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The Black-hole Cosmology— 2 52 5 2
====The black-hole theory and cosmology can be better integrated as the black-hole cosmology=—==

7K{FA4:  Zhang Dongsheng Email: zds@outlook.com, zhangds12@hotmail.com

[ Abstract] . There are two parts in this article: <Part One: The new developments + new formulas and new
conclusios of the black-hole theory>. <Part Two: The brand-new black-hole cosmology may be created with
applying the complete integration between new black-hole theory and cosmology>. On the foundation of the new
developments of black-hole theory in Part One, many new important formulas can be derived out, such as the most
important general formula (1d)--m M, = hC/8nG = 1.187x107'%¢*" and others. They may better systematically
explain and demonstrate the evolutionary laws of our cosmos. Thus, it might be called as a brand-new branch of
cosmology, i.e. ‘The black-hole cosmology’. For an example, it would be very easily demonstrated that our
Universe could be a real gigantic black-hole with black-hole formulas.

[Zhang Dongsheng. The Black-hole Cosmology - The complete integration between black-hole theory and
black-hole cosmology. Academia Arena 2013;5(6):1-20] (ISSN 1553-992X). http://www.sciencepub.net/academia.
1

[Key Words] . Black hole; black-hole theory; cosmology; Hawking quantum radiation; the minimum BH;
Planck particle; the information amount of Hawking quantum radiation; the information amount of black holes; the
entropy of black holes; the basic information unit

RIFFH
===={EE X BIAEBNFT K BIENK T BIAER. FH%. 2R EEHERZNEE=—=
5kiF4 Zhang Dong Sheng Email: zds@outlook.com; zhangds12@hotmail.com;

HRIL: BAIARKRBMA BB MEZ A, BHEDIFR.

BT CREERM . MR BRI R B s S 7R 0 H & .

[NAERE] : 200 BFAEB KR BAF AR TEERBIEE S N BFEIE IR R RIRK . A G 02
T AR WL R R 2 T 56 G b AR R AN B0 UF FRATT 5% 1 B AU, RO R RIAFEHES - A
SN2k, Bokmg (CRIRERNHRRE. FAXMFER) . REENRRRESHRESENET m,
R M, ZARHARd), BHRDEBIE Myo(le) « B0 EE T, B SsZ— R AR, L
PR T B RS E SN E . W R g, B (BRERATEHERENES
BN CBIRFEE ) RS R0 IR 1 A AR = 1 R AN A g — e K ) . e i
AT B A T2 B 5438 Planck Era A2 B R &2 R A /N B My= 2Mpn= 2m,, BIEF TR m,
MIE3F, MARRAET “&F a7 o “EFmmREBEE” s IEHBRIMMETE L —MFREN 10° ¢ WEIENE
TFHFHEM (CBH) ; T8 ‘JFEWIZEK  (Original Inflation) FIHETHLEEAEAIESE. WFH 7 MORFEK
ZINFR) BT My SR 53 B R B AR RS T AR SRR B R AN o 5 T RN E AR AR A R — B .
[FKIAAE. BIRFH 2 - EEXN RAERNHT K BER T R, FH%. E2XMEREBZ LS.
Academia Arena 2013;5(6):1-20] (ISSN 1553-992X). http://www.sciencepub.net/academia. 1

[REA]Y « BRI, FHFE; Uo7 RS m/NB: SOl 7R FHEY
ik, EEBENNELE; PouEEE L WRMEEE; BRI

(W51 . H SR 8 (EGTR) ok BRI H 2 2 A TR, BoAH—SmIikmt. B
Z B H KR, SRR BN R R, Fit, HEREEAT AR Rk, SR E
ZITRERER MR, NI 52 VR 2 R A BOA R AR TT B B Sk A A 2, ool 2 Nl F T 3 A
WA —RIi-RER SRR REIMEER (55 FEHER, HHEE —BF9H ik rm
zEhfE (AL AP HRmAAR = R . 2R, IERIX 2 MREBEFMHER T FHEFZREEM
Lol R - e, M SBURS A ER ML ‘&R« SLTLPE BN 3 B4 2 (Freidmann) 5 8 R-
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W /Z# (Robertson-Walker ) AV SEFRIERES W .. M H, &SR TR, FHP—
BN G, bR ARG AN -RE G K, SRE AGEHAZAE T35 2 W, XA &35 P AT AT
HYHAE A KET R, Kk, AR EGTR GZ51E) DURGBIRAMFHE 2 SR —&E N EKNE
B, IXHUEIT 100 E3K, BT B RS DB AN TR AN, T T I R R A BIR

ES N ERERERARMERTEELRRER, BREVIAERSIEMET /7F R K LI Frl
LW BESRE TERAMA LR Ry, PAIERE Ty, RERMEAGES, WETEN me. Bk, SRSl
JR-BETUAE, FFETE . AR, SIS R AT A, BB A AR I T

B2, DANESEREPARAEERIMA LR R, LK 2 AMARK, BIRIFEEF-REE M, 5 R, I8
FLPEA R (1), GMy/R, = C %2, BT EE R, EIE 182 A 0(a). T, My, = (CY/4G) x (h /27k).

EALEIX 2 ANA A RE AR ok S HL S A FL A A R I, R RO R RE E SR 5 mg fOPE B AN
B, AUASAEANE IR R 2 R AL, MK BT

BRI, WP TESKN B S TRME 5, ST MK e B i 2 SHRE SN my. T
DUt e &5 A SR U SR ST my 5 R R M, Z AR R . S EEs B TELE 15, HEH T —
NG, AR HOR mg R AN UAS BT AR TR 6 SEIR B FN 52 B 20 R R ) S TR -

1; PR i S R E &4 m, SRFGREE-FE M, MR A Ad , Bl mg M, =
hC/87G = 1.187x10™""¢?, MTITIF 7 N BRSO db AT, ™

2; HEE—5, ERRER T, EESEA - MREENH A Rde), mg=M, = (hC/8aG) * = /)
B My = 1.09x10° 78, 115/ E My, = IR T my. AR HEAE KB FEHIEE.
. EEESERRIBREFHBERTE—ET . NI EEHBHR T EEHEPHI T KR, HT
IR ST -REEUE My, 5 m #55 BN AT SRS TSR, Bk, ER BRI A KT EE
W, BATC EGTR T DA EE B2 &l 1,

3; BIAMEAREE —E, — B NRRAERZ G, ANEERNEWIFR-EEMEK, T2
DR R S E S m S 4/, TEH IR o N B My, = 3BT my, TRNEN T 7E B s sk 2 1 &
SkmRE— A~ BIE. M

4; IFRAX_(1d) mg M, = hC/8aG = 1.187x10"¢” K7 & 2 Zif M, X m, 7E R, BB 1 5HE
LI PE, FERIE T BIF RS mg FIALER S50 R R S rURE R PO LB R AR R ), 0 A S E v B TRl (IR B
P L IR B ARV B o FE & T KL FE A R R X RARRR AT MR X, A& 35 I SEPR i«

5, EH] AR DR ESES me FEREE L= h2n=RHASrEREE = 50ERH M,
A B R m, {5 B E(63a), TMSRIFARESR GEE M, M mg FIRNER. HEF HORBIRESE R
FH A 1, = 4GM,*/C (63d).

AN SCHS R EE R — R 0 ST A S R ) A AR W 5 A S VR 2 E K

7; IR RS AR R, B AERATFE AR, —arERFEHA OB, H/a g il
FRATF AR M, RS HARGe), Bt <[k QG/CT?, FHHbih 5 250352 KI5
i F) t = 0.5563x10™%s B, JE R 1072 (AR PY 800 51 I WiEE, SEBIBCA My, = m, FEXE BATEATIR. T
AR B RUCRIRIEBARE T . HIRED L T 2 R B SO BN B My = 2My, = 2m, =
2x1.09x107°g = 2.2x107° g My» EATHH BUHUE FRA T8 3255 AL AE . B KB My = 2Myy, = 2m, (& 5F
I RR T G I SR SR R B B IR T K

8; A P 1 B R FEASAIE 1 FRA 18 0 JR W)  (Original Inflation) °, JHER] 7 528 BILAE
K 0 A2 AR K P SR /N B M, = o, AN O 45

9; SEAEM T IRATIE K A0 7 i e — N S i 1 B % 2 . WA 2 Bl 2 K B 0 SR B
I My = 2Mypm_= 2m, 3RS 5786 B Y05 BT B BRI . T 230 M, i T — 2y, A
BEit Q = 1. RULRRAZNSCaEk, HI6BE SRR T LN QE A 328 £ UL 21, SLhr
R A

10; Bk 13 d SR MBI R — 5 5 5 K AR AR AR (O A Pl — ) — Bk

[EEIVAIRERIE] . EERE: XIBEER B RE FRIET BRI RIET 8, thaRemagt
HRRR. FEEA D EERMRIE S — SRR MANX, Fn ISR AN, RIESMIT
S A3 A(1d),(1e),(632),(63d) AR 2 55, AEEAIREASEARRE RIMSLEIEL, SRS
AR AR e T RIAA T i 2 M — R ERNER NS RE, SR . BN n. BRNGE. 7
HRE. RRFEEES. FChRAERMNBEEAXMZBNHEL, £ EMRRE, saAE—

2
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J, AR HRSR B GRIEAETTT SO R B TR ACGA S R . R BT FA. Fishe, —
DR MBI T . NRA S A X LS5, Filgie. BIERARRM ALK, TRAREZ
7y, AHINEE) 3 EREEAS R ARG /508, RESCPIAURHI. RERLE I MR ok BRI 5

H AR B R JRAT G SERR TS DURDRI AR 0« i 3 22 gL R A BAR AT A S 1

WS A B A S AR R R EAT IR R IE

AR SEHIR . (FE

F—R BREROFER. FAXMFL L
=M EEMTE T BEANG ‘TR iZig=—

sk skok sk sk ok ok sk ook sk ok ok ok kok sk okok sk ko okok sk okok sk sk ok sk Rk ok ok ok

A, RBRFhers. FTHAT. BRHRINS] R8I, B s B R .

[F5] . BEERHER. REMZEE

§ 1; PR T Laplace(1749 - 1827)E SE#H T iR
BE&. 1796 4F, fifhiifE<F=H AR e>826 —&
W, RIS BRI R, BIEERER, B
FHGEETNEZ . —/ A 5k FRE 0% B
HARRARR 250 £ R, TR DGR
5] SR A REE R AT, 0 P IR 2R
2, BB NIE PR ERR I AT I —F il
EVI’

vi =(GM/R)"* = 7.9km/s ¥ (a)

EAPMAEHER R, R, ZHIEREAR. TG
PREME P EER Y IRIRE vy, WY
fE R, A1,

v, = 2GM/R.)"? = 2"y, =11.2km/s ¥ (b)
T 2 SRR T 3 i o S
F16764F P13 R HFK P EL (0. C. Romer) T4
O TE o B o AT AR 8 TR R AR e AR R L BR
5.5g/em™RN (b) 2, HHEHREBIRELEY, =
3.1x10"%cm/s =MHEC =3x10""%cm/s. P 28R, Mt
e 34 MR A W R T 2 R G B OB T T

HHRR .

X RPN RA . B, A REE H
SRFAFAE BB, AN Bb PSR KT A 5. 5g/em’ (i
BRERE, (EIIERCRIFRT, SR 5 O R AR T E R
MEITEREY My KB E 2x107g) /NEIH T .

§2; SERVE (EF#HE, 517) BH, 28X T 2R
M, AR S 2R ) 5 LA A
1915412, Z R BRIk £ —14
HIE, ERXKX%KXF /KL LA (Karl
Schswarzschild) BJ452] 7 — AT XAHXT 185 =
() M A i 3R I BRCR AR R B 51 D13 ks i il SERL
Fifal, MEREREHNETFEELAIE—FE
RGP, B R B K2R HtE 5] 77mh e %2 th 2T
fRT 4 SR FAE S AR AR SR, IX — RARRUR A B .
Ja ANFRIZ— PR A FLIUAE, ST 4E R, o
GMy/R, = C?/2 12 (1c)
(o)At BIRFER DB . R
VIR R SCAT AL, R EUEE S A RETER, LAE [ FiE

2, MM IG5 JIVERT,  ASBE B ITR, 1M 26 2 JR IR A
G, R SCHRR O R 3RS, R B S I RE
FELAR, N A BRI 25 . Ri(1e) i (a) (b) X
TR, BN ZERALE T ARk
(5 AR P B R O D L /U5 T, TR AR R
W, WA SRR N S o B SRR
ERAR I B R AR PR . BTCLRIRE R &, A XHE
W51 KT A BT

B GE R B KRR MEFHET RS
KRKMARHEREY . — HRBIAER, ©HESRIK
A5t fE B T AKX, R i R AN & . BT
R AR TR A AR T R

§3; ESEF. BEE LT ZRAMS5MAELER,
FHEETH AR E S0 BIFEIR KTk,
R T T Fis TR, 5T R
FEFHM AR, EAREIRET,, R A N:

T, M, = (C*/4G) x (h 2mx) = 10”gk " (1a)

EGUEY] T BB AR —F, KINESE TR
5P, PRI T R . Aar s RN EE A
W — P 2 i VAT R IR T B TR S m ) A 2

EarBFEEIRIEY, BRSRRKNESET
FRIT T AR AN T, SRR S R AR R A R
V—r, BAAKETHSERE. FIUERES
) RIS R T ) SUHEXHA I R IR B

{H32, B AT ESE T m &
A, XA ERIRB S AT AE AL B R IBRE .

§4. (EERE T BHER. RBEN TSI 1N
EHEEMARMC = kT, RAAR(2) R, fEEE
T BIAMMESEH m I AKRAd), 7 & aIHE
BRI N —BE SRR,

m, M, = hC/87G = 1.187x107"%* ' (1d)

HHUE, 75 52 PLPE SRR AT AR, B3N B
(PIEEZHR,, T, my) FEEI T -REE M, 8] I
K ARSEET LLHE 3N AR R E R, iR
B E R EFEKFET IR A,
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(1] . BAKMESLESN m,, mM, = hC/8aG =
1.187x10™"°", FF/NBIF Mpw = HEATHT m, =
(hC/8G) " =1.09x10°g A IS FEH .,
1-1*. TH (lay2ZELHNESRFAMEEALR,
T, M, = (C?*/4G) x (h 27x) = 107gk " (1a)
My— RIS B -RE & Ry— R AL A 242,
Ty B AR Ry FIEE, me—RIREMRR
42 Ry, ERVE SR IA Y, A =
6.63x107g.em®/s, C —i# =3 x 10" emiss,, G —KH
Bl EH= 6.67x10 cm’/s%g, WIREZHEH « =
1.38x107"°g:em?/s”k, L, —WHATEKE; T ,— %%
MEE: /R My FIALFEEAE Rom MRS AT 1
HIHRE Toms
mg, BEAR R & B iR, REMAEE R, b
1) my, F%51 J7REFASR R R IR 2 5K,
my, = KTy, /C? 2] (1b)
TR 5 50 T0 VX T SCAH X8 5 B R TR
GM,/ R, =C?%2 Ml (1c)
M (1) F0 (1b), 1RZS Z 153t 53— A BIAFHT A,
m,, M, = hC/8aG = 1.187x10"'g (1d)
A (1d) B BRI R, EEHA R A
K. BR m M, AFEH, RERANLZB=R, ¥
ER Ty £ 0, Ft, BMAAH me# 0, My# 0, HT
mg, F1 My, SRR B py, HRAN AT REAE O PR KA,
MU, mg M M, BBEFEMRB. FFE, 128
(1a) v (Ib)o (Ic)z, Ty v R, BAECATTHER IR A
F, HLEANRE. BIRESS AT 2%
BIAE . XA R B A my 25855 T fe /M)
Mom, BEIS& My= My = mg = (hC/8nG.)"*. HMNET
5| TRAFEI(C/8nG) * = my, = HITRI T, BT,
P M, e S BRI RO B /)N ZE T Mo
m, = My, = hC/8nG) ">=m, =1.09x10° (1e)
myR,= h/(4nC) (1f)
Rom=L,"'=(Gh/2nC*)"*=1.61x 10 " cm (1g)
Tom =T, P1=0.71x 107k (1h)
RemMmys = h/(4nC) = 1.0557x10° cmg (1i)
/N BB My, 1) B4 8] Compton time t, =52
FLPGEF ] to , T2,
te=tpm= Rpm/C = 1.61x107/3x10""= 0.537x10~*s,
(1))
Pom = 0.6x10”g/cm’ (1K)
M My = 4npRy’/3 Al (1c), X FAEAT—AN B3, T
T FA (1) 2R 2K
prb2 = 3C*/(8nG) = constant

1-2%; HT Myw 5 my BREHSFRHRE 2 N
AMEEERN T, BISTHEWNT m,, HEEAIFER
EESLREIR, KT TR &0 1) E 4
A mg 1o Bk, fEFE PR AR ) AR
50/ PET My A2 73 2R My = mg FHT 5F,  BI,

(1m)

My, = 2Myp, = 2mg = 2.2x10 g (1n)
1-3%; RIRRFH PR AR AE. WL B
W, AR E, M, Ry, Ty, mgH]LASE
S d3 ML AR (1), (1a), (1d)EH. BEWTF
Femis (D 5 #RMHEMPMARR, (2) . fE4D
g, REINE T, HE3/MiRE B
W T, (3 ; M EHSANEREL D,
C, G, « XN, S FEMHENLR.
(4) ; a3 & R g BRI A B rpR
A, M5 RBIFENHIRS MR RR. B,
F S5 M, RBTH KPRES A4 Y B B R S 4 A IF]
H, SHABKRSEMLEMKR. (5 RiE
EIRANEER3AN AR (1), (1a), (1d)FH, me2
RAZIEHFFHEF HKN, HTHTEMAK,
A ) e .
giik: A); BERARZHER, BFHH

2, HXR. AZEMETHRLEEHNY. B
B B R LR e B IR A BT R R AR

(B); BIAEHMALEKINTSHM,, R, ,
Ty, m € T HRH KM LE, LEK4NMSH
B R BN B /N EIAMpm= my, = m,, M58
THARM S S AFMEIPRELR, ik, |~
AN 1 —ETGRABEAHHMELAL. (O); &
XHHFTHEE R EETGRUE R EEARFH. FHA
UERRIZRAAT e HERMETGR, #RHT
2B R#?FERRFEK BRI, R T YR
BT BT RS P 2% R I 5O T o R bt g
R, REFHEZEHEESE, FRSBHINER
BB .

[2] . RN ERE RN ESEN m, &G
W A /N BIE Mym = my =5 B TALT m, B, 245
SRAE I B ST ISR VE MR TE T, TS &4k SEURC4E B
NOFR WR?

EBARAD, mgM, = hC/8aG = 1.187x10°
g, LR M, TCANFRE - AT A T AN
RS mg B, My S AEAR N AN S kb, B E
5 A BN BB My, TR RN, My = 2My, = 2mg
=2my.

P2 /N B My WIGT 56 4% %5 135 B s R
m, ? XA ) AR M BT, DR A AT 5 B o ATk A
VPK I TV A& . IEF AWk, R
MIA RV 2 B BN AIE T X B S, Wi
W RS, MRS, B2, 7 S0 I
E, MENFENTFEEAERE, MEEfEmE
FAHHBET . bl My = 2Mym = 2my ZRATE
B B I /N B, BT m, SR
BA AT T B B IR KRR BN T, BT A — At
H, B AdigeE R, FHik, My, BiTRERR
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A58 (BP R 5 o B o 5 ) A B 5 X 2 A
YR EK WEFE , KA 100° C B H
AR RS —FE, IR My 2, 1E Tow =T,
=0.71x 10k (1h) B, ZERCASAALTE B 7 Ae &
K myo
2-1%, — BJA M, W45 3] My, = m,,, T21LF,
My C*= my C* = T, =10'%erg (2a)
Mpm C*/xTy = mg C* /&T, = 1 (2b)
AL, Myw EEBESA—ATEI KGR
B, WAKRAEZ S5 a8 HEARNE SR
REmy , B, RAHEEE Myw = my BIERR AR
AR, BlERey— 2.

2-2%, WNRAVE N/ BT Mpm B 4E220 45, wLoR
FAES mg > Myn, XATRE. WARF RS mg <
Mom, HAARE. Xid R EFAX (1d) 1 (le) ,
It UL 38 HUREAE M B v SR E A o

2-3%, T WHITRT m, = My, B2 FLPGRTA] t=
0.537 x10 "= Ry,/C = 1.61x10/3x10"°, Kk, &
LA B (R L N 3B 51 i E R R e — e . B
FLPaIT A t=tF 107 2s(L [5) ) , WJa, Mpm
R B4 ik 107k, FTRA My, H AR 2% .

2-4%, HWE T HZRWAHEEE -~ Uncertainty
Principle,

AE xAt ~h/2n ! (2¢)

X T Mom, H AE = M, C? = kT, =10"%erg, HAt
=2 LTI E] tyy = 2Ry/C = 2x1.61x103/3x10'° =
1.074 x10 s,

SAE xAt = 10" x (2x 0.537 x10° %) = 1.074
x107%, {H/& h/2n = 6.63x10*"/2n = 1.06x10—>. &k
SEUL, WR My = m, FREHT L BI0E, XA
19 AE x At < h/2mn, , XiFE X T Uncertainty
Principle. [Flith, My, ANATREFAIE, R BEMAARTH RAE
R AT, MRAA AT RELRSHRLE N AL .

2-5%; My = m, KI5 B &=1, = h2n =FHF R/
ERE=BERE. TEFH/NT. LT [6])

(3] . BAREENARBEME, B DRIFABK
ZJa, AEERBAAWS AR AR K (AKX
(3a)) , b DR UR S E e 4N (LA
(3a)) » EHBREHARDEE My, = FHTORT
m,, TRXETHRIEE BT UK A, M Ekim R —
TS PL VXS] SRR TR R IR A (1e)

R, = 2GMy/C?, (1c)
WorkEfF, CdR,=2GdM,
5 C(RyEdR,) = 2G(My + dMy) (3a)

A 53— SR M, 5 33 M, 9 sl

C’Rp, = 2GMy, (3b)
M (3a)+ (3b) +(lc), GH,
C? (Ry+RydRy) = 2G (M +tMp£dM,)  (3¢)

MR (1a) (1b) (1c) (1d) AT %H, SRIFAEF AR I
Rem-PI iy, M, 1 R, ¥4I, T, Al mg /s 7EK
ETJ‘ Mg E’ Mb UE/Q//I\’ Rb g’ﬁd\’ Tb ﬂ%’ Mg ij(’
H 55 A Mpn= me=m,, A 5

M(la)s (1b)s  (lo)y (IR FH, BiFH M, 5H
MRS E T, « Ry « mg Z A6 RERSE ] B Bl
MIRPER R FH, BB ST B (A S i S,

[4] . B M, RHESEH m,, , BEV m, R
AR R, FRE RSP R SEFEE
FOLR A4 1) A1 R 4R S BE AL B A [F] 1, BB
FH v = B R R BE B R WA it . RERE
IS B IR HLARRE BRI M, R E &5E 5 my.
4-1* ARADK P HEE L.

B FR-BEE My 7E Ry, X m 5] 77, &M
m, M, = hC/8zG = 1.187x10""’g* (1d)
7E(1d) ZRAEA 238 x 2G/RyY, FEIRLL Ry Fe

PL2i, MRl M BBHLH, T4,

2GM,my/R;? = hC/4nR,? (4a)

HT meM, = const, FTULEE M, fEHAF 42
R, EXF m IS AN = By BERET RS i
M, Fl m B TR, 2

Fpe = 2GMym/R; (4b)
H(1c), 2GMy/R, = C?, W[4 Ay,
2GMymy,/R;,’ = myxC*/Ry, (1c)

B0 R, 2GMymy /R, & EF M, ZEHM AR
P2 R, L5t my, 15177 Fyps T myx CY/R,, W& my,
PUBHE C 7 RMEEIES) (&) UM HEE R
NHLRIZF) BIEOTT Foeo FTEL, F(10)AI(1d)NE
BE, #HERNBIRAE N B, 5807 F,1E R, LHF
5. M (4a), (1c) #1 (1d), 75,

Fye = hC/4nR,? = myx(C*/Ry) (4¢)

AT, Fye IR mg £E Ry, b ISR M, EFE I 2
OA1. B, (d) BER m FE R, LB M, JiEhE
B, M, Xt mg 5] AE5HE O RPE, 1 C/R,
I my B O I

1T (4a) RV T-(1d), 2N B M, R %3
S)Hb A 7 B R, FIERARZS IR P, A RS T2
MM F L, Fuy = 2GMpymy/R,’ B2HF 2M, B RNTE
R, H0 e Ay, A ABREAE mg 7E Ry, IR LG
# CERAZE, fE(le) (1), My &SR 1)
5177, BTUMUE My slBEikEl. 4 My 7E Fyo, FIE NS
s, LA 2My AT REfis T SRS
wAXGAW G| AR EX . TR,

Fp, = Fo = 2GMymy/R,> = hC/4aR,’ = myx
(C*/Ry) (4d)
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HF: H@4d), hC/4nR,= m,CY/Ry, T myC
= Ch/2mh, FTEA hC/4nR, = Ch/2mhy, FTEA 2Ry = Ay,
I0.(4j)=RF0(630). 7] W T ) A AR FE A E 2 5
E—HFIERT.

FAlny, BRSW %, EHOES TIRIEH
T, sl F SEEBEILA FFE R, BRI,

an = MggX (GMbn/sz) (46)
Fnc = mssX(Cz/Rb) (4f)
ﬂ:%(mssXGMbn/sz) = MgeX (Cz/Rb) (4g)

th#i(4g) 5 (4d)zX, £ F R, =
RS

2M,, = My, (4h)

M (4h) AT I, 7= A A [F] 30O 1 51 77 B 5% B R
g2, Y5 HFAE M,, BARET HAATEBEAZ6) R
2 M, [ 2 £%,

4-2*%, BHEAEESEN m, TUSENTAEREHR
BT 3R, v— iR s,

myC? = T, = Ch/2nA=vh/2n (4j)

ELmS m 7F R, FMREREMTEARTS Ll
AL 45 .

i, FRATTORKPH A2 16 2 K202 5800k, w4
5800k & NG RBITFAE Ry ERIRIER Ty, JIAHRIFK
PH 2 T 4R ST RE A 24 8 mg N: mye = kTy/C* = 107
B HAR K Ay = W/(2aCmy) = 10 °cm =10""m.
X R B, RBH A 2 R RARRE R Ae> 107
Tm [T . TT LG TEZRHA A,

TR, KB mg= 107 g (1) 2 My=10"g.

XUER, BIARKNESEN m5XHERST N
HEHHERMERER, HEFEHENLT B
fe) EHUF FR BRI F AR
I K BHAR P A0SR S s RERL TR X P 2R5%, P23
PN A R T [ A SRR B R REFE S A R . B
TR0 PRI AR i R P 0 A AR T ) 4 P B AT B
SFhe.

TESER b, T ORI S AR ik R —FE, #AE
A EBRER. TENEREE MR ERE.
FEUHBAREE. K, J7OSCHE R RS LR H
gl E, KRN —M RS .

4-3* BIANE BN m, RIOAAEIAEE R, &
BESNRER? BIRRSESBN KILE.

YEE W, YRR RER) my 722 R, Ll
THEMRE Ty MM A T2 mg 22
£ Ry EAFRUNIRESY, 5 iR i £ Ak — 5% (A1
FER/ MR, 2 my B —2F R AR IR A AR B
ANTPIER, ERATREETT R, M A 1 R
BERIS . TR TR & —A mg 1524/
R, Mg Ty, ANESNT mg BT R 12 B
REGER)PIEE, HOLERBREEELT, X

B SRR RS B A TR SRS mye IXFLSRFE
B8 B R S RE R IR AR BE H AR B I 2, g R
BH & 5 0T WG AL S e A2 2 R RE A o

ELHMEBRRSESES m, HEBE TH
. HHTFESEHFEHESH m, WA, BTl R
4 m AR A GES NMERT. DIEFR .

E& 5 AENERBZFZNBAKI BN E
TR BIRAMALE R, ERETESES my
P, AT, B2 Ik v v B A R b 1 o) AR
AN Wb = A R K, R 1 R R S R A
Fftr Ry FHIE SRS me SEH K )G, HEKR
T A AE R AR R SRR A S ] R IE R, B
RN MBI R H R E S5 m LS. T2H
Wik ET GEHEK) —NESEN mg. XFHH Ik
L0 W) PR & A R R A TG ] SR X
e AR (1d) "5, ES&EN mg FEER
R M, B, H M, ZERS— mg 2
JG, My SERIIRZDN, F—A mg SRR, K& %A
ATAT b J3e] LA ) — AN B E S R 5 m FIZE R,
£S5 mg BAEAWIE I, S ATk E] 10904
(RJETHER =D , AN, SRSk 50 i
) 5% P R A BB 1 10%° 1%, 4 AT RE
5 m R E L, XATRE? XAR Bk
RS A LR KEEE K R T K FRELS R, X
EREHEERYHEERNIEL, BE, WRIKH
TR E 5B m, AR K R T XN,
ERMEERA RS ESEN m, TIE? XEREE
BAMHRF

[5] . BIAKEMR 1, BIF M, ELRFNELES
my, T B JE AN My = my, KB [B1=S2TF FIZ M T pm
=10, %ZBELBIANHGARL,

Ty~ 1077 M, 2 M (5a)

ST EE /N B My = 2mg = 2Mpn = 2.2x10°
g, HFF Tom ~1.05x 1074 B 0 T1H B 2% 2R
My = 6x107°g, e it oo = 104 W TRATFH K
SR, H My~ 10°g, H 7567 14, ~ 1074,
5-1%; DA VB R SRR (UE S22 15 2 B 5L 1 SRR AR
N EH)RABHAGEZE, Fac o, NKERET
M, K&, XG5 XS K 35 B S AR R
RAFN. mH, FEESHELNBEETANEH
FIBAIERFFN, TETHE R FEER KR

5-2%; BIARMAN R EE- YR B LRNEFE -
MARADE, TN EBIFAK mg = My, = m,
=1.09x107g, {HEZ B My me, = 107 g, XFF
AT H K I My, 1 my, = 10 %g. BT A
AFAE/NT1E B G0 My /N B0, R my A
Mg A& Q2 G5, 15 57 H 0 R - 5 1 o L 2
KT my, 15 THRIAAFE. TR 4 KI5 H
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TR KN B 0 AR, R AT T
CATI#EITF— A~ iR . Bk, SBIRAE AATIR S, ik
NFRTRIEEE, B AN A R -
AT S G, B R AMENE A R B R AR B
M ESEN me. FTUABRKAKRTE t,—BIA
TR EIK R BB BRTe 5 5 RE & -V KT8], AR T
HETR T t—B AR S E €47 5 2% )5 By & 8
SORCT B SR UE, RAR/MOEUE, B ta/t>>1.

5-3%; /NBIAVZE AR 2RI My, WA /DR
T My I, DRI 2 35 T AR RS RS 08 e R AR
59, BFTLAZ My Jeizii My, WA BIBER-IBUS
MAZ LA (My, + My) BRI 2R, AR
HETHAHEIE (My, + M) KRTIEAT

[6] . 2 M, MEELEHN m,EEE I, F)F
Sgo F—; LI® M, F m KD, m KIERE I,
= h2n =F/NEF My, MEATHRT m, KEEE
= FHPRDPIEEE , HMH Sppm =n. F=; £
M, K EEBE I, = LM,/m, =4GM,>/C, HE/H
Sem = (/1) Ly = (w/L,) x 4GM,”/C = 27°R,’CY/hG.
6-1%; IR SR EE I T2k L, 2R ] A
R 1) 2RI Sp TS A,

S =A/4L, " = 27°R,2C*/hG (62)

ERA, ANEIRER, A=4nR]. L, N
KEE, B,

Lp _ (HG/C3)1/2 [ (6b)

(6a)R B H 4 K] Bekinstein-Hawking A R,
MERFE AR (1c), GMyR, = C°/2, Sy =A/4L,> =
4nR,/(4GH/C?) = 4nRy’xC/4GH = nR,R,C’ /GH =
xCtx2GM,C’/GHC® = m2txM,C/H, t, AIa5 il B
bS5 Nt 1 P A 2 S

Spx(h/2m)=n(2txM,C?), BJ,

Sp = 1 (2/h)x(2tx M,C?) (6¢)

#_Eif6e) R, H=(h2n) =1, #ERRENARUE
JREEUL, HANKPANEE, LLnEAeEE, A
BN R, MEMMAZhE, TIERE . A0
e IRAE TR, A B 2 3 B e
W, EEh = 6.63x107 FE H = 6.63x1077
geem’/so HY,

Mpu(=me)Cx 2tpm=h2n =1, (6d)
AE xAt=h2n=1, (6e)

XL (6d) FN (6e) ,  (6e) RIS WA i R
B A, AT, 2tem XTI T A B [E] P AS #E
i, My C? XN FAE — RERIIAE . X153
BEIRRHESENNIBNMIEREREE- YR ET
IR .

6-2%; R/ BIF M= BIFEHF m,=(hC/8nG)"” g
B‘J%A@\%Ioﬁm SBbm°

TR B R P my, (B X (60)F1 (6d)
AT E . Efrm (1) W, UEH 7 EER
/NEFAMp, = mg = my= (hC/82G)"* =1.09x10"%g, IL
MA¥4 Rm=L, = (Gh/2nC’ )" = 1.61x10 >
em, Htem = Ron/C = 0.537x10 s, X % BA 7k T
m KU, Htpne PR . Fril, XfE /B
Tt E R

2tgmXMpnC? = 2x0.537x10 Psx1.09x10gx9x
10% = 1. 054x10*'gem?/s. (62a)

h/21=6.63x10 /21 = 1.06x10~*"g.cm*/s (62b)

W 2 T E L R L e e, B,

2tpmx MpnC> =h2n=H (62¢)

ERUH HEAZ A = FEi i/ N RIF S
BITERL T RIE B E . AT, /D EIR My, = HRI%
KT m, CRETFHUAFEER—ANRDRE BB,
BT LB ooy il o 2 RIS B, TN Mpm
M KA T, DRIEPFHNT a0 &E R
PR (AREMp-Re AR R, TR BTl m,
HRE 7 A /N R RE y=5 2 A A I I IR g
WG, e REK, SE REMERA
. BTUL my, R RETE BA T AR A TE & .

TN my, B8 Spoms 721 (60) 205

Sg (h/27) = 1t 2t;xMpmC?,  FTLL,

Spom= T, T Lo = 2tpmxMpnC*=h/2n (62D

FtABETFARFEE, SR, SAZA
U S AT RN (3R AN A 7 XA H i H A B
EBRA A4 = 7 XUt B 4 I, = h2n B
RFHEHRD B My, =FBRRT m, KEEE,
Xt REEhR/MEER, W h2n BAKERETRE
FEHPAFBEAETE. 1M Spom= mie B I /IME .

5O g U XA A AR B
2 b, fAAE R RS, BRAE RS BRI
G, —FEAIEAE BRI, &I,
Bt MG B R AFE. LA,

ER= fFfE= BEE XHA.

AT HE N = REE N AR X B A A E

LN L AFAE = Re B X I [A]WR 21X AN Sk 1
FAEMPANER, FENRELAERRE, &F
R, M2 TRREESNRET, 2AFE
(1 AFLERR P AR O A R S A7 AE — s B[R], 2
R—FERI AT, IR, M

I REVEIR T RERNT I, =TT DI REZ I

6-3*. (AT RRIE M, BXES KM —NMESES
m HAERMUEER =1, = h2r, TS5 M, f
my KBERDTLR. EFAEE M HEEEE 1, =
4GM,Y/C, M, B4 Sp =n; 7 = al,/1,

BAERRAENTRIFAK — N ESEHNAT m 52
B I, HERANX., RiEA)NX, mM, = hC/8rG =
1.187x10"%*. FrlA,
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I, = mxC*x2t, = C’hC/(8nGM,)x2R,/C = C*hC/
(87GM,) x2x2GM,/C° = h/2x (63a)

(63a)iE A —BIAME—A m,, TR,
HEREHE 1,, 15 MM m, KIERRDPIEE,
REIERRE M, N AK m K%H n, AR
FEZRENSEEE L, B8 Sem T 2

In=nl,, Sg=n; = (/L) L (63b)
HFM,=nmg I,=IMymg  (63c)
BAQ)R, M EH,
I, = LM/m, = 4GM,?/C (63d)
M(@63b)R, Sp = (/L) Iy = (/L) x 4GM,Y/C =
27°R,2CY/hG = Sg, (63e¢)

(63e)5 EHE(6a)RFEAAHF, X 1FBA A S e
A T AT 55 56 42 T 1 1506 E VA

Zik: Ao HI(63d)r] AIEIF M, BT HMEAP S
-ReEEE SHEREE MM REEN, F L,
EWAIF M, R M, = My + My, HF Ine> (M
+ M)’ MBI Lu M, LeoMy’s &3FEZ
Ly > Loy + Lo FTCL 2 BRESHESERE 1, 2

AT . ATH@)ARRLEENERRRAK, |
RLT R RERE=1 KB R

[7] . ESHIEEZERBHENERHELAR
(72) FIIEE L.
7-1%, [HEFBRABATEHER FE .
BB, YRREBEEBEMOKRY, £HEZ
LDHEEBERRELRERMNBFERE, Z2H35]
MBHET=ERBFTERE. REFRGEEREN K
AN, HNBRETHEERANARE. PTESRE
EERBRSHERE. TRERLEEH—FHK
&, #elH THH REIERN, HA ok 2 2R E
A R 5 1) PN T R i i R, G H O P B R B T IR
F) 5x10"g/em’ 1M KA T . HEKBIF M, K
5, WHHEBLEEESE, AtBEREBHER
Yeo BESRET B2 B E AT LA InE] 5x10%g/em’
~102g/em®, {EANTTfE 2 N 5 R E 5 5] ik
gikiks|, EHABFEKNGT (B BBEE BRI
MARET, B RFEA M, EHASKERD

e ASFER . FFE, 950 M, KHE SRS
mg B I, > My’ MM, K mg #] 0.5 My 2
i, FRE) 0.5 M, MEEERA 025 1, mASH
ZH 0.5 My HIAE T 075 Tne 48R, I, HUE R

St 53R EE B 5 KI5 AA B4, i H AR
T T I T A o 5 ) 8 A R R B2 AN T R TR Y
JR-REE H B 05| T 4, A3 TE GRS A BN
A rle FXRFENEEERMAKINIZEE,

—FER . X NEA m BEEE I, = h2r. 1
IR My KBF, mg /A, HEKL B, rbl—1 1
PR e i my BN o RS L5 15 B 2 L2 A [
o

B. FTABIEAANRRAD, BRAKN = my
HEBE L, = h2n= 1 B S EE.

C. BX, RERESEFELEE. Hit, 2R
M, KHEEEH m, MEMREZAREE A T
EEEEL .

D. EFHF, BIFAEEWEIN YT,
B TAEIURI, REAE, Z22HE. SEMN
HMFLA A, T R AN SRR E AR AT, e R
AN R, BIR A m A — B /D IAE B
B, BEK, d&%E. mREa s, mf
PATIAE 7 17 B A S S B Wi ig, e
B%wifﬁz“ﬁ%ﬁ% — NN SRR my
=10""g.

E. M (4)) R myC* = (h/2m) xC/Ag P15 H,
(EELIES m BB ST I M, WER,

7\,55 = ZtcC = ZRb = Db (631)
BH(632) R, vy (s VNI,
I, =h/21 = m,C*x2t, = mC*xAs/C  (632)

639)RFEH, BAEREL B3R, 14
WKFEARRE. Hit, EHRILBHARFEZ
RFFL, A2, B, RAF 2211

EHRHERRAR: E17#. (%) HEWH,
1E5| /1 MHE £ fATHE, — ELARFE RR T 2 1R I At

B -3 2 M S BL P AR AE R SO R T
FE YR A e i A5 0 BB 2 AN D) 56 B
AR 0o DR At AT i v e B Jo F i 46 A 5 1
ShFHRERINE, B T e K, )
Jot WS A B R 2 e, AT R B AE RR IR A A

[f]— NELLI R X B MR, A JREAN MR e S

==
BEEIR

7-2%, ZIRE S BIFRBEBAHEAR, (EM—MEE
TERAR IR, e Emm . Bk Sy—1H 2 Hi4
RTRONE, S—IB%H)E 15, Me—AKPHBTE = 2x10 Vg,
Sa/Sp=10"M,/M,"! (7a)
Jacob Bekinstein 8, 7TEHEAELMAT, S.= S,
AU, WEERBAENIEAIE. XfFE, BMA(Ta)
R BH— B My, = 10°g. IANBIAERRZ
AR KEYDN A= M,, !
Mpo=10"g K155 pyo= 0.7x107g/em’; Ryo=1.5x
10 "em; Tpe=0.77x10"K"; mg, =12x10>*g;  (7b)
My, = 10°g AT 8 & M #% T 3 n, = 10°g
/1.66x10* = 10%. & FHm 55 hzth, Bk
ﬁﬁj(ﬁo Mbo E@ﬁiﬁ@%ﬂﬁﬁ (521) iﬁ Tbho = %E‘Z'ﬂ]qz’gﬁ
. HPR R, ER—NMETEIERE. ESEIA
Ay My A ATREFRAFIEFH 250, BHERIE 70 AR
1 10 FEF AR

7-3*, M Bekinstein X155 3545 I Bl J5 B A28 K AR R
AUABAHEEREER XNER.
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Bekinstein X 4 AT (7a) RAE 7 — M B 2L
SEULH, A RERS M R . (H R OE A
PG AR L. EFH WA,  (Ta) BOZH TR
TH R R A EE NS R,

B, (Ta) RPEEE < pr=10"g/em’ I3H%
R BRI . X KRR TG T)IE kL e
IR R BSR4 A B MR A, BT LA
JAFA B RIS BEMBEASCE. BRFERAET
AR N EFTFEARREMER, HEARH
FrAs. R, BERAEEM 107g/em’ B 10”g/em’
R, R8RS R, HARELEE,
XEtRBEALE. Kb, RS0 A ge AR
ARLF, WELEY, I EdEd R am s
o WH L, B EAT RIS AN B A] E %
10> g/em’ A1 10" g/em® 2 A4 B AR FE A6 AR f).

BERSD: IEFH TR A R R T KR
YERABFTEIRIE, CAIPTREFS A B KR 7 H REXE
YRR R E A 5x10" g/em’ {77 B S/ 1 1E
EREFHKZL, BIEFARK . Lhrlb, EHEE
o SRR () e I AR TR R AR B N, RN R A
S KEMBER M. B, MEE 5x10"gem’
3 107g/em’ KRS EMRLSESHIRE, K
FREWRPBIR . ZEEEHTFRE R FEFHEFR
10" FEKH AR R R R .. EEEMN
10¥g/em’® BPAM TR T m, ZFE K 10"g/em’ ()35
FEREEIERLSHNEENETS, BT Ofpk
BRAET. BREwELHERESRKEs), W5
Jie FAE — 2 1) 5 50 vl e A B A S T AR, EAT
A L — EARAE R FEIA ) 107 g/em’ B B 70 4T,
T 3 9 L LA AT 4 4 R B3] P 358 5 & 51 7 334 1 %
A% Lo

EFREHEE ) SRR, Al R 50iE
Bl MBS X 2 KRS, EHAEAT, WRET
RREBNERNEZE, BRAHFLHNEEAR
10%g/em® . I, REEEAZOEE N 10°g/cm’
R R E A 10" g/em® b T . BHAKIET
YEF 3 s /e F vl LA R % B8N 10"g/em’ ~
103g/em’® HIR T, MHE RN 107g/em’® ~10"g/em® )
. Kk, IR 2 R dE A HAh R 2 KA 1A
SR, PR 1151 30T LA R JE AR 1k ik
GEFINE KB M IAF) A7 57 o I AT DA HE A 1Y)
DI SRR R . BRI, BTE 32 0 IR 2% AT IA ] B
W RE A 5L ¥ 1 51 AT DA T A S R 1 S
%o, FYRSRIRIEARCN “FS7 , XHEEH A
FHEM.

[8) . AKh¥F/KImA AT Al it H AF A B IE ) A\ ik
51 77 (32 BL ) 2R

e, EEBEE, RDEFE M, = 2.2x107
Sg o H Ryn=3.22x10 cm, F o FL 74 I ] A1 % Ay
tg=10 Yso H—ANFRTHIFRE py = 1.66x10 g, H
FARABEAAENT My = 2Myp= 2.2x107°g ()R,
XFRLAERG 10° AN T pom FEAR IR R BRI AEXT
wHL L0, Xy ERERE, HART
Z AR 2 10 Bem (P FEZE) , 2 MR
TFUNCL G A, FHEE 102 FP AR ) A REREE—
i, TER/NER My (5 a4 1078, Mz 107
BEH. wiail, /B My, BIEREHRT,
WA BFEEMK K, HEXRENESHN, B4
FIRe BRI . Bk, —SRlR B e N Ak
R, sE BN, R ALK .

BoR RRERMFHPREMLGTHAN RBRRATHEY
==H RIAERIE T FHER TR RR, AR FR =

A FH A RFR R EEVA FHRRERFTRRNEEZ EK.

A5 (1] 2] [5])] A RBRERRFHRSAARIEARNFHRAE TELRE 4 Planck Era FAKKIK
BRYIHR/NEF My = 2Mpy = 2m, = 2(hC/87G)"” = 2.2x 107°g, HIEEATRIF m, &, MAREET
“HET R BERIKEBE” . (6] -FHBNBESZHFE—IMREN 10 NETFNELE T Bif
(CBH) . [7) —FHEXIE% (Original Inflation) FIFTHLEMIHEN. [8) . MNFEH 7 M R/IAAEK
2R M, KEZRMTERFHERER. [9] . AiFEREEHE KRR E— 5 BT HEE R
H—3kE.

[1] . |AIEEKBEARESAR: BBERTH 2 52 A7 N FRAT T 038 A A2 [ UE AR B %) Planck
R, RS NET 2SR, WHRAT Era, t = £107° #2352 15 B4 54148 Radiation Era,
FHKEANE, PDESH ¢, R, T ZAKBIER (=1/3x10°FE48 0, KK ARZMARDT,
AWAHMTARM [9) FWER—KBIEMH KRR H Tt'"? =k;, R=lkot'"], TR =k; ¥ (1a)

*.
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t—F B RFAE B2 AR I 1], R— 5% | AR AIE ROBE 8K
KN, T—FHEESHRE, ki ko ks— 2.
FTHIEYR SR Ig AL X, Matter-dominated Era,
Mot =1/3x10° EFIILA K A EE A R T, ks,
k7’ k8 y‘jﬁﬁ’
Tt*® = ke, R=kst*?, TR=kg,”! (1b)
[E]. BXXRE R=kt"?, PEWTHME [9] 75,

[2] . BEHX FEERA ERAT T B A K BE A B
A t,? RRBATFHET 2 L (1) A,
BATBTT 3% (1a)F 46/ 7 [, PAERBIFEHER
WK AIREREENZ t,. REATRIN, FH
BBIEFHE t=10 s i, RARERIN t,.?
BATFHRER—NBIE, ETFHEHFTED
FORLFZ [0 BB KEE DOBE C fEEmAiste
B 7. HAEELMAR R< Ct. REFHKMAE
7, t TS, B AR 5] FRE A
Heik C 1Ei6% R KumpInta AEFHEER) , Bk
AHef R WIEARE m BERTE—i2. B EE(1a)EHk
ARTHL, R=1Ikt %4 t —HEPTFEN, BRLEF
—AMERR, f# R > Cto RN t 46/, R Al m I
N, BRSSP ERE, B o® N, FRAEESTE MY
Z B E R TR, MR, X Sbr bR
TE [F) 550 /N BT M= my, W BA SR T 7 U . 24 ¢ 4k
SRy T R, kT (SRR KiRER
EERASEITEHE (K 4, # R TEESE
Do FREAMESER—MRE, EF R > Ct. X
B i B AH AR LT 2 [A] TG 2 8 ) R AR B R M K 51 A5,
1 AR B o0 5] D AR IS B D 5, FE SR
At BUE R T FENTE R T A 5] e, &
BEERE IR, TIESLWAER ‘&’ . BNFEH
RABKK AT RE, EREENZ t,, FHETRNE
ZE R -Re 2 EFT R E T HGH K 5 -Re kLT B vk & 1
WG 77, BERT to BEBCABRATTHT 5 B AR B 221

(3] . RFPHHEAER, KE5 HEERHB IR tn,
MEBEHEE S HERT my,

B - P AR AL T (8] B SEBRER RS, m —F2 87 1B 4
B a5l 71 Wr e PR T BB, r—R 5 m (3
1, t — TR B 5] 7 0 A 3 B AL AR 1Y
RRAER ], B SR RLPURSIR], C—IGik, p—F H AKL ¥
m IRV % glem’, H—IGEIEE, T4,

d, = Cx2t, fl d,,/2C = t, (3)
d, LT B P 515 SR
m = 4npR*/3, (3aa)

H= M5, FHER—NREFELR, H=VR
=14,

V40 4mpr/3 = m,

;. £ <3kT/4npC’

i p = 3H?/87G = 3/(8nGtY),

m = «T/C?,
(3a)
(3ba)

5 t<TQRGK)/(CY), (3b)

M(1a), Tt =k (3ca)

5 7 <Kk QGR)/CPEGE t< [k 2GR)C1?? (3¢)

A3 (32),3b),Be) B MNA (3) HEFH KA,
FT A =20 i ¢ 2SR

PRt EWN: e NI (9] Bl — BN —
Fa L1Y g B B ok PRI NS EUEN T
HANA2)K K, Bt =10""s, HEET=10"%k,
&, ki =Tt"?=10"x10"s =3"2 x10"° =1.732x10"°,

MA (o),

2<[(2GK)/(C)]xk,=1.732x10"[(2GK)/(C®, (3cb)

G =6.67X10"%cm?/gs? C=3X10"cm/s, k=1.38
X 10 "gem/s ’k,,

Lot < [(2x6.67x10%%1.38x107%)/(3%10'°)°]x
1.732x10'%)] =0.075758x107"*x1.732x10"
~0.1312x10 “*, F&,

2 =0.017217x10 7** = 0.17217x10 7%,

RVETE, THE t=tw T&,

St = 0.5563x10"s, (3d)

M, t5 t. RN FESEANFHPMHEERNTZ
18] 5] A7 e At 18] o AR X R, KT AR T

T = ki/t"2 =1.732x10"/(0.5563x10*)"2
=0.734x 10*’k.

m,, 25 0.734x 10°7k AHXE R &

m,, = «T/C*= 1.38x107°%0.734x10%/(9x10*") =

(3e)

1.125x10"%g, (3f)
p = 3/(8nGt) = 0.5786x 10" g/cm’, 3g)
MAAK(Baa), my, FIERE 1,
rm= (3m /4np)'"” =1.67x10**cm, (3h)
d,, = Cx2t =3.34x10 cm,
dp>2 1, (=3.34x10 cm) (3i)
S (d>2ry) Gj)

(Gj) RPXBATFHBAEE m,, B, 2 WERFTZ
A E 5 AW T . WA AT m,, AREA
“FHE” BREE po

pu = my/d,’ = 0.302x10”g/cm’

Pu<p, BV my, BAEFTH TR

[4) . RATFHBAER, KES SIBEEKFRT
my, , AT R R AT AL T A i A B T AR
T, HEpeEf—RHrE/DER M,,=(hC/8rG)"
= TR T m,=1.09x10"¢ . K FHHEN m.5
My Al m,, [ EEER S SRBIAE R R — .

HR—H MR A, KEF] HHITRT m,, 5t
/N B My = BEATRF m,=1.09x10"° g, H
JEARA R SR 31 BA T AT R A . RN B RE R
T USSR TH Myn = mpe £—H m, ZFTLA
REEEZET Myn=m,, HEERTETHN Kk, my, t

mo TSR ZEFTGE.

(3k)
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ﬁ_‘ H
m 5| RTERRE

Mbms mp }Fl] my, m%’ﬁ%ﬁm ttﬁ
Mbﬂ—BE&/J\‘JEJ

m,— ¥ B TR T

m , =1.125x107g

tm = £0.5563x10™s

T m=0.734x10%
Im=dn/2=1.67x10"cm

Mpm =1.09x107°g
tom = 0.539x10™s
Ton= 0.71x107k
Ry=1.61x10 cm

m ,=1.09x107g,

t, =0.539x10™s,
T,=0.71x10%k,
L=1.61x10"cm,

[5] . EREFHERESATSEZ G, BRI
375 7 A% TR WA X B T 4B E A HH SR KD 2

WRBATIEFH WP A LB - TRk A A
T, B AR R, RER, AR
FHAE KK, HRJE RN S A 5 i
A IR L, HERERANESR R & FR =
A 3RS, W KRR, BHARR T m, 2
(5] FIWTEE . RO BN BB My RO B 50K T m,
Bl my, = Mpp=m,. 7 L —HEZBIET My, =m, R
BB MEMRATE TAE S B R A . X i WA R ) —
WK CRIBNE” , SR ZA AT RIEIE

MEFHBERA My, = m, 7387581
RIRIBIE’ B 3 P RN WREAERME T 7
SFBDBER) L 1%, BIRBIE FRi2Esa /E
HHARC , BIAN ER4EAHT EARON CRERKAHT . A
FHIFRTZEF B RS Ai o ‘A’ 2%, ‘BB
VB {5 B R P AR /D Y I T A6k 52 B v B 12
A My iR Farth My, SRR RREEK ‘B
ANETE’ My, A RBRATIAEFEHE K. BB iEE
BRI EERM. 3% ‘BIAEBIE M,,= m, @&
EREEEYREER, AEZHRANFTEHEK
B’ CFrrsm /B M) BT BT KEEE-Y
B, BRI H ISR BRATHT B A .

A 52 B R AT M TF 2 R R A R 2
R SETNEFEEBENEIHEE- YR, BB
BERES BN IEKEGRR/ANE ) (R 2
T My = 2M,,. 52, 7E 107k M 10" g/em’ 11tk
EIRE B TATIR, A Sient 2 b B 5 R Tl A H e K
AT E AR o FRA 01T A1 77 A e
Bt A2 B iR 8], Bl Compton Time t, =52 FL PG A 8]
to Rk, BB AFAEN T HIF T, KT R A
t B, ZRTFAREE TR, AKTE, MBRARE
KB, EETOSwiEE, BE—BEK, B
DR K S S g T 355 28 9 B ki my, 4%
JEJH AL, BRAT AR $%RE S0 B
e, BIHEMT,,

T2 1077 My’ (s) (52)

t. = t;=R,/C (5b)

Fik, REE, >t B, B 1007 M’ > Ry/C

5 Ty = 1.06x10 s =
Tt/ Tom = Tot/tom = (2.2/1.09)° = 8

(5d)
(5¢)
BN, My 5, RN BIA M= m, 1545
o KAISEL . T H My, ) S BLFaRT (] t,,= 10— s,
T ~ 100 t,;, X BRI M, BeE8 20 4R 2 KRR E A
M CFEA Bt mE S E~10"%g/em’ T,
HIEAEIE N RIAENE BB > A R, AR
BT RFE R My, = 2M,,, B35/ B IR D
FHEAK KBIE . —B MuERZE, B
KA G TATEE —&’, HB/MERZRRHEK
MR, WrEE CKBIE . ERTEEN FRXE
W, XEEHEVAEREEKCRRE. X
KIBIERMERINTEHRAENKFHER “KBE . £
B My, TEBCARMNFT AR T8 MR, ©A1LED
W& R A EAE R —i, ER T BRI FHESR
B CRKBIE . <EAIBRBEABEEOPEMTRE.
“SRYIETK G, BN BIAKEONERE RN R
My, = 10g" . BATH4SA H WS F6EE-Y R
i AR T B T RATTEAE 137 AZAE K 55 o
g WATFHEAN JLA 0% E %ML~
fe: 1% A RTEFH L HTEEW /DN BT My, =
m,= 1.09x10°g FINE T NERATF B $2 4L 1 e &4 i Jk

i 2 %, B3R I U B SR TR L
U A BN IR e TS

Bl AU . 3%, ATRESERT LRI My, =
my (M RE 607 HLAGIR EE R B A (K, i b
P KB K5 RS2 T B NS My RN
EFENIRG . S My = 22x107°g BRAM AR
KFERS, BT A RATIEMEE BT, B4
SR AL B R 2, I B SN B
TSN

[6] . BERIFRINIETHE—NFHEN10
EFWELEFHZEIR (cosmic-BH, CBH) . Il
FH RS R E R/ EIE 2My, = 2my= My,
ERHVBEEHMUEAREH=ERKKEE R .
Hubble 5& B 5t 2 A1 52 55 5 /> BT A Wi & A 7 e
Sh A EE MR A . FEIFEHRQ =9,/
0, =BT H BRI A,

W, oA RRRIE My, 4 8RR, R IRAN AR E
DI AR, I (5a) (Sbya s, RITT45H,

M, =M, =2.2x10"g 2 My,) (5¢)

M, 15 @, = 1072"M,,° =1077(2.2x107°g )%,

6--17%, BUARKE 25 11 4% b R SC B 370 5% 52 o P UL 0 4 9
BE, PRI ET Bk AR 1 AT A A

(A) , MNEAFHELTRIFER A, = 13712
TR, miaES, A F¥ERE R = CxA, =
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1.3x10% cm, 5 p,= 3/(87GA,”) = 0.958 x 107*° g/em’.
FTLL, 528 I B M, = 8.8x10%g.

(B) . Hubble %%/ SEBRH AT SEH R IEUE 2
H,= (0.73£0.05) x 100kms'Mpc™, 15 H 525 1 sz
PREEJE pe = 3H,*/(87G) = 10 g/eny’. H15 H T2 Hi £ %
AZ=3/(8nG p,), .. A,=0.423x10"s=(134+6.7) 12
. T HE KRR ETT KB E N M, = 8.6% 107g,

IR TT 0, PR A [ R A I B HE P 75 HH i 46

A AHiElE. BITFEEA—NEENFHRELZ
H—HE p, 1. BHHERBRIE, FTRAQ =p, / p,
=1) RERENENE, EBRNER. FHik, 60 F
X, PEEFAMBEHEESHALLER, XFQ =p, /
po AR —ANETLE LA,

M o6-1*Fh ATk, it p, = po= 0.958 x 1072
g/em’, TG p, = p: = 3H,/(87G) = 10¥g/em’. JiLL, Q
= p, / p,=107/0.958 x 10> = 1.044. 1B, X TFH

RIFRE—H. Hit, HBRIIFHOEFEDTERN
JEEFEK RGN . BEHBRE M, = 8.8x10%g,
W HER A, =137 24 FEE R,=1.3x10" em,
FHHEE pu=_0.958 x 10 g/em®~ 107 g/cm’.

6-27% o (RUNFRATIAE 20 & — A HSE M B E % 51 2
i (CBH), BN KEHE, BHUWARERKETF
B /DB My~ 2Mpu &3, Tt T, A
/B My = m, = mg= 1.09x107g, 3 Ry = 1.61x
10 cm, HTom= 0.71x10%k, & Ny, & M, HHJRLA
Mo 5 H . My » 2 M, R, SR 5HM,,
ZEIL:_‘ﬁéEKJo Mb1=2Mme‘J%$ﬁP§§ft%‘Blﬁt[§i¥bno
Npu=My/M},,=8.8x107/1.09%x107°=8.073x10* (6a)
RFRA T A — N Ny A My 2 110 B 5
J2& Rom 9 Ny, = 8x10%° £ o THHLEFUIT:
Npo=Ru/Rpn=1.3x10"/1.61x10"=8.075x10% (6b)
(62) = (6bNEHFEHUER, TATFEH M, FSLRH
Npu ™8/ BBTF My, S FF B 17 500 5 B 2R o

6-3*. FHWAKK Hubble TR AT H BIFAFWESL
REeE-Y RN E BIFE K KRR .

¥4 Hubble & 21z FH BFRATF B BRI R R TR,

M, = 4np,R,'/3=41(3H,*/87G)C’t,*/3 = 4n (3H,"

/81 G)C’t,/3Hy” = C’t,/2G = C: R, /2G (6¢)
M FLPE A (1), 2G M, = C* Ry,
M, = RyC?2 G=C"t,, /2G =Rp,C’2G  (6d)

fﬂfb EE:-F‘ t,=thus Rpu=Ry. M, = M,. lﬂlﬂfw (6¢)
= (6d). MTTIESERAIFH 2 —NEIENFH EH,
I R A RSN R - s S e B A
AP . Pl Hubble 58T B S H 52 8 i - g B
I A () 1964 T I BRI BG FRAEE,  I 2 SR TR AR I b
RE B - ORI e BT A IR I A . AL B ¢, #
t? —HEBRAFWESFEE- YR, BARESEIE
R, TSR AANMER RS E SRS, P> M, f
Ryys MEBTFEEFER €, # b, SRR K E LA E, ¢, 4%
SE3K, Hubble EEMHMART . TERIIELH H
AR Bl T 0 M SAEAR LB I, €y,
AR LB KD

6-4%, RTBATFHWFEHE M, BIQ =p./p,
= DR, BRI EE p, L5 E KF-8E M, TR

BIARD, po = prr FTULQ=1, TIIFEN Q =1.044
AT RARYE A SL ) 3 B4 S AR A B2 Bl sl AN H B
HRIEEIRG R .

T SRR I THAR IS (Q =p/ po #
1), CAFHTF LR T/ B LIRS,
R <FRFHERNRE-YR, Lk <&
MEE” 5 URi e RS S A k. Bk, WA (6a)
Al (6b)RE, BATFEH BIF CBH —SREE- R K
ER, —RAL, BR—KHAZ,

MIRTERD, 0 R o B A T A e -
FH RIS TF a6 R A E SR A A= s, B3
Tt i S8 SN B/ BT M, TR KETH 25, 8 B4R
WBIRZIN 1o0 = 1077 M, (5)=107(8.8x10%%)* =10'**
F. MRS EEFREVR, FHBRSKSLERS
RER-VRTT R, RAEERWRTIASAER-Y
B, A EMER S BIRE SRS G R4
My, 5. HERIZG)RTTHE>>10" 4,

[7] . fEERAFHEET “H/ER M. &3
R, X “FEYREK” PONE, SEMALERN
T R AT . ARFEE “EYREK”
KA ¢, S FEHBFEE M, AT RAERD
BA My, ER AR, TEREERRE R
B HF R .

TR, FRATTELTE S SR R M,
= 8.8x10%g, ‘&K F 1 WEAE T Ny, = 8x10° AN/
B My = m,= 1.09x10 > (& 38, [k, A5 5
HIE T 137 /LE M B2 TR 2 N BB S AT
AR . BN FE ARG “FEA” W
R M, 5/ B Nipyx My 3 K — A P 5] 1] S
Aty HEF My IR Ryn=1.61x10"> cm,
7-1% BB Mpn FEBEAJG TFE 2 B0E 3 51 tom BT A)
HIHABITI N A My TR, tom BB/DEIF
Mo I 55 BL P TE], tym=Rym/C=1.61x10"/(3x10"") =
5.37 x10~"s. 25k (5] 17D & 2xtyn B, My, ARG
EERILER My, BB A Noms »

Nm2 Rom>= (2Rpm)’s - Nm2=8 (7a)

(72) K, 24 My 19 5] F1FE I T tome 2EK
B 2tome s My BETSIETE 8 > My, A, My i 2
FEK L DA A A BERE T M, H ) Ny,= 8.075 x10%°
A Mipm 3 B — 1 WE 2

Npu = 8.8x10% =10°' = (8°)

(7b)
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(7b) RFEHH, TE Mym FI51 73BT 27 YEH tioms
Jas BT Nou (=877 =10°") x Mym BUER— LA
FH (M) WE¥I“FHE” T.

3:‘7\% , (2675 ) ~ (1020.3) , é\ Ny :10203 (7C)
BUAE LRI RER) J7 703K Nag
Nis Rom*= BRom)’s o N3 =27 (7d)
Nbu — 8.8>< 1060 :1061: (27426)’ ﬁlﬁ (3426) ~
(10203)’ é\ N3 :10203’
n, = yy = N3 = (1077 (7€)

St EEAIFEEK: 1094 M, ¥ &K
E— TR E], fH(7e) M (TR A, AE tym AL
RER RS R FEAC, HEEEA M, BT B BB 18] 2 — A,
BP =102 £,

BEHEK: FEMNT)MT)E, BFXESNE
KA, HEpEERMEZAER ‘FH AR
Y, XBREFEAEBANFEE “EEBHEK” , XM

‘AR REFHKCREMRE”, M(Ta)
B, 4 My EZHLER 8/ My, H Ry, &K 8
%, B 8 = 2%, [FIFEE (7d), Rem S K 27 = 3°.
XA, tome LEKF 2ty I, FLFTIEREN) My B0k
Ao 2% T (20 =2°. UiBH JRAMRIE’ BERERA
KR v % B /s BERARTE — it F B E KK . [H
FEs 24 TE] ton SEK 3 3tym, FATIERZH Mym FIELH 5t
N7 A2 3%, T P RV R A 2R — A )

4 Npn=n,, Mn,=10* (79
fH Ny, =10°", -.10%" =10 (72)
X =61/9=16.8, ..n,= (10**) (7-1a)

(7-12) & “BH” BT tom EKRIFZE n,.
IAEF B (7e) NI JE T, 3 — DR “&Tk”
T T xo Mlng, FRCN “IEHESIBEK” .

X, =61/3=203 1, =10 (7-1b)

5Dy, =0y B ny, =10" n,, (7-1¢)

7-2%, AR(T-1a) F1 (-1IEY T BFTE M, R —
TR “Fot” NFTRER 2 MR B
TR FEHTAT Mo dE R M, 5 O [
XA H1 M, O A .

[A]l. BHIRFE : to = tomx n5,=5.37x10* x10%¥=0.2
x10 %= 2x10""s = 10%5, (7-2a)

l:B] . M‘ to2 = tpmX Ny =5.37x 1()"44 x 10203:
2x10 M5 =105 (7-2b)
t02/t01: noz/nol = 2)(10724/2)(10737 — 1013 (7_2c)

7-3*%. M\ (7-1a) 1 (7-1b) E (7-2a) F1 (7-2b), AT~ 1] LA
N A 20 R KT

[Al. SB—FhR “FEVIRFK”, BFFE (7-12) F (7-
2a) KRR, FLBZK I A (8] A2 5 Y AR B ) 5.37x 10
“s B t, = 107, BHPRKERTRER TS (¢,
=10""s) Bf i) IEH G HPK SR B 2 A H

A to = 1075 F t, = 107 2s FER| THE (—
B KUFEE R, BEFEA M, HEK —&, R
AR EALEKNAARTGD. Bk, EWRK
JETERFTRIBEM tor = 107 B t,, = 10~*s, 257 IR
PR —OXK, BAE K.

[Bl. SB_fR‘EXEESIHFPIK, E/FE (7-1b)
A (7-2b) IR, FCRT AR M 5.37x10 s EEF] t,
=10, HEKREERNK R, 5 AMZHEK. E
ZHERKN A SRR, AR ty= 10"
36.5s’ BE t, = 103,

[C]. M to, = 102s ELBIBLE, BA 155 IR KB
R E PSR IER MK, EhFmth/ e
TRASWT A AR T =R 1

Gk FHBHKIIGREE t, =107 fl t,,=
1025 25 NASA/WMAP i E{  BIkEHE’
KB I -

7-4%, ILAELG STAE G SR ] Z AL T S R
5 A2 SR B E A

R E CHRSCEMIR) F 12,7 A st
A 558, £ tw NNFH AL 5
WY, BIFE t =10 % B GiZPBIFRHE X &k
FILLET R, AIRE AR HNE TR & 45 , AT
“EEK RSN Rse = 3.8 em, MRIEAAIULIE, T
R~F R &k,

R.36/Rys = 3.8/107 7 = 3.8x10" P (7-4d)

by 58 5 A AR K T (3.8x107)° = 10" £, P

T REEREER, 50508 8RB
AT (R

CLl: FH AR Myp=10""g, 3 Ry~ 1.61x
10 cm, Hpp,=10"g/em’, 5 B F-AE M,=10g,

PR FHEMEA R 5 M, IR Ry,

Ry*=3M/47ppm>

. Ryuy=2.8x10""cm (7-4e)

MR ELIEH, FHEd YRk wHE
10°° £, TEIEF] to =107 J5, BKFTER My
(=M, E#FAE—E, 5 ‘EEEHFEEK £ t
=10 £ Bk t ,=10 s HHEREZHEK, B2
Ui, BEANFE M, A8 H RN IR My, 2H %

BUESR JRPIZBK Bt =10 JG I Myoo
FH/ N B My [ R ATty FRTKIOAEEL =107 2
MEE . FTEL, My, B Ryo /25

Rpo = te Rym =10%?x1.61x10>*=3.2x10" “cm,

. My =C*Rpo/2G = 2x10"g,

M= 2x10g Hi2 55 R A/ BT

- Pro=3Mpo/41Rp, =1.46x10"*g/cm’,

BT, ppo tRRLZFH JRWIREK F t, = 10
O35S JE TR E . T FH M Ry (Raes) e

Ruy’ =3M/4Tb0s

. Ryp=12cm

(7-49)
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Rup/Rys=R.36.5/R4=12/2.8x10"=4.3x10" (7-4g) F A T FE R R A 7R T BB

ik WRT-4d)507-4g) 2 N, BENBEERER S50, HPh WM. R« Ty « 1o CEREER) .
ORI, XRBEERHINBIIFERENFK o, « m ST ME S W (la) .« (1b) .
AN CFEHEVERK KNS, AR EBEMER (o) . (d) . de) . (5a) BF,

R IEHR, SR E IR i-EHEYE1K. T T P E AR S SRR A 2
AR, FEHMEETEK My, = 1,05x10 g n; = My/my (8a)
2, % M, = 10M,,7E 5.37x10*s 5| 105 [Kjmf mg Y% K dg = Ch/(2nmgC?),
IMIE RGP PL IR BRI SRR — A, X H T meC?x2t,=h2n =1,, FrLA,
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Abstract: The objective of this study was the application of non-parametric method of data envelopment analysis
(DEA) to analyze the efficiency of farmers, discriminate efficient farmers from inefficient ones and to identify
wasteful uses of energy for rice production in Mazandaran province, Iran. This method was used based on seven
energy inputs including human labor, machinery, diesel fuel, fertilizers, biocide, Irrigation and seed energy and three
output of rice( yield, straw and husk). Technical, pure technical, scale and cross efficiencies were calculated using
CCR and BCC models for farmers. From this study the following results were obtained: from the total of 72 farmers,
considered for the analysis, 9.7 % and 22.2 % were found to be technically and pure technically efficient,
respectively. The average values of technical, pure technical and scale efficiency scores of farmers were found to be
0.78, 0.95 and 0.82, respectively. The energy saving target ratio for rice production was calculated as 7.47 %,
indicating that by following the recommendations resulted from this study, about 4.57 GJ ha™' of total input energy
could be saved while holding the constant level of rice yield. The comparative results of energy indices revealed that
by optimization of energy consumption, energy efficiency, energy productivity and net energy with respect to the
actual energy use can be increased by 7.46 %, 7.46 % and 5.54 %, respectively.

[Adel ranji, Behnam Ghasemzadeh. Optimization of energy required and energy analysis for rice production
using data envelopment Analysis approach. Academia Arena 2013;5(6):30-40] (ISSN 1553-992X).
http://www.sciencepub.net/academia. 3
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Introduction non-parametric technique of frontier estimation which
Rice (Oryza sativa L.) is the staple food of has been used and continues to be used extensively in
more than a half of the world population (Sinha and many settings for measuring the efficiency and
Talati, 2007; Ginigaddara and Ranamukhaarachchi, benchmarking of decision making units (DMUs)
2009). The global rice production is 454.6 million ton (Adler et al., 2002). In recent years, many authors
annually, which has a yield of 4.25 ton/ha. The have applied DEA in agricultural researches: Chauhan
average yield is about 4.9 ton/ha in Iran, which is the et al. (2006) applied DEA approach to determine the
11th rice producer in the world (IRRI, 2010). efficiencies of farmers with regard to energy use in
However, Iran consumes about 2.05 million ton of its rice production activities in India. The results reveal
production inside the country. For the last decades, that, on an average, about 11.6% of the total input
rice consumption has been expanding beyond the energy could be saved if the farmers follow the input
traditional rice-growing areas, particularly in western package recommended by the study. Nassiri and Singh
Asia and Europe. In most countries, surveillance (2009) applied DEA technique to determine the
measures are taken regarding the presence of different efficiencies of farmers with regard to energy use in
elements in important foodstuff (Samadi Maybodi and paddy producers in Punjab state (India). Results
Atashbozorg, 2006). revealed that small farmers had high energy-ratio and
The energy ratio and specific energy of farmers low specific energy requirement as compared to larger
in crop production systems are indices, which can ones at paddy farms. Although there was high
define the efficiency and performance of farms. correlation between technical efficiency and energy-
Considerable studies have been conducted on energy ratio, comparison between correlation coefficient of
use in agricultural production (Canakci and Akinci, farmers in different farm categories and different
2006; Cetin and Vardar, 2008; Erdal et al., 2007; zones showed that energy-ratio and specific energy
Mikkola and Ahokas, 2010; Mobtaker et al., 2010; are not enhanced indices for explaining of all kinds of
Mohammadi and Omid, 2010; Ozkan et al., 2007; the technical, pure technical and scale efficiency of
Rafiee et al., 2010; Unakitan et al., 2010; Zangeneh et farmers.
al., 2010). Technical efficiency (weighted output The specific energy used by paddy was 5.87
energy to weighted input energy ratio) is another way MJ/kg. Research on paddy carried out by Singh et al.
to explain the efficiency of farmers (Nassiri and (1994) showed that there was quadratic relationship
Singh, 2009). Data envelopment analysis (DEA) is a between crop yield and pre-harvest energy input. The
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yield showed Robb’s parabolic relationship with
irrigation, fertilizer, both irrigation and fertilizer and
total energy input. Singh et al. (1997) reported that
output-input ratio for paddy in Punjab was 3.96 and
specific energy was 5.77 MJ/kg. Manes and Singh
(2003) reported that human, animal; diesel,
electricity, farmyard manure, fertilizer and chemicals,
canal and machinery together had significant effect on
the production of paddy in zones, 2, 3 and 4 in Punjab.
It was observed that fertilizer had more effect on the
yield. Energy-ratio and specific energy was
extensively used to measure the efficiency of systems
(Boehmel et al, 2008; Singh, 1990)..

In a study by Mythili and Shanmugam (2000)
attempt was made to measure the farm level technical
inefficiency which can be a dominant factor in
explaining the difference between potential and
observed yields of rice for a given technology and
input level. The Cobb-Douglas stochastic frontier
function with input costs and a single-output was used
as production function. According to results small
farmers (below 1 ha area) had the lowest mean
technical efficiency value. Singh (2001) in his
research work fitted the Cobb-Douglas frontier for his
data on major crops (wheat, paddy, maize and cotton)
in different agro-climatic zones of Punjab state (India)
in years 1997-1999. During this study technical
efficiency and sensitivity of function were also
calculated. There was difference between average
efficiency in operation-wise and source wise in all
crops. Reddy and Sen (2004) quantified technical
efficiency in rice production and investigated the
influence of farm  specific  socio-economic
characteristics on inefficiency. It was obtained that
technical inefficiency in rice production decreased
with increase in farm size.

Mousavi-Avval et al. (2011b) employed the
DEA technique to analyze the efficiencies of apple
producers in Tehran province of Iran. Results
indicated that 11.3% of total energy input could be
saved if the recommendations of this study are
followed. Mohammadi et al. (2011) used DEA
approach to analyze the energy efficiency of farmers
and to identify the wasteful uses of energy in kiwifruit
production in Iran. Results showed that 12.2% of input
energy could be saved if the farmers follow the results
recommended by this study. Also optimization of
energy use improved the energy use efficiency,
specific energy and net energy by 13.9%, 12.2% and
22.6%, respectively.

Based on the literature, there was no study on
optimization of energy inputs for rice production in
Iran. So, the aims of this research were to specify

31

energy use pattern for rice production, analyze the
efficiencies of farmers, rank efficient and inefficient
ones, and identify target energy requirement and
wasteful uses of energy from different inputs for rice
production in Mazandaran province of Iran.

Materials and methods

In this paper we used the DEA approach to
analyze the data for optimizing the performance
measure of each production unit or each rice farm and
determining the most preferable ones. The data were
collected using a face to face questionnaire form 72
rice farms in central region of Mazandaran province.
Mazandaran Province is located in the between 35°
47" and 36°35' north latitude and 50° 34' east
longitude. The surveyed region has a homogenous
condition (climatic conditions, topography, soil type,
etc.). This region is considered as a moderate region
and most crops are irrigated. The average annual
rainfall, temperature and elevation from sea level in
the research area are 438.6mm (Anonymous, 2010).

The selection of Mazandaran region as the case
study was basically due to its major contribution from
rice production in Iran. A simple random sampling
method was used to determine survey volume and the
farms were chosen randomly from study region. The
questionnaires included total inputs used in rice
production from different sources such as human
labor, machinery, diesel fuel, chemical fertilizer,
biocide, irrigation water and seeds, and the yield
weight, straw and husk as output. The input and
output were calculated per hectare. For calculated
technical efficiency all inputs and output must be
weighted, therefore the inputs and output transformed
to energy term by multiply their quantity per unit area
by the coefficient of energy equivalent. Also each
farmer called a Decision Making Unit (DMU). The
results of study in the field of energy use and
sensitivity analysis of energy inputs have been
published by the author previously and the
summarized results of the study are presented in Table
1 (Cherati et al. 2011). As can be seen, there was a
wide variation in the quantity of energy inputs and
output for rice production, indicating that there is a
great scope for optimization of energy usage and
improving the efficiency of energy consumption for
rice production in the region.

In DEA, an inefficient DMU can be made
efficient either by reducing the input levels while
holding the outputs constant (input oriented), or
symmetrically, by increasing the output levels while
holding the inputs constant (output oriented) (Zhou et
al., 2008).
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TABLE 1
Amounts of energy inputs and output in rice production

Quantity Total energy
Inputs (unit) p er equivalent SD(energy) | Max(energy) | Min(energy)

unit area (GJ ha_l)

(ha)

Input
Fuel(L) 98.30 5.54 0.34 6.59 4.80
Machinery(h) 50.86 3.30 0.35 4.41 2.40
human labor (h) 762.70 1.76 0.19 2.15 1.30
Chemical fertilizers (kg) 282.53 8.12 1.29 11.30 4.80
Nitrogen fertilizer (N) (kg) 109.66 6.65 1.09 9.20 4.80
Phosphate fertilizer (P205) (kg) 61.05 0.73 0.32 1.19 0.00
Potassium fertilizer (K20) (kg) 111.83 0.75 0.27 1.10 0.00
Toxins (kg) 4.40 0.84 0.20 1.21 0.15
Pesticides (kg) 1.36 0.14 0.02 0.16 0.10
Herbicide (kg) 2.09 0.50 0.11 0.60 0.00
Fungicides (kg) 0.95 0.21 0.16 0.45 0.00
Seed (kg) 68.06 1.16 0.07 1.36 0.95
Irrigation canal (m”) 9683.31 40.51 1.86 46.40 32.50
The total energy input (GJ) 61.23 3.37 71.37 49.90
Paddy (ton) 4336 63.75 13.76 99.50 38.00
Straw (ton) 5.027 62.85 9.63 101.36 46.00
Husk (ton) 0.906 12.51 291 23.29 9.99
Total energy output (GJ) 139.11 24.24 209.39 94.20

The choice between input and output orientation depends on the unique characteristics of the set of DMUSs
under study. In this study there are three outputs, also multiple inputs are used. Also in the agricultural production, a
farmer has more control over inputs rather than output levels, and as a recommendation, input conservation for given
outputs seems to be more reasonable (Galanopoulos et al., 2006). Therefore in this study the input-oriented approach
was used. DEA has two models including CCR and BCC models. The CCR DEA model assumes constant returns to
scale. It measures the technical efficiency by which the DMUs are evaluated for their performance relative to other
DMUs in a sample (Cooper et al., 2007). The BCC DEA model assumes variable returns to scale conditions.
Therefore this model calculates the technical efficiencies of DMUs under variable return to scale conditions. It
decomposes the technical efficiency into pure technical efficiency for management factors and scale efficiency for
scale factors (Mousavi-Avval et al., 2011b).

In this study, in order to analyze the efficiencies of farmers the technical, pure technical and scale
efficiency indices were investigated as follows:

Technical efficiency

The technical efficiency (TE) can be expressed generally by the ratio of sum of the weighted outputs to
sum of weighted inputs. The value of technical efficiency varies between zero and one where a value of one implies
that the DMU is a best performer located on the production frontier and has no reduction potential. Any value of TE
lower than one indicates that the DMU uses inputs inefficiently (Mousavi-Avval et al., 2011b). Using standard
notations, the technical efficiency can be expressed mathematically as the following relationship:

n
uy.
_ WYy Uy Yy, Tt +u,y, _ ; Y )
m

VX, ; VoXs: T e vV X .
171 2V2 m= m ‘ y ):
! ! ! z s7Vsj

TE,
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Where u, is the weight (energy coefficient) given to output n, y, is the amount of output n, v; is the weight
(energy coefficient) given to input n, X, is the amount of input n, r is number of outputs (r=1, 2, . . ., n), s is number
of inputs (s=1, 2, .., m) and j represents jg, of DMU; (j=1, 2, . . ., k). To solve Eq. (1), Linear Program (LP) was used,
which developed by Charnes et al. (1978):

Maximize 6 = Z u,y,; )
r=1 ’
Subjected to Z u.y,; = Z vx,; <0 (3)
r=1 s=1
szxsj =1 “4)
s=1
u, 20,v. 20, and(iandj=1;2;3;...; k) %)

Where 6 is the technical efficiency and i represent iy, DMU (it will be fixed in Egs. (2) and (4) while j
increases in Eq. (3)). The above model is a linear programming model and is popularly known as the CCR DAE
model, which assumes that there is no significant relationship between the scale of operations and efficiency
(Avkiran, 2001). So, the large producers are just as efficient as small ones in converting inputs to outputs.

Pure technical efficiency

Pure technical efficiency is another model in DEA that is introduced by Banker et al., 1984. This model is
called BCC and calculates the technical efficiency of DMUs under variable return to scale conditions. Pure technical
efficiency could separate both technical and scale efficiencies. The main advantage of this model is that scale
inefficient farms are only compared to efficient farms of a similar size (Bames, 2006). It can be expressed by Dual
Linear Program (DLP) as follows (Mousavi-Avval et al., 2011b):

Maximize z = uy;— u; (6)
Subjected to vx; = 1 (7
—vX+uY-ue<0 (®)
v2>0,u >0 ,and u, free in sign 9)

Where z and u, are scalar and free in sign. u and v are output and inputs weight matrixes, and Y and X are

corresponding output and input matrixes, respectively. The letters x; and y; refer to the inputs and outputs of iy
DMU.

Scale efficiency

Scale efficiency shows the effect of DMU size on efficiency of system. Simply, it indicates that some part
of inefficiency refers to inappropriate size of DMU, and if DMU moved toward the best size the overall efficiency
(technical) can be improved at the same level of technologies (inputs) (Nassiri and Singh, 2009). If a DMU is fully
efficient in both the technical and pure technical efficiency scores, it is operating at the most productive scale size. If
a DMU has the full pure technical efficiency score, but a low technical efficiency score, then it is locally efficient
but not globally efficient due to its scale size. Thus, it is reasonable to characterize the scale efficiency of a DMU by
the ratio of the two scores (Sarlca and Or, 2007). The relationship among the scale efficiency, technical efficiency
and pure technical efficiency can be expressed as follows (Chauhan et al., 2006):

Technical efficiency
Pure technical efficiency

Scale efficiency=

(10)

Cross-efficiency

The results of standard DEA models separate the DMUs into two sets of efficient and inefficient ones; so
many units are calculated as efficient and cannot to be ranked. Also in DEA because of the unrestricted weight
flexibility problem, it is possible that some of the efficient units are better overall performers than the other efficient
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ones (Adler et al., 2002). To overcome this problem and achieve a complete ranking of efficient farmers, the cross-
efficiency ranking method was used which was developed by Sexton et al. (1986). In this method the results of all
the DEA efficiency scores can be aggregated in a matrix, called cross-efficiency matrix. In this matrix Ej, the
element in the iy, row and jg, column, represents the efficiency score for the jy, farmer calculated using the optimal
weights of the ith farmer which is computed by the CCR model. In general, the efficient farmers can be ranked
according to their average cross efficiency score which can be achieved by averaging each column of cross-
efficiency matrix and it is a matter of judgment for analysis to select the highly ranked farmers as truly efficient
ones; so, a farmer with a high average cross efficiency score is a good performer (Angulo-Meza and Lins, 2002;
Chauhan et al., 2006; Zhang et al., 2009).

In the analysis of efficient and inefficient DMUs the energy saving target ratio (ESTR) index can be used
which represents the inefficiency level for each DMUs with respect to energy use. The formula is as follows (Hu
and Kao, 2007):

(Energy Saving Target);
(Actual Energy Input);

ESTR; = (11)

Where energy saving target is the total reducing amount of input that could be saved without decreasing output
level and j represents jp, DMU. The minimal value of energy saving target is 0, so the value of ESTR will be
between zero and unity. A zero ESTR value indicates the DMU on the frontier such as efficient ones; on the other
hand for inefficient DMUs, the value of ESTR is larger than zero, which means that energy could be saved. A higher
ESTR value implies higher energy inefficiency and a higher energy saving amount (Hu and Kao, 2007).

In order to calculate the efficiencies of farmers and discriminate between efficient and inefficient ones, the
Microsoft Excel spread sheet and Frontier Analyst software were used.

Result and discussion
Efficiency estimation of farmers

The results of BCC and CCR DEA models are illustrated in Table 2. The results revealed that many of the
farms in the sample are operating at near or full efficiency for all the model specifications, so that from the total of
72 farmers considered for the analysis, 16 farmers (22.2%) had the pure technical efficiency score of 1. Moreover,
from the pure technically efficient farmers 7 farmers (9.7%) had the technical efficiency score of 1. From efficient
farmers 8 ones had a scale efficiency of unity. From efficient farmers 7 were the fully efficient farmers in both the
technical and pure technical efficiency scores, indicating that they were globally efficient and operated at the most
productive scale size; however, the remainder of 65 pure technically efficient farmers were only locally efficient
ones; it was due to their disadvantageous conditions of scale size. From inefficient farmers 3 and 53 have their
technical and pure technical efficiency scores in the 0.9-0.99 range. It means that the farmers should be able to
produce the same level of output using their efficiency score of its current level of energy input when compared to
its benchmark which is constructed from the best performers with similar characteristics. These results are similar to
the results of Fraser and Cordina (1999) and Mohammadi et al. (2011).

The summarized statistics for the three estimated measures of efficiency are presented in Table 2. The results
revealed that the average values of technical, pure technical and scale efficiency scores were 0.78, 0.95 and 0.82,
respectively. Moreover the technical efficiency varied from 0.64 to 1, with the standard deviation of 0.1, which was
the highest variation between those of pure technical and scale efficiencies. The wide variation in the technical
efficiency of farmers implies that all the farmers were not fully aware of the right production techniques or did not
apply them at the proper time in the optimum quantity (Mohammadi et al., 2011). Mohammadi et al. (2011) applied
DEA technique to determine the efficiencies of farmers in kiwifruit production in Iran. They reported that the
technical, pure technical and scale efficiency scores were 0.94, 0.99 and 0.95, respectively. In another study, the
efficiency of soybean production was analyzed and these efficiency indices were reported 0.85, 0.92 and 0.93,
respectively (Mousavi—Avval et al., 201 1a).
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TABLE 2
Amount technical, pure and scale efficiency of rice farmers.
Farmer | Technical Pur.e scale Farmer Technical Pur.e scale
No. efficiency techplcal efficiency No. efficiency techplcal efficiency
efficiency efficiency
1 0.72 0.94 0.77 37 0.68 0.90 0.75
2 1.00 1.00 1.00 38 0.69 0.91 0.76
3 1.00 1.00 1.00 39 0.69 0.90 0.77
4 0.86 0.98 0.88 40 0.77 0.90 0.86
5 0.99 1.00 0.99 41 0.80 1.00 0.80
6 1.00 1.00 1.00 42 0.78 0.94 0.83
7 0.69 0.97 0.70 43 0.69 1.00 0.69
8 1.00 1.00 1.00 44 0.73 1.00 0.73
9 0.74 0.97 0.76 45 0.66 0.93 0.71
10 1.00 1.00 1.00 46 0.75 0.95 0.79
11 1.00 1.00 1.00 47 0.79 0.97 0.81
12 1.00 1.00 1.00 48 0.77 0.96 0.81
13 0.81 0.96 0.85 49 0.74 0.97 0.76
14 0.88 0.99 0.89 50 0.82 0.98 0.84
15 0.77 0.93 0.83 51 0.81 0.92 0.89
16 0.79 1.00 0.79 52 0.80 0.97 0.83
17 0.98 1.00 0.98 53 0.74 0.95 0.78
18 0.80 0.96 0.83 54 0.63 0.94 0.67
19 0.93 0.93 1.00 55 0.68 0.95 0.71
20 0.86 1.00 0.86 56 0.71 0.92 0.76
21 0.85 0.96 0.88 57 0.73 0.88 0.82
22 0.79 0.98 0.80 58 0.73 0.90 0.80
23 0.88 0.96 0.91 59 0.76 0.92 0.83
24 0.80 1.00 0.80 60 0.77 0.92 0.84
25 0.81 0.93 0.87 61 0.72 0.97 0.74
26 0.80 0.91 0.88 62 0.72 0.91 0.79
27 0.70 0.99 0.71 63 0.75 0.91 0.83
28 0.82 0.95 0.86 64 0.75 0.91 0.82
29 0.75 0.93 0.81 65 0.74 0.89 0.83
30 0.76 0.90 0.85 66 0.66 0.92 0.72
31 0.84 0.99 0.85 67 0.69 0.94 0.74
32 0.72 0.97 0.74 68 0.78 0.92 0.85
33 0.69 1.00 0.69 69 0.72 0.89 0.81
34 0.61 0.95 0.64 70 0.73 0.90 0.80
35 0.64 0.93 0.69 71 0.76 0.91 0.84
36 0.66 0.92 0.71 72 0.76 0.90 0.84
Technical efficiency Pure technical efficiency Scal effchancy
Avrage: 0.78 0.95 0.82
SD: 0.10 0.04 0.09
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Ranking the efficient farmers

In this study efficient farmers were ranked according to their average cross efficiency scores. For this
purpose, the CCR model (2) was used to calculate the cross efficiency scores in each cell of cross efficiency matrix.
The average and standard deviation of cross efficiency scores for 6 truly most efficient farmers are shown in Table
3. The results revealed that farmers no. 10, 12 and 5 with the average cross efficiency scores of 0.33, 0.32 and 0.32
had the highest average cross efficiency scores, respectively; therefore, these farms can be used as terms of
benchmarking and establishing the best practice management.

TABLE 3
Average cross efficiency (ACE) score for 6 truly most efficient farmers based on the CCR model.
Farmer No. ACE
10 0.33
12 0.32
3 0.31
5 0.32
6 0.30
8 0.31

Optimum energy requirement and saving energy

The optimum energy requirement and saving energy of various farm inputs for rice production are based on
the results of BCC model are given in Table 4. The results revealed that the total optimum energy requirement for
rice production was 56.66 GJ ha' Also the percentage of total saving energy in optimum requirement over total
actual use of energy was calculated as 7.47%, indicating that by following the recommendations resulted from this
study, on average, about 4.57GJ ha™' of total input energy could be saved. As mentioned previously, in the
agricultural production, a farmer has more control over inputs rather than output levels. Also in this study there was
only one output and the input-oriented approach was used. Therefore, this amount of energy could be saved, while
holding the constant output level of rice yield.

Singh et al. (2004) concluded that the existing level of productivity in wheat production in Punjab could be
achieved by 22.3%, 20.8%, 9.8%, 7.1% and 15.9% reducing the energy input over the actual energy input, in zones
1, 2, 3, 4 and 5, respectively. In another study, Mohammadi et al. (2011) reported that on an average, about 12% of
the total input energy for kiwifruit production in Iran could be saved.

TABLE 4

Optimum energy requirement and saving energy for rice production

Input gﬂiﬂ:ﬁei’l‘t‘%gi ha!y | Savingenergy (GIha') | ESTR (%)
Fuel 5.21 0.33 5.87
Machinery 3.04 0.26 8.01
human labor 1.59 0.17 9.90
Chemical fertilizers 7.11 1.01 12.40
Toxins 0.79 0.05 6.47
Seed 1.07 0.09 7.85
Irrigation 37.85 2.66 6.56
Total energy 56.66 4.57 7.47

In Fig. 1 the shares of the various sources from total input energy saving are presented. Results revealed that
the highest contribution to the total saving energy was 58 % for Irrigation followed by chemical fertilizers (22 %)
and diesel fuel (7 %) energy inputs, respectively. Moreover the shares of machinery, human labor, Seed and Toxins
energy inputs were relatively low, indicating that they have been used in the right proportions by almost all the
farmers. Chauhan et al. (2006) reported that the contribution of fertilizer and diesel fuel energy inputs from total
saving energy in paddy production were 33% and 24%, respectively. Mousavi-Avval et al. (2011a) reported that the
contribution of electricity and seed energy inputs by 78.1% and 0.05% from total energy saving in soybean
production were the highest and lowest, respectively.

In the region, the high contribution of saving irrigation energy resulted from the low efficiency of ancient
irrigation methods, which led to waste a lot of water and energy in the form energy. The high contribution of
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fertilizer energy inputs showed that all of farmers were not fully aware of proper time and quantity of fertilizers
usage. Also nitrogen fertilizers were the main fertilizer in rice production which applied improperly in the rejoin. So,
providing information to farmers and changing their incorrect behaviors can prevent loss of energy and also their
harmful effects on environment. The high percent saving in diesel fuel shows the mismanagement in machinery
employment in field operations.

Total saved energy(GJ ha-1)

Fuel  Machinery
7% 6%

human labor
4%

Irrigation
58%

Toxins
Seed 1%
2%

FIGURE 1. Distribution of saving energy from different sources for
rice production.

Improvements of energy indices

The improvements of energy indices for rice production are presented in Table 5. Energy use efficiency was
calculated as 2.27 and 2.46, in present and target use of energy, respectively, showing an improvement of 7.46 %.
Also, energy productivity and net energy in target conditions were found to be 0.066 kg MJ 'and 82.45 GJ ha™',
respectively. The distribution of inputs used in the production of rice according to the direct, indirect, renewable and
non-renewable energy groups are also given in Table 5. It is evident that by optimization of energy input, the shares
of Indirect and non-renewable energy with respect to total energy input increased and also the shares of direct and
renewable energy forms symmetrically decreased.

Mohammadi et al. (2011) reported by optimization of energy inputs in kiwifruit production the energy use
efficiency by increasing of 13.86% can be improved to the value of 1.75. In another study, energy use efficiency for
apple production was calculated as 1.16 and 1.31, in present and target use of energy, respectively, showing an
improvement of 12.93% (Mousavi-Avval et al., 2011b).

TABLE 5

Improvement of energy indices for Rice production.

Items Unit Present quantity Optimum quantity Difference(%)
Energy use efficiency ratio 2.27 2.46 7.46
Energy productivity KgMJ"! 0.061 0.066 7.46
Net energy gain GJha' 77.88 82.45 5.54
Direct energy GJha' 7.3 (11.92%) 6.8 (12.00%) -7.35
Indirect energy GJha' 53.93 (88.08%) 49.86 (88.00%) -8.16
Renewable energy GJha' 2.92 (4.77%) 2.66 (4.69%) -9.77
Non-renewable -

energy GJ ha™ >8.31 (95.23%) 54 (95.31%) -7.98
Total energy input GJha' 61.23 (100%) 56.66 (100%) -8.07
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Setting realistic input levels for inefficient farmers

In Table 6 the pure technical efficiency (PTE), actual energy use and optimum energy requirement from
different energy sources for individual inefficient farmers are shown. Also their average and standard deviation
values are presented. Using this information, it is possible to advise a producer regarding the better operating
practices by following his/her target energy requirement from different inputs to reduce the input energy levels to
the target values while achieving the output level presently achieved by him. So, dissemination of these results will
help to improve efficiency of farmers for rice production in the surveyed region. In the last column of Table 6 the
ESTR percentage for 56 inefficient farmers are presented. As it can be seen, for inefficient farmers, ESTR ranges
from under 1% (farmers no. 14, 31) to 15.99% (farmer no. 56), with the average of 9.47 %, indicating that between
inefficient farmers, nos. 14, 31 were the best, and farmer no. 56 was the most inefficient one.

TABLE 6
The source wise actual and target energy use for inefficient farmers in the rice production (based on BCC model).
DMU PTE ESTR
Actual energy use (GJ ha ") Optimum energy requirement (GJ ha ") (%)
Labour Machinery fuel Fertilizer Toxins irrigation seed Labour Machinery fuel Fertilizer Toxins irrigation seed
1 0.94 2.15 2.79 5.21 8.01 1.07 40.50 1.36 1.51 2.56 4.87 6.35 1.00 34.19 1.02 15.70
4 0.98 1.55 2.79 5.29 7.91 1.07 40.50 1.28 1.51 2.72 5.09 7.25 1.04 36.02 1.07 9.42
7 0.97 2.15 3.05 5.21 7.44 0.55 38.95 1.19 1.77 2.73 5.08 6.06 0.54 37.96 1.06 5.71
9 0.97 1.45 3.89 5.69 7.14 0.74 40.95 1.28 1.40 3.07 5.25 6.55 0.72 39.67 1.11 5.51
13 0.96 2.02 3.43 5.81 9.07 0.66 4540 1.02 1.69 3.22 5.59 6.68 0.63 41.10 0.98 11.16
14 0.99 1.75 3.30 5.50 7.65 0.59 40.50 1.11 1.69 3.15 5.47 7.60 0.59 40.25 1.08 0.94
15 0.93 1.60 3.82 5.60 7.69 1.21 40.50 1.11 1.49 2.92 523 7.18 0.94 3728 1.03 8.87
18 0.96 2.02 3.37 5.91 9.07 0.66 4640 1.02 1.69 3.24 5.61 6.74 0.63 41.29 0.95 12.13
19 0.93 2.00 4.28 6.59 10.94 1.07 4540 1.11 1.60 3.89 5.69 9.06 0.83 42.16 1.03 9.99
21 0.96 2.00 3.02 531 7.64 0.91 41.00 1.16 1.81 2.90 5.11 7.35 0.76 38.82 1.08 5.26
22 0.98 1.98 3.56 5.21 7.72 0.75 42.00 1.11 1.65 3.22 5.12 7.46 0.74 38.59 1.02 7.27
23 0.96 1.85 3.24 5.79 8.15 0.75 40.60 1.14 1.59 3.11 5.30 7.48 0.72 39.00 1.06 5.30
25 0.93 1.92 3.37 5.61 7.86 1.03 40.80 1.17 1.60 3.14 523 7.33 0.85 38.05 1.03 7.33
26 0.91 1.70 3.76 5.80 9.36 1.07 40.70 1.19 1.49 3.42 523 8.53 0.98 37.09 1.11 9.01
27 0.99 2.00 3.05 4.99 6.90 0.85 39.00 1.16 1.62 2.67 4.93 6.12 0.84 3549 0.97 9.16
28 0.95 1.80 3.24 5.60 7.80 0.75 39.60 1.19 1.52 3.08 5.26 7.28 0.71 37.70 1.09 5.57
29 0.93 1.66 3.18 5.65 7.65 0.71 40.70 1.24 1.54 2.95 5.18 6.43 0.66 37.72 1.08 8.60
30 0.90 1.85 3.30 6.21 8.09 1.07 40.20 1.14 1.46 2.98 5.18 7.24 0.97 3627 1.03 10.88
31 0.99 1.72 3.18 5.40 7.72 0.51 40.50 1.17 1.71 3.09 5.36 7.65 0.51 40.20 1.11 0.95
32 0.97 1.68 2.98 5.11 7.60 0.92 40.00 1.17 1.59 2.70 4.93 6.31 0.89 3530 1.03 11.28
34 0.95 1.45 3.18 5.22 7.02 0.93 40.00 1.11 1.38 2.68 4.98 6.19 0.89 34.03 1.06 13.07
35 0.93 1.50 3.18 5.41 7.70 0.96 40.00 1.16 1.39 2.79 5.00 6.47 0.89 34.74 1.07 12.62
36 0.92 1.60 3.24 5.51 7.80 0.95 40.50 1.11 1.48 2.76 5.09 6.39 0.88 3531 1.03 12.80
37 0.90 1.67 3.18 5.55 7.78 0.95 40.60 1.16 1.51 2.80 5.01 6.50 0.86 3497 1.05 13.45
38 0.91 1.69 3.24 5.59 7.83 0.75 40.70 1.19 1.54 2.94 5.08 6.72 0.68 36.88 1.08 9.95
39 0.90 1.70 3.30 5.60 7.80 0.95 40.79 1.16 1.53 2.90 5.05 6.72 0.86 35.63 1.05 12.33
40 0.90 1.89 3.50 5.83 11.00 0.95 41.00 1.28 1.47 3.14 521 7.73 0.85 36.84 1.09 13.93
42 0.94 1.97 3.24 5.38 7.81 0.95 40.50 1.19 1.61 3.05 5.07 7.34 0.89 36.79 1.05 8.58
45 0.93 1.62 3.37 5.39 7.64 0.93 40.30 1.19 1.50 2.89 4.99 7.07 0.86 36.15 1.07 9.78
46 0.95 1.70 3.24 5.29 7.70 0.88 4045 1.16 1.62 2.99 5.04 6.98 0.84 36.82 1.04 8.42
47 0.97 1.81 3.30 5.45 6.79 0.63 4049 1.16 1.71 2.96 531 6.61 0.61 39.17 1.04 3.72
48 0.96 1.75 2.98 5.20 7.37 0.90 40.50 1.19 1.61 2.85 4.99 6.66 0.86 36.07 1.04 9.70
49 0.97 1.71 3.24 5.30 7.70 0.63 40.50 1.16 1.64 3.00 5.15 7.13 0.61 39.37 1.09 3.74
50 0.98 1.85 3.18 5.35 7.96 0.66 40.50 1.19 1.63 3.07 523 7.38 0.65 39.58 1.09 3.39
51 0.92 1.71 3.50 5.89 10.66 0.95 40.90 1.19 1.49 3.21 5.24 8.02 0.87 3751 1.09 11.37
52 0.97 1.50 3.89 6.40 11.30 1.07 41.00 1.28 1.46 3.51 5.30 8.08 0.86 39.78 1.10 9.56
53 0.95 1.77 3.18 5.29 8.16 0.90 40.60 1.16 1.62 2.89 5.01 6.72 0.85 36.29 1.04 10.87
54 0.94 1.83 3.43 5.32 7.37 0.63 40.10 1.11 1.72 2.71 5.00 5.78 0.59 37.52 1.04 9.08
55 0.95 1.79 3.18 5.29 7.66 0.63 4040 1.14 1.66 2.86 5.04 6.49 0.60 3847 1.08 6.47
56 0.92 1.88 3.30 5.39 10.65 1.07 40.50 1.19 1.53 2.83 4.98 7.03 0.99 3535 1.04 15.99
57 0.88 1.82 3.37 5.75 9.56 1.07 40.50 1.19 1.50 2.98 5.08 7.28 0.94 35.76 1.05 13.71
58 0.90 1.80 3.50 5.85 10.06 0.75 40.52 1.19 1.47 3.16 5.28 6.92 0.68 36.59 1.07 13.35
59 0.92 1.77 3.37 5.70 7.37 0.95 40.60 1.16 1.54 2.95 523 6.76 0.87 37.26 1.00 8.72
60 0.92 1.87 3.43 5.75 7.90 0.90 40.65 1.11 1.52 3.06 5.29 6.91 0.83 37.39 1.02 9.07
61 0.97 1.80 3.24 5.30 7.67 0.63 40.50 1.19 1.65 2.96 5.11 6.92 0.61 39.08 1.08 4.84
62 0.91 1.83 3.37 5.65 10.07 0.75 40.60 1.19 1.61 3.05 5.12 6.67 0.68 36.78 1.07 13.36
63 0.91 1.79 3.24 5.69 7.96 0.75 40.65 1.19 1.56 2.96 5.17 6.69 0.68 37.08 1.08 9.87
64 0.91 1.80 3.30 5.70 7.96 0.75 40.50 1.19 1.52 3.01 5.20 6.85 0.68 36.93 1.09 9.67
65 0.89 1.82 3.37 5.79 7.96 1.07 40.60 1.16 1.48 2.95 5.17 7.11 0.96 36.26 1.03 11.02
66 0.92 1.80 3.24 5.40 7.96 0.95 40.10 1.11 1.59 2.66 4.97 6.15 0.87 35.52 1.02 12.85
67 0.94 1.77 3.24 5.45 7.96 0.63 40.23 1.16 1.67 2.88 5.13 6.46 0.59 37.85 1.07 7.93
68 0.92 1.82 3.43 5.89 7.96 0.90 40.65 1.12 1.48 3.12 532 7.05 0.83 3729 1.03 9.15
69 0.89 1.80 3.43 5.80 7.96 1.07 40.50 1.19 1.47 2.93 5.14 7.06 0.95 3592 1.04 11.72
70 0.90 1.83 3.43 5.80 9.17 0.75 40.60 1.19 1.49 3.10 5.24 6.83 0.68 36.68 1.08 12.22
71 0.91 1.79 3.50 5.89 8.24 0.75 40.90 1.19 1.47 3.19 531 7.20 0.68 3729 1.09 9.69
72 0.90 1.88 3.56 6.00 11.00 0.95 41.00 1.19 1.48 3.19 523 7.59 0.85 36.76 1.07 14.35
ave: 0.94 1.79 3.33 5.58 8.28 0.85 40.78 1.17 1.56 3.00 5.17 6.98 0.78 3735 1.05 9.47
SD: 0.03 0.15 0.26 0.31 1.14 0.17 1.28 0.06 0.10 0.23 0.17 0.61 0.14 1.79 0.03 3.45
Conclusion 1. From the total of 72 farmers considered for
In this study, the non-parametric method of DEA the analysis, 9.7 % and 22.2 % were found to be
was used to analyze the efficiencies of rice producers technically and pure technically efficient, respectively.
in Mazandaran province of Iran in energy points of 2. The average values of technical, pure
view. Based on the results of the investigations, the technical and scale efficiency scores of farmers were
following conclusions were drawn: found to be 0.78, 0.95 and 0.82, respectively.

3. The energy saving target ratio for rice
production was calculated as 7.47 %, indicating that
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by following the recommendations resulted from this
study, about 4.57 GJ ha™' of total input energy could
be saved while holding the constant level of rice yield.

4. The irrigation energy had the highest potential

for improvement by 58%, followed by chemical
fertilizer and diesel fuel energy inputs.

5. The comparative results of energy indices

revealed that by optimization of energy consumption,
energy efficiency, energy productivity and net energy
with respect to the actual energy use can be increased
by 7.46 %, 7.46 % and 5.54 %, respectively.

6. It is suggested that new policies, such as

providing information to farmers and using of modern
methods of irrigation, are to be implemented to reduce
the negative effects of energy inputs such as plant, soil
and climate pollution.
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ABSTRACT: Studies of the microbial flora of Heteroclarias fish was carried out 48hrs prior in which the fish was
starved. The enumeration of bacterial found in the intestine of Heteroclarias fish was done through serial dilution
and agar plating techniques. A nutrient agar at 45c¢ and O.1ml of the suspension was poured into a petridish. The
isolation was done using various biochemical tests. The various micro organisms which were isolated were mainly,
Escherichia coli, pseudomonas fluorescence’s cereus, staphyloccus aureus, klebsiella aerugenes, salmonella,
entritidis, bascillus cereus, proteus vulgaris and various fungal species. The bacteria gotten from this isolation were
mostly gram negative with E. coli having the highest number of growth often occurred in concentration ranging
between 10 and 10 colony forming unit per ml of the fish content.
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cereus
INTRODUCTION represented by tilapia larvae (Pompa, 1978).
In Africa, especially in Nigeria, the species Different combination of fish species in polycultured
mostly  cultured are  Clarias  gariepinus, systems have been practiced throughout the world
heterobranchus species and their hybrids. The (Elmendo, 1980). Studies on the growth performance
reasons for their culture are based on their fast and survival of fish especially salmon species under
growth rate, diseases resistance, high stocking the mono and duo culture systems have been
density, aerial respiration, high speed conversion reported. Salmon species in duo culture system had
efficiency among others. Aquaculture in Nigeria is in better growth than those in monoculture system.
the developing stage, because it has not been able to (Mork, 1982; Nor, dvedt and Holm 1991) reported
meet the demand and supply of the ever —increasing that salmon species in duo culture system had better
population, catfish are cultured conveniently under than those in the mono culture system.
mono and polyculture systems (Reich, 1975). However, salmon reared in duo culture did not
However, with the intensification of tank grow significantly better than those reared in
system where fish culturists rely solely on artificial monoculture, no difference in growth increments
feed as the only food resource of closely related between monoculture of one species and polyculture
species of the same family and of the same feeding of several species within the same period (Shepherd,
habits, this type of system, there is the culture of only 1988).however one species might affect the
one single specie known as monoculture. Most cat environment to prove the growth condition of the
fish culturists in Africa especially in Nigeria have other species, these increased stocking density will
practiced any of these culture systems without increase inter-specific and intra-specific competition
knowing the best culture for their fish. These farmers and fish production will slow down the body weight
believe that culturing different cat fish together or at harvest of catfish (160-190g) was twice those of
separately have little or no effect in their growth tilapia (50-70g) range (Alan, 1994). Experimental
performance as well as their survival. The major studies on the hybridization of Heterobranchus
preliminary condition in setting up a polycultured longifilis and Clarias gariepinus, which lead to
system is to identify an ideal stocking ratio which hybrids with valuable characteristics for culture
takes into consideration the intensity of species (Heent and Lublenkhot, 1985).
interaction and utilization of different ecological Hybrid morphology was intermediate to that of
strata’s and a better valorization of the water body the parents and had a faster growth and survival
(Billad, 1980). (Legendre et al., 1991). Intra-specific hybridization
In a catfish/tilapia polyculture system, stocking of fish has been considered to combine valuable traits
tilapia at densities equal to or greater than 25% of the from two or more species to obtain hybrids that
weight of stocked catfishes (Hash, 1980). The exceed both parents’ species (Pan and Zeng, 1986).
positive effect of polyculture with predatory fish The Nile Tilapia (Oreochromis Niloticus)
species in an additional source of food which is later generally is good for polyculture traits because it
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does not affect the growth and production of most of
the species (Cruz, 1980). Observation shows that, the
highest stocking ratio (clarias manganese/ tilapia
were 1:4 and 1:8). Had a higher but lower individual
weight gains (sunset and Bayne, 1978). The
production in a tilapia monoculture system was lower
than in polyculture with macrobrachium (Guerrero et
al., 1977). An individual species could be used as a
predator for recruitment control under different
stocking ratio (Bedaroi, 1985). The aim of
catfish/tilapia polyculture system is to increases
productivity based on the availability of tilapia larvae
(Stainer, 1979). Most of the commercial feed millers
in Nigeria are poultry based, fish feed production
remain negligible and often incidental through the
methodology of producing fish feed is not quite
different from poultry ; it consumes more time and
money than poultry. Many of the machines required
are not even available within the country and where
they can be improved local fabrication, the funds
become a problem to the medium scale farmers. Fish
body is mainly protein especially animal sources (fish
meal) is always canvassed (Lovell, 1980).

LITERATURE REVIEW

According to Fagbenro and Davis (2003)
although only two species of anaerobic bacteria,
namely Clostridium botulinum and eubacterbium
tarantellae, have been implicated as fish pathogens,
and it shows that through biological investigation
anaerobes cause more widespread problems than has
been hitherto realized (Davies, 1969). In the first
place, diagnostic laboratories do not normally use
anaerobic methods. Therefore, it is unlikely that
isolation of an offending anaerobic pathogen would
ever be achieved. Consequently, the cause of disease
may not be recognized, or maybe attributed to an
aerobic secondary invader.

Although there is no evidence that anaerobic
pathogens have been missed, there are puzzling
causes of mortalities among fish populations for
which the aetiological agent has never been isolated.
Of course, this could reflect the use of inappropriate
methods. It is recognized, however, that anaerobes
occur in aquatic sediments (Davies, 1969;
Rouhbakhsh-khaleghdoust, 1975) and in the gastro-
carried out in hatcheries with hormonal induction.
Farmers have found that homoplastic pituitary gland
cheaper, practical and more highly reliable than the
imported synthetic hormonal analogues.

The C. gariepinus broostock weight used for
artificial breeding ranges between 0.3kg and 2kg
(Olaleye, 2005). Despite the breakthrough with use
of hormones in induced spawning; fry survival is
still beset with a number of biotic and abiotic factors
(Sylvester, 2005). The biotic factors include
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cannibalism, heavy predation by frog/aquatic,
insects and the abiotic factors include water
temperature, dissolved oxygen (>4.5mg/L-1), levels
of ammonia. During the first week after stocking,
the most critical factors for the successful nursing of
the catfish larvae are the availability of
zooplanktons.

According to Ayinla (2008), feeds and feeding
of the larvae, fry and fingerlings of the catfish have
been most studied and shown to influence the
growth and survival of the fish. Studies have
revealed that live zooplankton is the preferred larvae
food. Many small holdings merely rear larvae to
fingerling size in organically fertilized ponds as a
density of between 30-1000 larvae/m2 (Olaleye,
2005). Fingerlings are stocked into rearing ponds at
a rate of 50-75 fish/m3 under good management.
Because of the cannibalistic nature, multiple sorting
is essential (Eyo et al, 2001). For outdoor
fry/fingerlings rearing, screening of the tanks with
mosquitoes nets is recommended to prevent
dragonfly and other predatory insects from breeding
in the ponds. Poly-culture of Clarias gariepinus and
tilapia species is practiced. A poly-culture of
Clarias gariepinus and Oreochromis niloticus,
intergraded with poultry with some supplementary
feeding had been shown to be viable. Feed and
feeding of catfishes in grow outs ponds are perhaps
the most documented in literature. Various efforts
have been made to establish the crude protein and
amino acid requirement of c. gariepinus. Ayinla
(2008) recommended 35% and 40% crude protein
(CP) for raising table size and brood stock
respectively.

Of the 10 essential amino acids (EAA)
required by warm water fish species, only 3 EAAs
studied have been documented and these are
arginine, methionine and lysine (Fashakin and
Balogun, 1996). In order to formulate and
compound aqua feeds that will meet the nutritional
requirement of the catfish at affordable cost, several
conventional and non-conventional animal by-
products and plant residues have been tested to
substitute or replace fishmeal (Ayinla, 2008).
Feeding development has moved from the use of
single ingredients, broadcasting un-pelleted meal to
pelleting and in fact the use of pelleted floating feed
which has made a big difference to aquaculture
development in Nigeria as C. gariepinus is being
raised to maturity within 6 months. The yearnings of
farmers and scientists to have a farmed catfish that
combines the fast growth traits of Heterobranchus
spp and early maturing traits of C. gariepinus led to
the development of a hybrid ‘Heteroclarias spp.
The technology was widely accepted as it gave 58%
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internal rate of return (IRR) on investment
(Adeogun et al., 1999).

Oresegun et al., (2007), stated that early fish
farmers in Nigeria raised their fish in burrow pits,
abandoned minefields and in earthen ponds on
extensive production system. The introduction of
concrete tanks allows for manageable pond size and
modification of the environment through a water
flow-through system and supplementary feeding
thus allowing for higher fish yield. The advent of
the indoor water re-circulatory system (WRS) has
ushered in a new prospect for aquaculture.

The introduction of WRS has created a turning
point in the production of catfish in Nigeria. The
story of aquaculture in Nigeria is essentially the
story of catfish culture and the hope of fish supply
in Nigeria hangs on its development and culture.
Recent trends all over the world, points to a decline
in landing from capture fisheries, an indicator that
fish stocks have approached or even exceeded the
point of maximum sustainable yield. Aquaculture
therefore remains the only viable alternative for
increasing fish production in order to meet the
protein need of the people. It was observed that of
the over 30,000MT of various freshwater and
brackish water fish caught in the year 2000,
catfishes were more abundant next to tilapia. FAO
(1993) reported that 27, 488MT of -catfishes
produced in 1990 were consumed locally. This
implies that there is still great need for higher
production for both local and international markets.
Fagbenro et al., (2003), a number of problems
confront the production of catfish. Prominent among
these are: poor management skills, scarcity of good
quality seed, lack of capital, high cost of feed, faulty
data collection, lack of environmental impact
consideration and marketing of products. Many
people who are currently engaged in catfish farming
lack management skill. Although there has been a
lot of research work on the production of catfish
feed and feeding, the use of cheap feedstuffs to
replace or substitute fishmeal catfish farmers still
rely on the costly, mostly imported pellet floating
feed (Adewunmi.2005).

The success of the industries for channel
catfish, rainbow trout and the salmonids in the USA
is due mainly to the availability of pelleted diets
formulated based on the results obtained from the
nutritional studies of fishes over many years
(Absoloom et al., 1999). There is urgent need for
coordination of such research work and feed
manufacturers’ access to the relevant data for
quality and relatively cheap feed production. The
federal/ state governments’ public/ private
partnership initiative programmes and the various
private concerns establishing standard hatcheries are
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gradually yielding results to solve the problem of
seed scarcity. However, to produce good quality
seed, aquaculture needs to explore the potential of
genetics. As at today, most teaching institutions do
not have well equipped genetic laboratories where
research can be carried out on the production of
genetically improved catfish species (Omitoyin,
2007). Considerable effort had been devoted to the
study and production of Clarias and
Heterobranchus sp in Nigeria.

MATERIALS AND METHODS
SAMPLE COLLECTION

Ten samples of Heteroclarias fish (five male
and five female) were obtained from Ajima fish farm
Kuje Abuja, and transported to the aquaria in the
department of biological sciences, University of
Abuja. The fishes being starved for 48hrs in order to
allow feed taken to be digested and to empty the gut
content in preparation for easy dissection.

Ten samples of Heteroclarias fish consist of
five male and five female is being differentiated from
the female by the means of the reproductive organ in
that the male has the papilla which is like the penis in
man and the female has the oviduct close to the anus
and red in color.

The aquaria used for this project was well
aerated and also covered with mosquito net to
prevent the fishes from jumping out and also to
prevent intrusion of insect and other foreign bodies
e.g. lizard, geckos, etc. Fresh water was used
throughout the experiment .The fishes used were
mainly adult sizes.

ISOLATION OF BACTERIA FROM THE
DIGESTIVE TRACT OF FISH

After 48 hours, the fishes were washed with
sterile distilled water to remove unwanted particles a
period of fasting for 48hrs allows the isolation of
bacteria from the enteric content to be easy leading to
the suggestion that the tract becomes effectively
sterile soon after emptying (Margolis, 1993), thus the
feeding history of the organism before its
investigation appears to be a primary influence over
the qualitative and quantitative nature of its micro
flora.

The micro-organisms presence in fish gastro-
intestinal tract arise from either the surrounding water
or on food particles. In experiment run on fresh
water, the bacteria expelled on faecal particles are
capable of extensive proliferation. this is possible due
to their association with the concentrated organic in
the faeces and subsequent distribution into
surrounding water. These observations suggest that
the bacteria are adapted for existence in the enteric
habitat and that this association may be significant
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source of luminous cells in the fresh water
environment.

Media used for this research include Nutrient
agar (NA), MacConkey agar (McA), Yeast extract
agar (YEA), Potatoes Dextrose agar (PDA),
Salmonella Shigella agar (SSA) Eosin methyline
Blue agar, (EMB) and this agar were all prepared

according manufacturers instruction.

PREPARATION OF SERIAL DILUTION FOR
THE FISH SAMPLE

After 48hrs the fishes were being washed with
distilled water, the fishes were also dissected to
remove the entire gastro intestinal tract with sterile
knife .The digestive tract surface was being
homogenized in the same sterile distilled water for
centrifugation, each intestine was immediately
dissected with sterile knife to open the intestine and
also a rubber spatula was used to scrap out the
content found in the intestine of the fish and it is
being placed into a sterile container (Ten sterile
container)and these content of the gastro-intestinal
tract was homogenized using sterile distilled water
and each were being transferred to ten test tube for
centrifugation which took place for 15mins at
1500rpm(rotation per minutes) after which the
supernatant part of the fluid was being collected
separately into another test tube there by separating it
from the decant.

Then 9m1 of sterile distilled water was being
placed into 5 test tubes each and the homogenized
solution of Male 1,2,3,4,5 and female 1,2,3,4,5 also
were serially diluted (that is 1ml of the homogenized
supernatant solution)into test tube of 107, 107, 107,
10,107 dilution. These dilution were pour plated on
nutrient agar, MacConkey agar, EMB agar, potatoes
dextrose agar, salmonella shicrella agar, yeast extract
agar.

INOCULATION AND GROWTH

The five (5) male and five (5) female stock
culture were placed inside a sterile container and
about 5ml of the stock culture were placed in a test
tube and centrifuge for about 15 min for about 1500
rpm and immediately the serial dilution was done up
to five (5) dilution using different sterile pipette,
aliquote of 0.Inil of each dilution was inoculated into
MacConkey agar, Nutrient agar, Salmonella Shigella
agar, yeast extract agar, EMB agar, Potatoes dextrose
agar.

Pour plate method was used mainly in this
period and the plate were allowed to dry together
with the main culture at dry room temperature of
25°C to 30°C. Then the plates were incubated in an
inverted position for 24 hours, exceptional cases were
that of potatoes dextrose agar which was kept for
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72hours (3 days) and in some case more than that to
ensure that there was growth.

It was observed also that the yeast extract agar
there was no growth even all several pour plating.
The total number of colonies formed was recorded at
different intervals, tabled in the result. After the
growth of the colonies, discrete colonies were
aseptically sub cultured with Nutrient agar (NA),
MacConkey agar (McA), Eosin methylene Blue agar,
Salmonella Shigella agar and thus the plate were
further incubated in an inverted position for 24hours
further sub culturing way done by streaking onto
nutrient agar plate, EMB, SSA, MacConkey, FDA
agar and incubated at 37°C for 24hours.

MAINTENANCE OF STOCK CULTURE

Stock culture of the isolated organisms gotten
from both male and female were maintained on
nutrient agar, slope at temperature of 4°C after
incubation at 37°C.More so the stock culture kept in
the sterile container was kept in the fridge for
preservation but before then Ethanol was added to
prevent it smelling and from spoiling.

PREPARATION OF STANDARD INOCULUMS

Organism from stock culture were sub-cultured
into nutrient agar start and kept in the fridge for
preservation. The preserves culture served as the
standard inoculum for various morphological cultural
biochemical test.

IDENTIFICATION OF ISOLATES
Cultural Characteristics

The cultural characteristics of the isolates was
observed after incubation for 24hours at 37°C on
Nutrient agar, EMB agar, SSA, MacConkey agar
while potatoes dextrose agar was more than 24hours
and different types of isolates identified.

Gram Staining

Smears of isolates were first prepared by
puffing a drop of water on the slide and picking an
inoculum, air dry and heat for according to Willey et
al., 2008. Each smear was then stained for 1 min
using crystal violet. This was washed in gentle
running tap water and then flooded with gram’s
iodine solution. It was again washed and decolorized
with 95% alcohol and counter stained with safranin
for 30 seconds finally it was washed, blow dried and
observed under oil immersion objective.

Mount Staining

This list was preferred as described by Willey et
al., 2008 that spore surface growth of the isolate from
the midway between the centre and the periphery of
the colony was made on a clean slide using a straight
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needle. This spore which fluffy growth was gently
tensed apart in lactophenol blue on a microscopic
slide using an inoculating pin and inoculating loop
and then cover slip was applied and examined
microscope. This test was done in order to identify
different fungi isolates.

BIOCHEMICAL TEST
Catalase Test

Two drops of hydrogen peroxide solution (3%)
was placed in a glass slide. A loopful of the test
organisms was added to the hydrogen peroxide
solution. Presence of gas bubble in the culture shows
positive test result. This was done according to
Chessbrough, 2000.

Motility Test

The medium used was a semi-solid agar
(Willey et al., 2008), it was prepared by adding 4g of
nutrient agar to 15g of nutrient both in 1 litre of
decolorized water. Heat was applied to dissolve the
agar and 10ml amount were dispensed into test tube
and sterilized by autoclaving. The test tubes and
allowed to set in a vertical position. Inoculation was
done by making a single stab down the centre of the
test rube to about half the depth of the medium using
a sterile stabbing rod. The test tube were incubated at
room temperature and growth examined after about
hours. Motile swarms gave a diffused growth that
was visible to the naked eyes.

Indole Test

This test was done according to Chessbrough
2000. Pure culture of the organism were inoculated in
to physiological saline and incubated at 370C for 48
hours. Indole production was tested using 3 drops of
KOVAL REAGENT made up of alcohol of 15ml, p-
dimethyl amino benzaldehyde 1g and concentrated
hydrocholoric acid 15ml, culture in which red colour
developed are positive while absence of red colour is
negative.

Oxidase Test

As stated in Chessborough, 2000, oxidase
reagent containing %10 (w/v) tetramethyl-p-
phenyldiamine dihydrocholoric acid was prepared by
dissolving 0.1g of this compound in 10ml of
deionized water strip of the filter paper was placed in
a petri dish, 2-3 drops of the prepared oxidase reagent
was added, smears of the isolates from the pure
culture was made in the oxidase paper strip using
glass or a piece of stick and not an oxidized wire loop
and observation for color change was blue to purple
or violet. For oxidase-negative bacteria, there is
usually no colour change. This change of colour is
due to the possession of cytochrome.
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Hydrogen Sulphide Production Test

As described in Chessborough, 2000, this was
performed using triple sugar iron (TSI) agar. The TSI
was sterilized using autoclave and allowed to cool to
450C. 9ml of TSI was disposed in test help in slant
position and allowed to solidify. A loopful of the
organisms was then streaked and stabbed on it and
incubated at 370C for 24-48hours. The presence of
darkened colouration was positive for this
production.

Lactose Sugar Fermentation

This test was carried out to know the ability of
an isolate to metabolize lactose sugar (glucose,
sucrose, lactose, mannitol etc) with the resultant
production of acid and gas or either into 1 liter of 1 %
(w/v) peptone water added to 3ml of 0.2% (w/v)
bromo cresol purple and dispensed in 9ml amount in
to test tube that contained inverted Durham tubes.

The medium was then sterilized by autoclaving
. the sugar solutions (glucose, sucrose and lactose)
were each prepared at %10 (w/v) and sterilized. 1ml
of each sugar was dispensed aseptically in to the test
tube. The medium was then inoculated with the
appropriate isolate and the culture incubated at 37°C
for 48hours and examined for acid and gas
production. A colour change from purple to yellow
indicated formation while gas production was
assessed by the presence of bubble in the inverted
Durham’s tubes.

Coagulase Test

As stated in Cheesbrough, 2000 this test is use
to identify this organism that produce the enzymes
coagulase. A drop of distilled water was placed on
each end of the slide. This was emulsified by a
colony of the test organism. A drop of plasma was
added to one of the suspension and mixed gently,
clumping of the organism within 10 seconds
indicated a positive result.

TOTAL VIABLE COUNT

The total viable count of each samples of the
fishes was done by dividing the incubated plates
which had colonies into four parts equally and pick a
particular part of the plate multiply it by a total
number of divided plate and also multiply it by the
reciprocal of the number of test tubes used for serial
dilution (five test tube) which is 10°.

RESULTS

The result of the identification of micro-
organism population in fish in different samples,
colonial morphology, cultural characteristics unit and
biochemical reaction are shown in table 1, Nine
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bacteria isolate and four fungal isolate were isolated.
For the bacteria isolate for the male fish include;
Escherichia  coli, Pseudomonas  fluorescence,
Staphylococci  aureus,  Klebsiella  aerogenes,
Salmonella enteridis, Aspergillus niger while for the
female, they include Pseudomonas fluorescence,
Escherichia coli, Staphylococci aureus, Bacillus
cereus, Klebsiella aerogenes, Actinomycete spp,

Aspergillus niger, Penicillum digitatum,
Enterococcus spp, Mucor spp, Proteus vulgaris,
Enterobacter spp.

The identification of Pseudomonas flourecence
was based on aerobic gram-negative rod, indole
negative, formation of fluorescent green on
MacConkey agar and oxidase positive.

Escherichia coli was gram negative when
stained facultative anaerobes and also aerobes, non-
motile, oxidase negative, indole positive, H,S
negative and shows greenish metallic sheen an Eosin
methylene blue. Klesiella aerogenes was lactose
fermentation positive and do not produce Hydrogen
Sulphide (H,S) producing mucoid pink colonies on
MacConkey agar.

Staphylococcus aureus was gram positive cocci,
oxidase negative, catalase positive (effervescence
positive) coagulase positive.

Samonella enteridis inform was gram negative
rods, indole negative, lactose negative, gas was
produced from glucose fermentation. Blackening in
the medium was due to hydrogen sulphide.Bacillus
cereus was motile, non-lactose fermenting and it is
mainly gram-positive rod.Proteus vulgaris was non-
lactose fermenting but it was able to ferment glucose
and sucrose. It was also positive for indole test and
also for motility test and they is also gram negative.

Enterococcus spp are aerobic organisms, they
were able to ferment lactose, they were negative to
catalase test, produced a small dark red magenta
color on MacConkey agar, they are non-motile.

Enterobacter spp has gram negative motile rod and
was able to ferment both lactose and glucose and also
grows purple on Emb agar. Penicillium digitatum had
folded growth with a grey fluffy mycelium. It
possessed chains of spherical conidia and also has
hyphen on a straight line. Mucor spp had white fluffy
growth on the Petri dish (i.e. potatoes dextrose agar).
Aspergillus niger had whitish fluffy spread growth
after some days and also had balls of sporangium and
lots of hyphen attached to it after checking it under
microscope.

Actinomycetes spp has a black folded growth
and also when checked under microscope it had a
unique conidia structure.

Table 2, shows the biochemical reactions of
some enteric bacteria and other enteric organisms
found in the experiment, such properties were used to
know the population of bacteria found in fish.

Table 3, showed the total viable count (TVC)
found in plate after incubation of twenty hours by
serial dilution method.

The result in table 4, represent the weight and
length of each fish from the pond, But it should be
noted that most bacterial isolated from the samples
werepredominantly gram negative and some were
predominantly fungus species. The total counts of the
suspension are obtained by multiplying the number of
colonies per plate by dilution factor which is the
reciprocal of the dilution. The changes in respective
values of the total count during the study period are
presented in table 5; it shows a continuous increase in
the total viable count. This was as a result of the
organism having the ability in the medium as they
utilize the nutrient component of the nutrient of the
nutrient sugar as a silo source of carbon and energy.
Bacterial isolated, recovered from the intestine of
Heteroclarias were identified to its adult level where
possible.

TABLE 2: BIOCHEMICAL REACTIONS OF SOME ENTEROBACTERIA AND OTHER ENTERIC

ORGANISM.

Species Lact Glu | Suc Mot Indo H2S Gas
Escherichia coli + + D +5 +2 _ 2
Shigella species _ + _ _ d _ -3
Salmonella typhi _ + _ + _ +weak _
Most other

Salmonella _ + _ + _ +2 d
Klebsiella

Aerugenes + + + + -3 _ +
Enterobacter sp + + + _ -3 _ +
Proteus vulgaris _ + | + + + + d

KEY: Lact=lactose, Glu=glucose, suc=sucrose, mot=motility, indo=indole test, H2s= hudrogen sulphide(
blackening), d=different strains give different results
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TABLE 3:Total viable count (TVC) 10-’ dilution

Species of fish Types of agar No of colonies Cful/ml
MALE 1 NA 80 8.0x10°
2 NA 128 1.28x10’
3 NA 112 1.12x107
4 NA 96 9.6x10°
5 NA 72 7.2x10°
FEMALE 1 NA 50 5.0%10°
2 NA 100 1.00x10’
3 NA 36 3.6x10°
4 NA 68 6.8x10°
5 NA 28 2.8x10°
Species of fish Types of agar Number of colonies Cfu/ml
MALE MCcA 36 3.6x10°
2 McA 156 1.56x10’
3 McA 164 1.64x107
4 McA 160 1.60x10’
5 McA 84 8.4x10°
FEMALE 1 McA 88 8.8x10°
2 McA 224 2.24x107
3 McA 180 1.80x10’
4 McA 232 2.32x107
5 McA 56 5.6x10°
Species of fish Type of agar Number of colonies Cfu/ml
FEMALE 1 Emb 80 8.0x10°
2 Emb 124 1.24x10’
3 Emb 208 2.08x10’
4 Emb 260 2.60x10’
5 Emb 104 1.04x10’
MALE 1 Emb 84 8.4x10°
2 Emb 140 1.40x10’
3 Emb 96 9.6x10°
4 Emb 100 1.00x10’
5 Emb 40 4.0x10°
Species of fishes Type of agar Number of colonies Cfu/ml
MALE 1 SSA 48 4.8x10°
2 SSA 80 8.0x10°
3 SSA 76 7.6x10°
4 SSA 124 1.24x107
5 SSA 212 2.12x107
FEMALE 1 SSA 252 2.52x107
2 SSA 224 2.24x107
3 SSA 188 1.88x10’
4 SSA 120 1.20x107
5 SSA 72 7.2x10°
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TABLE 4. Bacterial load, mean_+ standard deviation (cfu g-1) in the intestine heteroclarias fish in different
types of agar using Number of colonies.

SEX OF WEIGHT F NUTRIENT MACCONKEY EMB AGAR | SSA AGAR
SAMPLE FISH AGAR AGAR
MALE] 34.1+- 1.0
2 32.7+-1.0
3 33.6+ 1.7 9.76+ 4.1x10° 3.36+ 2.6x10 3.00+ 2.5x107 | 4.70+ 2.8x10°
4 374+ 24
5 352+ 1.5
FEMALEI 36.5+ 1.8
2 35.4+ 1.2
3 347+ 1.2 4.00+ 2.3x10° 420+ 2.6x10 4.88+ 3.5x10° | 2.80+ 2.1x10’
4 35.8+ 1.4
5 325+ 13
TABLE 5: The change in respective value of total viable count during incubation.
Day | p.flourescence | E.coli S.aureus | B.cereus | k.aergenes | entercXoccus | p.vulgaris | enterobacter
0 64x10° 5.4x10° | 4.9x10° | 5.6x10° | 4.6x10’ 8.6x10° 9.6x10" | 3.2x10°
7 7.5x10° 8.2x10° | 4.7x107 | 3.2x10° | 1.5x10° 5.0x10° 6.2x10° | 4.8x10°
14 | 6.5x10’ 3.0x107 | 5.4x10° | 7.5x10" | 7.2x10° 4.8x10° 5.6x10° | 4.2x10°
21 | 5.4x10° 5.4x10° | 9.4x10° | 2.5x10° | 8.4x10° 7.2x10’ 52x10" | 6.1x10°
DISCUSSSION changed at specific period. Due to the fact that one of

The intestine of fish contains a great diversity
of bacterial and fungal isolates withmany of the
organisms belonging to a particular group (Margolis,
1993).it is widely postulated that enteric tract of
fresh water fishes, do not contain autochthorous
micro flora, but instead serve as enrichment vessels
for bacteria ingested on or in their food (Horsely,
1997). After a period of extended fasting, the
isolation of bacteria from the enteric content is
difficult, leading to the suggestions that the trait
become effectively sterile soon after emptying
(Margolis, 1993). Thus the feeding history of the
organism before its investigation appears to be a
primary influence over the qualitative and
quantitative nature of its micro flora. The E. coli
isolated in this work is an indication that there is
faecal contamination in the water where the fishes are
living or feed with which they are being fed, since E.
coli is an indicator organism. This calls for caution
in the consumption of such fishes or where necessary,
the cooking must be done properly to destroy this
potential pathogen. Also, for the Salmonella
enteritidis that was involved precaution must be
taken by monitoring the kind of feed given to the
fishes and also the fresh water used should be
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the ultimate goals of this study was to determine the
presence and identify micro organism under usage of
zooplankton for feeding Heteroclarias fish was
chosen.

Unless otherwise noted, the specimen utilized
in this study were dissected after 48hours of
collection, it was observed that the presence of food
material in the alimenting tract often correlate with
high concentration of enteric micro flora, however no
systematic study of this relationship was made. The
appearances on the colonies on serial dilution (107,
10,107, 10*, 10-” on the nutrient agar (N.A)
plastic were raised, flat, flat convex and raised, in
elevation while in colour were white,dirty yellow,
creamyl white, white respectively, while on the
other hand for MacConkey Petri dish was raised, flat
and on the other hand in colour it was yellow1 brown
with large colony like, and also there was formation
of fluorescent green and pinkish growth while on the
Eosin methylene blue agar Petri dish was mostly flat
colony and few raised and colour were mostly
greenish metallic sheer,shining pinkish growths and
red colour respectively and for the salmonella
Shigella agar was flat mostly and in door it was
Mostly black and all round due to the hydrogen
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sulphide it Produced. On potatoes dextrose agar was
white, fluffy shape and some were black and also
round in shape.

All the selected strains were identified either as
gram positive or gram negative organism. They are
either cocci or rod in shape. All the strains were
oxidase negative except Pseudornonas flourescence
which is positive. The result obtained from the
biochemical and carbohydrate fermentation are
stated in table 1.

According to Bergey’s manual of systemic
bacteriology the above table 1) biochemical and
carbohydrate fermentation tests indicated that the
characters represented by plate of 10" 107, 1010
110°  are mostly Staphylococci aureus and Bacilli
cereus and the Ones found on MacConkey were
Pseudornonas spp, Kiebsiella spp,proteus spp,
Enterococcus spp and on the Eosin methylene blue
(EMB) Petri dish was mostly Enterobacter,
Kiebsiella and Escherichia Coli and on the potatoes
dextrose agar plate was mostly Aspergillus niger and
ActinomyceteS due to the sporangium and hyphae
seen in microscopy and whitish fluffy colour seen on
the plate.

From the result in the table 5.0, the analysis on
bacteria Carried out on a day shows lesser microbial
load, followed by day seven analysis on the bacteria
in fish which shows a higher microbial load than that
of day one and finally, the analysis on bacteria on day
twenty one shows the highest microbial load. This
data of microbial load present in the Petri dish was
discovered to be due to sorne factors leading to the
multiplication of organism on nutrient agar, Eosin
methylated blue agar,MacConkey agar, Salmonella
shigella agar.

The report gotten from the study establishes
important points concerning the ecology of fresh
water bacteria.

1. They are commonly present in the gastro
intestinal tracts of many fresh water fishes.

2. Their presence in fish gastro intestinal tract
can arise from ingestion of bacteria (from the
surrounding water or on food particles).

3. In experiments run in sterilized fresh water,
the bacteria expelled on faecal particles are capable
of extensive proliferation (possibly due to their
association with the concentrated organism in the
faeces) and subsequent distribution into surrounding
water.

These observations suggest that Iuminous
bacteria are well adapted for existence in the enteric
habitant and that this association may be a significant
source of luminous cells in the fresh water
environment. In addition, the same species of bacteria
are generally present both in the entenc tract.
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In this way the contribution that these microbes
make to the degradation and mobilization of organic
compound can be estimated.

CONCLUSION

In conclusion, the result that showed that
bacterial load in The intestine of Heteroclarias fish
varies in its gender (i.e male and female), the
bacterial load in fish might be increased with the
increase of water temperature (Fernades et al., 1997;
Hasseen et al., 1999). By monitoring the bacterial
load in fish from growing pond, which will affect the
storage life and quality of the fishery product the
quality of fish being produced can be measured.

The predominant bacterial flora consisted of
gram negative rods. The bacterial flora detected in
the intestine of Heteroclarias fish varied in its gender.
Pseudomonas fluoresces, E. coli, S. aureus and
Salmonella was dominated fl all bacterial isolates
examined from intestine of Heteroclarias fish.

The high prevalence of Pseudomonas
fluoresces, Escherichis coli and salmonella spp,
throughout the study period suggest that these
bacteria may be common bacteria commensal in
Heteroclarias intestine. Ruane et al., (1997) as
observed in significantt coliform, including E. coli in
fish culture ponds at 24-29°C, it may be expected that
the bacterial flora in Heteroclarias intestine would
also vary.

The bacterial presence or the particular species
complex detected in the intestine of Heteroclarias fish
probable had effect on fish disease prevalence. None
of the fish sampled was dead (that is it may be due to
cannibalism). No pathogenic bacteria are species for
Heteroclarias, but some affect them more severely
than they do in other cultured fishes. In this present
study isolation of E..coli, P. fluoresces, Salmonella
spp, Staph. aureus, which are facultative pathogen or
agent of food poisoning is of utmost importance. The
present result indicated that the commensal bacterial
flora included facultative pathogens which under
conditions of stress could give rise to fish epizootics
(Billard, 1980).

This information will help in controlling the
storage life quality of the fishery product arid if
considerable effort will be devoted to the study and
production of Heteroclarias fish, cat fish farming
will attract private sector initiative compared to
earlier public or government - sponsored programmes
(Balogun et al.,1992). If the associated problems of
reductions especially the issue of feed production and
fingerling supply are tackled, Nigeria will soon
become a world exporter of cat fish.
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Gas Chromatography-Mass Spectrometry Analysis Of Petroleum Ether Extract Of Piper Guineese Seeds
(Schum And Thonn)

Usenekong O.E., Sambo David And Efiom, O
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ABSRACT: Piper guineese is herbal recipe ingredient widely used in African Traditional Medicine (ATM). The
essential oil of piper guineese seeds was analysed by using GC-MS, which led to the identifications of many
constituents present in the medicinal plant. The essential oil consist mainly alcohol, ether saturated and unsaturated
hydrocarbon. The major compounds of the essential oil were 1,3-benzodioxole, 4,7-dimethoxy,5-(2-propenyl, 1,3-
Benzodioxole, 4-methoxy-6-(2-propenyl) and 1,3-Benzodioxole, 5-(1-propenyl).
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INTRODUCTION

Piper guineese belong to the family of
pipeeareae. Members of this family are known to be
herbs or shrubs which have erect, scandent or
climbing. The medicinal plant is distributed
throughout Nigeria and other West African Countries
including Ghana, Cameroun and Senegal (Olorode
2011). Piper guineese is known as Odusa among the
Efik people of Cross River and Uziza among the
people of South East of Nigeria. They can also be
used in the management of ailment such as
rheumatism, antipyretic, anti-emetic, mental illness,
impotence and microbial, diabetic and hypertension.

The plant also played a roles in many of the
industries and are used in perfumery soap, incense as
dyes in histology and various acts. (Onyeson and
Okoh 2006). The study of various seed extract of the
plants have shown that the plant has contains
substance that interfere with conception in mice
(Ekanem et al 2010). Several active compounds
previously identified and isolated from the seed of
piper guineese includes, piperanine, N-isobutyl
(E,E)-2,4,4-decandienamide and af-dihydro wasamin
(Ekanem 2010). The aim of the work is to investigate
and identify other phyto chemical constituents
present in the seed of piper guineese.

MATERIAL AND METHODS

The seeds of piper guineese (schum and thonn)
were purchased from a local market in Uyo Akwa-
Ibom State Nigeria. Plant identification and
authentication has been done earlier (Ekanem 2010)
and voucher specimen had been deposited at
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herbarium unit of Department of Botany University
of Abuja.

EXTRACTION PROCEDURE

30g of the powdered seed of piper guineese was
exhaustively extracted in 400ml pet Ether (60-80)
using percolation method and then concentrated to
dry mass using rotary vacuum evaporator. The
weight of the dry extract was stored in airtight
container until required.

Gas Chromatography-mass spectrometry analysis

The Gc-Ms analysis was carried out using
thermo scientific trace Gas chromatography model
(ultra As 3000 series). The Gc was

equipped with an As 3000 auto sample and
split/splitles injector. The column was (30x0.25nm
with film thickness of 0.25um

coated with 5% diphenyl 95% poly dimethyl
siloxane. The column oven was programmed from
50°C to 250°C at 20°C/mm under the following
condition carrier gas Helium, split ratio 30:1 flame
ionization detector (FID) 250°C.

Identification of compounds in the piper
guineese seeds was conducted using data base of the
library search. The mass Spectrum of the identify
compounds stored in the soft ware data base library.

RESULTS
The results are shown in Table 1 and Figures
1, 2.
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Table 1: Result of GC/MS analysis of the essential oil of piper guineese showing their RT, Intensity and %

composition
Peak RT Composition % composition
1 3.79 1,6-Octadien-3-ol-3,7-dimethyl 4.07
2 6.17 1,3-Benzodioxide, 5-(1-propenyl) 3.59
3 7.23 Tricyclo(4.4.0.02,7) dec-3-ene 1,3-dimethy-8- 6.69
(1-methylethyl)
4 7.35 Naphthalene 1, 2, 3, 4, 4a, 5, 6, 8a-octahydro-7- 5.22
Methyl-4-methylene-1-(1-methylethyl)
5 7.92 Bicyclo (7, 2, undec-4-ene 4, 11, 11-trimethyl-8- 13.05
methylene)
6 8.09 1, 6, 10-Dodecatriene, 7, 11-dimethyl-3- 2.45
Methylene (E)
7 8.49 1, 4, 8 Cycloundecatriene 2,6,6,9-tetramethyl 4.89
(E.EE)
8 8.82 1,6 Cyclodecadiene-1-methyl-5-methylene-8- 16.31
(1-methylethyl) (s(EE)
9 9.02 Cyclohexane, 1-methyl-4-(5-methyl-1- 2.34
Methylene-4-hexenyl, (s)
10 9.27 Cedr-8(15)-ene 10.60
11 9.47 1,3-Benzodioxole,4,methoxy-6-(2-propenyl) 12.24
12 10.90 1,3-Benzodioxole,4,7-dimethoxy-5-(2-propenyl) 17.94
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Fig 1: Mass spectrum of 1,3-benzodioxole,5-(1-propenyl)
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Fig 1: Mass spectrum 1, 3-Benzodioxole, 4-methoxy-6-(2-propenyl)
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Fig 3: Mass spectrum of 1, 3-Benzodioxole, 4,7-dimethoxy-5-(2-propenyl)

DISCUSSION

The result of the GC-MS analysis of the essential
oil of piper guineese identified the various compounds
present in the plant. From the gas chromatogram of the
extract which shows 12 distinct peaks identified by
GC-MS while the compound identified through
computer data library search are listed in table 1. The
major compounds present in the essential oil of piper

guineese as identified by GC-MS were 1,3-
Benzodioxole,  5-(1-propenyl)  (RT:6.17), 1,3-
Benzodioxole,4-methoxy-6-(2-propenyl)12af3 and

(RT: 9.47) and 1,3-Benzodioxole, 4,7-dimenthoxy-5-
(2-propenyl) (RT: 12.90). The GC-MS spectrum gives
the structure of the compounds figure 1,2and3
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molecular formula as C;1H;,O; and
C,H404 respectively.

Other component also identified in the oil of
piper  guineese  are  1,6-octadien-3-ol,  3,7-
dimethy(3.79:RT), Tricyclo (4,4,0.02), dec-3-ene (RT:
7.23), Naphthalene. 1,2,3,4, 4a,5,6,8-octahydro-7-
methyl-4-methylene-(1-methylethyl)  (RT:  7.35),
B.cyclo(7.20)  undec-4-ene,  4,11,11-trimethy(-8-
methylene (RT:7.92), 1,6,10-Dodecatriene, 7,11-
dimethy-3-methylene (RT: 8.09), 1,4,8-
cycloundecatriene,2,6,6,9-tetramethyl (RT:8.49), 16-
cyclodecadiene, 1-methylene-8-(1-methyethyl) (RT:
8.82), Cylcohexane, 1-methy-5-methylene-4-hexenyl
(RT:9.02) and Cedra-8-(15)-ene(RT: 9.27).

CIOHIOOZ:
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It has been reported that many medicinal plants
are rich varieties of secondary metabolite such as
essential oil and have been used for many thousand
years in food preservative medicine and natural
therapies (Onyeson and OKoh 2006).Apart from the
essential oil providing energy, it can also contain
modest but useful amount of the compounds on
important component of membrane phospholipid or
precursor to number of critical compounds once found
in virtually all tissue membrane of human (Cley et al
2004). Earlier studies carried out using the seed of
piper guineese revealed that the seeds are found to be
a potential source of anti oxidants due to the present of
polyphenonic compound (Otshudi 2005). Essential
oils are rich source of biologically active compound.
In looking at anti-microbial properties extract from the
plant is particularly essential. Essential oil has been
reported to be immune enhancing, anti-bacterial,
antifungal, antiviral, and antiseptic, wound healing
anti-inflammatory and anti-cancer properties (Ali
2011). The present study aimed at identifying wide
range of the nature of compounds of the plant which
might play role as reported in African traditional
medicine.

6/12/2013
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