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A Review on The Use of Unconventional Protein Sources in Aquatic Feeds
LIU Guoging'? TAN Qingsong!?* XIE Shougji*

(1. Key Lab of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs, Hubei Provincial
Engineering Laboratory for Pond Aquaculture, College of Fisheries, Huazhong Agricultural University, Hubei
Wuhan 430070, China; 2. National Demonstration Center for Experimental Aquaculture Education, Hubei
Wuhan 430070, China; 3. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of
Hydrobiology, Chinese Academy of Sciences, Hubei Wuhan 430072, China)

Abstract:  Protein is the main component of aquatic animal feed. China's conventional protein raw materials
of aquatic feed, such as fish meal and soybean meal, have long been dependent on imports, and the shortage of
global fishery resources leads to the shortage of fish meal, which is not conducive to the healthy and sustainable
development of aquaculture. The key to solve this problem is to rationally develop new protein sources and make
full use of protein sources. Compared with conventional protein sources, unconventional protein sources (such
as insect protein, plant protein, single-cell protein and functional protein, etc.) generally have the advantages of
strong sustainability, low anti- nutritional factors and high nutritional value. In this paper, based on the reference
of latest research achievements at home and abroad, some new types of unconventional protein sources with
promising application in recent years, the nutritional characteristics and application effects of these
unconventional protein sources (effects on the growth, feed utilization, body composition, health and meat quality
of aquatic animals, etc.), as well as the existing problems and solutions in the application of these unconventional
protein sources are summarized, and the development direction of the research on these unconventional protein
sources is prospected. In order to provide a reference for the research and development of aquatic feed and the
selection of protein sources for researchers and technicians in aquaculture and aquatic feed production.

Key words: protein source; fish meal replacement; aquatic animal; growth performance; health
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1.1 Rdtkh

g, HareRRRERPFEDIE 1000 R75H, A TR LR, MERE
Z, EIELR, BT IE, —SRAGERPHEREIR . E8IMEEKF Y. Veldkamp %
(2012) WP IRIE T KU TRAA B S AE 2R b ] A 1 DL A H B A 7 Rk 2 IR Y
AR H LA R UK R G SR K (Hermetia illucens) « ok B (Tenebrio molitor)
W (Musca domestica) FWEHS| (Eisenia foetida) %5 (W 1D , MATEAEEAR SEH.
REMRARRL (WA 2) S EE. WKLEWE R 55 B IR TN Z iU
BIURNL A, BA SRR & B8, BHRWNART, BT IR E SR ittt
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FABJE 7 -

Rl R RHFRMEAL R R E

HLEH (%)

HLAE M (90)

Elahi %(2020);

g 1 VARG A, il B LR S 0N TR Ghosh %(2017);
sy 25-60 13-40 2 A SRR PSR o FERA (2021);
Bjgrge %(2018)
E]wr‘,r‘l%—;(ZOlO);
L2l AR AL, B S0 R R R RfE2021);
K 30~50 25~40 250 JIRERR U T S AT o RS e A Li %(2019);
3B KR A R A A R T FA(2020);
Li%F(2021)
R R FFHL(2019);
LR IR 0 PR A (A DA B ) B o ’
$RALEY 39-65 I 2 WS/ KL AR A %ﬁgﬁﬁﬁn
LI A BT ok, AR, e RS RERAFBIK), i (2021);
iz 8514 51.6~65.7 6.0~174 AR S A RR IS 5 Nalunga %(2021);
28 WAL IE BB R 5 A K R A Bahadori 55(2017)
R2 AxHEFARORGALBSTILE
WE ik k] Hf R KT L 3 5]
|lu-ﬁ.%ﬁ§ EAA, %)
zazfﬁ%ni(f’he] 237 271 1.76 1.51 2.90 1.86
FEF(Leu) 428 3.99 341 2,64 5.50 449
SrEE M lle) 251 2.49 3.56 1.55 275 5.07
B (Val) 301 257 244 221 3.83 2.85
H H G (His) 1.24 1.32 1.51 1.34 1.56 4.08
2 Lys) 453 323 291 222 5.05 5.57
H 2R (Ar) 3.67 375 243 1.93 5.60 3.40
FRER(Thr) 244 197 1.81 1.51 278 241
EEE(Met) 1.63 0.69 0.67 1.85 1.36 0.92
B (Trp) 0.62 0.69 - - = =
EM T EIERNEAA , %)
&R (Tyr) 2,01 204 346 2.35 235 1.68
I f(Ala) 3.86 227 3.67 294 371 3.64
HER(Cl) 458 2.18 241 2.16 5.11 2.74
FAH [ (Asp) 5.36 5.78 359 331 5.30 3.46
BEFE(Gla) 7.91 9.20 568 4.88 9.74 6.92
(¥ (Cys) 0.44 0.67 0.52 - 1.77 0.56
i 22 (Pro) 294 257 3.02 2.09 4.57 1.76
HF R (Ser) 2.25 229 2.01 1.67 5.08 1.96
S P Casas %(2017)  Casas%(2017)  Ravzanaadii %5:(2012) 2£[E%(2020) 5Ki5%(2017) FERLE(2014)

=" R R R I 9T PP R AR

R HL (Yellow mealworm)
PR R THRE, SUERRL BUERIR, BEE, K
BB NOE. Hil il B, EEAKKEREN 29~32°C, £
59.9d, fEWH. EHAMEHE T TREARS LGS
TR, £ DA, HEA UEsk.
TRy B gl TP 5 S 2 36%,
AT TR B0k OB £

1.1.1

==

JCE A 7o K

JUZK

AL [ B U

1.1.2  HsKir: (Black soldier fly)
SR KT 27 44 0G5 i A KO B BRE s A7 K, SREJE T XGHH

25

ghaum e g, Bk fUERKER

32 °CH & B i EIUN

IAME. Bk B Rk, H i
B HRReE
e A L TR SR AR R S s A R B YR . JF HL

ETEIR, B

AKEEAE, KA



SRR E BAE IR EE Y 26~27 °C, BEAMERKAIZN 35d, K ads on. ghly @ s 6 4
W) WS R KA, AERRIE, AEdr g, TSRS, ReRS I 5
WG, A AR JUT BURBTRE RS Y, JF BAENIRAC BT R A BRI ), H
fief S K2l B 5N 20%~44% . ITAER, 72 FhK P S # A N SR 2K D A
MW 7T, XA —MEA R B E B .

1.1.3  #H (Maggot)

FIpgh ol (BRI &S E AR B, /&R, JLUT . 2M4E4ER. ok
CARHUR TR BT, e — R BT AR08 s B B R 5N 1Y 2 9 2R e e i iR ), AE
K7 TR HAT R R AT
1.1.4 45 (Earthworm)

M5 ARG . WIS AR (R4S FRAE, 1t EE s n] AR
215 100 kg Wolsl, T HREE, FBUBELN 10%. Hoh, EnT DUE AR A LA
SR SR .

WedaR IR B2 90%) A& e 1% I A | 28 (0GR R T F A R SR, 3
EER SRS T Em AR, BT Oy, R MeE IR E S I B R
12 fEYEBIR

WY E O AR E AR KR AESE (W3, FEREl
INTHEARZER VT EMEATH - SIUE RN T, ERMERRIEEE, EfFEbBYUE T

HF. ERBA T (WFE 4 208,

®3 WHEGQRE ARG L

HEA)  HLIEN%)

) . LA & 541(0.007 9 g/kg); Anderson 25(2016);
WHREH it U 2HP B R A B BB 020
LEER TR, )
\ N T4 2021);
-5 £ 211:5 DJH‘.!H:\?#{&:?%; 7oA .
KO 671 0513 BRI T A R T ooty
4 HAF S UL ER ) 12 i
LHUE 3R A6 2 (G o b XIBRH A(2021);
HEEEH 515 1.9 2R AR 2T Mukherjee(2016);
3E SRR AR B AE Y Shi%(2017)
T . 810 LAGHEYE AR E WRTE R T Chevanan 5(2009)

BT R R
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F4 HEHHEORLFANKGRGBERES T ILE

T H faky 24 WG EN KR EA KR T R
WATEIEFH(EAA, %)

A= B2 (Phe) 237 271 3.44 3.41 2.68 1.29
A (Leu) 4.28 3.99 3.44 5.10 3.97 321
SALEF(lle) 2.51 249 1.99 3.16 254 1.17
A F(Val)) 3.01 2.57 2.54 3.22 229 1.42
20 AR (His) 1.24 1.32 276 1.65 1.33 0.74
i = (Lys) 4.53 3.23 3.40 4.03 3.18 0.90
WHE M (Arg) 3.67 3.75 7.20 4.65 3.71 1.22
&R (Thr) 244 1.97 2.11 249 1.93 1.03
WA (Met) 1.63 0.69 0.67 0.85 0.72 0.52
{8 EZ [ (Trp) 0.62 0.69 0.59 0.88 0.66 0.22
BT AR (NEAA %)

P FE (Tyr) 2.01 2.04 1.97 2.51 1.64 1.01
P& (Ala) 3.86 227 233 2.74 2.21 1.83
H&F(Gly) 4.58 2.18 238 2.62 2.17 1.08
FAE i (Asp) 5.36 5.78 5.29 7.28 5.83 1.73
B ER(Gl) 7.91 9.20 11.9 11.5 9.23 3.61
M= (Cys) 0.44 0.67 1.43 0.82 0.75 0.51
[l Z P (Pro) 2.94 2.57 2.64 3.21 2.24 1.93
22 Z R (Ser) 2.25 2.29 2.76 3.14 2.08 1.17
27 Lk Casas %(2017)  Casas %:(2017) Li %%(2019)  Casas %(2017) Espinosa %(2020)  Olukosi %:(2013)

1.2.1 HFAK4E5E 1 (Cottonseed concentrated pro- tein, CPC)

ROFFRIE A PR e S 02, BRI B A i MR AR 205, A SZ BB
Atk AR —MA MBS E A, HEASES 560%) , Ml E &L
79 0.0079 g/kg. HETHFR LMD MK EMFEE TIRF AT 70 L%
BRgi5e, W LR RO LR 4ER sy, SRE B R sl By, Ba iR A
o HTRABAMAENM. (GEMRTELTZIA T mIRAL, AT & AR TR
[, A GENIIEARANL .

122 KER4EEE (Soybean protein concentrate, SPC)

YNGR 4= PRAVNIN ENITR i< Do) b 511502 o0 91777 SN P N 7 4 -4 =5 eI PSR
BAERSEPUE R TR —MEE R, EAEELAN 65%, K% B 17 E2HUE R T,
EFMEREAR R TS SPC BRI A RE . BRI 1B AVE RIS, EaA:
P LESHFEMES (2015) .

123 KE£TH (Fermented soybean meal, FSM)

R GAE @ CHITE AT, BEY) (nZEfarT i . ERIPG T R 25 ) Bl i 77 2k
AT R, FH G R DR R 225 R, SRR EE VA B A S BN T 12.84%
M 5.45 15, KEDHUEFR TSR E AP M, KERBSEEN 7 6 5, &EHRMNES
B VHRIE SAh, KRBT E S AR A MR EEE 2 R s, A BT e
NPT RE, R
1.2.4 TS R H AT 9% (Dried distillers' grains and solubles, DDGS)
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F KT S LT VEY) (DDGS) fe B4 1 B A 9 Ja 75 VR AL PRI B ity &5 26%~28%
MIEE B, 8% ~10%MiET, It A SRS A s s Wbt e =5, Rk, DDGS #
FIVE At b (1 2 R AN RE BRI DDGS NS W MR 88 U5 P v LI P 95 8 7,
FEIE BRI IS B0 N BE 8 B K = S I A Kk e A B, AT (R R AR 1 Th g - (B2,
DDGS & 7R 2 R EERIEAIN L L 2R, RES %A, BB L7 K
R T ok DDGS #if, A3 00 B0 JEURL R S AT B TR
1.3 P AR

HANMIEE (Single cell protein, SCP) , MARMAEMIE A, LA, H B ARMELE
A K3 R R A5 b R B P A R - SCP R B HEEAL I RE R (I AR AR (LR 5D,
S R AIA 30%~80%, BAEFRMER, KIEZ, mTARTEKMRA, &
BEFYEER . AR EY . TE2E 0200 DL & RIB AN AL 0iE M R

5 EmpEGRERNMLES S

S 4770 220 1 o AR R A5 K Sh Y PR YRR R & e s Nalage %(2016);
S B Y SRE RN S A T S Nasseri %(2011)
RHEERIULIE  40-55 16 BV BB AR (R T Nalage +2016);

L Zr'q—'(ZO]?)
T e e Nalage % (2016);
R 50~80 73] R A L T R S R R alage -H(2016)

Nasseri %5(201 1)

SR A A7) (2 R R ) ST (], AN R 5~15 min B RIAERRBEECE R —F, &
KWRTE 2~4h AT, e PuliRpt RE R, BA B AR 2 mk o
VR RAE /7, HECHE Y & A T E TR E .

1.3.1 ¥k

BERAOFRE I (CRBLEZS) RO 1) — S fh B T4 TR, ARG LR i
ZNPNEERE PR IK AR A PR 2

FEAF= NAVEFME T, BRI AL G R AR e B AR S . g AN R Iy s A7 T AR
HF & [2.5~7.5t¢ (hm? -4E) F1 4~15¢ (hm? -4F) & T KRG GBANE ([0.6~1.21

(hm? %) | 1~2t/ (hm?-5) M 1.1¢ (hm? -5 . HERESHE -SG50, WER (5
B MR ERAERERD MZmaE, HEERNTZAEREZ3V 2 FRMRE, A5
WopkadeAs . 2= T A EEA B DA S MBE S v 20 B B B B A 7 R R T A

132 BERE R HABE T

EEREAMOR 2 B & s (40%~55%) » AHifEE (5T EH) 26%~32%) & A X K>3
A 2 I H B2 30 (MOS) « B-HiI WAL T S A Wis MR oy o TE /K= ERDR) o B A
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FH 1) 52 B30 % B ( Saccharomyces cerevisiae ) I Ah 48 1 B T J& 38 AH AR 1 9h 1% B
(Cyberlindnera jadinii) % 4TI EERE (Wickerhamomyces anomalus) « 55 3 i &
Y:18E B (Wickerhamomy- ces anomalus ) B NSNS 2 42 4 %] fUl% B ( Blastobotrys adeninivorans)
£
133 WikEH

WAEAE THAR (50%~80%) , & T RKMUBAR", & —Fogi A ntael & s it &
FRKIR, AN bR TIREEREE TR R, vl DR 2. AR R AN 75 S R R 5 1
HE R, XY I — L B MRTE NS B R Oz RE, R R e IR R SR
IKEZMAERK M CHAT TIFTT. BT BEEKAENIREEE TR, —Lf s it 4y
WAEE A R T AR A R R T A M AN R G T T i E A AR
1.4 HALIIReE A

Thee A E WA MR E . MR, 80, BEEAS (R 6 . HAR
DR R AANRE, & A TN I IE R, mIhRe s N RG A s 1, Gt K,
W e, PRRSETIE, JFRpilid T e TRk SR s e, HE I AOR B35 A
i -

F6  HAushib G TR L

5 BEA®) R TRt S50
LASERT- i, B M & RAEIT(0.7%) 5 —
B 79 003 2 FUE R AT AR AT A AT unoz3(2020);

X g s HERT5(2019)
38 ARk S Rk iz
LEA R e R A A (R S R M A T P {117 35(2020);

BRZEH 4055 2 LERHEMET ST RO T BolESeoL)
LA TR B & SRRe R AR 1 R O Harmon %(2002);
TR 42~50 =30 ARG Zhang Z£(2015);
IEE NN B R R U R P CE HINES(2019)

A S 1 e .
B e o LA — SR R A E2022)

2L KRG TR D R S B S

1.4.1 [M3HFEEHK (Spray dried plasma protein pow- der, SDPP)

L3 2 R e a A AR 55 55 A AR 7 1) 3 P A g i, i L S SRA ) — B 2 3
7= it LSRR R B e B T TE AL SR B SO R T B s R R A . IR R ok (32
TRAEMANy ) S o Wt o748 A= A B AN G2 70 5 T AL 3 A BEIESE . HIK ™ S
FHRBT TR+ H IR
142 JHIEEE#K (Dried porcine soluble, DPS)

I ok R Bk | TR R e, &— RINVE A RO, % T 5% T 2
#HHIFThREME S EE A R RE, B S /NIK, FE AL SR IR E T B T RAFEIROR .

Hol

i
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143 X9%E¥ (Eggpowder, EP)

R IR ER LT, DR RO R, Snd g, KSR N B
A DA ORAF BB ACIR B ) o XS B /A BB I RERYR, & A BRI 30%20 K6 T
JELFEIE o St AT, B SR, S A R ERE A . WEE M KBRS, e
e ER AN RO RS, W R A RE 1y, R AR IERE.

144 FESEE (Ribose protein, RP)

R R R A T RIE R, SRR L 20 TSR — Rk AR 30
HH. ZEEEAR T EA IR, ERERER D, E&5A —SRMPERET,
R AR KPR A G R 146
2 WAL BUEAE K S ) R AT

B FIRAE R 2 HUK S ek S I P8 REAE — e R EE AR A AR U, A
NI Rl AT AR A A RE AN R SZ AR /DN, H =2 A9 L U 6 7K 7P S A K

AR
2.1 BHEk (R

RT R RBAAF DT
s HBGRINE B

HLH (e)

(%) e (6l(%)
1A A R 7 T 0

Eeslits #H i 10.04 18~27 50-75 Pyl Su %(2017)
] fies B o B
| 20-25 63 100 pravuniabm 1do %5(2019)
LN 209681 2= 4 4 ik
- R F A BIRE ;
- 208 20-30 22-32 2.3 3091 i f Sankian 35(2018)
(Siniperca chualsi) SO Rt
340 SR FEE
L 2 A I 1 R
2. i B ETEE, Belforti %(2015);
LI E ey St BEA Rl - A laconisi F(2018)
(EPA . DHA Ei7l)
RN Hhn sogeit i bk i
(Sparus auras) 12 = ¥ amwm mmanerrs oS0
L 25906 A A 4 o i R,
TRt B 5096 Ak R T RE .
{Dicentrarchus labrax L.) a2 = 36 2. {5 o A £ TR 1 R Gaseo F(2016)
B ES
A e b -
TR 55 36 80 P 3 (R Basto ¥F(2021)
1AV FPERE GO
B 2EME DR ELR, e
(Pagellus bogaravea) O SZIcS A=y == LN i el Taconisi <5(2017)
e 50060 £ 75 37 4 (IR
fiae i 4K S B9 i AR o
(Gyprinus carpio 553 ¢ O HfmmmBe g 0T C0%0)
SRR S B e, e )
SRR T 50 19.5 45 R P 5 P ) Magalhéies %(2017)
. . E9 3 TR ¢ 5 AT L i 1] g )
piea 1398 1475 100 SR A BV IE Belghit 5(2019)
4 = .
o 'iwf\ ’i‘fﬂ;.-,;-] 22425 8.5 10 L LB A o e 4 Li%E(2021)
LATEACHERE T S
AT A .
ST 100.1 15 50 i P S O Caimi 55(2021)
2. AR G & BRI
W F iy s Y oniello %
Pa 12 4% 100 LM F 1 BE T ) B A e Zarantoniello 5

2 A AR i fe

(2021)
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FT(H) L hsAAFHETER
AR BRI R

M) [6%) 1 fi
R 12.1 14.8 50 Abdel #F(2021)

LT LA HE 13
HiwhE T
1 L T 0l ok
HahnimF e WL
50.08 14 a0 Ao Rl i T Han {2020
2100 EF R i ich £
FiERFETH M en
LA ARG A A
L VgL

- k|
(Larimichilys croves)

iy 1789 40 50 5k o E TR Renna (2017}
PR A I EAE B Al T RE
T 10 890 4 1 RERE o
L 15 108-223 2548 SR Xiao FF(2018)
e LA SRR RS
(Crpwimus cari 3 3478 53-79 50-75 HER A il = Li %(2017)
Cvpwinns esrpun var. Jian) 23547t FURTERAE il S e
e L PRHRRG & RREE S AE Tt e
{Eyprims cagi var. speculariz) R S = 2504 B 0 e R i 2 AR IR o
™ 0 P Ao o e -
e 12 113 20 Pt B EL Hu F2017)
i fn 2 [ 30 {2 kR T ik Nian FH2018)
PR A 2 ik
: Y NG e . g
vEw 52 278 50 S s {245 % (2018)
il 55 W0 2 A 46
A T 06 137 40 bt AR RE | S R A WAL AR EF2020)

i 1 2 0
LFE A A A R 5 s
341 103 50 2 AT LT A R Li %5(2019)
T flt Bl 3 1 i 2
L5EA B L 0 Bt
PR e
2. [ A R
3R R L kPR B
12 B R A ETTE;
2 fEIEHIE O HE T RE
ik 120.24 <15 <60 (R R ) W 2016)
AN
itk T+ RS R
R 5026 5 100) 0t A Vi A Gt i B 1 4 A % (2015)
| ARGt
it e S o T o R
3 il g
N, ossens)
100 B CEH AT
sk B SRR
i %51 T A A b pRE

2 2 : 3
{Clarins poricpivus) S L L O M S

4k
(Lithedsates eatesbedang)

-E (31 ] 6885 2 50 Wang F(2017)

Wi 2.02 294 0

ORI

(Paramisgurnus dabryanus)

3.86 6.38 22 i ERL T Gz fe ) L H%E2016)

A PERE AR R (At Tt
P BT b o 5 o i 488 o i T e

mE 7 s, BAEWERNEATEEL S (Oncorhynchus mykiss)  Bi5it (Pelteobagrus
fulvidraco) + % AE (Oreochromis mossambicus) FIAEl (Lateolabrax japonicus) “5 K24
K= E A Hh N F B RE IS iR T HLAZE O T B8 (Pagrus major) « KV P4 (Salmo
salar)  PEE . (Danio rerio) FZAEMAIRFFLH, 100% 1 Hoky v B B HUby B AR T AN 22060
ERMERE RN, 540, B AUk BB RN A SRR I ER . (H2, A RE
WA, TR IR K B B 26— 2K P Eh AR K Re . SRR IS, Ik
AR i ThRE 2, W PRSI, Shah, B AUkl s — & 2
JE BRSO, FRRE ANERIIR TR & &, R B FRNME . KPS B R
PRI B IR 22 AR, T RESE FH T KPS Ah i, Ko, BRdigphs. JEpA b 3 7
XM ZEF

il 8 20 70 Ngoe %(2016)
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22 HAEYEAE

B YVE R IR LS S FR R R B TR SR, W AR B AUK
TR R o PRI AR R B A RCR DRSO R kgt R 2 C T SR AN
[, RAARA B R 8 Phos, WAk b ) & FR 0 B AR e — e VEE A,
JUPRT A A B R MR /N, AFER & 22 90 U AR KM e 2 SR R B R A BT R ) B
P, — AT BAOKFE S HRR T 20%~50% (8 (U8, 16— Sfff 50 A a] LUK B 1 B AR
KPS 20 AR KA e AR ST RE W, 1 SR F CPC Rl B AR BUHE S ( Centropristis striata)
HARH 80%[ifkys KA SPC n] B4 (Carassius auratus Linnaeus) HIRH 80%[H
Ky AR T HRR T 100% 1) 0k s KA FSM Al & ARHT 4 R 80% (1 28 ; SR A DDGS #J
PABHREL L (Crenopharyngodon idellus) HHRRH 82.8%MIZEFFHH 100% [IAFFF A A1 4 Sk i H
FRH 100% (1 &R

R HAHBHEGRAKZHH T LA
FwE g

Sk - . .
SRERE e e b
FABE 1A I AR (B AR e A
R 1 (2 Epinephelus FARHEFT);
; fuscoguttatusx 1131 11-22 17-34 2 AR TG SRR, Yin%(2018)
& Ep.-}.if.'phr:fus E T MpiE Rz Tbe
anceolatu) i A S
1A K FERE AL i M
20 eSS T TS
F3E H B 16.91 <329 60" (JeE R H F A Ye 5(2020)
FRFLEHIAC |
AR T
1A bR O
BT AAS ) (T AT .
(Techinotus v~ 2> 88 20 2 Wt R S 2020y
B REFEREIE
LBEE CPC B KT R,
TCEE B AT
AR o EE 2y AT e Chen %(2020)
3 Y EEAR
SR
LA 509 LTt v

HECbERR SR AR
PRELAR L HAE i
HE ) T 4 T S0 5
28X 30%~50% 4 ¥k
HE I

g1 1755 12-20  30-50° Zhao %(2021)

B AR . B N A
(Penaeus monodon) B o S 0 I S R R R
L AR T et i
JLAEAIE . TR ;
(Litopenacus Vannamei) . 2EEH I R AERE
FEATF A 5 f R
P e S e A
FRECHT R 295 30.2 80 FEAP R ARG 53 S FPHE(2020)
T
ey 1%t A e R T R 2R
RAREEH LK ety 3 <20 57 pRIEPE KR A L 1 THE%(2020)
KT 2 TR

Jiang %5(2021)

Wan 55(2018)
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F=8(4E1)

i H

B L E & A B b o R R

sE R EH R I A R
AR A AR A
SeAe e AL fEEES
i (e B AT R o

Zhu %(2020)

F 10.45

LSt AatER
I fi T D 5
2.1 SPC K- H AR f i
1GF—1 B PR kBT,
H- LB SPCARFAI T8,
JFFHE TOR 2 M A Fik
SEFELIR IS A

Wang %(2017)

AR 8

<30

38 FE 0 e A R PERE

K TR Chen %(2020)

e

25.56
(Monopterus albus)

26

45"

L0 TGRS
HgaE T HUEAERE S
FUETT TR
2,808 T LA A AR
(&5, T RE 2 e ol ATL4H
(33 D0 B ALY A

Zhang 7F(2019)

=T

(Portunus_trituberculatus)

22

51.49

3 B A UEAT — s R Wang %(2019)

HEE AP e

37.23

RIS S AR
T TR AE T . AH AR
RiE N N R
5 | 1 3 S T

L% ¥ (2020)

BRI KOs

(P i)

20"

1t 20% A0 faky
A S A RE R
ol i e
A s B

BIEP S 2021)

Wil

(Nibea albiflors) S

13.58~20.35

20-30r

ML A AU EBHAST)
PR AT(ALT) TR

1GE— | B0 Ak Bt Er HFR018)

17.71

LR e 5
25458 T HLE ERE S Rl
FER HHER LT 1R S 5L
TNF—afl1L-18.
EiRHLREEHE TGF-B);

3. 35 X 1% AT 40 H ) EEAS A

Rahimnejad 55(2019)

KT i

15.68

PART A HERE il ay
TG T R0 | i v S IR A
EEER

He 55(2020)

F i

25.46

45"

*F A A PERE Fiig i e

T B0 Wang %5(2019)

fig_ 3

200

xR P RE A TR
T S AR UK
bt 2 S EUH RSS20 |
SEAL RSN HL

Choi %(2020)

S Sy 130.7

80"

X AEASPERE DR R OC R

T Voorhees %5(2019)

fefs 143

26.9~37.1"

B S B FEaEn
KRR, SRS,
FE R B AERE S
Fi i fl e

Rahimnejad %(2021)

KEEEF

(Scophthalmus maximus)

ST

36

45°

11 1
HESRHUAALHE J) AW JehE
S AT FEE b A B
GEAEEERERT.
I ¥ RAaY G e

Li %(2020)

Fy(iE2)

BRE e 3

(Eriocheir sinensis)

25.53

A7 B A Ay B & IR R Sh A P e B R

13.54-20.31

33500

LM AERTTEE .
AR RE A,
24 A PR RE A R
AFSCEETR L B B U5 R

Xu 5(2020)

AR A I BE P e ik
A IEmEH

e 5.08

=<13.2

LR 209 LLF it R
A 0 ) e ) A i R i
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EYEA SRR, 2 SERNE ORI R T, FERA P, 1At
B A B AL AR U, W R EOR T B IR BN T, T I TE TR S 2 2 B S B R
GRZ B ESIL), SEUGIE B, WIE R R A S 5 EOR R R LU 2 A5,
INY J3E 90E S B3 BUIE A5 5 R T ReME,  REma TP A IR 23 DOV AL TR, BTG R g
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REZHCRA A E AT DU R BT ok, thAh, WAa T E R A e d s e
PR LA ARTRR B R, DAIASR AR b 2 R S e s B, s T AR AR R
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NP EHART 1%~10%[(f0ky, NMAIMF (BP) +DPS (1:1) &4 1] LAEARER 1 HAR+ 66.7%
itk HaEnE s NI SRS, BELERE. SR, K2 TER
ZMCRMIDIRE R AE iR RN, RS A T 2R IEREN, EiEN KRR IE RS
YA, B R IRR S HAR EUR T BRI F P, IS B KRR

R10 HILE LA TR
e SR FIUSN HRAH

() (%) Haffl %)
1 3 2 1 4 FEEGE 39.2 0.083 <1 1 G fiE FArH(2018)

L 5 PR £ B R R
AP RESEI TR R SRR .
KOk es 49.5 3.83~766  5~10 2 VT RV R 5 Li%(2019)
S RAEThRERE AT
LA Fl e f e 42 LB TE )
e HEmE AT
2RO ARSI 4T,
ARTAER
P E M iE f RE , A2 E i FE AT B IR
i EAR TR
. : 254 AIEETH A AR RE L ki A o
B EA R 24 1 2.2 HLA Sl 71 . FL e b HBEITAITE(2021)

i s 8 KOKE 3.5 3 6 AEURSF(2021)

i+ (1) g 69.43 4 66.7 Gao %£(2020)

3 HT AL AR VRN P IR AT (1 i) R SR A it

WAL AR K B b R CHUS T ROR, AR AT SRR A — S R 12 PR 3R
WEART EEminEd&e, BT)UTREERE, SEEOE TR, w6
7K BRRE A0 B 03t 2 B AT T s R S Rl A i e JEL 40 Mt e e DA 0 TG VS A
SEFEMENRE. BINEHERERA T . PUE R FIFE UL S8, £)5
SR T R R R D T R 2% gt DA O ORGSR R DR AR R AR K AR R R R
3.1 BEEMTITZ

KM T, E—ERE ERRPUETRE T, e s EORMR R, 85Xt
EAVERIRIH . Flands R B, AT DA R S ERL R 26, Al R B — P AR
W AR R AR TEVE D SO K P B B TR WU AT AR KR o T ELR B A% R
AR ERRIE . K= SR RS B R R R, 2B VA R T SR AR X A R R K
FEENP IR o
3.2 EoEtaRbsn )

T RHAS DA AT LS K = S i& v, P EE IR, A BB A K R A ZE R A4
fRRER B 1, MM E AR IR R ik (2018) RIVAC AR TR A 78 2
A= ZE 1 (Rachycentron canadum) WAEKYERERIRE & &, Ragaza 55 (2021)
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olivaceus) AR TARIRIFH 2 WkS TR 2 FE TRR (1% 5 . Wang 5§ (2019) KL,
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MEMR
AOFRGRR /MR B HESFHEFHCESEEZL

MIHE 123 Zxpa) 123 Aa gy 1230 oK) ¢ L 123 Gl 123

(L BRI EERY, RMRANEIAS AR S0 E TR0, Bl 201306; 2. BHgHEERY:, R

BT RAOK AR IR E L0 =, 1 2013065 3. EHFETERS, EZKPRHEEGHE R
Huty, B 2013065 4.5 MIERAMEHE AR AR, HM 213111)

WE: NIRRTV K O B (Micropterus salmoides) 85 HEZSRFAE RN AL BRI A AL I OS2, Fd i) 3
FI AR, DO+HERDERG 2 K RS 1S TR SR (EX IR AL, DOTRRHE DOkl A LR 3% F i
AR REZH), D2 AEHUTE DOTRRLEEAE IR 2%/ MK o 3X 3 Pk IR 46 14 E7E(21.27+0.17)g 1
KOHE#H 60d, FH 4 NESL, BANEL 45 B, WFRREE NG EH S M POEEAHE . AEN
(85.58+1.81)g MK BT 80 B, A 8 MMIF, BEANPIKT 10 BB Fr MR I SR 5 IR I B0 0T B
ML, R 1R, ERMREHREN 0. 34 64 94 124 18, 24, 30h BEHLAT %4 8 ANMIFE - 1)
1 ASPIFERORE . PERR e bR 3 ikl s B N AR REE AL, 3 AR 2524 B He s 2
PG FREE DL H AR YA . 255 B K O B 5 5 N AT BT LA SO Es, k&l
JH KV B AR s 0N JDRORS K 1 R A ) 18 HE S R AR S A TR P AR R 25, B s AR o e 18 e
PREER, EARMEHAAMFE . bt fir8o-F 7 AR Y BEAR L bl & K 1 R 6 10 15 HE A 2k, A
L DO+2H 15 HE 5 R ) SR AR A AR SR AR UL, DO-ZHAN D2 2H (1 S (AR AR 2~ U7 R ALY o AR AfE % 2 e (A
RITHEL AT 50 %M1 80 % B HEZE (LRI (], DO+ZH 73775 8.14 A1 19.04 h, DOZH7377y 11.28 A1 21.40
h, D2 M358 10.21 F119.67 he 3 ALK F RS i iE b B AL B COe bl . 2 3 B A g 0 86 )7 A 15
e #E T 3y) BT B FEAC S, DO RS 9 h I B i b igue b B . IR 07 B AN 2 S 1tk
Bl Efa, W3 e TR AR R S(P<0.05), 1M DO-Z41F1 D2 HNTEREG 9 h i B & A EgE ik 2
e fE, 120 I B TE T HTER B R0 S e ) E S R B R s, B35 T R AL AR R S P
<0.05). ZE EPriR, Wk B BUKF AR DLENIKEIES I, R85 B T8 A EEEVE SR, PAORSF
B HEZS I (R AR P, DR A 7 B B MR . g A AR P= sk, ERISOK T SR P M (R] B A 1) Ry 8~
21h, &H2 K.
R KBRS K BHEER, HABRETE: SRR

Gastric Evacuation Characteristic and Digestive Enzyme Activity Change of Largemouth

Bass (Micropterus salmoides) Fed Diets Supplemented with Small Peptides
CONG Xiangming'?? LI Xiang'?** HUA Xueming'?** MI Shuichao* HANG Ying'->* YI Wanting'2-

(1.Centre for Research on Environmental Ecology and Fish Nutrition of the Ministry of Agriculture, Shanghai

Ocean University, Shanghai 201306, China, 2.Key Laboratory of Freshwater Aquatic Genetic Resources,
Ministry of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China, 3.National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai

201306, China; 4.Changzhou Yayuan Biochemical Co., Ltd., Changzhou 213111, China)
Abstract: In order to investigate the effects of the small peptides on gastric evacuation characteristic and
digestive enzyme activity change in the gastrointestinal tract of largemouth bass (Micropterus salmoides), three
experimental diets were prepared, DO diet was meet the nutritional requirements of largemouth bass (positive
control group), DO diet reduced 3% dietary protein level based on the DO* diet (negative control group) and the
D2 diet was added 2% small peptides based on DO diet. The three diets were fed to healthy largemouth bass
with the initial body weight of (21.27+0.17) g for 60 days with four replicates in each group and 45 individuals
in each replicate. At the end of the feeding experiment, 80 fish with similar body weight of (85.58+ 1.81) g were
selected from each group, and then were randomly distributed into 8 cages per group, 10 individuals per cage.
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The fish in all cages continued to be fed respectively with above three diets to apparent satiation once a day. At
0, 3, 6,9, 12, 18, 24 and 30 h after feeding, the fish were sampled from one of the 8 cages in each group. The
percentage of gastric content remaining, fitting degree of the three mathematical models to the gastric emptying
curve of each group and changes of digestive enzyme activities of largemouth bass were compared after feeding
the above three diets in different time periods. The results showed that the dry weight of gastric content were
better fitting to the mathematical models, the gastric evacuation characteristic and the optimal model of the
largemouth bass were not significantly affected by varying protein levels and supple- mentation of small peptides
in the diet, and the gastric emptying changes were curve digestive pattern (slow - fast-slow) during the gastric
evacuation process with not entirely same trend. The linear, exponential and square root models could fit the
gastric emptying curve of largemouth bass well. The exponential model was the best model to simulate the gastric
emptying pattern of the DO + group, and the square root model was the best model to simulate the gastric
emptying pattern of the DO and D2 groups. The theoretical time of 50% and 80% gastric evacuation was 8.14
and 19.04 h in DO* group, 11.28 and 21.4 hin DO group, 10.21 and 19.67 h in D2 group, according to the best
model calculation in each group. The activities of digestive enzymes (amylase, protease and lipase) in the
gastrointestinal tract in the three groups were firstly increased and then decreased during gastric evacuation, and
the activities of amylase, lipase and protease in the gastrointestinal tract in DO* group reached the highest value
at 9 h after ingestion, which were significantly higher than the other time in the same group (P<<0.05).The activity
of pepsin in DO and D2 groups reached the highest value at 9 h after ingestion. While the activities of amylase,
lipase and protease in the gastrointestinal tract reached the highest value at 12 h after ingestion, which were
significantly higher than the other time in the same group (P£<<0.05).In conclusion, changes in dietary protein
levels and addition of small peptides can cause changes in gastrointestinal digestive enzyme to maintain a
relatively constant gastric empting time, so there is no need to adjust feeding frequency. According to the
production practice, it is recommended that the feeding interval of largemouth bass is 8 to 21 h, twice a day.

Key words: Micropterus salmoides; small peptide; gastric evacuation rate; digestive enzyme; feeding frequency

28] B HF 4% % (gastric evacuation rate, GER)TEF B MM B piEnd ", &
3 740 2B A RN AR KRR TR ) R B R 0 23 o A AR 2 R OB A P R D E ) R
SAHRIAEEAE B AR K B AL G, R R BAVRES T e R, 5
B AL R A S R S — RV AR ) O, fEFRFEAE P, B S A
TANLE AR R, T RHE 32 PGB DL R SR SRR R AL/ 78 . 20 2R DK,
] P 2 3% i 68 %6} il 71 (Silurus asotus Linnaeus)!' . B 55 X (letalurus punetaus)!' . T fiti
(Oncorhynchus mykiss)!'V3EF2 58 0 281 B HES R AT T /AT, Hdid 2 R 580 B
WAV E BTG, AR E TR R IR R S

K2y (Micropterus salmoides), 3 J& )% H (Perciformes), &1 J&(Micropterus), &5
AER SR AR S R K S, BT DR N LR A kR, H Al
CL A PR R K 0 FR B 1) R B Rl 2 — o {HE L AR Bl S0 76 AR A F LA TRl 97 5 1
S IULP 5T Bt TR AR SRS, 3 B O I R A AR DG AADRL = il A AR K (142
FHaElale NKXIRTEIR, 2 —FBEATUKME R, Lh 2~10 DNEIERRH B 2 1 R
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HAHe % F A=) D e /Ny A 10 FEAR SRS S RTHARE FE ORI, R IR 2 %/ ik
A AR Y AL 1, (SR TE S AR DT, (R 75 5 R B SR R SR B R T
P 03 A R SGE oR AT A

PRIk, ASHE TR AT SO TR b, Bk e S /NIKTERLE R B R HE R
el R A B AR AL, B B B R 1S e Rl L, iEE RS, B
TR/ I i 6 K 1 B Y A IR SRR R e, A 77 B R P AT R DR 7 ) A Ak B
HEHD AR .

1 MRS
11 alge bk

S P F /NI R N AR AR AT BR A RT3, it B A 7K ivE DL K SR FE IR,
ZhiRIE. B BEAR. IRYE. Y. WIS TR, R AIBEIA A MR B AKEZIE T2
Hilm . BRI 46 %, HA/NEF345> 5 Fi &y 1003 Da, 7> 5i& 9 1000 Da K]
N EER S B EBATE 25 %~30 %.

R K 1 SR A 1R 75 75 SR T 45 G IR A A 7 rh i B IR R ot DR B o A 08 i R AR RLRE 7
PAft . SR, FOKEE AR AE EOR R B R, i SRR R SR A IR IDTE, FC] 3
Fpiakl: DO AL K 1SR 6 (175 77 T SR (IE X HEA), DO aRLAE DO AR _F 41 3 %
EEPACEEER A k. S FORE R LR (o REZH), D2 FEDRLIIFE
DO A RHEER RN 2 Y%o/NIK . T kHERD #5360 H 5, # BT LBl R R A G,
IR R A VR G5, B G I FTBC I BHR & 15 %~20 %MK G RS, 226
RIALH AR E AN 2 mm FIBURLGER, £F 50 CHET 2K &8I T 10 % )5, Z g7 T-20°C
UK . ISR RSB IR K LR 1

2 1 AR Tl 2H B AR AT O Rt

/

Table 1 Composition and nutrient levels of experimental diets (air-dry basis) %
i § T Diets
Items Do* Do~ D2
FLEl Ingredients
3 Fish meal 45.00 42.13 42.13
=S an meal 10.00 9.36 9.36
I &R 3 1 # Spray-dried blood cells 6.00 5.63 5.63
25 B8 Corn gluten meal 10.00 9.36 9.36
Ak Small peptides 2.00
a—-{EF a-=starch 10.50 13.00 13.00
13 Fish oil 4.00 4.00 4.00
FE G Soybean lecithin 1.50 1.50 1.50
FEFF il Rapeseed oil 2.00 2.00 2.00
it F AR R Vitamin premix® 1.00 1.00 1.00
P FJEEL Mineral premic® 0.50 0.50 0.50
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B!

BUIRE| Akl Diets

ltems no* Do- D2
BEEETE Yeast extract 1.00 1.00 1.00
FALHREE Choline chlorde 0.50 0.50 0.50
WA S Ca(H,PO,) . 1.00 1.00 1.00
4§ A Taurine 0.30 0.30 0.30
BB ET 4 Microcrystalline cellulose 2.00 2.00 2.00
FOB Zeolite 4.70 6.72 4.72
il Total 100.00 100.00 100.00
EH AT Nutrient lev els?

HHEAM Crude protein 46.64 43.70 44.64
SN Crude lipid 12.07 11.78 11.82
S HE Gross energy / (M]/kg) 18.94 18.84 18.81

1) ik F R R T W E R4 Vitamin premix provided the following per kg of diets: VA 16 000 IU, VD, 8 000 1U,
VK, 1472 mg, VB, 17.8 mg, VB, 48 mg, VB, 29.52 mg, VB, 0.24 mg, VE 160 mg, VC 800 mg, MHEZHE niacinamide
79.2 mg , f}_ﬂ&'[-h calcium [luulnlhruulr 73.6 mg, ﬂ}ﬂ& folic acid 6.4 mg, 'fmé‘ biotin 0.64 mg, Jmﬂ",’ inositol 320 mga

2) W B FE B A T 5 W RHE B Mineral premix s
2.0 mg, Zn (as zine sulfate) 34.4 mg, Mn (as manga

provided the following per kg of diets: Cu (as cop

Ifate) 6.2 mg, Fe (as fenous sulfate) 21.1mg, I (as caleium lo

date) 1.63 mg, Se (as sodium selenite) 0.18 mg, C sobaltous chloride) 0.24 mg, Mg (as magnesium sulfate mono—

hydrate) 52.7 mg.

3) BRERNURAE, AL M. Gross energy was a caleulated value, while the others were measured values.

12 fAFREH

TAFRARIGAE BRI PE R I IR B AT o SR AT ST 1 VA8 W T b I R 1)
TR IR S YL, SEEBORAR YA ERRIIR D B 540 VIR E(21.2740.17) g], B
MUTBCE 12 ANPIFEH, B MFE200 cmx120 cmx100 cm) 45 FEfa, 414 ANRFEED 4 4
HE, FREAIA 60 d, FREZMIE M 2 K(08: 30 F1 16: 30), HAFRAMEENEERK 2 %~
3%, KA BRI, KRR Q2745)°C: @G #K, 24 h BEEER S WK A
T 5mg/L, AEKEART 0.3 mg/L.
1.3 et

DO*4l. DOZLAI D2 A5 5 MNAFRIRIGLE ARG 1 4 AN P HRIE RS AE R (AN
(85.58+1.81) g KUK R AT 80 F, Akt H AR 11 ety ikt B 7 A3 20 AH B2 /N A (80 emx30
cmx50 em) T, FRAL 8 ANWF, BAMAE 10 B. ERRRFFAERT, W RTIA & BURF
B, RIS RAERAE 7, B IE 2GR0 YU ACHE 48 h, BRI ALTERK
7z BlfS, B AR I RS ZR R0 6 N f k), R M 1 IR, SRR
7] 30 min, 4> AIEBMBLERIGHI 0. 3. 64 9. 124 18, 24, 30 h FENLXS %41 8 ANMIFE K]
1N PIFEECRE o B HE e B0 7K 5 R A B 2% 5 i S 3R T e A [
1.4 FEACRESIE

K WA 10 RO D RS A, AR T A My BRI . VR X R, A
FLITBY & A, BEBEPMAT. 7B BRI IE, R4 e B B TR T, K
ST PUE TR ERN SO, e EARY, NEOERE, IEEENAE N
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YR E; K B NV E T A GB/T 6435—2006 M52 /K54 &, ARG LR T T HE.,

Fa L BRI A B A IE B T-20 °CIRAF, B TIEACERETERNE ek i il i
350K F R g AR ) TR T BT AR A R | AT e s B A A ERE YR A GB/T
23527—2009 " B B RN O vEN e, e A RS IR ) GB/T 23527—2009 1
Hh A R S PR S T RN E , A2 ISR B AR B SR 2 T s e (R AT I E
1.5 JRbRiHSA S 8 iy

SR(%)=100%Ny/No;
WGR(%)=100x(Wt-Wo)/ Wo;
FCR=W¢/(Wr-Wy);
SGR(%/d)=100x(InW-InWo)/t.
A SR NS NoALKEE: No NVIA
¥ WGR AMER, WORKRRE, wo NWIH
TRE; FCR NV REG W NBARIE; W AR
KEHE; Wo NRIEWIRE; SGR NFFEAEKE.
ST AN FRBORISE AR 2y A B N AR AR R 4 L
LRPERTY: Y=A-Bt;
FRBAL: Y=Ae-Bt;
FITRRAE RS YO=A-Bt.

Kb Y MBI B ASYER SRR EENE S, BEASYRAEEH
o3 H(%o)=(F — BURE I (RIS 15 N 58P0 1 R & i) <1005 B NIRRT B HEZE 2 (%/h): ¢ ik
BRI A AT @ LA LS AR G RE(R?) k2= F I FI(RSS). B %E
(RI b 22 (SDR) K36 9% K 1 S 6 1 e R s R
1.6 ol a5 45t

IS EHE F SPSS 25.0 B AF#EAT HLK 3 U7 22 73 (one-way ANOVA), # K IL# IV 8] 1 A7
fER 3% 2 5 WK Duncan [RiZHATZ EILEL. 3 MECHEEIMSE AL B HHRGTHRAT
Origin 2018 AT HIZEIL G2 . A it e LM £ i 2 (mean + SD)EIR, WEIK
P P<0.05.
2 SR 55H
2.1 KPS A DR A= K BE 4L
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MR 2 ATLLE Y, DOTHL&RIAE S E RS, D2 HAKRKMKE G ERIE ST DO
H, HERALEEWP>0.05). 3 Ak RE. Fred KR 5FER M ZESALEHEP>
0.05).

#2 FHAO BRI N EE A

Table 2 Growth pedformance of largemouth bass fed different diets in each group
1] VIt “KBE 0 R Ko K EE
Groups IBW /g FEW /g WECRM FCR SGR/ (% /d) SR /%
Do’ 21.24+0.15 83.56+2.90 293.25+11.84 0.85+0.04 2.28+0.05 95.56+2.22
no” 21.31+0.21 BO.7T1+1.81 278.81+6.30 N.88+0.03 2.22+0.03 04.44+1.92
D2 21.29+0.16 81.15+£2.03 281.20+9.42 0.86+0.02 2.23+0.04 095.56+2.72
7% $r4E F dr K i o 2 R A R 3E (P>005) .
In the same column, values with no leter .f-llpr-l.'-l'ri[llr- IEAN .‘-iguiﬁl'uu[ difference (P>0.03) .
22 KARGEEAFRGEE BN EYIKS SRR
BT 30 h IR RS WA CHEEARRER N A, B a ) &HE NEDKD
RN 24N, FRIME 1 PR, 3 HRH R ENEYIK) EEEREE 0~6 h
B3 EFH(P<0.05), HEIL EFE FRERESR . DO, DO D2 41 8 NAEYKS & &

SrHITE 18, 12 1 18 h ftimr. DOZLAN D2 4H B AWK 4> & #AE 3~24 h IWIRFRERE
2.3 RERGEEEARIEE B A B RS B 2 e

SME RN PR R FR B AT 3 4K 1 B 1S HE S R AT LA . SRR (R
3, ®2), 3HENEDNT EANGELHIE RS 3 PR TILA . R S AR
I R?, SRHBELG SR AT D2 HEMEA R* 5T 0.900. £34 R*. RSS PAS SDR ]
5, (£ EAEYT BE S RART B TREMA LR, EARREAG T, DO EHT
T ) B FE R AL A P T LA 1 Fe BB A, DO4LAN D2 21 S A A2 F T B AU A 1
IR

W8] 2 iR 53 4 554K, DOT. DOFI D2 4 B WA 5E A4 30 h,
18 3 AL FEAARRAMF . DOUFE 0~9h, B NEYR &R EGT A Oh FEE T
B, BAAYRIRERESLEE 42 %iit, GRS TRE 24 h i, §AFYWEHES
85%/Ais 7E30h I, BHNAEMOEAH T . DOHFE 0~9h, BANREYRRERE 7L
TRIFE AN S P RFEH, 9~18 h IN B NAEMFRERH 0L SRIER 23 %/At, BE
ZIETEZE 2400, BABFWOHZ 80 %A 4 fE30h K, BHNAEWCEAH . D241
fERAHe I AR, B S A o A Lt RIS S5 S AR A, (R R R A
SUETREES, 12h NN EABYRIREEE SRR 2%L4, £240 0, BAEMOHT
85%/4Ai; 16 30h i, HARMCIEAHA . Fit, HRYES AR AR A5 2 72
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Y=99.080e 0984 ¥93=9 972.0.257t Fl Y°=9.8689-0.274t, it+E ] %1 50 %1 80 % & HE2 [ F
eI, DO™2H 4354 8.14 #1 19.04h, DOZHr 7N 11.28 A1 21.4h, D2 ZH5 %N 10.21 Al

19.67 h.
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0 6 12 18 24
SN E] Postprandial time/h

= o

<t 3

&3 '

E £ ’ 70
¥eE=65 a{

Er.2 5 60

HZE ..

R a——

DOHLE WA &It

Gestric content moisture

0 (g 12 18 24
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A [/ = BRI AS B HR AR i 1) s i BB 2 1) 2 7 52 3% (P<0.05) » TFHER.

Different letters represented significant difference among different sampling time points (P<0.05) . The same as below.

H1 FHRKOEBSHFEEAEREESOEAETY KSR
Fig.1 Gastric content moisture content of largemouth bass fed different diets in each group
3 FHEHKO BT B R B R e 3 R AR e
Table 3 Fitting with 3 types of mathematical models for gastric evacuation curve of large mouth

bass fed different diets in each group

HiE Items 2% Groups HIT Models 223 Equations R RSS SDR
LR PEHIRY ¥=82.837-2.986¢ 0.847 12 379.985 12.518
Do* B R ¥ =0 646 —0.280¢ 0.901 7 B67.903 9.974
EiCE 8 Eirl Y= 099 0800 0.914 6 985.017 9.398
ERtEEIRY ¥=91.925-3.217: 0.897 8 950.736 10.650
[T;\?E»-rgm no” P MR ¥*'=9.972-0.257 0.913 7 711.435 9.877
° Eisg g kit ¥= 103 .404p™"™ 0.890 9 T06.077 11.046
LR PEHIRY ¥=88.554—3.203: 0.897 8 004,038 1n.616
D2 PR ELRY ¥ =0 860—0.274: 0.922 6 837.580 9.303
EizE g 5t Y= 101.786e """ 0.905 8 335.720 10.232

HgE3

WiEH Iems A% Groups IR Models 25 3% Equations R* RSS SDR
LRtEi ¥=98.554-3.187¢ 0.865 11 991.963 12.320
no* P AR Y =10.171-0.222¢ 0.854 13 191.932 12.917
TR ¥= 106638 """ 0.824 15 661.114 14.056
. LRtEi ¥=106.890-3 588 0.883 7 052.997 9.449
E&fwisht Do~ AR ¥* = 10.605-0.245¢ 0.862 15 322.741 13.913
EGE ki Y= 11472500 0.817 20 328.520 15.985
PRI ¥=107.133-3.638%: 0.907 10 266.075 11.400
D2 PR ¥ = 10.623-0.250¢ 0.888 12 601.464 12.614

EEE g T ¥=115.145¢"""" 0.840 17 B6T.011 14.971

R* R MG R ¥ RSS Rk 2P 7 f1: SDR Sy RE 2 s 2.

2 - = oo - o - -
R was corelation coefficient; RSS was residual sum of squares; SDR was standand difference residual.

2.4 FH G HA R A A B R AR AL

HIEl 3 I 5 mIR, A28 e ek Mg . 1 AR T e RS ST e i PR
&%, DOHIRE)E 9 h vt B ipiE T riekle. Aelyier & A s AR & mE, 1 DO
AN D2 HIMLEE 5 9 h ik B 2 1 B 1Rk B fie i, 23 T R 4 HLAR I 8] 510 (P<<0.05),
12h I 8 il e by Bl i il X Pl B s P B e e, S 25 v T (R AL A ]
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(P<<0.05).

T PR 2 A I TR A 3 R AL PR o) P KN, NIFE &S, DO 4B ek BRI H &
I BEE 1 53 5 T DO+ZHLAT D2 41(P<<0.05), i DO 4L iziE e mlgistE B m T H A& 2 4P
<0.05), Hpil A EEE T G T DO-4HAI D2 4H(P<<0.05); 3 4.5 AEWGBFE K4 6 h A
AR [B] 25 2 AN 3B (P> 0.05). Bl G I [A] (R HERS , B Wi 3 Al LB ROvE Tt R A T A2 1k,
FESEE )5 6h I DO+ALH B A Bg. vk BE LA LT g 7 B 4 35 v T R 2 41(P<<0.05),
S 12 h J5 DO 15 JaE vk mE AT B o 1 e 1 2 (K T AR 2 41(P<<0.05).

#4 FHKAKOBWEEAEREEAEESENFRER (TR

Table 4  Body weight and gastric content weight (dry weight) of largemouth bass fed different diets in each group

i § #H S & F B Postprandial time/h
ltems Groups 0 3 6 9 12 18 24 30
o 85-56 £5.40 85.78 85.40 85.50 85.29 85.26 85.80
+2.32 £1.72 +1.50 £2.11 £2.14 +£1.83 £2.04 £1.64
i oo 8590 £5.50 £5.50 85.60 85.20 85.70 85.30 85.79
Body weight/g £1.76 +£1.78 +1.67 £1.93 £1.72 £1.58 £1.83 £1.57
by 8590 £5.60 £5.99 85.70 85.90 85.30 85.39 85.80
T s1.43 £1.93 +1.50 £1.69 £1.67 £1.97 £2.07 £1.25
bor 110 0.82 0.70 0.47 0.40 0.29 0.17 o
) £0.11 +£0.08 +£0.14 +£0.09 £0.10 £0.09 £0.07
E & fmﬂ—% bo-  1-10 0.89 0.78 0.72 0.52 0.26 0.21 o
Y weisht o £0.12 £0.15 £0.10 £0.11 £0.11 £0.06 £0.05
gastric content /g
by 12 0.91 0.85 0.71 0.52 0.24 0.19 o
< s011 £0.12 £0.12 £0.13 £0.12 £0.06 +£0.08
) bor 9975 7429 63.74  42.33 36.22 25.95 15.87 o
H iR E R £10.43 733 £12.57  +8.52 +£8.88 +£7.83 £6.10
HAPL(FE) _ 99.88 80.79  70.52 65.64 47.33 23.60 19.52
Percentage of gasiric Do 0
° £11.05  +£13.26  +9.47 +£9.88 £9.71 £5.46 +£4.63
content rr.malmng
(dry weight) /% by (99:93 75.29 70.15 5870  42.87 20.09 15.48 o
T x9.41 +£9.84 +£9.76 £10.82 £10.19  +5.00 £6.25

— 2B PR Linear madel
o (] ‘s‘k% # Exponential model

-7 #H#ER!  Square root model B
3
<& &% b=
& X3 EX2E2
® BE =8 E 2
g 218 = o
E TE : =25
. S = =
a = PN = =1 3 2 L
s, 0 6 12 18 24 30 2 0 6 12 18 24 30
s FE A SRt E] Postprandial time/h a2 B frfEutfal Postprandial time/h
5 E o P : 120 |-
= N s = S ¢ .
gZe P E=22FLw
#w x Z = \.\l =2 o2
= o6 = = im 2= 560
er & S T o © 2o
=¥ % * 1\4 = 1 ZE &30
g 3 e T £E
=3 = gz ¢
5 0 6 12 18 24 30 5 0 6 12 18 24 30
iy fr S5 B3 [A] Postprandial time/h H it Al Postprandial time/h
% 2 £ .0 o E - 120
= B < on I & E=
5: ;%(mg ﬁi‘-’f:f'—,"-(m
Sad s 5 ., B 2
< = §60 % £ g 2T 60
o0 o s g S e
BE = A 30 = = & 30 DS
= 8 o ar S =0 5:; : \'f ‘\i\
= = &= HER . S
2 E o = FES o 23
= 0 6 12 18 21 30 = s E 0 6 12 18 21 30
2 2
#Er AT Al Postprandial ttme/h & x5 nd @ Postprandial time/h

E2 3FEFRRAMFHROBYHASTYR RERG SHEAMIDELSSR
Fig.2 Fitting results changes of percentage of gastric content remaining weight of largemouth bass in each group

by three mathematical models
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Fig.3 Amylase activity changes in stomach and gut of largemouth bass fed different diets within 30 h in each group
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Fig.4 Protease activity changes in stomach and gut of largemouth bass fed different diets within 30 h in each group
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Fig.5 Lipase activity changes in stomach and gut of largemouth bass fed different diets within 30 h in each group
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Fig.6 Comparison of digestive enzyme activities in stomach and gut of largemouth bass fed different diets

among three groups at each time point
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3.2 AN[EITARENT K I SR R I R R 1 i

ARG S, 3 A KOBYTEARYIKS EESAERE 3hE BT, B 6 h FFIGIEALR
FEAAR, X FILGOR A A R I R ZD R — 02, iR, SR E AW 1Koy
Er ot B HE AR R @A —E IR R0, R R AR L 2 1 e T AR S B A
(RIS br & e AW FE R, 41 B A SR AR IR E B4 HTE 0~6h &5 4 BIBGRE skt 100 %
MIILG, FEATSEUSIANRE 77 i &) 0 PS03 MBI &, KPP R 2 S B A R ]
FEMERRAR . MASRIG IR B A S5 SR B Sl S BAN R? RA D2 M4 ia
=1 0.900. Bk, AREGR A B A BT R K B S HE s R

TR B HENHI R R 2R, B S — BRI R .
BRARIE ML AR A 10 RFl, WP 7R FREOBRL . PR, R B, W
WA TR Gompertz A, BIBOBIARI SN, Ho O E A G SRR R MERRL . HR%K
T DA S~ J7 ARASE Y281 ] R 78 2 B, BRI A1 1 £8(Sciaenopsocellatus)™), ¥ I P20,
KHRHR 85 (Stizostedionvitreum vitreum)PO2E 0 24 (1) B HE 2 77 & 2B MBI, A2
i3 (Acipenser gueldenstaedtii)4) 131 JE il &)  22), faf £ (V45 0 2R 1y B HE 2 07 & TP 5
MR Ars B RN, LK 35 390 VAR K BRI 8.(Oncorhynchus kisutch)P25 €8 2 1)
B 7 & TR A A . EARKG T, 3 ABIE LR T 3 R AT LS, g
AT LUE 4 DO g BB RRF 5 RS R () R2, RSS BLK SDR ZRAK, 24 G,
DO 41 HEA MU ) S AR AL R HE B A, DOYLAN D2 21 f AR R AL R P AR AR AL, R
AN Y=99.080e-0.084t. Y°3=9.972-0.257t Fl Y*=9.8689-0.274t, J@iLi+H n %0 50 %A
80 % B HEZ LIS (8], DO™4L%3J5M 8.14 A1 19.04 h, DOZ143%14 11.28 f121.40 h, D2
240529 10.21 A1 19.67 ho 3 2H 50 %H1 80 % B HEZSW WA —E 25, DO HEM, FIRekE
o DOk & K Tl 2 2, SRR AR PR AR A K R T, (5
FLSE R GRS AL D2 4B HEAS 5 IR T 4540, 7] B 5 /N BRAEREE 7R R i A 3
REA K.

EHEFRRM, M@ AEYHH BT 50 %5, HEsmmE B 50 %, M
HT 80 %, HARGEAWERY, EIAET, SR aRIKER, SLEIRG R
A REARIE R AT A, Ik i R BTG B SR T AT G o ESKRIG C A0S B HE
HIEF] 80 Yol H M s AL 18] (8] & 1) € Fabn A 78 48, I EH B AR, 50
T AEROMEVE [P i &) (B T 70 Ay, B (R R () B 5 5 R O R R R S PR g% 2R
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2 g A BOE 1 AR S Ul 1. (Nibea japonica) W FE Ny, $ M [R] B I 8] BLZ 76 & SO iR &
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R T H A 2 M5 BAY) S i DOZLA D2 408 13k R HE 3%, FLAE S 1 5
5 7 T A Tl T 1 R SR A SR A O PRI A TR ST, R b Y T 1 T SO 30U £ 2
1&F DO, A#FFTH, D2 A KR 6~9 h BHEYHESEE ST Do, HohBE
FIEEE PR 25 = T DO, 9~30 h il i & A S I # 2 % & T DOY2HAM DOA, 7l
PR DRE s I N IR TE B R 220 B R - SRR R W R A E R IR B is 1, 4
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KMgEZE RHoE, HETARGIA SR, HENFRE AT AKCE AR DL /IR B In
e ST AR EYE L, DAORER B HE 2SI (8] AR OB E , BEITORIE T 2K 0 B 0] 5 57
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gi LTk, SR IENR B K3 % A EE SRR RSN 2 Yo/ IRR K 1 RR B S AR
Hes s e) 2 B RS A R, B A0k et mE iy, PP ORIy i
NEAR: TEEARTERLE R BT IpIE AR S T B & B R ARG, DAERE B
R A AR E , PRI AN TG SR R . G55 AR SE ik, UK H R P R )R
I [ 8~21h, #FH#HW 2 X,
SR g
JESCHIBAE (BE TR S E R A 2022-04-22 16:19:57

FIEMEYHR BRI K ORFE K. MELEBERBEIWAH
R
HRANF 123 M 123 AR 123 BRET 123 ZERARK 1234 BRIRE 1234 PF F} 12347 ST S
L MR R S5 e, B 2013065 2. BEE RS E SOK AR R AR ES O, &
i 2013065 3. LIRFRRAE R SE KT IR KK 0L BB i Se e %, BIE 2013065 4. LHRTFER
FKPEREE R FCE R L, B 201306 5. YA RECAR AR, L 201306)
WE: NV BRI PR AR K O BT (Micropterus salmoides) K. PrEM SN 52
Wi, FCHFERARLIEA N 04 1500mg/kg A1 3000mg/kg (T BUAEY R B N7 LAAE = 3 Rk a6 ik S 1
CWPRBZED | S2 41A0 S3 4H], ZrmilHmE 3 40 (3t 225 JB) WIHAE BN (7.50+0.23) g IR I 8 [,
S5 RLIR: TR I A R B T IR iR TR BT E A (WGR) ARG, JEREAR T
TR RE (FCR)  (P<0.05) o JHMERIER F A48 2 10 (IL-10) F1 18 (IL-1B) 7E S2 HFKIAE W3
Ei (P<0.05) , MYEIAIERE T o (TNF-0) FKILXEAE S3 HEE T (P<0.05) . HHER SR
TG 2 o (PPARa) « JENIER & (FAS) ik EAE S2 B35 L (P<0.05) o HT R 41 bl
(GK) . CUH#AE (HK) 16 R £ 58I 2 (GoPDH) FIAETE S2 A %% il (P<0.05) . PR
MRE (PKD « % bE-6-BEIR It Z M8 (G6Pase) MR IANE U BRAIRIMAG (PEPCKD T4 H U Fif i
TSI NGRS DN 2 2 THE (P<0.05) o £ BRTIR, Hr AU 3R MUYV N7 RE i o 2 32 i K R
fif (P AEIE R A AE KPR, I R R IR 1210 GK. HK. PK. 3458 G6Pase [13IAFFAR A 1 22 i i
FAER, ATk O 171 28 s JE R 1S
REEE: KERET A, PUEAMEE ) FPRERIEG MG
Effects of Plant Extracts Feed Additives on Growth, Antioxidant and Glucose Metabolism
of Largemouth Bass
ZHANG Xiaoyu">* GAO Bin'">3 XU Tiantian"->3 HAN Minzhen1->* LI Songlin"->**LYU Liqun!?3+#
XU Dan'23#* LIU Xingwang®
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. National
Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University, Shanghai 201306, China; 3. Key
Laboratory of Aquaculture Ministry for Freshwater Aquatic Genetic Resources, Shanghai Ocean University,
Shanghai 201306, China, 4. National Experimental Teaching Demonstration Center for Fishery Sciences,
Shanghai Ocean University, Shanghai 201306, China; 5. Shanghai Moryo Tehnology Co., Ltd., Shanghai
201306, China)
Abstract: To assess the effects of plant extracts feed additives on the growth, antioxidant and glucose metab-
olism of largemouth bass, three experimental diets were formulated with 0, 1 500 mg/kg and 3 000 mg/kg of
plant extracts feed additives supplementation to feed three groups (S1, S2 and S3 group) of largemouth bass (225
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fishes intotal) with an initial weight of (7.50% 0.23) g for eight weeks respectively. The results showed that the
addition of plant extracts feed ad- ditives to the diet significantly increased the weight gain rate (WGR), and
survival rate of large- mouth bass, and reduced the bait coefficient (FCR) (P<0.05). Plasma total protein (TP),
total cholesterol (TC) and triglycerides (TG) were increased with the addition of plant extracts feed additives,
and those in S3 group were significantly higher than those in the control and S2 groups (P<0.05), low den- sity
lipoprotein (LDL) and albumin (ALB) in S3 group were significantly higher than those in control group (P<0.05).
Hepatic superoxide dismutase (SOD) and catalase (CAT) activities decreased significantly (P<0.05) with the
increase of plant extracts feed additives addition. Hepatic inflammatory factors interleu- kin IL-10 and 18 (IL-
1B) expression were significantly upregulated in the S2 group(P<0.05), and tumour necrosis factor alpha (TNF-
o)) expression was significantly downregulated in the S3 group (P<0.05). Liver peroxisome proliferator- activated
receptor alpha (PPARa) and fatty acid synthase (FAS) expression were significantly upregulated in S2
group(P<0.05). The expression of pyruvate kinase (PK), glucose-6-phosphate dehydrogenase (G6Pase) and
phosphoenolpyru- vate kinase (PEPCK), on the other hand, were significantly increased with the addition of plant
extracts feed additives (P<0.05). In summary, plant extracts feed additives significantly improved the survival
and growth performance of Californian bass and reduced liver sugar stress in largemouth bass by affecting the
glycolytic and pentose phosphate pathways.

Key words: Micropterus salmoides; grouth; antioxidant capacity; glycogen stress; glucose metabolis

K BYS (Micropterus salmoides) » J&WZH . KA, Bjg, KEIHABILSR.
YT NEAE 750 A R PR AT s RO R E B KSR A AR — A R R P itk
K, ZAEEWEIT IO EA — R, HN LRSS ERE 2 — SO HOBRL R RS A0
BURLERICT, - BN TR T 728 TR K A RS H05 A A 2. BHtEor, KR
xR KA VIR BE 0+ RO, PRl RIS R AT IR 2 R
SRS RS . BOHT T TUR ], AR 5%t 2 0K O RR AR TG R A R
1, HK 1 Ry A A R A bR Y BE AR R KA & V0KV T i S e T R, RSB ) 2 3
AL, AR A SR AR AR S5 AN 1R i) Ol

R SRR B K AL D R ARA FH 23 o BR 1) FL S S T R AcHE ) i B A 22— AF:
NIACEE & TR 28 M AR, Te kR R I B2 A el s/ i, DRIERR KA &)
1 RS R 1 S PP S 35 K o P IS5 S5 ORE S ML HEAT IR, AT e K 1 R M A i
N TRARHE B BOIR A © O SRAT TR i Ple B0 A B PR SRR R, — ML 3%
B e R B 7 Oy 2 B URLI R C S T Zh BE PR U IR (X T LA W S UV TR N 7R e F 7
FH o £ BT SUIRIE 0 R BT AR A BB TN 731 LA ¥ o P 0 L S S50 ) 0 SR AAE A 1 K fre
REAEAREEAE T o AW T LUK D R ONBIE TEXS 5, 3 A N AS [R) 6 R i L AL B2 B s I 77
PAPPAS 6 R BB AR P SR B B2
1 MEETHEA
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1.1 a5 &t A b )

DL foky . FORE A MFFEA. SMENTEEAW, i, Sl EEEN
VR, o-VEMY RSN B, FOHIERIERL . ZERERRL R A AR o[ST A Chf 4D 14 1
500mg/kg (S2 ZH) F13000mg/kg (S3 2H) WB BB AT (W E ) M KAEREY)
FHAWRAT, FEBIr: FM S 65%. TR 30%. DIRetEE K 5%) , Bkl 3 4
FRERIRIR (R D o SRR i G, %I RO BERER ST, i
EAEN 2mm FBURLARL, KT 5 4°CUKFETRAF % o
1.2 W50 & R

FERH IR IO TE SRIRE DI R BR A w1 1 /K 7758 25 [ HEAT o BhIE )46 14 5l & (7.50+0.23)
g %t 225 )&, BENLSY A 3 40, A 3 APAT, BASPAT 25 B, BN 9 MEFR &
A (70cmx9cmx80cm) H1. FEFHIRIGHFLE 8 i, FERHME 2 K, RMWEHRE, &Kid
& TR e A RIS K (HoKEAEE KA 1/3) BRI, 24h RS
WA, KR 25~30°C.
1.3 HEamiE

FEHIRIO 45 R AT AE & 24h, GEit N FREEAN 1 f R S AR S B & . 9N RGN BE L4t X
9 Bfa, 3 RPN AESRAFMAE-200CIKF, TR NE: 6 BT RE KL,
EE J5 20 (3000r/min, 10min, 4°C) EXLJZM3E, N 100pL2%FBRER, 33 2] 08
B T-80°CAFI o HUIMLJS , S7EIK B £ g, HOFTIIEZH 232k N VR A7 55 DR A7 21)-80°C UK A8 1
TAHOGEGVE PE . FEDRRIE B INE .

21 XA 4B T B IR KT (%, T4 )
S (X L)

JECASEZH

i 11 Ay 45.00 45.00 45.00
FACHE 1146y 5.00 5.00 5.00
FKF £ 1 5.00 5.00 5.00
S 7.90 7.90 7.90
it EREHT 14 2.00 2.00 2.00
oIk 2.00 2.00 2.00
a—JiE Ay 10.00 10.00 10.00
FARAE N 10.00 9.85 9.70
frih 4.00 4.00 4.00
s 4.00 4.00 4.00

i RN 2.00 2.00 2.00

i 2.00 2.00 2.00
fi 4 1.00 1.00 1.00
AR

ML 1 44.87 44,94 44.91
LI W5 14.44 14.16 14.10
LK 5y 7.11 6.68 2:22
HLET i 215 19.8 228
o 6.07 8.28 5.82

VB« L AR R B T va iR - VA BSAZ IR 16 000 1U | VE Fi 152 i
200 mg. VD, 2 500 1U VK.(MSB)5.1 mg. VB, 24.5 mg FZ 0§ %5
36 mg Q21245 58.8 mg VB, 19.8 mg. VB, 0.1 mg JHAZ 19 mg .
H1§219.6 mg /) 4 mg JUAE784 mg MgSO,-7H,0 120 mg,
CuSO,+ 5H,0 10 mg ., ZnSO,« H,0 50 mg, FeSO,« H,0 80 mg
MnSO.+ H:0 45 mg  CoCL (1% ) 50 mg ., Na:SeO,( 1% )20 mg .
Ca(10):(1%)60 mg;

2. RISy A
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1.4 FEFRIE K o3 M 5%
1.4.1 ARKIEFREITHE %
FEHE (SR, %) = GERZE A 50 45 H ARES A iR 2 H D > 100
EE (WGR, %) =(ZAREE-FII6KE)/ A6 7K FE <100
FrEAKAE (SGR, %/d) =[In (ZRAEE) -In (WIAAKE) AR5 K E <100
Tk RE (FCR) =FERlE/ (AR E - D
1.4.2 GADRLAN R 20 R RS 7% A3 D e

KA &R 105 °CHEAR T4 (GB5009.3—2016) I5E; FHASHG & 8K H & Kl
% (GB5009.6—2016) MI5E: HEASERMIIKERZE (GB5009.5—2016) MI5E; HHAK
e E RS B IRE (550°C)  (GB5009.4—2016) ill5E .

1.4.3 MMRAAFRRIE

HWUORAE T--80°C I IMLIK , 4°CUKFRMRR . AMLpE (GLUD . &fHMERE (TC) « =BtH
MW (TG) « BEA (TP)  KFEREHA (LDL) . Mm% EFEA (HDL) MEEH (ALB)
&8, GLU & XM EaEkNE, TC. TG, TP, LDL. HDL Ml ALB & &1{# f &
W AR TR 5T BT A IR A 7 G e
1.4.4 JHWEBEE PEHE AR I

HUORAE T--80°CHIFFIE, 4°CUKFRMRR, JRARIR TR MK 5, CAAEBEER KN ST A
JRAZHE 1:9 1 LB RS 513, 3000r/min ¥4 B0 (4°C) 10min, B B & T4
TWEHE (CAT) FUEBEMBEALEF (T-SOD) Ml5E .. CAT LR R ERRIE AR A A
IR S, T-SOD 8 g 52 82 B A=W T AR AT 0 BT B2 =) 350 Gl
1.4.5 HUAAL SOREACH AR DGR R ik &

FFHE &L RNA 28 Trizol X7 & (Invitrogen, USA) FEHL, $EEUHTHEAE M A7) 5 RNA.
SRJEHIH Prime-Script™ SR sl @RI RNA S50y cDNA. SR s Ja an il
cDNA ¥ /% 3 H] DEPC /K#iFE £ 200ng/uL. 7348 J5 B T-20°CIR1F & H . FIH A H )5
R A4 10 Unterleukin-10, TL-10) « H4UMENFR 1B Unterleukin-18, 1L-18) « &
B F o (Tu- mor necrosis factor o, TNF-0.) + i E ALV BE ARG GEYGE 244 o (Peroxisome
proliferators-activated receptor o, PPARa) - JENIIR &M (Fatty acid synthase, FAS) . Hi%]
P (GKD  CHEMME (HK) . WEHRREEE (PKD . 6 BEIR W & E i =8 (G6PDH) .
BERRE I IR AR W (PEPCK) FIHI%HE 6 BEIRNE (GoPase) M1 HI& 514,
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SR AI N 2 s, 8 PCR AR ZR N 20uL, FHH 2xSYBR Green gPCR Mix 10 uL, EF
JE51%% 1 ul, cDNA 1 pL A1 7uL #267K . 5E EAX AR YL E & PCR (X (Bio-Rad CFX96) .
SEI i€ B PCR A2 7 4 94°CHFEE 3min; 94°CHFSE 15s, 1B KIRE 58°CHFEE 15s, 72°CHRLE 20
s, FiT 40 MEH . FRIKIEFP CoE, FERHE 2-AACt J7ENE H MEERI Rk & .

1.5 FE gt 5504

% SPSS17.0 (SPSS Incorporation, USA) it S HiEdkiT IR & 05 = 0 #hr
(ANOVA) , #ZEFEE (P<0.05) , HEMERKH&R/NEEZE (LSD) #1172 HILK
ST B LI A AR R R R R

F2 Ko s A A a2 E ag L af 2 S PCR 3 4

IL.-10
1L-18
TNF-a
FAS
PPARa
GK

HK

PK
G6PDH
G6Pase
PEPCK

1E5$(5~37)
AATTACCCCCAGCAACAGCC
CACATGAGCGACTGACGAGA
GGTGTGACAGCCTACGGTTT
GAGTCGGCCTATGTGACTGG
GGGCATCTCCACAGGCATTA
GACACTGGCCTCTTCATGAGT
CTTCCTGGTGCAGGGTCAAG
CTCTETCATCCGCAAAGC
TTAGACCGGGCAAAACCCAC
AGTGTCGACCCATTTGGTGC
GGAAACGGCCAACATTCT

g 5| 41(57~3")

GAGCTCCACAAGCAGTCAGA
GCAGGACCCCTGTTTGACAT
TGGGCTTACGACCTGAGAGA
CAGAAGCAACTGTCCCGACT
CCTGACACATACAGCGCAAC
TGTAGTTGCGTGTCTCCTGAC
CTCTCTCGTCGCACACTACC

AATTCCCAGGTCACCACG
AAAATCGCTGCTCAAGCACA

ACCTGGATTGACCTTTTGTAGGT

GCCAACCAGCAGTTCTCAT

2 SR 5540

2.1 AR B IR K T B A KPR R R S (LR 3D
W 3 frn, 453 8 FRAEKRE, RIGH KO B ER (WGR) MIEERYEE
ETXTIRA (P<0.05) . HRLRE (FCR) N2 IAH R s (P<0.05) .

F3 AP RA R TR 0 Bepsh Bk KGR

A
S12H (% ) S2#H
W (g) 7.57+0.02 7.59+0.03 7.58+0.01
LA (g) 33.40£0.90°  37.90+1.25  36.30£1.25"
2 (%) 341.1+11.1*  398.8+16.2 378.2+25.8"
A KR (%) 2.610.01 2.87+0.10 2.79+0.01
GE A 1.02+0.03" 0.940.03°  0.97+0.09"
FEIE R (%) 96.0+2.00° 99.0+1.00°  99.00+1.00"

V- [T RO TR A 25 M 7 A 25 5 8 5 (P<0.05) , BT
IRl R TR 2 R AR 3 (P>0.05) 5 F I,

2.2 H AR EC A NGRS K O R AR A SR R (LR 4)

R 4 Pros, EARRKFNT, KOBGIEALIUK . MEA. MIENMK> &
A BEZR (P>0.05) , EMHE A FANA L B AV SRR 7R 7 n 2

ks
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FT4 AR APRBA R A AR o 284 & AR S
89 % of1 (%)

S1ZH (4R £H)
HERD 15.9+0.38 16.5+0.69 16.6+0.24
HLAE W5 6.82+0.50 7.78+0.69 6.880.63
UK Sy 3.3120.09 3.59+0.08 3.51:0.15
K4y 73.1+0.58 72.1+0.85 72.4+0.42
2.3 Hr R EE BN ISR O 1 B i 22 AR AR AR s (LER 5D

mE s Pon, MEBEA (TP  BIHMEE (TC) « =BiHM (TG) FEEH MEYR
s IR TS, SRR (S3) 53 & T A AR AKSER N4 (P<0.05) ;
R FAREE (LDL) MAEE (ALB) S3HBEE TX A (P<0.05) .

RS5 ATBEDRBADRAR K 2 L oF A ALIEAR
LR

iH STZH( RG] S22 s34

SEEE(TP, g/L) 24.4+1.38 28.1£1.90° 34.2+1.58"
SM R E EE(TC, mmol/L) 9.38+0.62° 10.7+0.87* 13.2+0.85"
=B H (TG, mmol/L) 65.0£5.63°  75.5:4.96" 125.9+17.6"
MLEHGLU,, mmol/L) 6.36x1.14  5.00£0.68 6.30+0.71

RF AR A (LDL, mmol/L)  2.18£0.21° 2.55+0.31" 2.81x0.19"
AR E A (HDL, mmol/l) 3.43+0.14 3.58+0.15 3.48+0.16
FHEFI(ALB, /1) 6.93+0.31°  8.13+0.98" 10.6+0.57"

2.4 Hr R EUIS INFRx o 1 B Ay BT R TR AL BE D IS (L 6)
2R 6 AlH, EARRELHT, KO BT IEEBLEE (SOD) At &4k A i
(CAT) MR & H U E S I A S & & 52 T (P<0.05)
6 SRR HAA K 0 2 45 R BB

#9377 (U/mg prol.)
S1ZH(%HEH) S22

BEALEALEE 244.00:1.99°  188.26:0.84" 166.66:0.50"

IS S 54.2410.64°  39.04:0.95"  25.3412.34"
2.5 Fr AR B B AR I0FRIE R 1 R I 9% E DR A SR DR AE IR v R 3k (g sz e (L
LR
6

[ wmsimmman
i s24
! 4 |- ™mS3Z

[ b
oo —
=
= 2 = : s ” b b
m{'; a
a
g 1L-10 IL-18 TNF-a

Bl1 R FmA sf K o 2 eF I K 548 %
KB AR £ A B0 F
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A 1 AT, BFAR 2805 7 40 2% IL-10 AT IL-18 76 1500mg/kg AN ik 52 1
W (P<0.05) , MYEIRIERF o (TNF-0) [JRIELE 3000mg/kg Hi BUE P4 HU A 07
HEZE T (P<0.05) .

2.6 HT AR DS IR O 1 SR b P A R R s i s g (L] 2~ 3)

i 2, B3 AT, EARIG SN, R I S A M R AR S S D 52 4 o (PPARQ)
MeWitR &8 (FAS) RIAEAE S2 HEE LI (P<0.05) . AFIEHI &I FEEEY (GK) . CFE
(HK) F1 6 BRI & 0 28 (GePDH) RIAFETE S2 HEE Hi (P<0.05) . NERIR
g (PK) « FEIEWERILES (GPase) MIERE I I 0 B i (PEPCK) RiA & NIFEE B
TR SE B A IR N 535 i (P<0.05) &

3 —

S 1 2H (O BREH)

iz S244 b .
;g 2 |- WS . T a
-
™
_.EE
= !
b

0

FAS PPAR«
2 H MR A A xF K o 2 eE I IEAR X RS B AR
KA AR F A Bk

200 5
: gg aw 1 (X R )
s S24
4 30 3
w40
= 30 -ull
= 20
= 10 2
= 19 7
6 T a
4 a
2 2 - -
0 GK HK G6PDH
(A)
20
b e S1 2 (X HE2H)
15 S24H
. b 5
?—5110 I + b -_— S3
e | %
B s
= 3
=
K 2
" 1
0

PK G6Pase PEPCK
(B)
B3 #A MBI R AR 2 K o B e AT AR AR X AR
& B GK.HK.G6PDH(A) ; PK . G6Pase ,PEPCK(B) 48
R IEF 0 H o0
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3 Wit
3.1 HrBUAE YIS BN RS R 1 BE A K R 2

TSR R T R i i /K A A 2 FL TR 35 B9 7t D& AT M B o 9T R BILE
TRRR . PRI ISR B R S (R K 1 SR e AR B AT PR RE AT B K
PR g AR ORI 2 AR el ORI AR I 15004 3000 mg/kg B A W) S EUI R
INFA B b 2 25 4 v K 1 SR B ) s e A AR K Pt Bl o 3 282 i R S B R A B B ) R A
FABUH S A R o6, LA R & R R St S R A /D0 2 D RE M U HEBR, i S 9T o
2 RSB AE 2 | R FLANTE R b 357 — 52 R AR KA FH US4, i oK 32 6 &) 1 TR 45
B INREE SRR 5 AR KM R R AR TS, DL A 7 45 5 AR SCRF SR 45 AR I, A St
T T P Ty e P e e 2 R 4 A A T A RS
3.2 HT AR PSR B N0 DR 1 B AR A S 98 R BT 1R 5 i

R PR B L S PUEMK PR A B R, Siketatitt, S@moKkesdy
FTC & PR 0K R PR S et i, SR ORI B R S PR AR U, [ A AR A A
PP, RWE R R IR T B e EAE SOD Al CAT 5 PERE B AR Y $E U oS In sl as i & 71
EEEE TR, RH TR R T IR L FEE R, SRR 1O 1 BRI I A S
TEHTHARE T, SR SR AN L T R DA UE SEX IR FLEh ) K= B A B sE AR U8,
AR FREE R B FFERE R IEIR A BRI, H e 22k i T v b 5w s
U1 5 B0K 1 2 P R0 R ) 3k e I 7R ok P A S84 R ) LA ML 15 i — 25
W5t

0 A8 JFF AR 98 R 2 20 B[R] - R TR (e S 38 S5 A AR DR IN R R 20, J&JE
SR K SR I R A B DR 1 R T e R e P A, SRR e R 0, RN A 4 4t A K]
F R A FEUE B R AT H AT MG R, (BRI RN e R, Reg i
ik E AR 8 A A IR B S g% TR A E A FEARHE S, PUA R IL-10 AR %6 A+ IL-
18 YR e BAE RS, Rl IL-18 SHRAMIE B 4 5. 1Z45 R 5HTR
VSIS R JE PR 7~ B 82 SR ABN2 - AH s 5 B TR S 0 AS [R]85 A2 397 B A ) B BV I 79 v 71
FIS NG TNF-o Fk 5 832 TR, 10 AEV B 8 W0E TNF-o &2 253 K 11 SR8 HBE S
VR, X822 5 35 5 I AL R (B AR A T2
3.3 TR A BB AR AR R K I S A A B 0 B

R B AE T T b LR R SRR AR IR, ek DR 1 R B S e 7 5 48 L ) A Yt S
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JHVTER-FXR {5 5 il, (EUEHEIR G, AR ARG B G R R4 52 B 24],
[FIF, FXR EHS SHP KRS, | b X %4k (LXR) /LRH Fi/r3#) SREBP-1c¢
(¥ S S, T ] i 7 A S DG R DR f) 3k 25Y . i A AE 5 F 5 SR T A B AR AR) o 3 o sl
RUREY) SR B 7 070 Re g B 25 (e ik K 1 SR AR Y Jlg 075 i (FAS) A 570k (PPARa) o
[FIIS, A D B SR B Ingv) b ek BR i B AL (GPase) LA 6 BRI %1 Bl M S Bl
(G6PDH) o X 2645 Ly BT R A A B s s 1 =75 K 10 R ol s A i 7 R LA & —
Fhigrpiigte, S b GRIAR BRI ANF 0. —J7 T, S5 i (e R
FHEE R 30 0k P R A B G A  e s, TRTI JEE 1 PPARG {3 fA Py iR I 1) B 48k, AT
i e p e 7 2 AR AR 3 TR . 17T, BT ERAE — € /KPS AT AR i A A
JE O, RIS BRI AR A DGR I 0k, TR I3E 1 R AT o ASHIF 045 SR s 7 Y
TEYFEADA I INIG S2 4 GK Rk & FFHT 150 £, S3 4 BT+ 8 1%, WhfRd
F HK. PK. PEPCK #84 RNFIFEE FiHZE. Hik, #R B8 07wl 38t f s
P R AT PRI BR AR B, AT el K 1 R M (1) FHE 0 N33 (BB AR ) B BB 5 n 751 1 s
BRI EE M AR RSN, T B R SR IR R R 1 52 O 4 SRR K B
fiE RS VE AT AN 78 3 1 o 31X 07 TH A E FPLHIME A 1 — 2 5K

R B E Sy HL R R A 2, O S A /K B e 20, T 308 o T 7 A0 67 R R A
MR =R ATP RE AR A . AP R SR, BIE A BB IR InF e i 1 0
AR MBS IR MR A%, X oW 5 S i PEPCK U — 58 (B (T R JH - L) 5 pl
fEAE R EA B, XA BB RCR A BRI AT DAHE T B SR B s I E o — Fh
AR FVEVE R, o6 K I RR S LA TR 2 I AT Y I R AT Y, AETH BR R 1 R
B G Y E B — R RSO N G0 bR RAER 5 IR m B EALRE ) B R A
AR TT B — 5 PR AE L N B 0 B A K Ses K T B R
4 NG

TEARBFFESCME N, SIS [RVRA FE 10 B 42 U s I 751 e 4 2 B v oK 11 ZR A ) i
SRR RNERE s BT TR Y A VD0 5] v SR o 3 I R AR S A R LR A%, (I O
JRIrfR, BRARREIRAR R, e R O R I AL R, (HERISRIE AR 2 IR, A58 1N
8 Ji, BANFRIARNCRM, (AR TIDRRE VR B, R e B R 4 B N 0 7E S0 K1
FrIE A A B RO 5 B — DR
SHECHR: WS

JRSCFPBAE CFakE kY 5 2021,43(8):29-34.
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AR %
T EIE#EES / THERMEET KX ORSER T EFIRE
WHL R ZEH R

FEHIIGE ! R 2 AR T AR 134 ST 134

(L) ARHEEPEREEAK 2258, K25t sh Yy B kiscit =, T 524088; 2. AR EHEIaRLAE H B

AIRAT, T 5240175 3.7 K&K SRS HEE 77 5 R AR TREBCRWEFC G, JTT 524088; 4.
ARG K 5 B @ R SIS, L 524088)
PHE: A0 B R0 AN R RN SCRETERY L CAMVAP) X REE AL SIURL AR I T4 1R 52 i DA B xs K
A5 (Micropterus salmonids ) F=4) 5126 W TH A 3 FN iz T A B 1 R 52 o iR i) AMVAP 235118 0(D 1)«
0.22(D2). 0.56(D3). 1.18(D4). 2.62(D5)I] 5 FaE R S5 MR SE Ik kS a bl , B yaaRE Ny (2.15£0.04)
g 1600 RE N 5 H, M4 ANEE, BOER 30 B, FEIRKEEE 56 do 4REW]: D44
PARMEERE . B2 A6 AR AL S 8K T D1 D2 4 (P<0.05) , 5 D5 HABAREER (P>0.05) ;
D4 4UK PR EH R | R e A KEAARL R EE 2 =T D1 41 (P<0.05) ; D4 AR MTHALZAN
FLE AR MIE R B 5T DAL (P<0.05) 5 D4 A1 DS 4URLIR IR VLI AR ANTE Ry R IH b 3R 2 35
kT D1 M1 D2 4 (P<0.05) ; D4 il S i A AR R A igEVE R4 & T D1 A (P<0.05) , JiEfi
AMPERYBHE VR T D1 A (P<0.05) o Z5 EANIE, Tk AM/AP T s & BEARBZAL TR E WAL FE
ABAACRE, B K 1 SRty il B 1 B Tk SO A BRI AL DI AR RO I, 22 e lml A
A, KRG ER RIS AM/AP 5N 1.18~2.62.
RegiE:  KHBE AM/AP; RN TR RO, i
Effects of Different Amylose/ Amylopectin Ratios on Diet Processing Characteristics,
Nutrient Apparent Digestibility and Digestive Enzyme Activities of Largemouth Bass
(Micropterus salmoides)
CHE Mingxiao! YAO Chunfeng? LU Ziye! CHI Shuyan' ** TAN Beiping' 3
( 1. Laboratory of Aquatic Economic Animal Nutrition and Feed , College of Fisheries, Guangdong Ocean

University, Zhanjiang 524088, China; 2.Guangdong Yuehai Feeds Group Co. LTD, Zhanjiang 524017,China;

3.Aquatic Animals Precision Nutrition and High Efficiency Feed Engineering Research Center of Guangdong

Province , Zhanjiang 524088, China; 4. Key Laboratory of Aquatic, Livestock and Poultry Feed Science and
"Technology in South China, Ministry of Agriculture and Rural Affair , Zhanjiang 524088, China)
Abstract : This experiment was conducted to investigate the effects of different amylose/amylopectin
ratios(AM/AP) on the processing characteristics of expanded diets , nutrient apparent digestibility and the
activities of intestinal digestive enzymes in largemouth bass (Micropterus salmoides). Five groups of
experimental diets with equal nitrogen, equal fat and equal starch were prepared with AM/AP of 0 (D1), 0.22(D2),
0.56(D3), 1.18 (D4) and 2.62 (D5), respectively. A total of 600 fish with an initial body weight of ( 2.15 = 0.04)
g were randomly divided into 5 groups with 4 replicates per group and 30 fish per replicate. The feeding
experiment lasted for 50 days. The results showed as follows; the hardness, expansion degree and starch
gelatinization degree of diets of D4 group were significantly lower than those of D1 and D2 groups (P<0.05) ,
but was not significantly different from D5 group (P>0.05). The weight gain rate, specific growth rate and feed
conversion ratio of D4 group were significantly higher than those of D1 and D2 groups (P<0.05). The apparent
digestibility of dry matter and crude protein of D4 group were significantly higher than those of D1 group
(P<0.05). D4 and D5 groups had a significantly lower apparent digestibility of crude fat and starch compared
with D1 and D2 groups (P<0.05). The activity of total intestinal protease and trypsin of D4 group was
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significantly higher than that of group D1 (P<0.05). In the intestine, lipase and amylase activities of D4 group
were significantly lower than those of DI group (P<0.05). In conclusion, AM/AP in diets will reduce starch
gelatinization degree and expansion degree of expanded diets and improve intestinal protease activity and
apparent digestibility of crude protein in largemouth bass. Taking the specific growth rate as the criterion, through
the fitting analysis of binary regression model, the optimum AM/AP in the diets of largemouth bass is 1.18 to
2.62.

Key words: Micropterus salmoides; amylose/amylopectin ratio; diet processing characteristics; apparent
digestibility; digestive enzyme

2020 P FE VR K b 1 R B Ek E] 61.9 Ji t, H 2019 FEHIK 29.66 %, Hrbfg
“UIKFTBEA” 2 FRIGK I B (Micropterus salmoides) {Fy—Fh B B4 5@ 2KR3, 3%
VAR EIZAER K, (HEME T KZE2E (Scophthalmus maxmius) W24 (Channa argus) P!
SEH A A ARSI SR B PR AR KT 2202, R TRL R R 0 R AT, 254
N BHOK A2 S BUE KB ERIFRE R R R, AT 101120 /b, fRk)
HhJE R B4R P A8 B T K I B A K RN SR AR

TERE AR B E R BEAER R, MR EREE, SR S
WA R AR, A BT e vkl 3 i 30 SER o N ELBETE R (AMD FISZBETE R
(AP) , T RERESSEMARE, WFRAMINEEHA RIS, AM #1503 B 0, ol UMK
HA G R RS PEER, EaliniE iRt lsl, 1 AP 3%, HirT 3K
FATE R, IR EBEAE A 2 5 /N7, X — R e T 25 5 T AR, AR T AP, AM WL IR
FESH R, R tERETE SR, HAPURAKY:, HEFAEMES RN, @ik e E
BEVERYSCREVERT L (AM/AP) |, FIEGESE . 2ERIRS S5 2 A KR g Btk 150 2021221, AM/AP
FEVER RIF AR IEM BN R 22—, OO K= A TR 0 n 7= AR B i 3, 3a
SN FRIEZN A R AG R S B AT IR T AL K R . (R, AR
SR E R E R AM/AP, —J7 PN AR AM/AP XA RUIN TRAE 20, 53— J7
REANF AM/AP 3K H B 575 F79) 57 2 00 TH A 22 A0 18 T ARG TS PR R R2 i, 5 7E IR K
F R SRR T ek R NI 2, SEAT RO Bl RO S PR AR TR R R, BT
ST 7GRN A5 (1) T R M R R
1 MRS 7
1.1 5tk

LY 3 AP R B 1 Dy = BB SR, R R S R R R, DA T oK
¥ (WCS, AM S84 0, AP &8N 92.28 %) MEEEE L KEH (HACS, AM &4

%
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65.37 %, AP &N 24.47 %) KRB EE A AM/AP, {FHHE 7708 04 0.22. 0.56. 1.18.
2.62, BcHil 5 FhaE A5 IR & = R s el A RUE TR D, [FE &2 1
BRI 0.1 % =% Z 5 RSMERR R, F CAPPO K 1 B0 F2 0 B R A . H
JERR IS 60 H 7, 4% IR HERAREL, RABRY REKERNR G5, £V BRE
HLAFIRE 12 min, RGN . GIMAIK (25 %, JRESHD , HBFEHRS S )G,
RN E DT AR R, B LA 3 mm, ARUBORACFE A 3 mm, ik
SERJGTE 25 CHW T HART, BZERKDEELN 10 %aREAE 15, FF-20 C
[RIUKFE

F1 WA EREEFKE(ARER)

Table 1 Composition and nutrient levels of experimental diets ( as-fed basis) %
HWH 5 Groups
liems D1 D2 D3 D4 D5
74} Ingredients
ik 0014 # Imported fish meal 20.0 20.0 20.0 20.0 20.0
[ ™= fif Domestic fish meal 30.0 30.0 30.0 30.0 30.0
MEE 1 Casein 10.0 10.0 10.0 10.0 10.0
W4 Chicken powder 10.0 10.0 10.0 10.0 10.0
1134 5 14 Plasma protein powder 2.0 2.0 2.0 2.0 2.0
fif f Ff Squid paste 2.0 2.0 2.0 2.0 2.0
TP E £ 4 Beer yeast powder 2.0 2.0 2.0 2.0 2.0
il Fish oil 2.0 2.0 2.0 2.0 2.0
il Soybean oil 2.0 2.0 2.0 2.0 2.0
FLER AF Lysophospholipid 0.1 0.1 0.1 0.1 0.1
B E R TEd WCS 1.0

T T T KT A B T T B 25:75)

HACS :WCS(25:75) 1.0
T T R T B T TR B 50:50) 1.0
HACS :WCS (50:50)
7 FLHE K TE 8% 0 T R BEH( 75:25) 1.0
HACS :WCS(75:25)
T R BE i HACS 1.0
i AAET S % Microcrystalline cellulose 4.8 4.8 4.8 4.8 4.8
£ H il iR 4 Multi-vitamin premix 1.0 1.0 10 1.0 L0
0 1 {4 Multi-mineral premix 3.0 3.0 3.0 3.0 3.0
=H{k=% Y,0, 0.1 0.1 0.l 0.1 0.1
{}El' Total 100.0 1000 100.0 100.0 10400
1
HiH 7 Groups
liems DI D2 D3 D4 D5
FHAEK T Nutrient levels
7K 4F Moisture 8.19 8.10 8.52 8.67 8.22
HIZE S & cp 50.22 50.24 50.17 50.29 50.31
HIAs W7 EE 10.68 10.51 10.29 10.32 10.52
FIHETE #0/  HETEH H AM/AP 0.00 0.22 0.56 1.18 2.62

2 HE TR LR 22 5 R R A CUTSS & FITUR SN T RS SRR E Oy TR A
Multi-vitamin premix and multi-mineral premix are special premixes for largemouth bass ( Guangdong Yuehai Feed Group
Co. Ltd. ).

1.2 R E SRS

TSR AL TS Bk D By CRERMIRTS, &M, T4, TEmbE s 2 A,
B IR RS R CREE R 48 %, HMARWT 7 %) o BRI FF4AHT, 2516 24 h, &
Wl R AT 600 FEVIUAIAE (2.1540.04)g], BEHLAELE] 20 4 0.4 m3 (B F
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AENichmh, Wiy s A, FH 4 ANEE, &30 B Bk 08:00 M1 16:00 HR
FERWEE, BRSBTS RAREHBRE . FREIRIG RS 56 do FREERIGIE Rl
VL E BRAERHE PRA W] % AR K IR R GEEAT, /KIR 28~31 °C, W RA & &=>5 mg/L.
1.3 FEaEE

FIERIG RS 8 AL, R M 24 h, CREMANEEMEER, HTiHHY
B, R EKREMEER, IO aEa R ERE, AT R RS FAmEE
BUL 3 R f, BUiiE TR T, HREER, JEIRFE-80 CUkFE S, HTI5E 7Bl
BEETE . RS OMTRT T 4 CUKFR N MRR, (EUKEE BYRE T BB AR — & AL, RIEA
[ Bl 1 0 5 SR M — AR AR B ST HA L, FEVKIR 564 R ARSI, 4 °C 3000 r/min 2§
0 10 min, B ETERNE HAERE . FREERIGEE 5 8 2RI 4 ORI e R0, Fnta
B3 h 5 SIS e R R 2, AR LT /K A3 AE S0 mL &0, 20 C
VKA T ORAT: o
1.4 B IE

TRPRLFI AT it TR K 70 & 8K A 105 °C o OB AE 18920 € (GZX-9146MBE 1844,
IR, KR B R AL S RSN (Primacs SN-100 #H55 #E &, #722) , i
i & B R R RARIEN E (ANKOMXTI151 HERIT 0, EED o FRAZEE T
Y203 & B2 LIRS R ARG R A R R, A ICP-OES fill (Perkin Elmer Optima
8000, Z[H) .

TARLISE FEE AT K A FE G [ AV R Bt T R ST Birksr U (DM BE {8 Perten A
FEA A (TVT-6700, Hidt) WIsE: TRHER Il 2 R A8 &) 2 JEillE s akhs 2k
HSM (R RS 2 AR ) BT J7 il s s PRt B o 5 2 HE o ] b ek 2 e
TR TR 1R S 2RI 7 ik g s PR ALEE 2 IR Glencross 25N 77 VA 5E

B R G ARG et B R A & (Rt @ A ) TR ST BT e o B
i, R AEETETE AL E L {E pH 8.0, 37 C&MHT, BEwEATEAMIFE AN
BRAEIR ERE K 0.003 BRI 1 ANBEIE F7 90 e BRS 1 B oE X AU = 7R A7
37 ‘CHEYMEM 30 min, K 10 mg W E XN 1 ANBHE T80 R RS TEE X 37 C
AT, FRHREAEARRNART SRV 1 min, FHFE 1o mol JRYA 1 AMEEE
JIRAL . i S B AR R R & CRIRER AR R AR, B WIE . SR AR
VhsE X 37 TN, B8 AL 1w mol JRMIEAL NI i MR 2 N 1 ANEHE 1

\)
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HLAT
1.5 HEAK
W EZ (WGR, %)=100X CR¥JE-FIHE) /M EHE,
TRl 2% (FCR) =&/ CRYE-HIIE) ;

g KZ (SGR, %/d)=100X (In KLJHE-In ¥IHIE) /fanE K,
TYFRMHENZE (%) =100X  (1-FEEF Y205 E &/ T Y205 &)
EFRYIBEMIEE (%) =100X[1- G E Y& /AR E YR & E) X
CHRH Y205 & &/38E T Y205 58D 1

UUREERE Com/s) =7 IHI e FEE/RORE I 7K THT i A1 2106 P FH PR et [
1.6 HEabri

I SPSS 21.0 B AT B[R Z 7 Z 73 H1 (one-way ANOVA) , F-H Duncan [X
DHMT Z BB, BN P<0.05, HELCTPIE S AREE R IR, KA Pearson
Correlation(2-tailed) 77 ¥EX FHRE IR AT AH AL 3 A7, B2 /KF R P<0.05,
2 4R
2.1 AM/AP b in AR ) R i

M 2 AT, D4 AL RHE EEATZ A B 22 KT D1, D2 41 (P<0.05) , 5 D3 #1 D5 4
BHREZESR (P>0.05);D4 f1 DS Higk itk & 5 EK T D1, D2 f1 D3 4 (P<0.05) ; %
AR R R EZRAEE (P>0.05); D4 1 DS Ak EREEET DI A D2 41

(P<0.05)

F2 AM/AP HHEE N Tk a0 REM
Table 2 Effects of AM/AP on diet processing characteristics (n=23)

LY 5 Groups

ltems D1 D2 D3 D4 D5
¥ Hardness/N 65.99£2.94"  50.93x4.03° 2054:£4.99° 27.79x4.64"  24.62+3.66"
TE#THA {LBE Starch gelatinization degree/% 62.26+1.12°  48.70+4.12%  43.03+2.00° 37.38+1.51° 34.01+2.50°
i fERE Expansion degree/% 11.75+£1.39*  40.00+2.33* 37.38+1.51° 34.88+2.69%  35.38+1.99°
#49: 5 Dissolution rate/ % 9.56£0.35 8.88+0.34 9236018 9.08+1.17 9.43£1.05
TUFERE BE Settling rate/ ( cm//'s ) 9,58+0.36°  9.87+0.53" 10.17x0.28® 10.45x0.25" 10.41x0.32*

R RS A b A A7 Rrd 5 BE (P<0.05) A THHETHITREF AR EHE(P>005), £5.326,R8H,
WValues in the same line with different letter superscripts mean significant differences ( P<0.05), while with the same or no

letter superscripts mean no significant difference ( P>0.05). The same as Table 5, Table 6 and Table 8.

HH 3 mI 50, ikl AM/AP SRR . BEAA0 B L SR R4 BB AR T e 3 28 2 M 3 3 B AR
x (P<0.01) .
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FT3  AM/AP SR Tk a0 i

Table 3 Caorrelation analysis between AM/AP and diet processing characteristics (n=3)

mH P 1/ BT
Items AM/AP
W I F 5 Corelation coefficient =0.814™
Hardness P Al P-value 0.001
TE 5 6 L HE 13 FH Conelation coefficient -0.855"
Starch gelatinization degree P A P-value 0.001
i 4 HE 13 FH Conelation coefficient —0.820*
Expansion degree P P-value 0.001
O Hi: % Comelation coefficient 0.231
Dissolution rate PA{li P-value 0. 408
TN S Hi% ¥ Comelation coefficient 0.413
Settling rate P {H P-value 0.014™

w T et B, BE KT 0.05; w Fomn i et B E | B E KT 0 0,01, 8106 FE<0 /o H 22 Bl
X F MRG0, Fr —HZMEHEMEIF, #4577 KM,

* indicates a significant comrelation, the significance level is 0.05; ## indicates an extremely significant comrelation, the
significance level is 0.01; correlation coefficient <0, the two factors present negative correlation; correlation coefficient >0, the
two factors present positive correlation. The same as Table 4, Table 7 and Table 9.

HI3% 4 AR, PARME RS S kAL FEA AL BE SRR 35 TSR (P<0.01) &

x4 FREESROWLEN AL EORXES T

Table 4 Correlation analysis between hardness and starch gelatinization degree and expansion degree of diets (n=3)

T H

Item

BER LI

Starch gelatinization degree

b

Expansion degree

(353

Hardness

#15¢ & %L Correlation coefficient
P i1 P-value

0.951"
0.001

0.896 "
0.001

HE 1 E W, FRE AL AR AM/AP A 1.81 Ik 25 /M (y=2.418x2-8.751x+41.73,

R?=0.9982) ,
R?*=0.9300) -

TERRIALETE R AM/AP A 1.95 AR /ME (y=7.325x2-28.5x+58.76,

e Lt

b

y=2.4186%8. 751 +41,73 ¥=T.3255%28. 50 +58.76
= 50 =0.008 2 £ 809 R=0,930 0
o] =Y
i o 15 -4 = i)
= -E } % E \\.\w
=L E 4T
i E $ .E
%1: 23 ' os
| r=1.81 5 pF=133
BTl - L . E 0 . - .
i 1 2 3 SCI I 2 3
LR LR AMIAP HE R/ R AMAP
BE1 AM/AP{EEEL EESRL EE s T

Fig.1

2.2 AM/AP XK
5wl %n, KM

ZARN

R A KA RE Y

Relationship between AMAAP and expansion degree and starch gelatinization degree of diets

1= VA
7

Mg

PG E AR REE AR KR AM/AP I R TS, D4 4R

N

EZET DIMD24 (P<0.05) , 5D3IHMNDS HEHFREESR (P>0.05) .
WK 2 fros, 2 ol AR &4 e &, e AR KRS TR AM/AP B840
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m_EF, 75 AM/AP R 1.83 FHERE KA (y=-0.07217x%+0.264 5x+3.303, R?>=0.8759) . %i
KB RZHBE AM/AP 7= 2 E A, D4 Alakl 2B E ST D1 A (P<0.05) , BEFEKT
D5 4 (P<0.05) , MEAJKHAMEEERAREZE (P>0.05) .

FS5 AM/AP A ORBE £t BERI R M

Table 5 Effects of AM/AP on growth performance of largemouth bass (n=3)

i = #15 Groups
ltems DI D2 D3 D4 D5
#¥H FBW/g 27.32+0.45¢ 29.53+1.08° 31.86+1.07° 32.72+0.19" 33.93+0.36"
HEE WGR/ % 1 170.82+20.63% 1 273.41+50.39° 1 381.97+40.05% 1 422 2348 63" 1 478.12+14.61"
e 108 SGRA( %/d) 3.28+0.13¢ 3.3720.04° 3.46£0.19° 3.49+0,11" 3.51%0.12*
¥ 5 £ FCR 0.74+0.03° 0.76+£0.03"° 0.79+0.01° 0.77+0.02° 0.64+0.03"
& #E SR % 96.6723.35 93.33%3.35 93.33£3.35 1000020, 00 94.43+1.96
=] B Wz 3 =%
2.3 AM/AP XGFK RSy Pl S SR 4 5t 2 WV A6 28 (1 52

H#% 6 AI1, D4 ATMFENHLEFREZET DI A (P<0.05) , FHREAMELE
FAEE(P>0.05); 5 D2.D3 AL, D4.D5 UM iR AL R 22 7 AR 3% (P>0.05),
HEZEET DI 4 (P<0.05) .

B 3 AL, HEBREWFEAEE AMAP Jy 1.50 I ik 8 H KE (y=
1.879x%+5.644x+92.87, R*=0.6837); D4 4RI XML D3 412 R A R E (P>0.05),
HEZET D5 H (P<0.05) , WFLT D1 F1 D2 4H (P<0.05); D4 fl D5 HEZMLTHR
3 2 (P<0.05) ; WEM R IHEIE AM/AP 0N 2.15 Ik B /ME (y=7.467x7-32.03x+91.41,
R?=0.9064) .

HE 7 T8, TYREMHEE SRS AM/AP LEZEM (P>0.05) , HEAKE
AR Sk R AM/AP S8 3% EMHZE (P<0.05) , HARWT RN LR 5k AM/AP
EREZE TR (P<0.01) , JERRMIHL R 5B AM/AP 242 2 1R 5 (P<0.01) .

3.8 V= 0L0721 THEH0.264 Sx+3, 303
R=08759

fige{k FE

Expansion degree™h
=i

1x=1.8%

-

i 1 2 3
HEEiEs /A EIER . AMiAP

B2 AM/AP T ADOBSHE £RKEMRM
Fig.2 Effects of AM/AP on specific growth

rate of largemouth bass
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Fo6 AM/AP MADBEE FHREWH LR Bm

Table 6 Effect of AM/AP on apparent digestibility of nutrients of largemouth bass(n=23) %
HiH #1451 Groups
licoas D1 D2 D3 D4 D5
T E FWi b

. o 81.97+2.35" 86.00=1.11° 80.02+1.30* 85.80=+2.08" 84.48+0.17*
Apparent digestibility of dry matter

HE S BRI

Apparent digestibility of crude protein
HIBE AT Fe Wi fLae

Apparent digestibility of ether extract
et iR T

Apparent digestibility of starch

93.32+0.91"° 94, 17£0.51* a4.08+0.39" 94.79+0.79 94.6420.06"

96.83+0.25" 97.65=0.71° 95.37+0.26" 4. 74x1.50° 00.67+0.78°

88.26=+2.73° 88.47+1.13° 76.68+6.18" 62.26=+3.53° 50.04=0.44°

£7T AMAPSXOBHEFRYARWENLENBEXESR

Table 7 Correlation analysis between AM/AP and apparent digestibility of nutrients of largemouth bass(n=3)

TiH EHEGER/ L HETE B T
Items AM/AP

+ 4 g W AL A% F#L Correlation coefficient 0.154
Apparent digestibility of dry matter P {fi P-value 0.585

LA I P s #19& 3L Correlation coefficient 0.588"°
Apparent digestibility of crude protein P {fi P-value 0.021
LR 1 e Wk k% A% F#L Correlation coefficient -0.851"
Apparent digestibility of ether extract P {H P-value 0.002

TEBF I #13¢ FE ¥ Correlation coefficient —0.936™
Apparent digestibility of starch P {f P-value 0.001

2.4 AM/AP 5K 1 Ry g TE 3 A B 1) 520
H1%% 8 WA, D4 21 Jipild 5 B A AT PR R E SR PR 5 D3 A1 D5 422 7 AN 35 (P>0.05),
E&FET DI 4 (P<0.05); D4 1 D5 2H it Jig 195 Mg i 1t B35 (KT D1 A1 D2 41 (P<0.05)
5 D2. D3 M1 D5 AAMLL, D4 AfpiaiEtligisttzmARE (P>0.05) , HEFIKT D14
(P<0.05) .
HH 3% 9 W RH, J3E  E 1 B AT IR £ 1 B 1 5 Tk o AMVAP BEAR 22 TEAH DG (P<0.01),
F T 15 s T D e TR P 5 R AMVAP B4R IE 3 A SE (P<0.01)

105 1= 18707 +5.64 4x+92.87
W 5 R*=0.683 7
:;e 5100
Z:2
fé EZ %
o=
=
o &5 %
-
g5 854 : - -
0 1 2 3
g EBEUER/ BRI AMIAP
£ =
BEE 105 174 5x-2.030x+07.22 %‘mn F=TA46Tx-32.03x+91.41
% &0 Re=0.877 2 WE 9 R*=0,906 1
=5 N7
=2 S5 B0
Eg [ ;‘;‘g 70
10
By VL 60
g o5 B x=2.15 }
7 Ho4 r ; \ 5 50 + r .
5 0 1 2 3 R 1 2 3
m EAERE/ R AMAP TSR/ CHEBIL AWAP

B3 AM/AP XM KOREHHE SR EIERFESRIE L EHHMm
Fig.3 Effects of AM/AP on apparent digestibility of crude protein, ether extract and starch of largemouth bass
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T8 AM/AP Fk OF Y HE H L BiE AR R

Table 8 Effects of AM/AP on digestive enzyme activities in intestinal tract of largemouth bass (n=3)

1 A Groups

ltems D1 D2 D3 D4 D5

B RAR 89250 1 134.00 1156.14 1 330.00 1 470.91
Total protease/{ U/mL) +172.46° +120.63° +220 22° +85.40% +119.95*
B 5 1 Al 12 356.86 13 (47.57 15 6:35.62 16 T02.87 16 157.36
Trypsin/{ U/mg prot) +1 (047.39° +371.67° +047.74* =305, 56 +1 070,57
15 1t e 2.31 2.0 1.69 1.21 0.94
Lipase/( U/mg prot ) 20,25 =0.34° +0.20° 20.18° =0.15°

T 0.31 0.28 0.28 0.22 0.17
Amylase/( U/mg prot ) +0.04* +0.03% +0.01*° +0.05% +0.05°

F 9 AM/AP 5K O R HIE i LB iE 1% A48 Xt o 4

Table 9 Correlation analysis between AM/AP and digestive enzyme activities in intestinal tract of largemouth bass( n=13)

i H HEETE R/ FEHE T
Items AM/AP
28 Al 22 7 2L Cormrelation coefficient 0.815™
Total protease P {E P-value 0,002
1B 5 1 Al #9540 Cormelation coefficient 0.710™
Trypsin P {f P-value 0.003
15 10 #2CF &L Comrelation coefficient —0.958 ™
Lipase P {H P-value 0.001

it B F #H3& 5 5 Correlation coefficient —0.673™
Amylase P {E P-value 0. 006

3 Wig

3.1 AM/AP WPEaRHn A i 2 e

IKFE B RN b AR SR L, I RDRE R T2 R o AR DR 3 o Tk 2
AM/AP X RRHF = AR S Y R R 2 — 12930, AP S 25 30R, T IEARER
W R AE R R Wi, T RAS 5 i S R AR g5 A B, TE R AL 2 i BE AR S2 R Y e T
LERARERIR, BRI 2 AL, IF B EROR . FoREM RS R fEd, AP #or2
RAEBEMR, T AM B0 30E KA B ERR, mEE RN R TR SR, B
PR E BN BB AP R ERY S5 TV R A JORL TR (4 R 4K P 2
T FOKTER IR 0334 R BRI, I 40 % KR B E b LR ALFE B, TR 40 %
FRVEM AT B AL, AR R TR, R AM/AP 5IZ0E 2R FAHOC. AP
TEIKP= I AL T b A = i R b A B A RV E TS T AM, BRI, TDRHR s 1 AP &2t
TARL R A BE

VEN B ALRR FE 2o 0 e 28 T i P AR SR O, LS Rk B A R, Ve A
e, BER AR RERTS, AP 5IER KL R % UIAHOCEY, W DURBEE R rOMIAL, 17T AM 2
AT UE R AL I040, TTREE: AM 2 FIER R EA SR, S EEkm G FERM,
UETER WAL FE Sk AM/AP R ARG . TEAIRTS (DR RE 5 240 B2 R Rami A FE 2
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BEIEAMAR, SRFEBDCT R AR IR XTI A0 R BE R S 45 AN, nlRe
PRI TR FERMT T AM BIGIRAE, S B TOKIERTE 1153 CRFMEBL, sE4mit
I A 130.7 T4, BEA LSS AM BILERAR, BRTESS, 1 AP B AM 5
RS, FhahPEaE, DR R A el

3.2 AM/AP X K B A K P RE RIS 7547 03 9 WL A 26 (1 5 i)

TERENEN IR R —, AT AR S B AR R RCR, AR IR . TR AR
Rl AM F1 AP & &2 s WS I8 F- s AR TR £ 5 1) AMY/AP 7] DA
TR B R IR G . Rk AM/AP N 0.32 B, BESUARTT S (Takifugu obscurus)
R SRAF B R I AR KA RLR R 24 kL AMVAP A 0.24 1, 2 48 (Oreochromis nilotictus)
(3184 5 A e, AMUVAP T 2> 4 2 JE A ) A2 K711 AMVAP O 2.33 I8, KR (Morone
chrysops & X M. saxatilis) ¥ % 5T 4> AP 2081 AM/AP Jy 0.43 481, AGRIGHT T 45 1 12
N, AM/AP [Tt K 0 B R, 75 AM/AP N 2.62 B, RILHERERAK, H
Tk R . XK TR R AM M T AP EA B, R AR AM/AP IR G,
T AL G R T BRI, T f SR P Ve R 1 e 7 B SRR 2R T S 0400, K I B K B
e, HAEN MR AL ) 59 TR A A e v R0 B AR s ARG SR Jr il (R,
=1 AM/AP YRR A TR H R R A K

WM BIA)E, SRR, TEREIRN, WHRBEER SR EEM, ®a T
FEFHBNATVER VAR FH 2, BRAIG T Dkl RS2, B S5 [S 1] R IR AL AL B D) AT
AR v s ) TDRL R R 32 o A0 PRDRE AR 25 T 3 o R TDRE RT DR R R R ( Carassius
auratus gibelio) PIFEMR (Pagrus major) B3 EARFRE & A KSR, BRI RS Z6HH
SRSV I, VEMTRIALE S 32.07 %o, T LA ZE B e FLAMEERT IR A=K, e Tz ) 2> 4]
SRR . FORFIARE S AM/AP BRI TE R R T R e B B S ey, e T
B AR AR E 5 A BRSO FBS ARIG BT A4 SR B R, AM/AP BUR AR
TR A B R A o i, R R R BRI, (HR AR KM BB B BRI - I S5 IR ] B 2 Ik AM/AP

TEREAC R R, AETHAL S RO AR R Y AR ST, A RS, RIS
A

T RAH AR AL — € R RE S LA TR 73 AT AR B 0T, At 45 R AR W,
BE TR AM/AP B30, TR LR 26T A R R R&S, {E D3 4lLiE B K fE.
Y HED SR R ERET, AR AM/AP O 0.24 ItF, B AL R AR &
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FR R AR sy, AM/AP 353 0.76 I, FHARIDT R MM R R G, S5ARIREHT 7T 45 R
FRALL, 2 BHSE 24 (1 3 ekl v AML ) 5 8 ) RS K 11 SR sl ekl b R4 5 1) R F g
SRR AM/AP 380, AR (5 R A SR Al A S M R T R, SRR
— & Fr B AM ] LRSI K 3 ) 2R RV AL
3.3 AMJ/AP X K 171 2ty 7 T S A i 7 1 1Y) 52

THACBEE TE R ES 58 TRV A MR OC, T B RS R IR S0 E TR 5 ) AL e
7381, JERMRLN AM F1 AP T B R AR 25 10 S PTG F B %), 52 ks 7E 304
N PIHA IR, AM 43T RIESRIER I L AP BE58, MET-REREAR, AP BRZ, R/
VER BN A ZR i 2, T O TR A 5 LO2Tg i 5T T KV B B0 A 2R W) v T K UER
AM/AP 4 0.98 i, B AR JER R MIE G BACT AM/AP 5 0.11 FIFaEHS], 5450 i
TR B BT AP, MRS AEWE S TR AM 5T RE &Y, 580 sk G
5, TEALEEREAS, [N EK T SIEkBEmEeansl. Jf HAERRLDI RS, AM 73 FAEFE
TARAE R R TR T Hitve i o, 1 AM & & Skt & 8 BOEAR R, e mgr= 4k T
—EMBRASIER, PEAAR ) AM BEAS DB, 1 T 500 340 A B R 1 DA Sk
VER A . AT R ORI R A VR I R S R S AR AMYVAP SR 35 RO S
SRR AHMIE, SRR AM/AP XK O BRI SR 1A
KEIEE, 55 Liu SPYTERESUR J7 il B 704 R — 5. BETRl T AM/AP B9, i1k
S0 i 1 v i TGS TR S PR B, IXTTRE S AM-JIR IR & & K PIRG AR,  IRR i T 1 AL
MRS K o
4 4k

AR FAT, AR AM/AP Tha o AR RRL BVt WAL BERTIZ AL 2 . 1 B
AM/AP ] DA$R i 3l B (A A3 1, 380K 0 BB A T B RO B (1 RSB AIH AL, (et 2E

Ko 256 K O R A KANE YRR E RS R, 1kl rh AM/AP N 1.18~2.62 I 3R
BT
SH R 1S

JESCTEAE (IEFRFRD) , W E R IA]: 2021-03-18 17:47:02
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REMARPRMA RN = AT ERE W, HUERER
ERAEEFEERIZF M

EWFe 12 EH e U LA T R B gk B!
CLATE K BHEERT TEBE BRI T, MRV 1500705 2. BHpEEAERK ™ 5 arabe, i
201306)

WE: W AR TR A [F K R R AT = AR ES (Oncorhynchus mykiss) K. PrEALRES 1. TH
A= PR il JONE PR 7 JE R A B2, DATARA T & (18.42+0.20) g M =5 AAMTE NI SR &, fE
W 200 L RKKIEAEHREAT B A K SES: 56 do AERERIARI AN L-7R &R, Fo 95 /K123l oy
0.45% AR+ 0.76%. 1.09%. 1.29%F1 1.64%[1 5 RS R Rl 1 450 B = A5 ARALEEEENL /> A 5
A, WYL 3 AER, BAOEE 30 R, 4IRRY, HIRINEN 1.09%. 1.29%H1 1.64%0H, (i
SEAPDEACEH(SOD)IE /7 i35 5 vy, [RIIN it & PR 1 A B (MDAD I35 B (P<<0.05), I S (L = HiF (CAT)
1E 1.29%H & B, AW ZER B2 (P<0.05) o WRHIRINAEEE (0.76%~1.64%) B, JHid
JIEID G CLPS) A a1 i Vi AL Bl 1 23 v T R AL (P<0.05) , (HBEAE Tk} 75 R /KT8 3 1.64%
I, VB A FTREAIC. 1.09%. 1.65%HMiEH AR, YEBRE, HFIEF, TRaMbiE
MR . TR KPR 20 R IL-2. IL-8. IL-10. IgM. TNF-o Al PepT1 #H && %M (P<0.05) ,
B & TR HI3E 0, IL-2. IgM 1 PepT1 2T &G AR AILES, £ 1.29%. 1.09%4H 1%
EEIAR R IL-8 2T mia s 1 IL-10 A1 TNF-a 2 TR . BFRLE R, KAk
B (15%) Eaina &R FRRE R, s = AT agh A, HAEEENE . (Rt miE eSSk
A 5 G B BRI
KRB, AU, JREIR: Ak iEASE

Effects of Dietary Threonine in Low Fish Meal Diet on Antioxidant Capacity, Digestive
Physiology and Intestinal Inflammatory Factor Gene Expression of Triploid Oncorhynchus

mykiss
WANG YaLing"? WANG ChangAn ' LIU Hong-Bai' HAN ShiCheng'LU ShaoXia'
ZHANG Ying!

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070,
China; 2. College of Fisheries and Life Science Shanghai Ocean University, Shanghai 201306, China )
Abstract: To study the effects of threonine in low fish meal diet on growth, antioxidant capacity, digestive
physiology, and intestinal inflammatory cytokines gene expression of triploid Oncorhynchus mykiss. Fish with
an initial body weight of (18.42+0.20) g was used to the feeding trial for 56d. Five isonitrogenous and isoenergetic
diets containing 0.45% (control), 0.76%, 1.09%, 1.29% and 1.64% threonine were formulated by adding L-
threonine in the basal diet. A total of 450 triutploid rainbow tro were randomly divided into 5 groups with
triplicate groups of 30 fish each. Serum superoxide dismutase (SOD) significantly increased, and the content of
malondialdehyde (MDA) was significantly decreased (P<0.05). The activity of catalase (CAT) in 1.29% group
was the highest, which was significantly different from that in control group (P<0.05). The digestive enzyme
activities of intestinal lipase (LPS) and trypsin in diets supplemented with threonine (0.76%-1.64%) were
significantly higher than those in the control group (P<0.05). However, when the dietary threonine level reached
1.64%, the activities of digestive enzymes decreased. The intestinal morphology of 1.09% and 1.65%, with well-
developed villi, orderly arrangement, no fusion and shedding. I1L-2, I1L-8, IL-10, IgM, TNF-a and PepT1 had
significant effects on the threonine levels (P<0.05). With the increase of threonine levels, IL-2, IgM and PepT1
showed a trend of increase first and then decrease, and the expression levels of IL-2, [gM and PepT1 reached the
highest in 1.29% and 1.09% groups. IL-8 showed a gradually increasing trend. IL-10 and TNF-o showed a
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decrease trend. The low fish meal diet (15%) supplemented with appropriate level of threonine improve the
growth, digestive enzyme activity, intestinal morphology and structure development and immune enhancement
of juvenile triploid Oncorhynchus mykiss.

Key words: Triploid Oncorhynchus mykiss, Threonine; Immune; Intestinal tissue structure

FEREA A FRIAN A, DR P R FRAR T LT A TR i s iR i froky 5 B,
SEN T R 2007 AEDURERANASIERTK . 75 2006—2007 20T, TARLH )RR AR
WSRO, R, AR EEARR, GRREAE R R T P AR IR ) B T AR ok
HE, FEAMEYE ARG (B2, EYE ARG EERA AR TR EA . 14
I FHARERRZ B E BRI, SRR BB, SBUKASNYA G = 80k
Tkl T BRI, SIS R AE DGR I3 g R Il LA LA B 8 28 ML AR AN BB & B
(Fb TR EETR, W2 Vr 2 Akt EURH ) 28 — B30 = BRI 1 2 B TR

G2 EAAG, FUAHUAA SR A AR R & 25, 5 %A H HENIGEY. #
SN BACEEIE N T E AR, AR AE PR E R bR . I B
R e fa b, i o SR R ) 2 S LR 4 0 PRS2 458 1 100 ). A I R B, kel
H RN T R T LA S5 3 O PR A T R ) B AR i R AL R T L Bl R K
NP EENE SR RIS E, (HAESZEPUR. MAEY . WA T ORS RS,
SRR SAE Py e] LLER e T A BEE 1, R E TS SR E, MR E mEn
AR, HAT, TR AR A T %, Rt SRR RS, AR
KT IFARRNS 1 il R TR, A HRIERR, B i3 & R AT LA 5 (2 R At
RPN, S (Ctenopharyngodon idellus) WITFFR KN, T BREZH T 7R A
NI 7 IL-8 A1 TNF-o HIEEPRRE/K, REITFAIRGR Z INE [ RIER N X 3]k
(Megalobrama amblycepbala) FWHIFFE A ALK &I, SRR TR 2 BR/K-F- T T imiE e %
AT IL-10 FEEPRIFRUOMN . SR, SCT X T H I FEsh = RGitk, 7FE RSN
RAEIR G B REINRERI KR, WRNRW IR AEK 7 SR N 17y AL . o2t 57
FEHAI F BRI, 5 AALL, ST B AR KR, TR REC, SR
e A BB PR A JE B K R R SR A AR AL . PR AR SRR R, T I
EERIIPREL, YA SRR AR AR AR A AR 1 A OIS R TG A
o TRk b A I 25 SRR = A5 AT B S A R SRR DGR R R R B . ARERF ST,
PA= A5 RTS8 g B U500 G, AEAIG H0k SRk rp s 25 R F 0 AT 6 1T 375 0 A0 B T R i T 0
WA GO DR T BE R ) T e 77, AT AT T AR 3 98 E DR (1 20 SRR ) 5 S IR
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| AT S T A 10 S R 0190, B PR D Al A = A5 AR I N T AR B A
1 eSS T
L1 SERAEL

N 1 fow, DRAE R ERRERL, ARSNGB, WEIERIRS
Nelrisy g . SmANBERR, FoH SO R Bk 41.5%, BN 18.7% (R
Ele gk 2 fox, WEEAERDREER S &, &1 IRER DANUb &R R R S B iL
3| T 1 A e 1 2 2200, FEAEDRL R IS IR [ AP I DR R A 5 2H 58 TR S R KT
BIEH) 0.45% 0.76%. 1.09%. 1.29%. 1.64%, A F BRI HS 20 HEARNE .
i R e 2 80 H i e HIEALR GRS, HREKHBZEEHNIEE/)
RAHRIL HKI-218 (TEB [ ML PR A R I TSR b itk (BN 3mm)
RFJE¥s HESEE T AR T, B T-20 COKF T RAE&H .

1 EREHETRERAT (%) (RTERD

Tab. 1 Ingredients and approximate composition of the test diets  (air-dry basis, %)

Ti%} Diets

IiiH Items

Gl G2 G3 G4 G5
[7#} Ingredients
4% Dextrin 20.00 20.00 20.00 20.00 20.00
¥} Fish meal 15.00 15.00 15.00 15.00 15.00
Z ¥1 Soybean meal 14.00 14.00 14.00 14.00 14.00
1 £ % 3£ ¥ Compound amino acids! 13.68 13.68 13.68 13.68 13.68
i Soybean oil 10.00 10.00 10.00 10.00 10.00
A% Gelatin 10.00 10.00 10.00 10.00 10.00
fa il Fish oil 6.82 6.82 6.82 6.82 6.82
1457 7% £} Beer yeast 5.00 5.00 5.00 5.00 5.00
K 8 Soybean phospholipid 2.00 2.00 2.00 2.00 2.00
W S5 Ca(H2PO4): 1.00 1.00 1.00 1.00 1.00
HE1E FPIR A Vitamin premix? 0.30 0.30 0.30 0.30 0.30
) 5 F iR 77 Mineral premix® 0.20 0.20 0.20 0.20 020
LAk T 4E % Microcrystalline vitamin 1.00 1.00 1.00 1.00 1.00
#5% % Threonine 0.00 0.25 0.50 0.75 1.00
HE# Glycine 1.00 0.75 0.50 0.25 0.00
it Total 100.00 100.00 100.00 100.00 100.00
E97/K°F Nutrient levels®
S4B Gross energy/(MI/kg) 5.07 5.07 5.07 5.07 5.07
HH R Crude protein 41.54 41.54 41.54 41.54 41.54
FHART Crude lipid 18.68 18.68 18.68 18.68 18.68

1) 5 E55IER AR Composition of compound amino acids: = R arginine 0.62%: FHE AR
lysine 2.13%; <75 2 phenylalanibe 0.90%; 1% histidine 0.46%; 47% % valine 1.72%:;
LA leucine 2.01%;: 57524 isoleucine 1.46%; 1t & EE cysteine 0.15%: Hi%(E# methionine
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0.66%: JNiE A% proline 0.86%; K& E 4 aspartic acid 1.78%; [i§Z /% tyrosine 0.82%; N %/
alanine 1.42%; #3%(E% glutamic acid 3.63%: | %(## glycine 0.72%.

20 YEH PR BT A EHE £ The vitamin premix provided the following per kg of diets:

VC 100mg, VE60mg, VKs5mg. VA 15000IU, VD;3 000IU, VB, 15 mg. VB, 30 mg,
VB 15 mg, VB20.5 mg, HHEEnicotinic acid 175 mg, M#ifolic acid 5 mg, AJLEfinositol 1 000
mg, “EPIFbiotin 2.5 mg, ZEFcalcium pantothenate 50 mg.

30 B E PR AT A EHE £ The mineral premix provided the following per kg of diets:

MgSO4 7H>0 2 000 mg, KCIL1 500 mg, FeSOs 7H»0 1 000 mg, CuSOs; 5H>O 20 mg,

MnSO;4 4H>0 100 mg, ZnSO4 7H>O 150 mg, KI3 mg, NaCl 500 mg, CoClx5 mg, Na>SeO;
3mg.

4) EIEACE RS . Nutrient levels were calculated values

#2 HAEHEERER (%)

Tab. 2 Amino acid composition of the basal diets (air-dry basis, %)

HIE

Gl G2 G3 G4 G5
Amino acids
RITZEE Asp 442 4.42 4.43 3.92 42
JAE R Thr 045 0.76 1.09 1.29 1.64
58 Ser 2.56 2.51 2.47 245 24
BHEM Gl 5.65 5.60 5.56 5.54 549
HE® Gly 347 3.42 3.38 3.36 331
HE# Ala 265 2.60 2.66 2.74 2.69
Rt EEE Cys 0.84 0.79 0.75 0.73 0.78
HE [ Val 2.01 2.00 2.06 2.02 2.14
HEAM Met 0.83 0.80 0.86 0.86 0.97
REER le 1.46 1.49 1.6 1.58 1.62
SE M Leu 3.77 3.76 3.87 3.76 3.86
BRE M Tyr 1.73 1.68 1.64 1.62 1.57
ANEE Phe 1.85 1.91 2.05 2.04 2.06
HiE# Lys 2.57 2.44 2.38 2.28 249
YlE M His 1.06 1.08 1.2 118 122
FEE 8 Arp 2.02 1.97 2 1.94 2.06
& Pro 1.77 1.79 1.83 1.81 191
BRERBEE EAA 16.02 16.21 17.11 16.95 18.06
FHMEE TAA 23.09 2281 2.7 22.17 2235

1.2 SEI6 A AR IR
= AR 8 M rP [ K PR 2E BT A B 2B BT K F= B 50 BT v /K AR B i I S, TG s
DT, P A — B fd B = AR SN E NI K RS, KR 2 FFEREERL, D&
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LS8 B AN 26, PR JE T R IR I

YIRS, Jell 24 h, BOE-FIEN (18.42+0.02) g M =AUl flFE A1 7 Hic
# 200 L WEARAOKERAE T, Wiy 5 MEPEYA (G1-G5) , M 3 AMESE, B4
HEZ 30 &, /70 Gl G2, G3. G4. G5 Mikiarel. BRI 2 ) (09: 00 Al 16:
00> , IEMIE, FRFEEM 56 d. I ARSI E I ERK, JKIE(15+1) °C, EE>
6.0mg/L, WA T E<02mg/L, pH7.0~7.2, RIGHARIRF AL, HRICEEERE, W
AR ECTEE. RO R G, MO AR S, 256 24 h, FREELAH L
H, SRS BIFRER R i A A
1.3 FERLCKAE

FRH RS ARG, ML 24 h, 23BN KRG RENL NI 3 U6, f MRk
9 &, F 100mg/L Ms-222 (JHJZEZEZK IR LB PO mRl, MAK, FREAkE, KE
UKL b, RERBCRIL, EEE TS 4 h, AAGHEEON 3000 r/min #5015 min, B
W N 15mL EOE Y, T RNLE AR B RIEAR 3 B, HWiFT5)E
JHUE-80°C HHMRIKAT HORAES T, F TR 2T

WA AIREHUE 7 B, 100 mg/L Ms-222 (JA1E L2 HR 4 l8 HRR IR ) BRI, 7
R, 75%0 RS R AR ATV R, B oK R T, S 2 R bR
TN 2 R NE AN S, T R R RN R A P i A7, Bl S 7E-80 °CUKFE TR RAE % H
FIF RNA FISREUR o FIOAGI . 2 S 2 R, U i, SRR i 2 42 00 HE i Fi 3
Y, FTA A ERAKIEDGE A BT, IEAURTKSY, R TIEAERIRI . 55BN
HEL3 R, MOEET Gl TERRE RS BIBRNEY, BCE R L%
T 4% AR IR B ARG T I TE A 22 %
1.3.1 AKPERERIINE
R AEREFRAR T AR T
J 26 (Survival rate, %)=100x2¢ A S5 1 45/ ) 1R 1R 6 o 20
B % (Feed intake, FI, %/d)=100x$% £ Ta]AL - 55 2/ [ (4 AR A B+ IR K 21 < S50 R 2K ]
TR (Feed efficiency, FE, %)=100x (& KAk E—J i 14 H )R & &
% AR UTFAZE (Protein productive value, PPV, %) =100x ({4 & (1 B /4R N ).
132 [MiEHTEAEEE I I e

RS W0 B 00 B 1) IV B OB AR 4°C VRS & . ALY LEE (Superoxide
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dismutase, SOD, $75: A001-3-2) . %M EARG (Catalase assay kit, CAT, #75: A007-2-
1) 3G & % (Malondialdehyde, MDA, 7%'5: A003-1-2) [ 8 & ™k 4 18 g 5t i ik
A TR A BRA WA SR A 1 10 B e

1.3.3  J T I A B v 1 0

AR I TE R S AE 4°C MRATERRE, I 0.86% M AFER/K, IIAR A3 £
KR EARTRLL ) 1:9, R FJ-200 &id - B 2SI, S99 4000 r/min 250 10 min,
B i H . JeilE (Lipase assay kit, LPS, %5 : A054-2-1) . JEXTE (Amylase Asssay
Kit, AMS, 5%5: COl6-1-1) MEEAEE (525: A080-2-2) &E KM ERAEN TEH
BR A SR G 2 o JRER A BER F SRAM LG kI, TR TG SR P e A - L £yl 5
JE s A L il g, AHAEE ) & BRI 28 T e ik N 5 o gV M B 4 s 1 41
B R RS M BT (U/g prot) o
1.3.4  HRY) g

B RY . BEEMHE 3 BarPiziEE T Bouin's WH . %5 ML) F il
FREF, HHTKRMSE . SR CRELK, RS DL AR R . SRS SR KD 1508
PIAHEE R A, BN 6um, BFERA H-E 4efa, MM RE A, BARTiES SR
i I HERY . BB (LeicaMD 4000B) MZ2 54 1, MALmEYI A WE 10 ML,
1.3.5 RNA #&HUN € & RT-PCR

& RNA PJHEL: BUHREMIZE AL, MAEEMRA, £ -80°C BA I M
AT R AR, BINIBA LN EP &, -80°CIRAF A H o T4 Trizol A& UL
(75 U E H 2 S RNA

RNA IRFERTIN: R FH B TR 2840 0T WO 730 E 11 (Thermo ScientificTM NanoDrop
8000) Kl RNA W K4l .

S J 9 98k E B PCR: %1 TaKaRa RRO47A IR 70 1t W 45 55 46 I 45 4% 11
RNA #1759 ¢cDNA %—2%%E. RH] Applied Biosystems A H] 7500 SEI 2% E &
PCR ARG, I = A A T 60 i 38 A U 6 R PR R TA K. SO E A AL 2 A T idiab 3
a2,

SIW % 54 R AR NCBI MES Primier 5.0 #4514 (& 3D, L B-actin
AW SN, i I e R R 1 R AN R 2 TR R R 22 5
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23 WeEEINFR (%)

Tab. 3 Amino acid composition of the basal diets Cair-dry basis, %)
HH 5195 SIMEE

Genes Primer sequences (5'—3') Primer efficiency %

F: GGACTTTGAGCAGGAGATGG
R: ATGATGGAGTTGTAGGTGGTCT
F: GAAACCCAATTCCCAGACTC

IL-2 98
R: TCCGTTGTGCTGTTCTCCT

B-actin 99.65

L8 F: GAATGTCAGCCAGCCTTGTC 0
R: TCCAGACAAATCTCCTGACCG
F: CGACTTTAAATCTCCCATCGAC
IL-10 96
R: GCATTGGACGATCTCTTTCTTC
F: CAAACCGGTGGAAGCTACAT
IgM 94
R: AGACGGCTGCTGCAGATATT
F: GGGGACAAACTGTGGACTGA
TNF-a 95
R: GAAGTTCTTGCCCTGCTCTG
F: CCTGTGAATCAACGCTGGT
PepTl 96
R: CACTGCCCATAATGAACACG

1.4 ittt

KM Gt SPSS for Windows 23.0, K #dfadtAT LA %7 Z 20 Hr A1 Duncan’s % 5
b, ol P (EbREZE (meantSD) FuR, P<0.05 R4 WS %= R EE.
2 GR50h
2.1 TR NI SRR = A AL A K B R R

® 4 WUEY, SEARMBIGERZRANRE (P>0.05) , L& AAR 5 &AL R AH
Lt B2 2 s (P<<0.05) , TARLMCRTE G3 e SXTHRAIAHL, BERMEAR

AARY

VIR G T B K R3S L (P<<0.05) , G4 HIEEZRHEIL, G3 A EA

TR R RAK,

3 4 BRI R AL A A AR
Tab. 4 Effects of dietary threonine on growth performance of O. mykiss
in various groups (n=3)

H3 Groups
T H Items
G1 G2 G3 G4 G5
U R
18.690.15 18.4240.37 18.3240.15 18.4340.21 18.4740.16

Initial body weight/g
LR

49.51+41.06* 52.8940.93" 52.8240.32° 53.9920.60° 53.4041.12°
Final body weight/g

HeEE

0.900.03 0.9120.05 0.9320.03 0.9720.03 0.9020.03
%
HiHE

0.670.07 0.740.17° 0.66=0.10° 0.5920.10° 0.6020.07*
FI/%/d
TR

85.4744.26°  86.97+5.95%  89.29:4.56° 87.7243.64% 86.96+5.37"
FE/%

BEHRIRE
2256433 20214602%  16.603.99  17.194331% 2095182
PPV/%
H: FATEEE AR bir s L R rEZ R B E (P<0.05) ; HATEBRLEFRERERILR
F (P>0.05) . FEH
Note: In the same row, values with different small letter superscripts mean significant difference
(P<0.05), while with the same or no letter superscripts mean no significant difference (£>0.05).

The same applies below
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2.2 TR AN IR SRR R = A5 A B3 B G T 1 R 5 )
RS Fin: BRI R EK RS0, W6 R S SRS (SOD) i 7
B TF R (P<0.05) 5 HXFRRZH (0%) AL, 1.09%- 1.29%ZH (R 3G it id . fiiE ) — % (MDA)
(¥ BBt o TRk R R K R I BT R B (P<0.05) , MR EIRININEN 1.29%K, 7
TEEE R TR EE (P<0.05) . i AL EBE(CATOTE 1.29% 5 M i, 22 7P i 25 (P<0.05) .
% 5 FRHIE I SRR L S LR W

Tab. 5 Effects of dietary threonine on serum antioxidant capacity in O. mykiss

%

in various groups (n=3: X 48D)

b #5 Groups
Index
Gl G2 G3 G4 G5
HELE{LEESOD (UmL)  88.6943.26  98.00+4.48  113.64.+14.62°  116.7244.09® 101.85+10.16°
P4 LS BECAT (U/mL) 94240222 10.344037° 10.700.08° 11.8020.30°  11.2520.25¢
7 —#MDA (nmol/mL) 3.5341.10° 3.3240.10° 3.160.05° 2.910.08* 3.2440.10

2.3 DAk HR S o 5 e Tt i i A ) R
2.3.1 TR AR R SR R L 6 i T 9 A T T P P 5

6 Pin: SAEBEE R IR AR SRR, RS T (P<0.05) , H
W T RIR S IR R 1.64%0, NEWTEEEPEG BT R M. Jekn B PE e R e & = 1
HINRE TR (P<0.05) , 1.09%. 1.29%4H 5% mTX A, B 2K —0rE
I, Ve RS A R RS SS . AT RRZE, 1.09%. 1.29%- 1.64%4kE A & & 2
ZTHE (P<0.05) , 1.29%AH 75 M .

2 6 PRI SR AR

Tab. 6 Effects of dietary threonine on intestinal digestive enzyme in 0. mykiss in various groups (n=3; X 4SD; %)

A5 Groups

173
Index
Gl G2 G3 G4 G5
Jfi: 7 Lipase (U/gprot) 50.550.12° 50.634).21° 51.4140.32° 51510328 50.980,12

JW & 1 8 Trypsin (U/mgprat) 544.95+411.48° 59418412430  632.81+19.88° 67176411500  615.28224.24b¢
i Amylase (Ulgprot) 11445233285 150.09+47.87°  167.08418.57 156224558  134.51233.48%

2.3.2 ARk H IR IR SR N = A AT i 1 2H S A S

® 7 FR: SARBEE FEE D IR R BRKE S RGN, 98 LS E R T &
(P<0.05) , HEEE SRS EIATR] 1.29% i, REEEMVZEEHH %, AEm
JEWMBEE 7R EIR A B N PR C, 7R G4 AR FIRAME (P<0.05) .

76



W e BB LA AL A R, BRI Z A, Gl G2 4 (IR
A. B) WHREMAE TR, HIWARENTE, BAREGR, HIlhgh): ME I
MK HIXE I, G3 4 (Bl © M EALEM: G4, G54 (Kt D. E) HIlpiE4H
AR, REBRIE, HFEEST, TREMBERS, PORGIMREIG 2, FR bR g RS A

5.
%7 R FEIS ERAHI MRS N

Tab. 7 Effects of dietary threonine on intestinal morphology in O. mykiss in various groups (n#=3;

X 4SD; %) pm
H 3 Groups
1647 Indices
Gl G2 G3 G4 G5
N 738.7618.83
#%EH Z Villus length 725.82+14.51° p 716.29+15.17°  706.56+11.86* 718.67+15.43%
ST W Villus width 334.7146.55% 332.0725.43"  331.2924.21° 356.96+3.45° 348.1735.17°
HILZ 5 Muscle thickness 225.90+4.36" 232.98+4.76° 249.76+45.89° 238.52+3.32%¢ 240.324.41%

B 1 73R RRK T = i AR S i 21 SR A 5

Fig. 1 Effects of threonine level on intestinal tissue morphology of triploid O. mykiss

i A9 0.45% TR ERKF H B L 100 B A 0.76% IR ARKFH AL 100x: C A 1.09%}1
HARIKF LS00 D 1.29%H9 55 R BAKCE H LS 100 x: E 9 1.64%(1) 75 Z B KT I L4 100 %:
C G: #R4M; EC: b4 .
Note: A was 0.45% threonine level in midgut tissue 100x; B was 0.76% threonine level in midgut tissue 100%;
C was 1.09% threonine level in midgut tissue 100x; D was 1.29% threonine level in midgut tissue 100x; E was

1.64% threonine level in midgut tissue 100;( G: Goblet cells; EC: Epithelial cells; H: Villi height; T: Muscle layer
thickness).

2.4 GRS IR R R = 5 AT Sl T 4 R PR AN PR A i PR A AR A

Wk 2 fis, BEE RT3, TgM JEDR R R0k 7 2 e T s 5 BRI A8 1k
s, 16 1.29% Mk mE, SYRAMl, 2% 2% (P<0.05) ; i TNF-o FEFHH
RIS E R PRE AR, 1F 1.64% ABEE/ME, ZFEFH (P<0.05) .
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ab be b

b
- I be 8
A I b I
0.5 F :[ i a
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Fig. 2 Effects of threonine level on IgM and TNF-a gene expression in triploid O. mykiss

I AP ARRECTRFOREREE (P<0.05) ; AFRTFHEEFRRRAERALE (P>0.05) . FEF
Note: Different English letters in the figure indicate significant difference (P<0.05); The same letter or no letter

indicated no significant difference (P=>0.05). The following figure with.

WK 3 fon, RIS E RN IL-2. IL-10 Al IL-8 LA BHSH B EHI, 55X
AL, BEEIRR IR AKCE RGN, TL-2 F1 IL-8 3 B A A 0 2205 B B AE T i Ja PR AR i As ke
#, AE 1.29%. 1.64% kPl EE, SRAMLE, ZREE (P<0.05) .

| IL-8

= W IL-10
2 - I c
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ab be

I be -
b be b
- i E_A
N ' 1 1
0.76 1.09 1.29 1.64

(b PN AN S
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IL-2. IL-8FIL-10414 ik it
Relative expression level IL-2, IL-8 and IL-10

Pl 3 FRERR AR AT A AR TL-2. TL-8 Fil 1L-10 BEpR 3B f2ug

Fig. 3 Effects of threonine level on 1L-2. 1L-8 and 1L-10 gene expression in triploid Q. mykiss
Wk 4 FoR, BEERRRAKFRIIEIN, PepT1 FR AN ik & 2 T = 5 B A AR
e, 16 1.29% ksl SxHRAMLt, 2R 8% (P<0.05) .
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Fig. 4 Effects of threonine level on PepT1 gene expression in triploid Q. mykiss

3 Ui
3.1 TEPRM S I TR G ER T £ S5 LI P A AL B T R
B RARE 72 25 B, AR A R R In o5 S R 4H ) AR KoM R SR 35 T 6 R ZH 191, Habte-Tsion

L3R 28 T Sk 4 ( Megalobrama amblycephala) VRN B INASF K 75 28R, 070 R B0
LR IR R K P T DA 3 () 50 G2 SR, S s b S A VR 1, B A ) BG B (SOD)
B L A (GPx) Rt AL A (CAT) FIIE 1 H Bt 25 Tl 55 R /K- (4 38 I
T, LB B AR S EIEE 1.58%~2.08% i, EFb#asmsg. AR, BE AR
IR R 2N, SOD JEMERZE TS (P<0.05) , CAT ¥&ME RIS & a BRI
Ap A, MIFERAKFEN 1.29% I, CAT iEMhieE, BEEBEARS B — 28,
CAT 1EME T R, A5 (Ctenopharyngodon idella) WIREFT A AL KB, EhniE
IR, W5k T A SOD. CAT FGE, X3 B 750 & R /K7 7 $2 & 0 8P AL il
PR AR, REIRRZ K MDA &R, RENBERKTEZFICT MDA
EriE (P<0.05) o IXFRH, JRE R ] B IR A B R AR LA, ) I3 R K T
ST S P S A AR LA R R . ASREE FINHAS SOD Al MDA #EARIZE 4L, BEFE N7
G IR BN R BT e DRI SZ BAREE Tk o VS s 2 14 25 20 v AR T LA ) e Ak
WA, BEARE BT A S RO 20 M R 2 S5 AE Y BRI i b o S SRV B, {40 i 2
HER,
3.2 FARL IR IR R T 2 T A A ER Y R

HRARS 5 T R TR AN AERF2E50, ZhWIHAR 1 A KR Y0 55 7 A Il 778 A7 78 1 BL A3 %
P, 0P E AR, R IR R IR R B R S AN oV B IR bR
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PEBEEREE . fR SR O RRRTE TR, X4 EE (Cyprinus carpio var jia) WHFFR I, HREBRRE
RER YR E R R RN E R BRI ), MR ER SRS E 1.5%
1.62% I, it ) e 2 9 g A0 T T s e, R 2 B 5 I I I g R ke B S
BB O IR IG R B, R i gt B TR S I R 1 5 B K T AR e i T T A
VEREEE TRV BUE AR i Be 77, S A A KR E . AR, BB SRR S
BRI, REITEEIE RS (P<<0.05) , AR BRI UE R B S M B O R S = Y
2 IS0 S AR R AR A . HEM R R T RE A, RIS M R SRI /N L AR 4
A (il cRaifh SEREREED | RIS T, FREE SRR 2 A SRR I B,

BIRIEFR, TEL BRI INE B KPR 2R ol DR i AR KR E . i
RS FE A AR H W A F B Yt B 1 B A 3G 36T 0 88 €8 ( Cyprinus carpio)
W bR PR AT A AR 7%, BT R AR I IE B /K P (R 9 2R R A (2 b J i b e 4 e 1 1 4
o AB7, R P AR, ARKEHE AR E. B, HiradorhiE s o
HBEE IR I R E e m, RS EBRN KR A ENE KR EAERR
HEEREM, ERXGEANKERA RELN, SEaKHTAA 8, HEBRAKTHE
AT DASRE S &)y i B i T AR G B, AT R R R R OG0 AGRIGHT LR, TR R
IIE KT 1 75 SRR Re B e = A A ML 18 R 2R B m FEADUZ IS, FME TR s IRk = 2H 1Y
B LR BN, BB SRR S RN, MIEH RSN R, BERIE. EREAE
VIR T A AR I, 5 SRR B = 38 S T8 S5 AR, TRERB T, R A = hA ot o
38 25K 2 2 LR B D Re K R 38, S BUE IR I AR B4 T, R R
TEAR I FRA I3 AR A W USRI DR Ji 1 T 25 45 460 7 T R ¥ 4 B L (MR
3.3 DRSS N R S R =5 AR T g 4 R RN I A 18 i R R A P R T

INRERIE AR PepT1 EEALT il A, € —Foe B EaRAk, FHESE
e N /NR  ES R 32, JE il B ie KR = ORI s SR, (RS IRE . R
25 RAE RS N, A SRR B R I R R AR R A0 ARG 25 SR R, B
VR RINE N, PepT1 BJaTha G FARKIAR LS, 7E 1.29% 4 v, SHIRAH
M, ARZEES. BINEE/KFRAZREE LT PepTl ERRER, RIFEHIEN S
P (I

AR e B AR RO 1) R IR R, ENVAM R RGN BE K
A EEMEHY, TR Z N A0 R E E & T B ka4, AT 520
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FeBETRELSOL, FEtm 2R, il G S B OB A i O S B, 12 R T el 4 R 1
Fe IL-2 HOIL-1B HB W, & T 0K, s T 4R B N4 i i) ik
Rt I N, FE R G AP, TL-8 Al TNF-o 2B Z A A 7. 1L-8 1
EAN R IER D e B EEAE R, XK RIS —EE . TNF-a H1 T i
BRI ™ A, 7 ST SR HH R G 2 A T A T e B B, LA A A A o e e 4 L
ThAREBY . FEFRATRIRE TS R I, FRRL 5 R R Bk = 41 R T il iR SR BB R TNF-a 2RI
Fik, BEE SRR, FE T TNF-o JERKEIE, X8RI BRK TR
B T Wil SORE RN, T IL-2+ IL-8 F IgM 2[RI 6k MK S o b 842 &)y £ (1 T 7
AR R, S5RERE R, R Z HHEK R RE YR 14d J5, i
R IIBETIPER, 1 1gM S RHEERM: LT HERRMME T TNF-a M IL-8
mRNA /KB, IL-10 & EZERHLRE T, 50 SR G SN A B s « AR
H1, 0.76%. 1.09% 4 L1 IL-10 KKK, BEEFRRRKEE—DHm, R 17 IL-10 %
R RIE . SRR, ThRIRK T 535 5 — 5 T 68 fi7y 18 980 I 7 AH G HE R (1) 3Rk,
IAEFMEAFIK TR 2R R, TR BREERI T A EVR A0 ) G582t Sy )
b & IR BT IR N, JORE R FAEA R R BE N OB BIWAA, BTN a R R AR I T f ik
Bit RS, e e R TR RIE R, BEIMGSRLAR e ThRe, DR LA S 2 50,
IO A . AR IR G BRI iy, %o G S R FAIE B, 5 ol 4 i R] e, o i
FTALRARIFHUA, T3 P o e SR S ECRAE R Ao PRI, KSR N o5 2 R AR 5
B P R B A~ 4
4 4k

B ERRE (15%) TR IndE K IR &R, X 38 m = AR 40 0 A4 L T AL BEE
ML ARBEIE A S K K B MG st AR S ST T R APRIIER . Ziaseings R}, &
WAEAR SR AR AN 1.09%~1.29% 7R EIR, HAKM G RO R AL, ERTTT 7T 5
fii_ b, ATRASE— R R, HWEA BN, RERTFARBNE, AN =540
fit§ N TG & P RHR LR AR o
SEHR: B

JESCRIEAE CORAELEDHARY , WL KIS E: 2022-03-08 09:43:55
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