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Tab.1 Ingredients and proximate compositions of the experimental diets (dry matter basis)

S
WiH items

DI D2 D3 D4
EHR% ingredients
Jifgfaks  defatted fishmeal 60.00 45.00 30.00 15.00
M1 soybean meal 0.00 22.00 47.00 70.00
/NFEHY wheat flour 19.30 19.30 12.44 4.44
%kJ%  wheat bran 10.14 3.14 0.00 0.00
g fish oil 4.00 4.00 4.00 4.00
YEE FWUREL  vitamin premix * 0.50 0.50 0.50 0.50
W P)FRFERL  mineral premix * 0.50 0.50 0.50 0.50
R — 545 Ca(HyPO,), 1.50 1.50 1.50 1.50
SALIHAR(95%)  choline chlorine (95%) 1.00 1.00 1.00 1.00
KEGPBENE  soybean lecithin 2.00 2.00 2.00 2.00
RSN sodium alginate 1.00 1.00 1.00 1.00
2 ethoxyquin 0.03 0.03 0.03 0.03
#eAFC  vitamin C 0.03 0.03 0.03 0.03
EIEKF  nutrient levels
HEH/%  crude protein 45.31 45.50 45.15 44,97
HUIGHT/%  crude lipid 9.15 9.10 9.07 9.17
K5¥/%  ash 12.87 12.85 12.75 12.79
TEIZ /%  NFE® 32.67 32.55 33.03 33.07
MAE/(KI/g)  gross energy © 19.93 19.93 19.92 19.93

E: oa GHERREY(mgkg Tk A KA 32 mg, YEAEEDSmg, FEAEKE 240 mg, 4E4EKK 10 mg, 44 KB, 25 mg, 4E4E KB, 45 mg,
JHEZ 200 mg, 4E74EEB 20 mg, EE 60 mg, WUEE 800 mg, ZFR4S 60 mg, MR 20 mg, #E4EEB), 10 mg, 4E42C 2000 mg, FMAF4EZ
1473 mg. § P15 FHRYN(mg/kg kD TOKBIRR 10 mg, JEATERSA 20 mg, —/KERRREL 45 mg, /NIKSEMHI(1%) 50 mg, —/KEREREE 50
mg, MERFS(1%) 60 mg, —/KERMRITk 80 mg, L/KHREREE 1 200 mg, #AH) 3 485 mg. b. EEIR HWNFE)=T4) 5 —CHL AR Wi+ 4K 7y -+ &
H). C. i fE(k)/g)=23.64% <15 H+39.54% ML i+17.15%< Bkt &4

Notes: a. vitamin premix (mg/kg diet): vitamin A 32 mg, vitamin D 5 mg, vitamin E 240 mg, vitamin K 10 mg, vitamin B; 25 mg, vitamin B, 45 mg,
nicotinic acid 200 mg, vitamin B4 20 mg, biotin 60 mg, inositol 800 mg, calcium pantothenate 60 mg, folic acid 20 mg, vitamin By, 10 mg, vitamin
C 2 000 mg, microcrystalline cellulose 1 473 mg. mineral premix (mg/kg diet): CuSO4*5H,0 10 mg, Na,SeO; 20 mg, MnSO4+H,0 45 mg, CoCl,*6H,0
(1%) 50 mg, ZnSO4*H,0 50 mg, Ca(103),(1%) 60 mg, FeSO4*H,0 80 mg, MgSO,+7H,0 1 200 mg, zeolite powder 3 485 mg. b. nitrogen free extracts
(NFE) = dry matter— (crude lipid + crude ash + crude protein). C. gross energy (kJ/g) =23.64 %x crude protein+ 39.54 %x crude lipid + 17.15 %x
carbohydrate

10 000 r/min, 4 °CZAF T &5 min, FFE EJE I AR BIER K, i R v ORI 204 ¥ 1 minJm &

s SIS BS 22 WP (0.85 g NaCL¥ T 1 000 mLXY
ZKK, WG mLrk 80, 121 °CE K I
20 min, ¥4 °CHIE), #£3%1 min)5 T 1 500
r/min, 4 °CE&AFF &L, A 3K H UL
T80 CCIRAFE, Fpii a2 Py M P9 A ¢ 2 SE R R 13
il 1

A P R O 2 B 2 A0 Tl 0 1 o 2 %
BANE Ik, IR AT KA W DTE I AT
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. 4 TR & B (glutamic-pyruvic transaminase,
GPT). Jf ¥ i % i (adenosine deaminase, ADA),
7L I & (Iactic dehydrogenase, LDH) R i 14 4
K T & (R ol A B A RS /DI E
LRI 40 & U B AR
14 BERAESSHEE

K FHEXCEL 2003 F1SPSS 20.0%% f4:(SPSS Inc.,
Michigan Avenue, Chicago, IL, USA)E 1741143
BT, Eid R FH P2 {8 45 i 2% (means + SD)IYIE
Fon, WEIKFHNP<0.05, 25 W E R

Turkey’ st 36 407 41 1] (1 22 5 | B AR
2 4R

21 EHBREHMNSEEKERMAER
aEAT

GAZH 5 8 )y o i AR AR T . 398 3 S8 Ry
FEE K R R FE T GUMIG24H (P<0.05), TiG341%)
A K S HAR3A T 22 7 (P>0.05); %41
LA BTG R T 1%, HAAHM R E LS
(P>0.05)(#2).

®2 EHNERENNESRAEUEEMEKMEENZMm

Tab.2 Survival rate and growth performance of C. argus fed with different dietary soybean meal levels

WG -S4 R  =/g LA /g IR/ % e KR/ % RIS /%
initial body weight final body weight WGR SGR SR
Gl 8.68 +0.09 16.67 +1.14° 91.97 +5.08" 3.10+0.12° 9222+ 1.11°
G2 8.58 +0.06 16.60 +£0.97° 93.43 + 6.84° 3.14+0.17° 91.11£1.11°
G3 8.61+0.12 14.65 £ 1.09™ 70.11 +6.81" 2.52+0.19° 93.33+£1.92°
G4 8.66 +0.12 13.33 +1.03° 53.96 + 5.24° 2.05+0.16° 92.22 +2.94

W [FF EARAENG PR R 7 R W35 (P<0.05), T IF

Notes: Column values with the different superscripts mean significant difference (P<0.05), the same below

22 SHEREMX EEREEEFHERNZE

JEERE TR )RS TR TR 1] 2 1 8 iy 1 v %) R 34
WA, R4S 4 iy L 53501 58 52.67%~83.25% F11
15.97%~30.01%. HH, GUFIG24] & il iz i &
BETH 119 H ) 2 2 & T G3 M G440 (P<0.05), H.
G44H H: 0 8 1% (P<0.05); 1 28 & i 1 17E G 1Al
G240 (1) b 9] i 35 I T G3 R G44H (P<0.05) . 53—
Jiie, SWFFRETT . BCRTETT . ORI R
VAT TAE A4 5 68 iz 16 9 1) be ) J 8 v T L AR 34
(P<0.05)(K11).

FLIKEE . FFEE . R A S . BEEK A
J& . ZERFE R R MR Sh AT S A G4 i B ]
BFER T HARILL(P<0.05); 5T &8 7EG44L
() L 191 5 2 s T AR 341 (P<0.05), G1AIG241
i AT T 1Y) L ] B A1 (P<0.05)(1#12)

23 EHEBEREMNSEBEREDNEXR
E B B IE MRS 0

T ek w0 AN T) 5 R B R B R T 1
i Ji7 8 T A ) GPT . ADAFILDHAY G . Hor,
GAZ 1738 A= ) GPTHIADATE P B 3 & T H A
341(P<0.05), T H: 4% 341 8] TG & 3 22 5 (P>0.05);
G3 M G4 5 il Jizy 18 T A= ) LDHIG P 5 I, G142
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5% 15 (P<0.05)(F3),
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FBCE B SRR SR, TR
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AR N K 2 2 R R £ 2 A K M R R BT R
SR AR B W . 3R B A
REYIM R, Blan, X% i (Rachycentron
canadum)®” . W) 8 2  (Diplodus puntazzo)”"%
MBI RYT, SO B A 1 40%~60%
otk , AEE A AR 2K P I 40% 0] i 2 4 il 1
5,555 {05 (Pseudobagrus ussuriensis)”> 185 4R 35
Ik 1 (Nibea miichthioides)™ 3 S K. 55—
JrTE, YRR R ST SRR S, ST
B 40%~60% ) Fh1 453 T AN 52 1 4 Sk 54 ey
AR A . ARG, 21 A FREE S
S UERA, ORI T AR R 50% 1) H 83 T A 52 1) 12 il
AR RIS G AR R, (H75% R 5 A D 8 2
FEA T SR . — Ok UL, K™ EhPIxt G
R B T 32 e B8 s 5 % R S 8 DIAR OC . il
X 52 BC JR B MR (Procambarus clarkia) ) WF5E & B,
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40% + M SRI
30% W IRJER]T]  Spirochaetes
o r T™6
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20% | HEER ] Tenericutes
o/ | Thermi
10% W ] Verrucomicrobia
0% B K4rZ% unclassified
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1 SEEFEEMEYETKELNEHRMNERE

Fig.1 The average relative abundance at the phylum level in the intestine microbiota of C. argus

AR Acinetobacter
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REHFEE  Carnobacterium
HEAF IR JE  Cetobacterium
WWE  Clostridium
W&  Geobacillus

B ALK J®  Lactococcus

W HEREJE  Leuconostoc

B FEIREE  Planctomyces

B RRERE  Pseudomonas

B Z2KaW)E  Rubrivivax

B A FLIKHJE  Shewanella
FEER B Streptococcus

W RHEEE  Thermomonas
ulld

B K535 unclassified

W HAh  others (<0.5%)
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Fig.2 The average relative abundance at the genus level in the intestine microbiota of C. argus

#3 HROTEEHKEMNSBEEREDERESR
B BRE B SEE AN FLEL B SEE TR 1 VS
Tab.3 Effects of different soybean meal levels on the
activities of GPT, ADA and LDH in the intestinal

microorganisms of C. argus

BN JoE Ji 2t/ LR S At/
(U/g prot) (U/mg prot) (U/g prot)
GPT ADA LDH
Gl 19.61 £0.75° 13.89 £0.70° 32.54 £1.63°
G2 18.67+1.22° 16.10+ 0.36° 27.28+0.83°
G3 17.69 £ 1.27 15.46 £0.83" 16.24 £ 1.16"
G4 20.88+1.30° 19.67+1.53° 13.98 £1.39
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Effects of dietary soybean meal on the intestinal microbiota and metabolic
enzymes activities of microbial amino acids of Channa argus

ZHU Jinyu', HANBei', BUHongyi’, HU Juntao ',
ZHANG Xin', LIU Lingjun', MIAO Shuyan "

(1. College of Animal Science and Technology of Yangzhou University, Yangzhou 225000, China;
2. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China)

Abstract: This study aimed to investigate the effect of soybean meal on the growth, intestinal microbiota
composition and metabolic enzymatic activities of microbial amino acid of Channa argus. Four isonitrogenous and
isoenergetic diets were formulated with soybean meal by replacing 0, 25%, 50% and 75% fish meal (G1, G2, G3
and G4, respectively). The fish of (8.65+0.25) g was hand-fed daily to satiation twice in cylindrical fiberglass tanks
for 21 days. Results showed that no significant difference in survival rate was found among four groups. The
growth performance of C. argus in G4 was significantly lower than those in G1 and G2, while the difference was
not statistically significant between G3 and other three groups. The proportion of Firmicutes in the intestine of fish
in G1 and G2 was significantly higher than that in G3, and the lowest was found in G4. The proportion of
Proteobacteria in G1 and G2 was significantly lower than those in G3 and G4. The proportion of Lactococcus,
Bacillus, Pseudomonas, Streptococcus, Laseczka and Acinetobacter in G4 was significantly lower than those in the
other three groups. Additionally, the activities of glutamic-pyruvic transaminase and adenosine deaminase were the
the highest in G4, while the activity of lactic dehydrogenase was the the highest in G1. All results indicated that,
except for the effect on the growth of C. argus, dictary soybean meal significantly induced the changes in the
intestinal microbiota composition and the activity of the microbial amino acid metabolic enzymes, which may
provide theoretical basis for further understanding the application of soybean meal in the formulated diets of C.
argus.

Key words: Channa argus; soybean meal; intestinal microbiota composition; microbial amino acid metabolic
enzymes
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