosis of Cancer Patients[J]. 
West China Medical Journal, 2008, 23 (4): 893-894. 



Life Science Journal, Volume 8, Issue 2, 2011                              http://www.lifesciencesite.com 

 615

[3] Ma Li, Ren Fengxia, Zhang Lin. Analysis of The 
Expression of Serum Inflammatory Cytokine and 
Deep Venous Thrombosis after Total Hip 
Replacement of 57 Patients[J]. Journal of Clinical 
Rehabilitative Tissue Engineering Research, 
2009,13 (4):771-773. 
 
[4] Men Jianlong, Zhao Wen, Liu Li. The Research 
Progress of Thrombotic Diseases[J]. Tianjin Medical 
Journal, 2009 ,37(4):326-329. 
 
[5] Wang Chunting, Ren Hongsheng, Zhang Jicheng, 
et al. The Relationship between Inflammatory 
Cytokines and Coagulation Indexes of Patients with 
Venous Thrombosis[J]. Chinese Journal of 
Emergency Medicine, 2007, 16 (8): 848-850. 
 
[6]  Diao Yongshu, Li Hong, Xu Huiqiong, et al. 
Causes and Nursing of Cancer Patients with PICC 
associated Venous Thrombosis[J]. Chinese Journal 
of Practical Nursing, 2005. 21 (6): 3-5.  
 
[7] Wang Yanli, Zhang Zhengxiang, Xu Zhao Min. 
Analysis of Related Factors of Catheter-associated 
Thrombosis in Cancer Patients with PICC[J]. Chinese 
Journal of Practical Nervous Diseases, 2009,12 (4):49-
50.中国实用神经疾病杂志, 2009. 12(4). 49-50. 
[8]  Yu Jiyun, Zhang Jun, Liu Mingzhu. The 
Diagnosis and Treatment of Venous Thrombosis 
caused by PICC[J]. Chinese Journal of Laboratory 

Diagnosis, 2008,12 (7): 883-884. 
 
[9] 等Allen, A.W., J.L. Megargell, D.B. Brown, . 
Venous Thrombosis Associated with the Placement of 
Peripherally Inserted Central Catheters[J]. Journal of 
Vascular and Interventional Radiology. 2000, 11(10). 
1309-1314. 
 
[10]  Wei Fuyan. Nursing of Patients Complicated 
with Upper Extremity Venous Thrombosis caused 
by PICC[J].  China Healthcare Innovation, 2009, 
4(11) :110-111. 
 
[11] Lin Liyan, Zhang Huiyun, HE ShaoHeng. New 
Development of The Relationship between 
Inflammatory Diseases and Il-6 and its receptor in 
Serum[J]. China Tropical Medicine, 2008, 8 
(4) :680-682. 
 
[12]  Tan Hongping, Tang Xianling. Changes of 
microcirculation disturbance in cancer 
patients[J].  Journal of Chinese Microcirculation, 
2008,12 (4): 258-259. 
 
 [13]   Tallman, M.S. Deciphering the pathogenesis of 

coagulation dysfunction in leukemia[J]. 
Leukemia Research, 1996. 20(1). 13-16. 

 

 
 
 
4/21/2011 



(Acta Zhengzhou University Overseas Edition)

Call for Papers 

The academic journal “Life Science Journal” (ISSN: 1097-8135) is inviting you to publish 
your papers.  

Life Science Journal, the Acta Zhengzhou University Oversea Version registered in the 
United States, is an international journal with the purpose to enhance our natural and 
scientific knowledge dissemination in the world under the free publication principle. The journal 
is calling for papers from all who are associated with Zhengzhou University-home and 
abroad. Any valuable papers or reports that are related to life science-in their broadest 
sense-are welcome. Other academic articles that are less relevant but are of high quality will 
also be considered and published. Papers submitted could be reviews, objective 
descriptions, research reports, opinions/debates, news, letters, and other types of writings. 
Let's work together to disseminate our research results and our opinions. 

Please send your manuscript to editor@sciencepub.net. 

Address:  
Life Science Journal - Acta Zhengzhou University Overseas Edition 
Marsland Press 
PO Box 180432, Richmond Hill, New York 11418, USA 
Telephone: (347) 321-7172
Emails: editor@sciencepub.net; sciencepub@gmail.com; lifesciencej@gmail.com; 
Website: http://www.sciencepub.net; http://www.lifesciencesite.com  

Life Science Journal



9 771097 813002

ISSN  1097-8135

Marsland Press

PO Box 180432, Richmond Hill, New York 11418, USA

Website:
http://www.sciencepub.net

Emails:
editor@sciencepub.net
sciencepub@gmail.com

Phone: (347) 321-7172

Life Science Journal

Volume 8, Number 2, ISSN:(Cumulative No.25) Part 4   , 2011   1097-8135June 25

Copyright © 2005-2011 Marsland Press / Zhengzhou University


	Cover_Life_0802part4
	Life_08封二2011年
	Life_0802part4
	0802pt4Binder14.pdf
	index_life_0802_62-85
	62_5384life0802_465_475bak1
	65_5432life0802_491_497
	66_4805life0802_498_501
	67_5305life0802_502_506
	68_5385life0802_507_513
	69_5427life0802_514_519
	70_5487life0802_520_526
	71_5490life0802_527_530
	72_5148life0802_531_539
	73_5387life0802_540_546
	74_5429life0802_547_552
	75_5431life0802_553_558
	76_5497life0802_559_564
	77_5516life0802_565_568
	78_5535life0802_569_576
	79_5561life0802_577_579
	80_5486life0802_580_590
	81_5568life0802_591_594
	82_5663life0802_595_598
	83_5686life0802_599_605
	84_5705life0802_606_612
	85_5775life0802_613_615


	Life_封三



