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ity . RE B E A M/NEE A&
FE DL R S A s 7 D A B il R
TESE Ak L H 40 S i G (SF) . & 82 L (FF)
2 W L 21 2 K (CF) RN i £F 4 28 (M) L i) i 2T 4
TKF-AH 7] B 4P 45 28045 B S 36 et LRk 4
KB SRR WL R T, Rk OB R A i 80 H i
FWOB R RBRA A, SRR 42.0 mm
P RURL R, FARIRT ) T4 cCokAR R 745 -
1.2 AFER

S R B R R T K R X R R
%, HRSEEYIE10 dE 2524 h, FH0.01%
MS-222f I JG FREE, BEMLA A FE, BANAL
P3G, HANEL25E M1[(21.59+0.12) g], TEE N
BOKTEH TR RGP 3R 88 . SCg e, & H
FME3(08:30, 12:30. 18:00), FiaFE N
3%~5%, FrRFEKIE A e o3 A A SROK, FRAH
WIF KRN 23.2~28.5 °C, 1Al >6.5 mg/L, A<
0.05 mg/L, WflfREE<0.01 mg/L, pHA7.0~7.4,

1.3 Hmfl&S5 o

T IR LR 25 s/ E 25 24 h, JH0.01 % MS-
222 S FREE, RS ELREALE R R T 4
BN A s BN GLREVLE AR, IR R R
WA, TEVKRE b 5T o B s R AL L
Ji7s 1 F B Z RS RE DT 5 AR, T IR AR 48 b 1 DU
S, SR B T8 R IR O, WA R R
T80 °CUKAFE IR A& M s BAGIREHLIC4E
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Tab. 1 Composition and nutrient levels of
test diets (air-dry basis) %
TH ZF4EJR fiber sources
items SF FF CF MF

JREL  ingredients

ffy 36.0 36.0 36.0 36.0
fish meal

KEHHEEA 8.3 4.7 11.0 11.0
isolated soy protein

NEEA 15.0 15.0 15.0 15.0
wheat gluten

FAKVER 5.0 5.0 5.0 5.0
corn starch

i 3.0 3.0 3.0 3.0
fish oil

2 4.0 3.5 5.0 5.0
soybean oil

il 14.0

soybean dreg'

R 28.0

fermented soybean dreg’

W A Y 6.0
carboxymethyl cellulose

AR 6.0
microcrystalline fiber

i 1 10.2 0.3 14.5 14.5
bentonite

SACAR B 0.3 0.3 0.3 0.3
choline chloride

vC 0.2 0.2 0.2 0.2
vitamin C

e 1.0 1.0 1.0 1.0
Ca(H,PO,),

SETURE 3.0 3.0 3.0 3.0
composite premix

it 100.0 100.0 100.0 100.0
total

EIERST  nutritional levels

HEAR 447 44.7 44.8 44.7
crude protein

HH AR 10.2 10.5 10.5 10.6
crude lipid

KK 5y 14.5 8.3 18.2 17.8
crude ash

bitEa R 52 52 52 5.3
crude fiber

Ee 1 FEWAERTRTFX, AEHMLIAY; 2. ki
LI SR ] 25 R T A

Notes: 1. soybean dregs purchased from Liangping District, Chongqing
City, is a processing by-product of bean gluten; 2. fermented soybean
dregs from soybean dregs by solid fermentation of bacteria

15— B AE

M2 v 45 T i (ALT)(CHO101201, 355
WA NI AR G g5, T 2R 2
(AST)(CHO101202)Fi i 14 8 ik it (ALP)(CH0101203)
T PE DL K SH [ B (TC)(CHO0101152) . H il = ik
(TG)(CHO101151)., 7#i%j#%(GLU)(CH0101102) .,
5 (Ca)(CHO101251) A1 (P)(CHO0101257) 5 % H
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4 [ B AL AT A (H 32 7100) 00 2, 3555 & [
P se AR R ey AT IR A\l . A AR P i
{1 (SOD)(A001-1-2) ., 3 A fb & (CAT)(A007-1-
1), —%A LA 5 M (NOS)(A014-2-2), Na*, K'-
ATPi (A070-2-2) . TEH B (AMS)(CO16-1-1){ T
DL ZE(MDA)(A003-1-2), — &1L &
(NO)(A012-1-2) % 5 ¥k F Fg ot S iU A= 4 T RE bt
S8 TR G0 A o
14 HEAR

1 F K (weight gain rate, WGR, %) = 100%Xx
(W=Wo) Wy;

7 A K R (specific growth rate, SGR, %/d)=
100%X[InW~InW,)/t;

B F (feeding intake, FI, %/d)=100%xFx2/
[(Wt+ WO)Xt]§

M B3 (protein efficiency ratio, PER)=
(W=W(F *x Fp);

Tkl 2 %4 (feed conversion ratio, FCR)=F/(W~

Wo)s

B K (survival, SR, %)=100%xN,/Np;

JIEAA L (viscera somatic index, VSI, %) = 100%x
W W

JFAA HE (heparsomatic index, HSI, %)= 100%x
Wy W

Mg £ % (mesenteric fatindex, MFI, %)=100%x
Wil W3

A 35 B (condition factor, CF, g/cm’) = 100x

w/L?,

K, WA W I 3 Ry 2 AR AR 5T 5 FH W) 46 AR 5T 1t
(g), CAHFIE T RE(D), FARHEE (),
F, o BHE B (%), NN i o 4K
BAwin RE(R), LA miEE (em), W, hHNIE
H(g), Wi NHIEHE (), W b FR AR (g).

1.5 HIEALE

S5 B A Y LA P B 48R ME 1R (mean + SE) &
7N o R HISPSS 22,05 4F 47 J5 22 P A6 5 1 AL K]
3 Hr(One-Way ANOVA), # 3k F| &K,
MIEFT Tukey R 2 8 L3, B 2 4 /KF R P<0.05,

2 4

21 ERFYERN K ORSERERENZ M

CFH RO E W FBW. WGR. SGRAI
PER B E K T H AL S ¥64H , FCRIE Z 5 T HiAfth 52
5540 (P<0.05), 1iiSF. FFAIMF4 2 [0]JC i & 2 5
(#2).

22 ERFYERN K ORR AR

T ek 1 2 Y 25 5 e K T SR B R4 B, CF
VST, HSUFFERS b7 & & o 2 5 T H A 41
(P<0.05), {HA&SZEZHCF. MFIRL KORLIK 43 FikL
E SRR E 2 5(P>0.05), CEHIMFZ 4= 1a
K T AL S I AL, MR AR D
b 2 I T A 52 55 2H (P<0.05)(323)

R2 ARAHERIAOREE KRN

Tab.2 Effects of dietary fiber sources on growth performance of M. salmoides

L YEJR  fiber sources

WiH items

SF CF MF
VG i R/g IBW 21.58+0.08 21.63+0.02 21.55+0.05 21.59+0.04
LR/ FBW 64.65+0.58" 68.18+2.55" 59.19+1.28" 66.49+1.50°
WEZ/% WGR 199.59+3.64° 215.31£12.04° 174.61£5.71° 201.04+5.09
A K /(%/d)  SGR 1.83+0.02° 1.92+0.03° 1.68+0.03" 1.87+0.04°
FER/(%/d) FR 2.12+0.12 2.04+0.06 2.05+0.01 2.08+0.12
|EAE  PER 1.45+0.03° 1.45+0.01° 1.23+0.03" 1.410.03°
TR R FCR 1.55+0.04" 1.55+0.02° 1.82+0.05" 1.60+0.03"
IER/% SR 100.00£0.00 100.00£0.00 94.21+1.24 100.000.00

Ee FATH EARAR/NG F RS ZE R B (P<0.05); FIF

Notes: in the same row, values with different lowercase letter superscripts mean significant difference (P<0.05); the same below
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Tab. 3 Effects of dietary fiber sources on morphological measurements and nutrition composition of M. salmoides

ZYEJR  fiber source

TWiH items

SF FF CF MF

JE4EEFR  morphological measurements

WA LEE/% VST 8.71+0.22° 8.57+0.19" 9.74+0.29° 8.77+0.13°
fF A E/%  HSI 2.81£0.10° 2.65+0.08" 4.09+0.21° 2.87+0.07"
i hs % %u% MFI 1.94+0.05 1.88+0.10 1.95+0.05 1.99+0.13
AL /(g/em’)  CF 1.93+0.03 1.97+0.04 1.88+0.04 1.92+0.02
EFHRL  nutrition composition

7K93/%  moisture 71.45+0.15" 71.03£0.27° 72.75+0.22° 72.63+0.13°
HEA/%  crude protein 14.84+0.04 14.94+0.03 14.92+0.01 14.97+0.04
B /%  crude lipid 8.69+0.05° 8.58+0.05° 7.24£0.04° 7.46+0.09°
K 5/%  crude ash 3.55+0.04 3.55+0.04 3.55+0.04 3.55+0.04
JFERG T4 5/%  liver lipid content 4.38+0.03° 4.1120.36" 5.76+0.15° 4.58+0.04"

2.3 (ARl HEIRITKOEL MR AE LRI SN

T e £F 2 5 % K 1 PR I 3 A GLU ., TC
CaflIPF 2 JC i & 5 i (P>0.05)(%4), {HCF4 K
g mE P B ALT. ASTRIALPIGT:LL R TGS
i i T A SIS 4H (P<0.05).

24 EARALEBENRAORFBERELEND
aEA

CF#{SOD. CAT. AMSAHINa", K™-ATPH§%
P8 EMCFFFRIMFAL, MDA & i 3% & T
5256 20 (P<0.05). FFZANOR B 8 3 5 T HiAh 52
¥ 24 (P<0.05), MMiSF. CFHIMFSZY: 4 6] i &
255 (P>0.05), K H B &5 17 T NOSIHE 4 76 41 7] Tt
L 25 7 (P>0.05)(#5),

2.5 AR YEIRRT K O R SR AR A A7 E H R

FHIF M

(EREEARA RS T S AP NIRES ) 1P 7
SER T, A AATIESNERE 1, (HCFALAF
JUE B e R . AL ZU) A al ¢ 3
CFALIT 20 M2 25 5 B AR, T 200 0 = 3 Ak L A
PR, AR B R e e Bk, TR R
ENRTAS

i et 21 2 P5%F K 10 R i 1 4L OE A
R (ERID), (BB F 2w e HaLup s,
Horb LLCFELR o B AL P 4547 dc D 7 o, R BR
HE TG, BT REE /D, 2L
FEH

R4 ARALERIAOES MRS KIBIRAISZ 0

Tab. 4 Effects of dietary fiber sources on plasma biochemical indexes of M. salmoides

LYEJRE  fiber source

TWiH items

SF FF CF MF
BRFERER/(U/L) ALT 5.00+0.30° 4.52+0.10™ 9.30+0.26° 3.17+0.23"
BHAELEF/(U/L) AST 24.31+0.89" 21.95+1.81° 40.01+0.54° 21.92+2.25°
T RRRS/(U/L)  ALP 46.47+1.30° 43.02+1.12° 73.59+4.81° 54.98+2.14°
% ¥E/(mmol/L)  GLU 3.25:0.27 2.87+0.32 3.02+0.35 3.59:0.04
Hih =Es/(mmol/L) TG 8.43+0.73 7.66+0.20° 11.42+0.46° 8.60+0.34*
SB[ B/ (mmol/L)  TC 9.06+0.21 8.92+0.20 9.18+0.40 8.74+0.42
f5/(mmol/L) Ca 2.55+0.04 2.60+0.04 2.51+0.06 2.58+0.05
B§/(mmol/L) P 3.36+0.10 3.33+0.08 3.39+0.11 3.37+0.08
Ca/P 0.77+0.02 0.78+0.02 0.75+0.02 0.78+0.02

http://www.scxuebao.cn
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Tab.5 Effects of dietary fiber sources on intestinal antioxidant and digestive absorption of M. salmoides

4R fiber sources

WiH items
SF FF CF MF

P bI8FR  antioxidant index

A AL B/ (U/mg prot)  SOD 82.61+0.47" 93.25+1.01° 81.93+1.08" 88.91+1.64°
i A AL B/(U/mg prot)  CAT 23.47+0.88" 27.12+1.41° 22.46+0.52° 26.66+1.18"
7 —®/(nmol/mg prot) MDA 1.62+0.04° 1.5620.03" 2.36£0.34° 1.6120.13°
— A E A B/ (U/mg prot)  NOS 1.16+0.12 1.22+0.04 0.80+0.02 1.13+0.10
— & A&/ (umol/g prot)  NO 5.06+0.16° 5.76+0.29" 4.24+0.24° 5.06+0.49°
AL BcFeHR  digestive absorption index

VERYE/(U/mg prot)  AMS 1.88+0.04° 2.14+0.01° 1.77+0.08" 2.17+0.01°
Na“, K'-ATPE§/(U/mg prot) Na',K'-ATPase 10.50+0.29° 13.2740.28° 8.140.59 12.35+0.16¢

ElhR |

Plate |

EARALERN K OB SENEMm
(1) SFAAFIEAN M,  (2) FRAARTIEAN AL,  (3) CFALRTAE MM,  (4) MFALATFIE AR, (5) SFALATIEY) A, (6) FRALRTEYI v, (7) CFALAT I
YIH . (8) MFZLRT 411 A

Effect of dietary fiber sources on liver morphology of M. salmoides (x100, H.E)

(1) SF group liver appearance, (2) FF group liver appearance, (3) CF group liver appearance, (4) MF group liver appearance, (5) SF group liver section,

(6) FF group liver section, (7) CF group liver section, (8) MF group liver section

3 TR
3.1 ARIFERRT A O R a5 KM BE B2

AW FE e AR} rp AN (] £ 4ok R 2 255
M R 1R g A A PERE , X S AEEET SOARER IG
fiti (Rhamdia quelen)” . J& % % 4k fi (Oreochromis
niloticus)" "L 5 (Oncorhynchus mykiss)" " 'H1 (1)
WFFEAE R — 5, X PP EDRE b A [F] 25 4k DR % 3h )
Az KM BE S i 1 22 S AT RE 45 4T 4E 1 25 1 LB
PEARMEAT 56 o A RL L AT 2 KOV 3 = S T sh
8 A AT A A P T A ) AR R I R T 4 Ok

WM. [ SR 4i A0 L, W 5 21 4 v] DA
W R R A, — 7 TR B IR S AT
gt , w7 AN AE, -7
T AJ B8 A2 DA R i K I 1 4k 7 A K a0 B A D5
R (SCFAs) M sh it m r s, s, He
BRWHEARERMEE, KBS ERK R
TR, FAEES MU QG 6S (Clarias
gariepinus)!" VAE IR JC 15 i (Pangasianodon
hypophthalmus)!"" A5 AH UG & 3L . X 7] fE &
PR Ry R W B 2T dE Ry it o, 8m 1 kb R
B R R EERY, BEAR TE SR BRI AR, A
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ElhR 1l

TR R HE TR 3 K O AR PR A AN US A LA RS A9 I 22 M

(1) SFAL T, () FFAATG. (3) CFATR I, (4) MFATRT, (5)SFAEN, (6)FFHAEN, (7)CFHEE, 8)MFHER

Plate I

Effects of dietary fiber sources on foregut and hindgut morphology of M. salmoides (x100, H.E)

(1) SF group foregut, (2) FF group foregut, (3) CF group foregut, (4) MF group foregut, (5) SF group hindgut, (6) FF group hindgut, (7) CF group

hindgut, (8) MF group hindgut

MR PR AR, [RIE, AHIESE A & 3R B 2
2T 24 3R 28 iy 30 1 Al it 0 082 WA R O P B G, A
BERB R R, XD RR AR LT R R
fiyi 2R K 0 22 52 T RE S h T H R I AR A TR
e, CAVHTRAE)E % B R AR g 6> rh 4,
UESE T A W) 21 4E 5 R LA el 4] 6L 35 57 1A 104 78
R, BRZAh, fRRHEF 4 R v s DA B
L B S BEAR S AR PR, B[R] ) 2F
A5 5% 7 38 AT 4B 1R R ) fa 2R 0 AR K R A
T L — AR
32 EREFEIRR A ORI H R

30 B 0L VAU P T LA B 288 1 R R
Bk B, o ALTRIASTAZ PN IF DI R 9 32
PR bR, X SR AR Y b AR AR WK & O 2
2T WEFEAE AR, R AL R A KR
fiy 1fi 3% i ALTHITASTIE P B 5 74 &5, SR WA AE )
REZ BR WAL RN . W L2, #E
R P B ZF 4 K5 5 R T E b s D AR, Sl i
NETH@ . X DI TR S T IE
W HAR A . 7E 28 Cyprinus carpio var. jian) Y
FIEE W BL(C. carpio haematopterus) *”'h i 5% [F]
FE e BLRDRHET 4R RE 8 e R Sh W po U is & & . AR
M, WAL, R 4E R KA 25
5 5 (Dicentrarchus labrax) LG & & ', G 4E R
XA R [ P AT iR ) R B, )
JiE B W B AE 7 T B 5 2F 4k R Y i R UKL B A
Ko BERMAHL AR WA, R 4ER
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3.3 ARAFYEIRN KO R FE R RN

SODMICATYE Ay A= 1k N it 481k B TN AL il
WP, RERERENZ XA A H
oo ARBFIERIN, TERL 2R 4 R 2 R Ok R
fiyifi7 1 SODMICATI® P, X U6 W] sl A i 8 1k
RE T Z 25 M, e AT Rl RE I B SE 45 4R
A R RS2 RSV AT A A S TR, AR R S T S £
Y mT DLAR ot LR A P AR RE 1 U0 AT
HI, NOSFINOJE B 1197 J5 A 11 G 38 ] 15 A
NOSHINOM i I B2 Sz e MLAA 1) G 28 1 EC'
R g LB ER S BHIENOY &, xR
BREF sy TR OB e B e 1, R
W 5% 0 0IE S5 T 45 2k nT LB v 0 A ) S S
UEAh, S T £F 4 34 AT DB i 3 1 45 A TR A B,
AR K W SR A AR A e A B, AR
Mugis £, A A I S £ 4G 4R TR 1 2R
o 305 A0 M A K VR T, TR R R EL AT R a0 i T ik
BEMFE o T B8 W R 27 4 R (0 g 18 90 B
B ARG, RPRZON I S HLHES S B, A s
J2 W R T, U R R PR L A A ) X A
A —ENARER, U EGgREN, B
T 756 B 1 A A SR X 2T A 2R 0 U — i R P
N o FRDARREF 2 ) A (B e i E SR A, B
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Effects of dietary fiber sources on growth, plasma biochemical indexes,
intestinal antioxidant capacity and histology of
largemouth bass (Micropterus salmoides)

SHI Chaoming , JIANG Yu, ZHONG Yunfei, CHEN Yongjun, LUOLi, LIN Shimei ’

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
College of Animal Science and Technology, Southwest University, Chongging 400716, China)

Abstract: In order to compare and evaluate the differences in nutritional and physiological functions of fiber
sources in fish feed, we observed the effects of dietary fiber sources on the growth, plasma biochemical, intestinal
antioxidant capacity and histology of M. salmoides. Fish [initial weight of (21.59+0.12) g] were fed four
isonitrogenous and isolipid experimental diets containing same fiber content soybean dregs fiber (SF), fermented
soybean dregs fiber (FF), carboxymethyl cellulose (CF) and microcrystalline cellulose (MF) for 8 weeks. The
results indicated that the CF group showed significantly lower final body weight (FBW), specific growth rate
(SGR) and protein efficiency ratio (PER) compared with other groups, while feed conversion ratio (FCR),
heparsomatic index (HSI) and liver lipid content were significantly higher than other groups. The activities of
alanine amiotransferase (ALT), aspartate transaminase (AST) and alkaline phosphatase (ALP) and the content of
triglyceride (TG) in plasma of CF group were significantly higher than other groups. At the same time, the
activities of superoxide dismutase (SOD) and Na“, K'-ATPase of CF group were significantly lower than other
groups, while the content of malondialdehyde (MDA) was significantly higher than other groups. The content of
nitric oxide (NO) was the highest in FF group. Compared with the other groups, the liver appearance became white
and liver cells were vacuolated seriously with aggravation of mechanical damage of the hindgut villi in CF group.
The results showed that dietary fiber source could significantly affect the liver and intestinal health and then affect
growth performance of M. salmoides, and the feasibility of carboxymethyl cellulose as pellet binder should be re-

evaluated.
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