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BUSCEA, A5 DL A b FE IS B A DR ST 2T Ak i A AR P B

He AR FE b 0 ) A fele 2231

RN R A RE AP, LS WA 5 W TR ) 5
Bl m Rk, 7E A DR A3 S 0% (X B4 )
3.5%. 7.0%. 10.5%F114% K T2 4k I ) 5 5Fh 21
A IKF-(1.8%. 5.2%. 8.8%. 12.2%F115.8%)M) %

A NR(CP 36%, EE 6.0%)E %k, Himkidl
TR BCE FR R WAL,k SR B i 80 H B
RIOE IR A2, TSRS 492.0 mmY
WURLETEL, AR IS T4 eCORE P R A7 % 11

Fz 1 ARHERKREFRKFETFER)
Tab.1 Composition and nutrient levels of test diets (air-dry basis)
TR YEKF/%  dietary fiber levels
TiH items

1.8 52 8.8 12.2 15.8
R¥/% ingredients
fify  fish meal 8.0 8.0 8.0 8.0 8.0
2 GH dehulled soybean meal 20.0 20.0 20.0 20.0 20.0
FFFA [ cottonseed protein 14.0 14.0 14.0 14.0 14.0
KEGEEE  isolated soy protein 6.0 6.0 6.0 6.0 6.0
/NEFRA wheat gluten 8.0 8.0 8.0 8.0 8.0
T wheat flour 223 223 223 223 223
il soybean oil 5.0 5.0 5.0 5.0 5.0
KLY soybean fiber 0.0 3.5 7.0 10.5 14.0
i+ bentonite 14.0 10.5 7.0 35 0.0
SALAEAE  choline chloride 0.2 0.2 0.2 0.2 0.2
AR — 545 Ca(HPO,), 1.0 1.0 1.0 1.0 1.0
HAETIRE  composite premix 1.5 1.5 1.5 1.5 1.5
#it total 100.0 100.0 100 100.0 100.0
EFERS(EW{E) nutritional levels(measured value)
FIEAF/% crude protein 36.8 36.7 36.7 36.8 36.7
FLAE /%  crude lipid 6.0 6.0 6.0 6.0 6.0
FLIK453/%  crude ash 18.8 15.4 12.1 9.5 6.2
FLLF4E/%  crude fiber 1.8 5.2 8.8 12.2 15.8

1.2 RFEEE

S U FH A A [ P BE L X SR,
R R 910 d, £ 24 h, H0.01% MS-
222G AR, BEBLAY S ALER, A AbHE
INEE, B EE30RM[(14.96+£0.09) g], £
IR KA R 5298 2R 48 (A 345 B 200 L) sl 57
8JHl . SR MIEl, & H W3R (08:30. 12:30.
18:00), FAFF K 3%~5%, FEFH K I A FE /00t
) H KK, FRGE I RIK IR 424.6~28.9 °C, ¥ i
A>6.7 mg/L, &% <0.07 mg/L, WAHEREL<0.01
mg/L, pH#A7.0~7.3,

1.3 HEFE55H

T RS EE T, 2524 h, F0.01% MS-
222K G PR EE, AR BN E 1 H T 2

S AE RN AT AR LIRS R A, WA T
ORI, EUKEL LR IR oy B R
JIE AN 38 J5 AR, TR RS AR e, B S
H5 I JUE i 3 THGH AR, W RGE R I T80 °Cik
R R B EEMAUIRS R 1, FHInAPLEE
R — UM T S A T R kR, o E T
3500 r/min, 4 °CZ&AF T B 010 min, WA IMHK ,
—80 °CYKFE T R A5 H -

BAEEWEM, HElpiE, LkEREE
5, A BB B emfRG . PR AUE M,
3% R EEE W EE, HTamasivq.
M, B BmEE T EEELE R (B4 E
RoRMAI) , I A-80 CCEBARIR VKA h 14
FE, 00 i T RE LS A o i 1 TR R R o AR
P B B 6 1 L Tk (DG GE)HE AT 43 85 I 5 4 v e
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2232 KopE o R 43 45

J¥, 1 T8 TR DNA$ BCR ARG I 2 ph b 5 1 T %%
EVIRHECA BR 2 7 52 1o

TPk K 4t bE S AR 105 cCE T R E R, 4R
Jr R LU ZOE I E ML B A, R AU
0 R AR D, IR (550 °C)K ke ik I e K
KAyt R B 34 4 73 Hr i (Fibertec M6)
e FL AT 4 1

K4 A 3 A AR 23 Br A (H 32.7100)00 7 1 ¢
TS T ZE(ALT) . A RO B (AST) a4 i
AR i (ALP) 36 4 LA K s JH [ B (TC) . H 9 = iR
(TG). #i%iH(GLU)., ¥5(Ca)MBk Py ik, i
&0 A VYN E A R Ry A R A A o
BT R T Ak 2 11 O (AMIPK) L P B A
el T 4 RS Tl - 1 (CPT-1)i 1R A5 S AL W R 384 5
WO 52 AR -a(PPAR-o) & SR ) G0 (1 /1
MR E MR IR F)).
14 HELR

1 B K (weight gain rate, WGR, %)=100%x
(W=Wo) Wy

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

5 H FUR0C% (protein efficiency ratio, PER, %)=
(W= W) (FXF,)x100%:;

Tkt 2 %4 (feed conversion ratio, FCR)=F/(W—
W)

AL R (survival, SR, %)=100%xN,/ Ny;

AEAK L (viscera somatic index, VSI, %)=
100%x W,/ W,;

P& e (heparsomatic index, HSI, %)= 100%x
Wy Wi
2, WA W3 ) R AR o i ) A6 AR B = (g) 5
IR S KAL) FA RSB & (g); Fyoh i
BHE T (%) 5 NN G 31 2K B ORI )
R (RE); W NIEE(Q): Wy N IFIEE ().

1.5 BUIERIE

S0 B30 1 LAY 35 447 1 R (mean+SE) %
Mo K HISPSS 22.0%% 4 1 A7 J7 25 1 A 16 AT HL A
KT (One-Way ANOVA), # ik 3 i &K,
W77 Tukey R 2 5 HLEE, 835 /K4 P<0.05.

2 4R

2.1 AR YEK TR ER A KM RERY ST
it 2T 2 KCF B B, A FBW
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WGR., SGRAHFIPEREHLIET i 5 MR py e %4, 78
8.8%ZF 4k /K V- 35 B Fie 155 (P<0.05) , 1Ml X HR 2 (2F 4
TKAF-1.8%)Fi115.8% 7K - 0] TC 8 2% 25 5, (HIA 2
1% F HoAth 45 52 56 7K - (P<0.05) . ASGR AR,
Pr LAY (0] P 75 s fo ) A v 3 R ) £F 4 KT
$99.19% (K1), FCREH 1A BHZF 4 7K - 1 14 Jin ) 2
e TR TR s, H 4K F-8.8% 8 %
A% T H At 4% 52 36 K - (P<0.05) . 4% S5 50 2H 1T %
1 0100%. VSURTHSIFA §7) 8} 2T 4k K SF- (4 38 fin i
i FEAR(P<0.05)(#2).

3.0 ¢
25 ¢

2.0 /‘/'/\

1=0.047 1x+1.939 1] 1=-0.051 7x+2.797 8

KB A KR /(%/d)
SGR

= | R=0.9557 R=0.952 6
1.0 +
0.5 | Xpx=9.19
0 . . . N . . ,
0 2 4 6 8 10 12 14 16
T} £ 4E K%
dietary fiber levels

1 R R A YK 3 I B8R E & KRB RN
Fig.1 Relationship of specific growth rate with dietary
fiber levels of C. carpio var.jian

fed the experiment diets

2.2 GARHERHEK T X8R I IR & LB AR RIS M

T o £ 2 7K ST 2t 2 R A 0 2 A0 A= Ak
N BEERET dE KR, HAE I 5% ALTAN
AST{E M 52 805G IR ARG T i A ka3, 78 8.8%24F 4
IK IR B B IR (P<0.05)(#3) ., ML%K ALPTG P4 LI )%
TG. TCHIGLU & fifi 7] o} £F 2 7K - (09 385 Jin 1fiy &
FFEAR(P<0.05)0 #5550 41 1 3¢ CaFll P75 & DA K
Ca/P A TG B 3 A8 4k (P>0.05)

2.3 AT YK TR E SEAT AR AR S BV R M

Wi e Rk 2T A K SF B 38 n L E B ITE AMPK
PR IR REARA AR a3, H8.8%ZF 4t /K-
BE ST HALS I A, DL IR A (ZF 4K F
1.8%) Fl£F 4k 7K F-15.8% 5K (P<0.05) . JFHECPT-
16 P FIPPAR-o 5y B LALT 4E K F-5.2% . 8.8%All
12.2%5 e, HOR 2 15.8% K, X I8 40 (£F 4 K
- 1.8%) I (P<0.05)(#4)

2.4 RN FUHEKEITEEERFIEHLF M
B 1.8%LT 4 X FEZH (IR K F) . 8.8%4F 4 (+
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BUSCHA, A5 DRE b b FEIE B R ST T Ak i R ) AR KV RE L A AR bR I T 2233

F2 ARAFHEKEIEEE KEENFE

Tab. 2 Effects of dietary fiber levels on growth performance of C. carpio var. jian

WiH items

R4 KT /%  dietary fiber levels

1.8 52 8.8 12.2 15.8
YGRS &/g 1IBW 14.94+0.08 14.88+0.01 14.95+0.16 15.04+0.05 14.92+0.00
AREFFE/g FBW 50.60+1.04° 54.66+0.80° 61.68+1.28° 53.98+0.47° 49.50+0.83"

WEZ/% WGR

238.59+8.50°

267.28+5.58" 312.58+6.93° 258.75+2.19" 231.80+£5.67°

FiE KR /(%/d) SGR 2.03+0.04° 2.17+0.02° 2.36+0.03° 2.13+0.01° 2.00+0.03°
1Ak RE FCR 1.38+0.04° 1.2740.04° 1.14+0.05° 1.28+0.02° 1.43+0.02°
HEAMRMBFY% PER 2.01£0.06" 2.19+0.07° 2.45+0.11° 2.17+0.03° 1.94:£0.02°
IR /% SR 100 100 100 100 100
IR/ % VSI 9.53+0.71° 8.97+0.78" 8.42+1.12" 8.32+0.52" 7.78+0.97"
JHAA /%  HSI 2.87+£0.38 ¢ 2.82+0.26 2.68+0.26 ™ 2.58+0.15™ 2.48+0.33*
e FAT AR RN FREROR 2 7 3 (P<0.05), TR
Notes: In the same row, values with different small letter superscripts mean significant difference (P<0.05). The same below
F 3 (AR ALK T X 88 M 3R A& IR AR R T
Tab.3 Effects of dietary fiber levels on plasma biochemical indexes of C. carpio var.jian
TRAEHFYEKF/%  dietary fiber levels
TiH items
1.8 52 8.8 12.2 15.8
BHEER/(U/L) ALT 26.50+2.75° 22.14+3.47¢ 8.27+0.77° 16.46+0.83" 18.98+1.30™
BELHM/(U/L) AST 222.01+0.89° 145.63+20.62" 62.38+4.19° 90.25+1.33" 114.01£3.67°
TP RR B/(U/L)  ALP 124.96+1.75° 59.67+5.97% 60.12+2.29® 66.28+3.59" 55.55+1.12°
JIH B2/ (mmol/L)  TC 5.22+0.28" 5.10+0.37° 4.27+0.25 4.27+0.28" 4.4140.10°
H il =f8/(mmol/L) TG 2.90+0.23" 2.50+0.24" 2.31+0.07° 2.35+0.20° 2.37+0.05°
Hi % B/ (mmol/L)  GLU 5.84+0.77° 5.41+1.33° 4.48+0.09° 4.27+0.04" 3.56+0.28°
F5/(mmol/L) Ca 2.47+0.08 2.53+0.06 2.43+0.08 2.43+0.05 2.43+0.07
#/(mmol/L) P 2.52+0.22 2.45+0.15 2.55+0.02 2.40+0.88 2.43+0.06
Ca/P 0.99+0.09 1.04+0.07 0.95+0.03 1.02+0.09 1.00£0.02
T4 AR HE K T w2 8 AT B AR X I B9 S0
Tab. 4 Effects of dietary fiber levels on hepatic lipid metabolism of C. carpio var.jian
AR K /%  dietary fiber levels
TiH items
1.8 52 12.2 15.8
TR AL R R V5 b 2K 1 3E/(U/mL) - AMPK 330.41+20.31°  475.69+49.21° 543.60+13.85° 465.07+27.98° 375.68+24.73"

W EIAE L F Fo -1 /(U/L)  CPT-1
W E A B AR ST V)OS 2 /K -o/(pg/mL)  PPAR-a

137.7145.50°

561.73+49.16°

284.05+35.78°

948.67+64.22°

270.85+28.67°

969.84+94.48°

263.83+49.86°

939.09+83.60°

182.33+4.34°

736.00+£81.98"

TKAE)FI15.8%EF 4 (R 7K ) SLm i . iz Al
J& W TR — 1 B B BeOR 1 200 |, iR AT B
B WAL (E2) o ARRE RIS AN [R] 7K S K 52 2 %)

1 &)y £ i 3 41
Wi, 4% A B2 6 R i i 90 T8
AN, OB, BIERS, PR IE

4

Fay 58 BE R 5 A TR Y R

Seik, i

B8 JU 3F »
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2234 KoorE

i 3%

o MiE KL E A B rh i RS I BB EERRAR, SEEN RO .

ot BRIBE  m , ARE EAR , HLABEE

100pm

B2 AR dE Kk T 3 2 88 38 4R LR L5 D B F2 A (H. E 100%)
i 1. 1.8%K T, 2.8.8%K T, 3.15.8%KF: dl: 4. 1.8%KF, 5.88%KT, 6.158%KT: ElH: 7.1.8%KT, 8.8.8%KT,

9. 15.8%7K

Fig.2 Effects of dietary fiber levels on intestinal morphology of C. carpio var.jian (H.E 100 x)

Foregut: 1. 1.8% level, 2. 8.8% level, 3. 15.8% level; Midgut: 4.1.8% level, 5. 8.8% level, 6. 15.8% level; Hindgut: 7. 1.8% level, 8. 8.8% level, 9. 15.8%

level

551.8% KA 4Ext BMALAH L, 8.8%H115.8%
IRV £F 2 24 4 3 B AR I L2 )RS BE (P<0.05) . i
15.8%7K - £F 4 b 2 W AR il v g B 2006 o B
FROIR 20 B Rl 390 g 4% B T R R ILJR R R
(P<0.05), (EAZm G BE R . HLAk, 15.8%7K
LR B E RS I R E w2
JEERE MR 4 RN 98 U (P<0.05), fHARRE
Wil 7 98 5 (R 5)

2.5 AR HE KT X2 B AR E B LS R R

R T W £ Yk K X R e g G R R A B
Wel, SEHHEAT TN B (KT 27 4 1.8%) R 15.8%
Y (B P H B IEM E KA . TR R
2 52 iz 38 400 W £ K (Shannon g Al

http://www.scxuebao.cn

Simpsonf§ %L, p<0.05), {H A H AR XS =F B
(ACE#R ¥R Chao 148 50)(F6). X ## ji7 18 i A=
Yy RE 2 S BT e A A TR R
B L0 TR — SR NSRRI 2E
PR R ] (Proteobacteria). BT ']
(Fusobacteria) . JEBER [ ] (Firmicutes) i £ 7 1]
(Actinobacteria). 5 XJ 41 AH Lt (fI 7K °F- £ 4k
1.8%), HMEAELA4EmEE, FE R
A RFFH T TON26% T 5178.8%), F ¥ 8% N
FIHZETE R 1T 66.8% %P5 51119.4%) . JEEREER ]
(M 4.0% %% 51 0.9%) F 2 TR T (M 1.8% % % %]
0.7%)(P<0.05)(K13-a), 7EJBRY/KF 1, il il
AT B i M R TR i (Cetobacterium) . 5 BR A
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RS IARAFH KT R ESE MR RN
Tab.S Effect of dietary fiber levels on the intestinal histological structure of C. carpio var.jian
A% foregut s midgut J&#  hindgut
TWiH items
1.8 8.8 15.8 1.8 8.8 15.8 1.8 8.8 15.8

AR ER A
intestinal villus 28.3042.06  26.33+0.58  27.33+1.52 2425+£221 25.00£1.06  24.67+0.58 20.1242.14° 20.67+2.52°  12.67+2.53"
number
%98 = B /um
intestinal villus 529.37+51.49 445.01+14.07 458.56+35.18 375.37+8.93" 389.89+34.81" 323.34425.10° 369.46+8.75" 366.71+42.24" 248.31+29.88"
height
[ %R E % 1 /um
intestinal villus 119.2846.06 111.8246.52 97.09+18.61  101.48+0.95" 134.79+6.52° 130.64+1.71°  100.13+5.48 111.71£10.24 113.64+13.43
width

g
MR i 139.81£17.23" 101.08+11.24" 114.37+10.48" 90.80+1.51° 89.13+£3.47° 99.29+2.04°  81.61+0.62° 70.10£3.56" 53.11+2.82"
muscular thickness

R

FRANS B 1 13.65£0.68 12.86+1.79 13.76+1.01 9.84+1.51®  9.63+1.50° 6.75+1.01° 8.20+0.23°  4.85+0.17° 3.15+0.33°

goblet cell quantity

R 6 (AR HE K T X R 8 R B T Y S AR D
FERFIM
Tab. 6 Effects of dietary cellulose levels on microbial

diversity and richness of C. carpio var.jian

TRARHFYEKF/%  dietary fiber levels

WiH items

1.8 15.8

ACE#%t ACE index 115.50+1.50 103.40+6.20
Chaol#i##{ Chaol index 116.20+2.21 111.92+6.35
FEARIEE  Simpson index 0.17+0.02° 0.68+0.01°
FARIEH Shannon index 2.56+0.06° 1.05+0.08"

J& (Stenotrophomonas). AT & J& (Acinetobac-
ter)F 2258 T 1 J& (Gemmobacter) . [R1%} B4 AH Eb
(TRIK V-2 2 1.8%), roi K V- 21 4 21 S 4T 147 T 3= 5 T
25 (M 26% T} 11 78.8%), 11l 5 1K 1 J (M. 23.1%F 3]
6.2%) . ABFT R (M 13.7%% 0% 51 2.4%) il 2F 58
FFHE R (A 11.1%% % 51 2.2%)F B AR (5] 3-b)

ik —2L By MetaStat7 Hr R BT, 570 20 TR A 7
EIRGOKT LR R 7 1.8%{K K F-2F 4k X} 18
ARG, 3G 2T A KT 3 R A g
HEBR I JE (Stenotrophomonas) . AT H B
(Acinetobacter). Leucobacter. Rubellimicrobium .
Brevibacterium il Actinotalea ) #1 %t 3 & (p<0.05),
H4 gt FT- 1 )& (Cetobacterium) Fl Pelomonas i FH X}
F2 B (P<0.05)(#14).

3 iR

3.1 AR YEK TR ZEE KM RERIF M
ALEEETR LN, TR AN R 25 4E KR 2

SRS Y A KRR, X 5 7 B8R (Labeo
rohita)™ | B HE MUV K TR K (Rhamdia
quelen)!'” I [ RIF TR 45 R — 8. ARSI LEF 4k
F-8.8%2H il 1) AE (SRR R 4, T ARDRL 3 EC A £F
A KT DA A0 RS ] i 22 S e KB, Pk [l 945 1
A v T A F 4E KT 49.19%, NRCHERE
o fRDRE T 2 GEAKOE AN 3 10%, 3 s i £ 4K
2 Sl A P AR R L A AR
Sk A O . AHESE L E — 20 IE 5 gt X
TR EF YKV T 52 B8 1 2 A R, S kL
LT YKV 8.8% I 23 W PR B AR 1S, 1
% A £ PVRINT 65 (Oncorhynchua mykiss)™ |t W 5%
PR EEF . BFFRUESE, SRR £ 4R K
77 T 2 BEAR R A A R 5 e £ 2K A
MR E Y £F 4K A R A 1L 3R 8 B B
fEo R, A58 30 A B0 e 7K 7 2 2 20 g g i
FCRF & M PERFEAR , 3 i — 248 7 w8 /K OF £F 4
EH A R A A AT T R S PR HE B2 5 43 A ]
RPN, oy — 5, HOR RS A R
T 7E H 8 8% 2 JF W 3 R AR SR W T
We, AT RRARCH AR WA A, A, WA RIS
i BT SR 7K A 2 e 2R g A K 3
gk B 2 S 50 SRR DL £ 4 ok
A, Uk, Rk 2R 4 R 5 vE il i AT 4
s 2 i A KA IR AR T

3.2 AR KT 3 2 6 I 3R A L IR ARAY RN

IV A A AR AR AT LR BIL AR ) 5 SR K
o IR BRI AE K PERET, H A ALTHIASTR
PR IF DI RER B AR, X L bR A9 T R A A
Pis & B S Re sz 8" ASLs g e
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2236 Ko
100 O Cyanobacteria
O Planctomycetes
I\ Pateseibacteria
801 @ Chlamydiae
g B Verrucomicrobia
° & ® Bacteridetes
S8 60t : .
m g B Actinobacteria
ﬁ .-{.3 @ Firmicutes .
1:7}1 g 40 | =] Proteobacténa
w5 B Fusobacteria
E
20
ol
HF LF
A YE KA ARA HEKT2H
(@)

100 @ Others

O Bacillus

O Aurantimicrobium
80 @ Roseomonas

@ Bosea

B Aeromonas

60 | Klebsiella

B Gemmobacter

@ Acinetobacter

40 + @ Stenotrophomonas
| Cetobacteriu

AN EBE /%
relative abundance

20 ¢

ot
HF LF
R AL 2Tk T4
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Effects of dietary fiber levels on growth, biochemical indexes and
intestinal health of Cyprinus carpio var.jian

KUANG Wenming, MA Huijia, ZHONG Yunfei, ZHOU Yuelang,
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: An 8-week feeding trial was conducted to evaluate the effects of dietary fiber on growth performance,
plasma biochemical indexes, intestinal histology, and structure of intestinal bacteria of juvenile Jian carp (Cyprinus
carpio var. jian). Five isonitrogenous and isolipidic diets were formulated to contain 1.8%, 5.2%, 8.8%, 12.2% and
15.8% cellulose, respectively. The results indicated that Jian carp fed the diets containing 8.8% fiber had
significantly higher weight gain rate(WGR). specific growth rate (SGR) and protein efficiency ratio
(PER) than those fed the other fiber diets, while plasma alanine amiotransferase (ALT) and aspartate
transaminase (AST) activities significantly decreased. Viscerosomatic index (VSI), hepatosomatic
index (HSI), triglyceride (TG), total cholesterol (TC) and glucose (GLU) contents significantly
decreased with increasing dietary fiber levels. Compared to the control, the carnitine
palmitoyltransferase I (CPT-1), adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK)
and peroxisome proliferator—activated receptor (PPAR-a) activities in liver significantly increased in
fish fed the diets with 5.2%, 8.8% or 12.2% fiber levels. Moreover, the histological structures of
midgut and hindgut were impaired in fish with 15.8% fiber, and the intestinal microbial ecosystem
investigation showed an beneficial effects at a higher supplemental level (15.8%), and improvement in
liver histostructure at high fiber levels. These findings indicated that dietary fiber levels could
improve liver function and intestinal health of Jian carp; also, higher dietary fiber levels have a
positive impact and decrease the potential risk of disease in Jian carp. Based on SGR, a dietary fiber
level of 9.19% was optimal for growth performance of juvenile Jian carp.
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