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BRETH X 2R3 835 K1 REFNAN PO mm B M RgiE E A Y S A
FILT 0, B, TGk, XN, R, B, BE R KR

(LA ZEBE R RSB, SeIN 4" 554300; 241 S Bifek TR S MR pe, SeM 4i{" 554300; 3.5iMIAHE
Vel X A ) 2RV SR B 06, B 44 5543005 A4R1~FBebt RS IbaE TR e, St 41
554300)

1 2o 180 B AN N (32.8141.28) g HUAL SR Zh  BEHLYS 43 4 41, 43 SIB VR BEZS AU I ZKF- 2k 0.00%(A0),
0.50%(A1). 1.00%(A2). 2.00%(A3)iR e inkl, Rgnttiffr 60d, M 3N EL, HAEK 15 B, HIaif
Jei, KA SS B AR R s A RIS PR A St AR . TSR AR . THREEE R M 2R L LA AL
MR, 450KV 5 A0 ML, AL R A2 eSSy Z i | B | AR R KRS R 0 8%
Ak, A3 AR TR A KR B G AL RIS . Hm =R . R S R RS R R S
PEB TS, A2 F1 A3 IS FEEE Z MG PR 0B R A2 0 g pe vk mh iR i . o A AL = . A e Bk
ALY . AR S T R RS R AL RE ) S R I . SER TG TR R T, A2 (AR T
Fhiss, AL PRRDIRREVE BB REAR: AL FI A2 (0B 9B = B B T s A2 B BRI R Z RN, 253
KA LA IR 0 5 78 s A2 T A3 LA 5 AR o A SR A LU (i S 5 T . mI O, ARBIF g 454
T, TSNS T $2 R 22 38 B S AR A AR, TRINEELL 1.00% 05 .

X BRI sl BEAOM: MTERSER: WUATERR: WAREEEER MEmdy

FE 4SS, S965.215; S816.7 XRKFRERS: A YEHRE . 1007-1032(2023)05-0596-07

Effects of Ampelopsis grossedentata powder on growth performance, muscle
guality and intestinal microflora of hybrid sturgeon

YIN Shuanghong®®, LUO Xuelian?, MA Xingyou?, LIU Yang?, ZHANG Mengqin®#,
Y| Caixia!, MAO Hong', LI Yincui!, ZHANG Junbo?%*

(1.School of Sports and Health Science, Tongren University, Tongren, Guizhou 554300, China; 2.School of Agriculture
and Forestry Engineering and Planning, Tongren University, Tongren, Guizhou 554300, China; 3.Guizhou Provincial Key
Laboratory for Biodiversity Conservation and Utilization in the Fanjing Mountain Region, Tongren, Guizhou 554300,
China; 4.College of Materials and Chemical Engineering, Tongren University, Tongren, Guizhou 554300, China)

Abstract: Atotal of 180 juvenile hybrid sturgeon with body mass of (32.81+1.28) g were randomly divided into 4 groups
and fed Ampelopsis grossedentata powder supplemented with 0.00%(A0), 0.50%(A1), 1.00%(A2) and 2.00%(A3) diets
for 60 days with 3 replicates in each group and 15 fish in each replicate. The growth performance, serum biochemical and
immune indexes, intestinal morphology indexes, digestive enzyme activity and microbial diversity, muscle component
content and amino acid composition of hybrid sturgeon were collected respectively. The results showed that compared
with A0, the final mass, mass gain rate, specific growth rate and survival rate of Al and A2 hybrid sturgeon had no

Wi HE: 2022-04-13 fEE HEA: 2023-10-05
EEWH: SYNEREATHIIH @G S0 #[2019]2348 5 $9RG 34#£[2019]2383 '5); SHIHNA #5250 % 0 H (B3R5 1 5 AA47[2020]2003

EEEN:

5); SINERIZRATHT AA KR IR0 H (2018-(2016)-022); 5 M 243 344 o S5 A T AR L R0 H (B3 A KY[2012]028 &)
ENRLLT(1986—), L, stMAABEA, Bid:, #d%, TEENFEMPRAEEIIE, ysh_hong2006@163.com; *ME1EH, kR, 1#
+, #Ha%, FENFOKEMEY ARG, zhangjunbo666@126.com
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significant changes, while the final mass, mass gain rate and specific growth rate of A3 were significantly decreased. The

contents of total cholesterol, triglyceride, albumin and activity of glutamic oxaloacetic transaminase(AST) of Al were

significantly increased, while the AST activities of A2 and A3 were significantly decreased. Serum alkaline phosphatase,

catalase, glutathione peroxidase and superoxide dismutase activities, total antioxidant capacity and intestinal protease and

amylase activities were significantly increased in experimental groups, while the lipase activity of A2 was significantly

increased and that of Al was significantly decreased. The intestinal fold height of A1 and A2 were significantly increased.

The species diversity of intestinal flora in A2 was increased. There were no significant changes in muscle routine

components in all experimental groups. The ratio of essential amino acids to total amino acids in A2 and A3 muscles were

significantly increased. In conclusion, under the conditions of this study, appropriate addition of A. grossedentata powder

could improve the immune level of hybrid sturgeon without affecting its growth indexes, and the optimal addition amount

is 1.00%.

Keywords: hybrid sturgeon; Ampelopsis grossedentata powder; serum index; muscle index; digestive enzyme index;

intestinal microbe

Fesc I HAT R KU . bUis i . WS SR
FEEIAN, SR, FEEFREMELY K, 60
HIVF LT %, T EBHAT T K= IR 5 1Y & B,
P A= R AR ISR AE 7K 77 8l i A= K R0 1 Bl
A TR EEAE . SR T E £ 5 T3
SR 2GR 0, I BT R AR R R
TS BB RS, T R A
SRR IR T AE R

AP AR A Y, HATBUAL L PR
PFSE Z R 2 DA, 2R A U A R T
P Z B, AL N K A ALET AT R
HUTFRERXK: HAUEENUAR EERHER O E
I, MBS AR, e AmE ) o A E
AT, BAHRIER, nTecEmE L, B
RETE A0, BB B saeto; Hag
PRSI S VERRY, HAR 35 0.03%

A PRI ] — 8 AR B G A A R 02 23 oY
TRk R TS A TR KT 1 e 25 B X 2 58 B3 A6 K I 52
M, PRITHESSRYRE ES I, DA BERS M E A
Fe AT B GRS 0 70 A BIE 2 SR AR AR
1 MR55E%
1.1 iR

AT M (32.814.28) g 1Y 180 FEAscfi 4,
TSt A BT e & R A BR ST A Al . BESS
K0 B P EARAE YR AR AR . DL R
R FEEADR, Fimh AR, A A
(1) 4 PRI} FERERLOAR), 7R R A3
BIGAN 0.50% ., 1.00%. 2.00%HEZ5K 1 3 Rk,
A YR TRy (TRIMESX 4 FiEDeh) iR 4 45
FRCH A0, AL, A2, A3). FERHEC T M s R4l
T3 1o S ED IS kA2 1.5 mm 50k

*1 AREHREFRAR

Table 1 Formula and nutritional composition of diets %
13 TPk o eSS
By M Uk fall KEBHE Bk MR WA TURA HMEHR  HEE
A0 40.00 30.00 18.00 7.00 2.00 0.00 2.00 0.15 0.85 41.29 11.77
Al 40.00 30.00 18.00 7.00 2.00 0.50 1.50 0.15 0.85 41.03 11.65
A2 40.00 30.00 18.00 7.00 2.00 1.00 1.00 0.15 0.85 41.44 11.42
A3 40.00 30.00 18.00 7.00 2.00 2.00 0.00 0.15 0.85 41.55 11.52

TR 77 BT A A AT B AR
1.2 AT RIEFEER

14 180 B4t g fa b E /KA N IRAE , E
ANAEA, FAHBE 3T, BT 15 B,
e 3 YR/ A3 BRI 4 FiRDRE, H B AR T Y
2.0% ~ 4.0%, FERIIK 1k, REHER 60 d.

1.3 HmPXRE
MWEASKFRENLE 3 BB, MEFHHCRIN,

MAEE FE.0&, 3500 r/min 2.0 10 min, Buf

W, AT A s bR A e g de b s BOSTBULA ,

PRI JILPA 8 KL PR RR AL A BT
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#8532 0.5 cm, FFHlIHEY Ao MWEEASKH
REALEL 3 FEfa, BUEANmIE, FHNA 0.86%f A4 F
ok, #4513, 4 °C. 3000 r/min .0 10 min,
IR, PRI AL BTG . VB S KA Bl
HLASH 3 Fefh, BUmIBENAY, WS
RHPAE, FTFRINE AR

1.4 MEFRZE

MEASKFEBENLE 3 FEfa, Al i AR Fnik
Fi, PFEER . RRE R BUER. 2R
FHELECE A5 (GBIT 6432—1994) , &R [CHI14Z:(GBIT
6433—1994) . 550 °C}Ubei:(GB/T 6438—1992) .
105 °CHEFST1875(GBIT 6435—2006) K6 AL A AL
EEAR. MR MK KB E . SRR
PR 0 P R TR 5 SR P e o a7
EMEVERE ., NeMiBEEYE . M AL R e hs .
o, B S ) B SURTE 37 °CH 3Bk i
F& 2 A 1 g BRI — S 1 5 (V) 5 BRIV
6 178 SUHTE 37 °CHM g s 2V AR SRR R Hh
SRV 1 min, BHHFE 1 pmol IEYIA 1 /1NEHE
FIN(U); JERYEEG ITE 37 °CHiAZ w4

LEYIMER 30 min, JKf# 10 mg SEME SCH 1 AE
KBTS T AL (U)o S B DA ISRy il 28 il
HEY R, SRR MBS BYEEFZ, iz
JH Image pro plus 6.0 #4753 Hr. ZHOCHE, R
FRIK FREACERAILIA , 6 H 37 L-8900 B4 [ 3fi2d i
R4y BT AR LA Z LR L A . $REU 1B N2 )
YR DNA, 360 H iR AR R A FIIY
ST IE A Py TR
15 HIEAIE

RIEEE F SPSS 25.0 MEATHAINZ )5 254>
Mr, IFe R/ BB 25 1 (LSD) kA 725 57 i 4Pk
I3HT.

2 HBRESH

RS T 2 32 34 KM BE RIS

R 2 RIAL, U 2% 22 R TR 3556 )
100.00%, A3 fyZmir . HE T MR AR KA
3% (P<0.05) Ik T H ALy, HoAth A2 [A) 1 22 530
Ve A 2 A

2.1

*2 HIRAREHEKIER
Table 2 Growth index of tested hybrid sturgeon

ZH 51 W /g A Jiilg HE R % FEEAEKR/(% d7) AT 2%
A0 33.314.25 (83.804.31)a (151.618.54)a (1.540.06)a 100.000.00
Al 33.3920.42 (78.16:44.86)a (134.01+12.23)a (1.4240.09)a 100.000.00
A2 32.87+1.44 (73.9046.26)a (131.69+13.54)a (1.400.10)a 100.000.00
A3 32.69+1.87 (60.9748.63)b (86.73425.72)b (1.0340.24)b 100.000.00

[ A R) 7R 28 6 22 57 A e 12438 X (P<0.05).

BRI X Z A BT B L & SR B TR A RAI ST
MR 3TN, 5 A0 AHLL, AL ZAHRIE i a
JRREE . O =R . AR T o S e
PEX B2 (P<0.05)T1i5 s A2 Fil A3 S BbE G BTG

#3 AR

2.2

PR B 2 FEIR(P<0.05), IR 4 g % (P<0.05)
Thi, AR A =R S T A
ks LRI R A B B RN D A S W T M 34 0 i
I

EIRN I B (LIRHR

Table 3 Serum biochemical indexes of tested hybrid sturgeon

2415 AN AN E HEA S5/ AW o it/ Vel Eilinses v T =g/
uih uLh (gLi™) (mmol L) (mmol L) (mmol L)
A0 (10.481.05)b 11.5940.35 (3.0540.75)c 2.1420.06 (1.8940.21)b (0.6620.11)b
Al (20.2843.55)a 12.4140.62 (9.1620.23)b 2.4110.41 (2.9740.09)a (1.070.06)a
A2 (6.7440.54)c 12.0340.52 (12.9541.59)a 2.3440.05 (1.9320.37)b (0.7240.11)b
A3 (6.781.13)c 13.362.09 (8.060.06)b 2.4010.46 (2.1020.27)b (0.670.10)b

[RISAN ) TR 7RG 0] 22 5 A7 e 272 L (P<0.05)
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M 4 nHI, 5 A0 ML, A3 Z4scH g R

PR R G 1S 1 B (P<0.05)84 1, AL MR ERS IR i

TP B (P<0.05)R#AI, A2 Fh TR P A A Bt 1 D0 G
AR SRRSOk A 25 T 004 A Bl P e R

=4 BRI M R AR

Table 4 Serum immune indexes of tested hybrid sturgeon

PR IREERG T IRMERRIREHE Y S ERE e O H LAY ymmsey  BEIEEG  aisikae S/

AL AR IS A . e
TR PEALE PR RE 2 235 (P<0.05)34 i 454
[ 5 e kS P G A

A (&% {100 mL)Y) (4% (100 mL)?) (UmL™) BEEME(U LY (ugml®)  EHUmMLY  (mmol L)
A0 (51.63%2.86)b (20.0123.41)c (5.1020.90)d  (815.09#43.02)b  11.244059 (230.82+17.61)c  (4.3620.13)d
Al (35.6943.10)c (30.3742.21)b (39.3743.09)c  (1090.04225.00)a  12.4543.06 (474.92431.00)a  (7.7240.15)b
A2  (62.16#8.36)ab  (36.75:2.39)a (59.6346.64)b  (1127.99+4.07)a 14234105 (478.38427.07)a  (7.030.23)c
A3 (66.6447.59)a (32.7023.07)ab  (65.8027.20)a  (1096.10215.78)a  11.7743.72 (337.58229.07)b  (8.9540.13)a

[RISAN R T BRG] 2 54 GE i 27 72 L (P<0.05) .

2.3 BRI AR S R AO o AL AT A2 [l IR 8 5 (P<0.05)

MF 5 ATHL, A2 A3 AE I . JER
it R0 I T 1k 340 . 25 (P<0.05) i T4 ;. Al
A3 WipiE S AR . Tk BHG PEY B 2% (P<0.05)

T A0 [, E 7 A8 5 v R A 25 S i e A HS
MREAR s £ 4R 7 B U2 R i 22 S e g 2 2
X (P>0.05).

T A0 Y5 AL FISITEES ] 2 2 (P<0.05) K T
®5 HIARLEORERSREEUEE

Table 5 Intestinal morphology and intestinal digestive enzymes activities of tested hybrid sturgeon

A5 WABREEUmgY)  JERBREEU Y IBIIERETE/(U mg?) B = /um WUZEEEE /um
A0 (95.17+8.89)d (3.5140.53)d (154.90214.01)b (739.67437.73)c 175.22412.91
Al (151.3548.87)b (7.2330.31)c (82.5949.97)c (1296.48:85 57)a 191.63:417.76
A2 (193.47411.09)a (18.0741.67)a (272.53418.13)a (899.1034.01)b 180.47413.75
A3 (123.87+13.37)c (10.9240.89)b (178.2529.50)b (711.02427.06)c 182.11414.75

ISR TRl 2 18] 22 5 A G247 X (P<0.05).

2.4 BFEMMAZEIAEARS RESEEHER ARG DAIERI LA DA P<0.09) T AL i

EAT A0 Ff),
W 6 AL, AL B B HATRONARARS SR

Table 6 Muscle routine composition contents of tested hybrid

1 ORI D5 ALK 705 R 25 S G2 X

9
(P>0.05). M\ 7 WA, 4172 LA el 171 s:;;ieon WE RS *ﬂi}?éj\/o
) 17 FhoBEmg, JLR A NMABTHR Y 7 B 2l A0 76284082 16774087 4344016  1.2530.02
HR, AL (LTS . SR LR S Al 75894031 17.1640.96 4.284023 1253002
SR 2 (P<0.05) & T AL, Tt 3 4l A2 7625051 17.40#0.25 4034031  1.2040.06
E@%Ei@%%T‘F?%X(P>OOS), A2 *ﬂ A3 E‘JL{Z‘%; A3 76.2840.67 16.8640.39 4.1340.12 1.2140.04
F7 WX ENANASEREARRSE
Table 7 Amino acid composition contents of muscle of tested hybrid sturgeon mg/g
2151 REHR TR 2251 R B R HaR ERY e
A0 (22.7042.03)b  10.7940.35 (9.8040.32)c  (34.0441.58)b  (13.4540.31)b  (14.0140.42)b  (0.8140.03)a
Al (26.3310.41)a  12.0641.06 (11.7840.19)a  (37.66#1.27)a (14.63#0.42)a (16.5640.29)a  (0.840.06)a
A2 (23.8140.36)b  10.9440.43  (10.1440.19)bc  (34.5640.63)b  (11.1040.18)d  (13.8440.46)b  (0.8440.05)a
A3 (23.3041.47)b  12.0440.36  (10.4440.2)b  (35.41+1.09)b  (12.4340.25)c  (11.1740.35)c  (0.720.04)b
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5 TR RN F 2R SRR SRR i 2R KNER e
A0 (10.2920.22)b (5.4520.17)b  (10.3840.16)b  16.8621.22  (6.7420.29)d  (9.35#0.21)b  20.22+1.69
Al (12.0220.26)a (6.3520.44)a (11.98#0.11)a 19.28#1.06  (8.7820.15)a (12.42#0.41)a  23.4922.24
A2 (10.0920.69)b (6.7740.12)a  (10.4720.25)b  18.41#1.36  (7.5120.11)c  (9.72#0.27)b  22.5840.68
A3 (10.0820.25)b (6.31#0.15)a  (10.6720.20)b  18.8240.14  (8.1720.17)b  (8.62#0.11)c  22.5542.10
A o A L RS G B
ZH Y AR Sk iR 5iip JsvE.a T S A FL R
15 N KA ez AR W A SR IR S R SRR HAE /%
A0 (7.1320.11)c 1297455  (6.67#0.27)a (211.37210.82)b (83.3423.90)b  (84.20#4.04)b  (39.4340.24)b
Al (9.3240.16)a  15.6240.74  (6.53#0.10)a (245.6847.04)a (97.61#4.53)a (95.19+1.97)a  (39.7240.72)b
A2 (7.2320.17)c  13.43#.06  (1.25#0.14)c (212.67#4.06)b (88.9722.81)b (83.31#0.73)b  (41.83#0.54)a
A3 (7.5920.24)b  13.6440.23  (4.2420.11)b (216.2024.29)b  (89.0922.15)b  (82.31+2.14)b  (41.210.18)a
RIS 7Bk 7R 2 1) 25 545 e v 12438 XL (P<0.05),,
) [y 5 Al
25 BRI SIHEMRE NSRRI N
2.5.1 MM F SR SR

S 2L ) I TE 2 AE 5 S T3R5 782 551
740, Hp A0 AL, A2, A3 /34 218 246,
190 898, 155759, 217 648, 782 551 4%; Ay 1223
A~ OTUs, #&4FH 703 NEE OTUs, HEEM
57.48%(IK 1),

2.5.2 TREEAE a ZHEMSHT

MR 8 AIHI, A2 ZAEtitfiz B R A AR TE 5L
I AR5 35 (P<0.05) /5 T A0 F1 A3 145 A2
1) Ace 545 ik 2 (P<0.05) i T HAA 19 ; £-2H Chaol
FRBUR Y 22 G243 L (P>0.05); #5414
TR IIE 99% LA k.

7 T

[

1 HIARZEMFERER OTU FEE
Fig.1 OTU Venn diagram of intestinal flora of tested hybrid

sturgeon

*8 MIARREHERENSHIIER

Table 8 The diversity index of intestinal flora of tested hybrid sturgeon

205 Ace FEH Chaol #5%1 FrARTEEL i ARAEEL HEHI%
A0 (772.74228.40)b 824.00:55.85 (2.560.29)b (0.4749.09)b 99.824.01
Al (841.01140.17)b 836.36:450.62 (4.7042.65)ab (0.7040.25)ab 99.8340.04
A2 (1047.7919247)a 862.21:436.75 (7.3740.83)a (0.960.05)a 99.764.03
A3 (728.7317.13)b 758.8020.31 (3.371.05)b (0.6540.13)b 99.894.03
[RIFIASRI 7B 7R 2 8] 25 5 G T2 L (P<0.05),
2.5.3 Jhik GRELEM M N |70 I N 17 = S | I R N |

M 9 WAL, A0 ARSI iE HEL TN
W54 1] (Cyanobacteria) . #XBE [ ] (Tenericutes) |
AR JE T 1] (Proteobacteria) 1 J& BE B | ] (Firmicutes) ;
AL WIPESATRT TR EEATET T, AR, JERETR ]
FIHUAT 2] (Bacteroidetes); A2 HIPLHE ] Hy 5 RE

(Chlamydiae); A3 ML IR IEAEET T, ZIEH
T, ARJEARFIREREE T, A2 HOJRRER 5 Hferm
A2 (LR DARE X IR AR 22 5, AlRES A2 1Y
FE T P R T e A G
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Table9 Structural analysis of phylum levels of intestinal flora of tested hybrid sturgeon

13 AT 1%
AR DB JEEERTT U] PORERT] O RMEUATT  JCERRAT] MRBEMRT] BRATEET] SRR
A0 4859 1186 5.99 427 2538 0.50 0.97 0.70 0.36 031
Al 5138 1838 1501 6.14 0.10 0.32 3.0 0.93 161 0.77
A2 283 18690 3273 12,60 045  10.96 7.76 411 3.29 1.60
A3 5838 1590 7.40 6.66 0.05 7.43 154 1.19 0.36 0.30
3 i 5itie B E B 25 T 5 2.00% 8 25 b3 2E R 1 Aol e T A
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