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Biochemical studies on the effect of dietary fibers on lipids and carbohydrate metabolism in rats
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Abstract: Recent work has focused on the role of natural and purified fiber preparations in the regulation of cholesterol metabolism. Although fiber has been increasingly recognized as an important dietary constituent, controversy and confusion still exist about the physiological effects of dietary fiber. The aim of the present study was to assess the influence of various sources of dietary fibers (natural and purified) on levels of serum & liver lipids, serum lipoproteins and serum glucose of rats. Seventy-two Wister rats were divided into six groups. One group of rats was fed on the control diet, while two groups of rats were fed on the control diet supplemented with oat bran or wheat bran as sources of natural fiber. The other three groups of rats were fed on the control diet supplemented with either pectin, guar gum or cellulose as sources of purified fiber. From results obtained in this study it can be concluded that the oat bran and the wheat bran diets have similar hypocholesterolemic effect in rats, while the oat bran diet is less useful in lowering the risk of coronary heart disease. Moreover, the oat bran diet has a hypoglycemic effect compared to the wheat bran diet. Comparing the control diet with the control diet supplemented with various sources of purified fibers, cellulose had no hypolipidemic effect, whereas the pectin diet significantly reduced levels of cholesterol and triglycerides in the serum and in the liver and glucose while it diet increased serum level of HDL-cholesterol. The guar gum diet was able to lower levels of cholesterol and triglycerides in the serum and in the liver and also to increase the serum HDL-cholesterol level of rats. But these effects were still less than that obtained with the pectin diet.
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1. Introduction:

Dietary fibers possess unique chemical and physical characteristics responsible for eliciting an array of physiological responses (Chery et al., 2006). Currently, 2 general classifications of fiber exist, soluble (e.g., gums, pectins) and insoluble (e.g., cellulose, wheat bran, soy hulls) (Prosky et al., 1992). One physicochemical property of fiber, viscosity, is recognized as affecting physiological responses (Schneeman., 2001). In several epidemiological studies, dietary fiber, especially insoluble fiber (nonviscous, slowly fermentable), has been associated with a lower risk for type 2 diabetes and cardiovascular disease (Schulze et al., 2005; Jenkins et al., 2000). Coronary artery disease is the major cause of death in the United States and in most Western countries (American Heart Association, 2003).

 Observational epidemiologic studies have indicated that elevated serum cholesterol is the most common and important modifiable risk factor for coronary heart disease (Greenland et al., 2003). Clinical trials have documented that reductions in total and LDL-cholesterol by dietary and pharmacologic interventions decrease the risk of coronary events (LaRosa et al., 1999). Therapeutic lifestyle changes, including dietary intervention are the first-line approach for the prevention and treatment of hypercholesterolemia (Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, 2001). Prospective cohort studies have reported a significant inverse association between total fiber intake and the risk of coronary heart disease (Bazzano et al., 2003).

The increasing incidence of type 2 diabetes and associated morbidity poses an enormous challenge for public health. The implementation of prevention programmes directed towards individuals at high risk might reduce overall morbidity and thus the cost to the healthcare system (Wareham and Griffin, 2001). Type 2 diabetes is a major public health issue in most countries around the world. Efficacy trials have demonstrated that lifestyle modification programs can significantly reduce the risk of type 2 diabetes (Lammi et al., 2007).Several studies have shown that the adverse metabolic effects of high-carbohydrate diets are neutralized when fiber and carbohydrate are increased simultaneously in the diet for diabetic patients. In particular, these studies demonstrated that a high-carbohydrate/high-fiber diet significantly improves blood glucose control and reduces plasma cholesterol levels in diabetic patients compared with a low-carbohydrate/low-fiber diet (Riccardi and Rivellese, 1991).

We conducted this study to assess the effects of different sources of dietary fiber (oat bran, wheat bran, pectin, guar gum and cellulose) intake on the lipid profile and serum glucose in rats. 
2. Materials and Methods:

Chemicals and Kits used in the present study were purchased from Merck (Germany), BDH (UK), Biomerieux (France), Stanbio (USA), crescent diagnostics (KSA) and Biosystem (Spain).  Seventy two male wistar rats of 120-150 g body weight were purchased from King Fahad Medical Center were housed in separate in a screen wall cages under controlled environmental conditions (20-25 ºC, 55-60 % relative humidity and 12 hours light dark cycle) where, food and water were offered ad-libitum. The rats were acclimatized for one week before the experiment started. Then each group of twelve rats was fed one of the six experimental diets in pelleted form. The dietary fiber sources included: natural sources oat bran and wheat bran and purified sources which included pectin, guar gum and cellulose.

The control diet (C) was obtained from Grain and Flour Mills organization, Jeddah, KSA. This diet contained 8.44% moisture, 5.59% ash, 19.91% protein, 3.09% fat, 59.55% soluble carbohydrate and 4.08% fiber. The other different five experimental diets contained 10% (w/w) dietary fiber and 90% control diet (C)  were prepared by suspending 100g of each diet in 100ml deionized water. The diet was repelleted and allowed to air dry in well ventilated area and stored in tightly sealed plastic bags at -20o C. Samples of all experimental diets were analyzed according to the Association of Official Analytical Chemists ”AOAC” (1986). The nutrient composition of the experimental diet were shown in table (1)

Table (1): The nutrient composition of the experimental diet according to AOAC.

	
	Control + oat bran (CO)
	Control + wheat bran (CW)
	Control + pectin (CP)
	Control + guar agar(CG)
	Control + cellulose (CC)

	moisture
	8.97
	9
	9.7
	9.84
	8.69

	ash
	5.21
	5.71
	5.28
	5.05
	5.05

	protein
	19.05
	19.30
	17.87
	18.75
	19.05

	fat
	4.27
	2.67
	2.27
	2.92
	2.7

	carbohydrate
	59.52
	59.06
	61.91
	61.02
	61.4

	fiber
	3.98
	4.16
	2.97
	2.42
	3.11


At the end of the experiment period (5 weeks) the animals in all groups were weighed and blood samples were taken by cardiac puncture under light ether anesthesia after a fasting period of 18 hours. Serum was prepared by centrifuging blood at 5000 rpm for 20 minutes. Serum samples were then liquoted and stored at -20ºC until analysis. After blood collection, all animals were sacrificed by decapitation and for each animal liver and heart were excised, rinsed in isotonic sterile saline, blotted dry with filter paper and weighed. The selected tissues were kept in plastic vials containing ice cold sterile saline at -80˚C. The following analyses were done: Total lipids were assessed as described by Knight et al. (1972), triacylglycerol (Bucolo & David, 1973), total cholesterol (Svensson, 1982), high-density lipoprotein-cholesterol (HDL-c) (Lopes-Virella et al., 1988), low-density lipoprotein-cholesterol (LDL-c) (Freidwald et al., 1972)and serum glucose according to method of Trinder et al. (1969). During the period of the experiment conducted some other measurements as body weight, body weight gain, food consumption and dietary efficiency ratio were monitored weekly. Statistical analysis was carried out by the aid of a digital computer, using SPSS version 15 program according to the technique described by (Norusis, 2007).

3. Results:

Results presented in table (2) demonstrate significant change in the percentage of serum total cholesterol in rats fed on oat bran and wheat bran diet by - 19.1% & - 24.7% respectively when compared with normal control. In the meantime the concentrations of triacylglycerol, total lipids and glucose were significantly decreased in group fed on oat bran by -33.1%, -30.3% and -28.6% respectively. Whereas, there are a persistent decrease in triacylglycerol and total lipids levels by -37.1% and -42.6% for wheat bran group respectively. While, there is no significant change in glucose level in the same group.  In comparison with normal group, there are no significant changes in LDL- cholesterol and HDL- cholesterol in both groups.

Table (2): the effect of Natural fiber diet on serum investigated parameters:

	
	T. Chol
	LDL - C.
	HDL - C
	TAG
	T. lipid
	Glu

	
	(mg/dl)

	Control
	

	Mean ± S.E
	111.27 ± 3.96
	75.08 ± 4.46
	13.33 ± 0.51
	111.5 ± 7.45
	275.75 ± 15.3
	60.33 ± 4.7

	Control + Natural fiber
	

	Control + oat bran
	

	Mean ± S.E

% change

P<
	90.08 ± 1.56

- 19.1%

0.05
	72.92 ± 4.18

- 3.9%

N.S.
	15.67 ± 1.31

17.6%

N.S.
	76.83 ± 7.09

-33.1%

0.05
	192.41 ± 11.1

-30.3%

0.05
	43.08 ± 2.71

-28.6%

0.05

	Control + wheat bran
	

	Mean ± S.E

% change

P<
	83.83 ± 4.59

- 24.7%

0.05
	70.08 ± 4.3

-6.7%

N.S.
	13.5 ± 1.65

1.26%

N.S.
	70.17 ± 2.91

-37.1%

0.05
	158.17 ± 8.23

-42.6%

0.05
	60.83 ± 7.29

0.8%

N.S.


HDL- cholesterol in both groups.

Table (3) shows a significant decrease in total cholesterol, LDL-cholesterol, HDL-cholesterol, triacylglycerol and total lipids in pectin fed rats, compared to normal control. In the meantime, there is no change in glucose level in rats fed on pectin. As regard to guar gum and cellulose, non significant changes in serum total cholesterol, LDL cholesterol, TAG and glucose concentrations were observed, compared to normal group. There is a significantly sharp increase in HDL-cholesterol in group of rats fed on guar gum which not observed in rat fed on cellulose. The overall plasma total lipids concentrations were lowered after rats consumed the guar gum and cellulose by -37.5% and -21.2% respectively.

Table (3): the effect of purified fiber diet on serum investigated parameters:

	
	T. Chol
	LDL - C.
	HDL - C
	TAG
	T. lipid
	Glu

	
	(mg/dl)

	Control
	

	Mean ± S.E
	111.27 ± 3.96
	75.08 ± 4.46
	13.33 ± 0.51
	111.5 ± 7.45
	275.75 ± 15.3
	60.33 ± 4.7

	Control + purified fiber
	

	Control + pectin
	

	Mean ± S.E

% change

P<
	73.45 ± 7.43

-34%

0.05
	32.18 ± 4.16

-57.1%

0.05
	17.45 ± 1.09

30.9%

0.05
	53.82 ± 5.02

-51.7%

0.05
	132.73 ± 6.86

-51.8%

0.05
	51.27 ± 1.63

-15%

N.S.

	Control + guar gum
	

	Mean ± S.E

% change

P<
	100.83 ± 4.16

-9.4%

N.S.
	72.75 ± 3.78

-3.1%

N.S.
	17.17 ± 1.53

28.8%

0.05
	93.5 ± 8.98

-16.14%

N.S.
	172.41 ± 19.2

-37.5%

0.05
	65.3 ± 2.09

8.23%

N.S.

	Control + cellulose
	
	
	
	
	
	

	Mean ± S.E

% change

P<
	111.58 ± 4.04

0.27%

N.S.
	73.42 ± 4.79

-2.2%

N.S.
	13.92 ± 0.34

4.4%

N.S.
	104 ± 4.54

-6.7%

N.S.
	217.17 ± 15.8

-21.2%

0.05
	54.33 ± 2.76

-10%

N.S.


In comparison with normal group, data represented in table (4) significant decrease total cholesterol contents in liver of tested diets except in group of rats fed on cellulose which shows a non significant change in the hepatic cholesterol content. In the meantime, a non significant change in TAG in oat bran, wheat bran, guar gum and cellulose compared to normal control. On the other hand, pectin reduces triacylglycerol by -10.3%. Within group analyses indicated that changes in the liver weighs and Hepatosomatic index were not statistically significant in either the natural fiber or purified fiber fed groups. In addition, the heart weighs and cardiosomatic index did not significantly change over the intervention period in either group.

Table (4): The effect of natural and purified fiber diets on serum investigated parameters:

	
	T. chol 
	TAG 
	Liver wt
	Hepatosomatic index
	Heart wt
	Cardiosomatic index

	
	(mg/dl)
	(g)
	(g/g body wt)
	(g)
	(g/g body wt)

	Control
	

	Mean ± S.E
	2.67 ± 0.12
	2.03 ± 0.06
	8.71 ± 0.3
	3.38 ± 0.11
	1.07   ± 0.05
	0.41  ± 0.01

	Control + Natural fiber
	

	Control + oat bran
	

	Mean ± S.E

% change

P<
	2.42 ± 0.04

-9.36%

0.05
	2.00 ± 0.04

-1.5%

N.S.
	9.32 ± 0.29

7%

N.S.
	3.17  ± 0.07

-6.2%

N.S.
	1.13 ± 0.03

5.6%

N.S.
	0.38  ± 0.01

-7.3%

N.S

	Control + wheat bran
	

	Mean ± S.E

% change

P<
	2.44 ± 0.04

-8.6%

0.05
	2.01 ± 0.0 4

0.1%

N.S.
	8.26 ± 0.21

-5.5%

N.S.
	3.18 ± 0.05

-5.9%

N.S.
	0.96 ± 0.03

-10.28%

N.S.
	0.37 ± 0.01

-9.8%

N.S.

	Control + purified fiber
	

	Control + pectin
	

	Mean ± S.E

% change

P<
	2.13 ± 0.02

-20.22%

0.05
	1.82 ± 0.06

-10.3%

0.05
	8.58  ± 0.3

-1.5%

N.S.
	3.63 ± 0.06

6.5%

N.S.
	1.04   ± 0.04

-2.8%

N.S.
	0.44 ± 0.02

7.3%

N.S.

	Control + guar gum
	

	Mean ± S.E

% change

P<
	2.26 ± 0.03

-15.35%

0.05
	1.91 ± 0.04

-5.9%

N.S
	8.34 ± 0. 24

-4.24%

N.S.
	3.43 ± 0.06

1.47%

N.S.
	0.98  ± 0.05

-8.4%

N.S.
	0.43  ± 0.03

4.8%

N.S.

	Control + cellulose
	

	Mean ± S.E

% change

P<
	2.59 ± 0.04

-3%

N.S.
	2.02 ± 0.06

-0.5%

N.S.
	7.87 ± 0. 2

-9.64%

N.S.
	3.20 ± 0.09

5.3%

N.S.
	0.96  ± 0.04

-10.3%

N.S.
	0.38  ± 0.01

-7.3%

N.S.


No statistical differences were recorded in the body weight and body weight gains between all different diets during the experimental period. In the meantime, feed consumption did not differ significantly in groups of rats fed on oat bran, wheat bran and cellulose fibers during the subsequent weeks. On the other hand, during the last two weeks significant decrease in feed consumption in those rat groups fed on guar gum and pectin.

Feeding different kinds of fibers had no significant effects on the dietary efficiency ratio values during the five weeks of the experiment except in group of rats fed on oat bran which shows a significant increase when compared with control group.
4. Discussion:

Evidence from human clinical as well as epidemiologic trials indicates that dyslipidemia is one of the most important modifiable risk factors for coronary heart disease (CHD). Dyslipidemia is generally characterized by increased fasting concentrations of total cholesterol (TC), LDL cholesterol (LDL-C), and triglycerides (TG), in conjunction with decreased concentrations of HDL cholesterol (HDL-C). At present, these lipid imbalances are most routinely treated with pharmacological therapy (Varady and Jones, 2005). 

Certain commonly prescribed pharmacological agents include: 3-hydroxy-3-methylglutaryl CoA reductase inhibitors (statins), bile acid sequestrants, nicotinic acid, fibric acids, as well as the cholesterol absorption inhibitor, ezetimibe (Ferdinand. 2004). Although these drugs produce desirable shifts in lipid levels within a short period of time, several safety concerns have surfaced regarding the long term use of these pharmacological agents. In view of these safety issues, the implementation of non pharmacological therapies that beneficially modulate lipid profiles without the risk of adverse affects would be highly advantageous (Taylor et al., 2003). 

Improving hyperglycemic peaks is one of the main therapeutic targets in diabetic patients. It might also be of importance in glucose-tolerant or even in normal subjects in reducing risk factors for diabetes and cardiovascular diseases (Kendall et al., 2006).

Interest in the role of dietary fiber in lipid and carbohydrate metabolism has remained high since the early suggestion that decreased incidence of western diseases in certain African populations resulted from consumption of diets high in dietary fiber (Andersson et al., 2009). 

This study was designed to test the effect of different sources of dietary fiber (natural and purified), upon the lipids, lipoproteins and glucose of rats. In addition some performance parameters such as body weight, feeding consumption and dietary efficiency ratio were determined. 

The fibers were chosen to represent different dietary fiber sources with different chemical composition and physical properties.  In this study, lipotropic substances were not used as these substances create an artificial state, which resulted in an accumulation of fat in liver, independently of the addition of soluble or insoluble fiber components (Shinnick et al., 1990).

1. Diet supplemented with natural fibers:

The consumption of oat bran has been recommended as a beneficial adjunct to lipid lowering diets (Gerhardt and Noreen, 1998). This recommendation is supported by the results of the present study that demonstrate a significant reduction in serum cholesterol in rats fed on oat bran diet as compared to the control group. Metabolic ward and ambulatory studies show a 12-26 % reduction in average serum cholesterol levels with oat bran supplementation (Andersson et al., 2010).Similarly, a significant reduction in serum cholesterol level with oat bran diet (19.1%) was detected. Bae et al., (2009), reported a 30.4% decrease in plasma cholesterol in cholesterol fed rats supplemented with oat bran .these differences in the results may be due to the source of oat bran and the normocholeserolemic rats used in our study. 

Feeding rats the wheat bran diet significantly decreased serum cholesterol level by 24.7% when compared to the control group. Our results confirm the previous finding that wheat bran reduces serum cholesterol levels (Zhao et al., 2009). Other studies have not found wheat bran to be an effective cholesterol lowering agent (Ullrich, 1987). It has been shown that, in general, wheat bran has a variable influence on serum cholesterol level (Drzikovab et al., 2005).

The mechanism by which natural fibers reduces serum cholesterol is not definitively established. The most likely postulates: increased fecal loss of bile acids due to their gum fractions which interfere with the formation 
and / or stability of the micelles (Theuwissen & Mensink, 2008). Keenan et al., (2007) reported that certain plant fibers inhibit 3-hydroxy-3-methylglutryl Co A reductase activity and simultaneously decrease cholesterol synthesis.

There is a significantly sharp decrease in TAG in group of rats fed on oat and wheat bran by 33% and 37% respectively. These results were in line with the previous studies by Chan & Heng, (2008). In contrast, Kirby et al., (1981) and Vahoury et al., (1994) demonstrated that these fibers has no effect on serum TAG. This might be due to the large discrepancy between the experimental diets tested.

In fact, the possible mechanism by which natural fibers might modify TAG has shown in vitro, that these fibers may drastically inhibit the hydrolytic activity of pancreatic lipase on triacylglycerol. This is in agreement with other finding showing a large increase in the lipid ileal output with oat and wheat supplementation in rats (Kelly et al., 2007). 

As for the level of HDL and LDL cholesterol in serum, results from the present study shown that there were no significant differences between natural fiber diets and control group. In contrast to our results, Chen & Anderson, (1997) demonstrated that oat and wheat bran lowered serum LDL cholesterol and raised HDL cholesterol concentrations that is may be due to upregulation of LDL receptor and enhanced LDL catabolism, and there is evidence supporting this (Fernandez et al., 2005).

The present study revealed a significant decrease in total lipids in groups of rats fed on oat bran and wheat bran diets as compared to normal group. These results are consistent with a previous study (Anderson et al., 2007).
On the basis of epidemiological studies, our results could be interpreted as an indicator of reduced cardiovascular risk (Purushutharma et al., 2008)
Regarding carbohydrate metabolism, dietary fiber plays its most important role in modulating glucose absorption, as reflected in portal glycemic values. Wood et al., (2000), found that feeding rats different mixtures of dietary fibers containing soluble fiber induced lower plasma glucose levels than control diet. Our results confirm this observation showing that average serum glucose level lower on the oat bran diet when compared to control group.

However there are many studies demonstrating that dietary fiber can modify plasma glucose and insulin responses after a single test meal. Water soluble fibers exert a hypoglycemic effect by delaying gastric emptying, shortening intestinal transit time, and reducing glucose absorption. They may also slow starch hydrolysis (Schulze et al, 2005).

We did not find evidence for the effect of the wheat bran diet on serum glucose level as compared to the control diet. The failure of wheat bran to effect fasting glucose levels is in accordance with the finding of other investigators such as Nestel et al., (1984), who found no change in a number of indices of glucose metabolism and utilization, healthy men consuming high wheat bran diets.

Dietary efficiency ratio was obviously better for the oat bran diet than for the control diet. The higher dietary efficiency ratio the less amount of food needed to obtain a given body weight. The sustained higher dietary efficiency ratio for the oat bran diet may be due to the high fermentability of oat bran fiber (Mongeau et al., 1990).

2. Diet supplemented with purified fibers:
Recent work has focused on the role of purified fiber preparations in the regulation of cholesterol metabolism (Liu et al., 2005). Cellulose as a purified fiber, which was used in our study, had no effect on serum and hepatic cholesterol levels. Lack of hypocholestolemic effect by cellulose feeding is consistent with the previous studies reported in human (Vincent et al., 2006) and in animals (Brown et al., 2002). Because cellulose intake does not have a significant effect on serum cholesterol concentration, it could be used as placebo (Bell et al., 1998).
In the present study, where fasting serum samples were analyzed a 34% lower cholesterol level in rats fed on pectin diet as compared to the control diet was observed. This is in agreement with the finding of Nishina et al (1991) in that cholesterol free pectin diet reduces serum cholesterol concentration by 30% in rats. In the mean time the pectin supplemented diet also attenuated the accumulation of liver cholesterol, and this is in agreement with the finding of Hexeberg et al., (1994).

However, the reduction in the liver cholesterol level and the hypocholesterolemic effect produced by pectin are primarily explained by an increase in the catabolism of cholesterol (Rade et al., 2008). Also, Isaksson et al., (2005) found that pectin inhibited intestinal absorption of bile acids and thus considered that it indirectly reduces the plasma and liver cholesterol levels by the prevention of absorption of bile acids. Further investigations have shown that maximum bile acid binding occurs at low pH. The pH of bile is 7.0 – 7.4, but solution of pectin themselves have provided a suitable environment, with stomach acid perhaps trapped in gel within which bile acid binding could occur (Theuwissen  & Mensink R ,2008).

Tiwary (2007) suggested that pectin may alter hepatic cholesterol synthesis via volatile fatty acids produced during bacterial degradation of pectin in the large bowel. Thus, the bacterial metabolism in the hindgut may influence the level of serum cholesterol in two ways: through metabolites of carbohydrate fermentation such as volatile fatty acid and by an alteration in colonic metabolism of bile, e.g. accelerate 7-- dehydroxylaion of primary bile acids, which would in turn influence colonic reabsorption (Yang et al., 2003). On the other hand, Savage et al., (2005) suggested that a simple increase in fecal steroid excretion is unlikely to be the sole explanation for the hypocholestrolemic effect of pectin. 

Previous studies of hypocholesterolemic effect of pectin have not reported changes in HDL cholesterol (Czerwinski et al., 2004). In our current experiment, there was a significant increase in HDL cholesterol level in rats fed on pectin diet as compared with those fed on control diet. However, Stass-Wolthuis et al., (1979) demonstrated that the decreasing in total serum cholesterol level with pectin was accounted for by increasing in HDL cholesterol levels.  This could mean that the favorable effect of pectin on total cholesterol is somewhat counteracted by the effect on HDL cholesterol, as a high level of HDL cholesterol is thought to protect against the development of atherosclerotic complication (Vahouny et al., 1999). 

Furthermore, the results obtained in the present study indicate that the lowest level of serum LDL cholesterol was obtained in rats fed on the pectin diet. In accordance with our finding, Demark et al., (2003) showed that pectin interact with serum LDL cholesterol. The observed interaction appear to be of significant important since LDL is the major biological carrier of cholesterol and the principle ingredient of atherosclerotic lesions found in diseased cardiovascular tissue.

The results from our study indicate the dietary pectin can reduce serum TAG levels when compared to the control group. These finding are in accordance with the reports of Nishina et al., (1991). Liver TAG was also shown to be reduced in rats given the pectin diet compared to control diet which is consistent with observations of other workers (Vigne et al., 1987). The reduction in hepatic TAG could be related to the lower serum TAG levels observed in rats fed on pectin diet, as hepatic TAG pools are related to VLDL secretion (West et al., 1990).

The results from our study indicate that dietary pectin can lower (not significantly) serum glucose level by 15.0% as compared to the control diet. This hypoglycemic effect of pectin could be due to slowing of carbohydrate digestion and absorption, a slower gastric emptying of pectin-containing diet, or by changing the distribution of carbohydrate in the small intestine (Poutanen et al., 2007). Some studies have reported that the effects of pectin on blood glucose levels is to reduce the rise of blood glucose and the rebound hypoglycemia and to reduce the insulin response and slow gastric emptying time (Wu rsch and Pi-Sunyer, 2001). Furthermore, this effect of pectins could be related to their viscosities and it may inhibit glucose absorption by reducing the convective effect of intestinal motor activity (Zijlstra et al., 2008).

Viscous polysaccharids with no methyl groups, such as guar gums have been shown to be hypocholesterolemic (Jenkins et al., 1976). In the present study inclusion of guar gum into the diet of rats was observed to reduce serum total cholesterol level by 9.4 % compared to control. Although the effect was not significant, thus tendency should indicate the hypocholesterolemic effect of guar gum. 

The lowering of the serum cholesterol level by the guar gum diet was in the present study somewhat less than indicated in some other studies. This may partly be due to the short experimental period. It has been actually suggested that the guar gum effect is not complete until within several weeks (Minekus et al., 2005). 

However, rats fed guar gum or pectin had similar effects on liver cholesterol levels were significantly lower than those fed on control diet. Our results confirm the observation of Shinnick et al., (1990) which indicated that rats fed guar gum or pectin had significantly lower liver cholesterol concentrations than rats fed cellulose.

Although the serum level of LDL-cholesterol was not altered by the guar gum diet in our results, it is clear from this study that serum HDL-cholesterol level increased in rats fed the guar gum diet compared with those either fed on the cellulose or the control diets. Moreover, guar gum and pectin diets had a similar increasing effect on serum HDL-cholesterol level. In accordance with the present study, Chen and Anderson, (1979), reported that rats fed a diet containing guar gum had a higher plasma HDL-cholesterol and lower total cholesterol concentrations than those fed a cellulose diet.

Epidemiological findings have shown that ratio of serum HDL-cholesterol to total cholesterol is inversely related to various coronary risk factors (Brown et al., 2002). However, the interpretation of the present results with regard to the ratio of serum HDL-cholesterol to total serum cholesterol, which are 12.0, 17.0, 23.8 for control, cellulose, guar gum and pectin diets respectively, it can be concluded that pectin is more effective than guar gum is reducing the risk of coronary heart diseases.

Although the serum triglyceride levels were not significantly different in the guar gum diet compared with either the control or the cellulose diets, it is clear from these results that the guar gum diet was able to markedly lower serum triglyceride levels. These observations are consistent with the previous work (Frias and Sgarbieri 2004).

Some studies (Goossens et al., 2002) reported that guar gum did not reduce plasma glucose. Our results were in line with previous observation showing that there was no effect of the guar gum diet on the level of serum glucose compared with control diet.

Food intake during the experimental period of rats fed the control diet supplemented with purified fiber (pectin, guar gum, cellulose) was lower than of rats fed the control diet. While each diet maintained a linear increase in body weight gain throughout the 5-week feeding period. The rats of body weight gain were, however slower in the groups given pectin or guar gum diets compared with those given control diet, but the differences were not significant (Kestin et al., 1996). It is unlikely that the marked reduction in food intake could be responsible for the slight weight reduction.

The mechanism of the reduction effect of pectin and guar gum on food intake is not clear and could be one or a combination of possibilities such as, a lack of palatability, mechanical difficulties with eating a diet that readily forms a gel on contact with moisture or more profound effects on regulatory mechanisms (Davies et al., 1991).
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