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WA A, RILA, B, K=

R Tk KA TREZABE, MR FRIM 450001

BE: AT ALK TS 28 5 H (GSPH R AR AU X 8 T B (Cyprinus carpio haematopterus) % A K FUBEAR G 1052
Wi, FH GSPIZEEAL 0% (GSPI 0, %I HRZH).20% (GSPI 20).40% (GSPI 40).60% (GSPI 60).80% (GSPI 80)F1 100% (GSPI
100) Ry Bl 6 A& . SFRECHERF 35.77%. MUIEWT 6.07%) Mk, 4r Bl 6 (4l 3 MEE, B ESE
30 FB), R M(13.44+0.27) g LB, 47 8 JRIFRFEIRE 45 %M, XL GSPI 0 41, GSPI 60 .GSPI 80 il GSPI 100
20 &) 3 T R (WGR) R A K B (SGR) I il i HAE KK (GH) L 2415 E A K I F(IGF-1) & &= 3 B 2 AL, i
GSPI 40 2 418 () kL R BU(FCR) B ZE NN (P<0.05), B GSPT B Eu B 38 n, SR aLi% K (SR) . JF Ry
TER BTG ME . A L B AR | (SGLT )R AR 552 85 2 (GLUT2)ZE H Rk i | A BRI S W8 (PFK) |
1AW -6~ 192 1 (G OPD ) Rl 2 47 155 D9 ) 9 2 B (PEPCK) ¥ 1 A M Il ¥E GLU % i 25 57K 11 35 (P>0.05) o Xtk GSPI
0, GSPI 100 ZH &I BTz A1 gy (%) 3 #9306 14 S8 25 REAIK, s JF A P T T 7 0 it 4% 1 i 25 484 i (P<<0.05) . GSPIT 40 FI
GSPI 60 41 4y i 75 Hh fBf 5% 25 06 5 LA 28 % 1 0 35 T GSP1 0, H. GSPI 60 £H 4y #1 AT AL A 0 b S5 e LB i &5 1l 1l
T R ETR AP SGLT1 Al GLUT2 #3583 3% 7 F GSPI 0 (P<0.05) W55 2 B, GSPI 7848440 op il 24X 40%

by, GSPI K-8 T 40%, HOR Vi s 5L 7

AT BE X I A RIOBE A A T AR

KEER: WL R TGS EN,; Oy, mEEL M0, ARKMERE, R

FESFHES: S963 XHRARED: A

K543 B % 1 (soy protein isolate, SPT)J& A &
KM JERE, 2RI PR T AE 73 28 P49 3 iy —Fh R
F ™, RUOHSA LB R & B D 75 2 FE IR 1T
A R Tl A N B, R
FH SPI & AR K3 X T 6 Oncorhynchus mykiss)™*'
Tl (Tinca tinca)P FK 4 i (Seriola rivoliana)™
SR RMERE . AR T TR, KM E I
Bl SPT 2l ax &L 0 (1) A= K 175 & W 18 9 0
SR REZEALAE, A T H & RS -
PEERER RN R G BR AR AR R b A B B
FEIBLR R D) R AR S0 bR SPT RS e, B
FEN GO AT T 3L R A W S B, Horp,
W EEAAE i 2 A FH SPT 22 ks v 0 e 25 22 i (2 5
TR e-22%) 5 340 J5E 43 2R i (1 2 B (-OH) Z [

efs HEE: 2022-10-09; f&iTHHE: 2023-2-15.

TEHS: 1005-8737—(2023)04—0468—11

HEAT K 45 4 R, BE3EAL SPT (Glycated SPI,
GSPD T4 A T ¥EGERY-OH, BERIL & F BTk
O3 FHEVE ORI SR KR, Rt — e R
ek T SPIRY T REARRIE . I GSPT E AT ARe i €4
. WHERAS M, Km0 RA e,
0T D TR A R A B I D RE, (RATIAR TR B —
AOECRET ) Ak, B K & AP, A
Oyt ptRE & . WA Z 05, AT L
YRR . BERSRA AR | SRS SRR . H
9 AR A SCHRIRE GSPT X 1 28 A K KBRS

T (Cyprinus carpio haematopterus) e in]
A KRIBE R L A K SRR R E 2 D
S EMT A 8 AL B A (GS01-001-2004),
R e A RGN i T i U e S AL 2R

EEUIE: e A AR5 T H (222300420425); B 2L QAL I 2R3 35 H (202110463047).
EETN: BEIA996-), B, Wi-EargA, BHIrmhshiyE 55 S5AEEAF5E . E-mail: 963773207@qq.com
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FIAT, 3500 4L0F58 1 B R gapkL v SORUE A £y
XEHARPERE . IS tabn . THALEE . eresh
At LA K T8 A 25 4 S i U, (R SR DPAG - GSPI
B AR X A R PR RE AR AR R e . ik,
ABIEFE I GSPT E A AL SR H A B T 4 121 (4))
BE) LR R PEREFIRT LT « B . BT SRR G
ARG 1 IR AT IR e LA R e s A
KRB, BTER GSPI 1E/K ™ s W) iRk
JO7 FH B BERE R B, -t F A B ] AR £y A
o7 PR Bl e S A

1 HRSHE

1.1 GSPI H#l&

RS 53 B5 8 T g PHOG IR A R SE, &
H& &0 90.2% (N & #E x6.25) . GSPI i i
Maillard il %% o ¥ RS KRG 08 E A%
1:3 MR (g« @)XW T 78K, (i
RIFRAE ] 6%, 14 CEXUTF#HE6WE, T
95 CHLPVEEAAE S N RRENTE 12 h, M5
I VKIEE A 10 min, 21k Maillard B, SRJ57F
4 °C. 2000 xg B5.0> 20 min, Y b5 W A BT
A TIRBK BN 24 h, B UR TR 2
GSPI, FfH Dumas 32:(N 5 & x5.71) M7 T #E & 7Y
A B TECH 75.5%.

ZHESCHER[ 11 OPA JEIIBEILEE . H
Ui B 1 24 3k R 7 e R AE 7= W) 1Y B AL (grafting
degree, DG)H 30%. = JTI A7 7 - 25 PVt <7 g i)
ic-ELISA J5 1Al GSPI fELEM: P i i =
FoR, %), PUFEIMHIH R 23.30%.

1.2 RIEER

Iy CHLE AN 64.5%, RN 6.5%).
GSPICHEE N 75.5%, HAGWT A 0.53%) M6
AR 12.0%, AR N 16.5%) 8 F 2 & A,
F A AR WUR, W ORTERY . M AR K
k&, e Y Mg L R . I SC/T
1026-2002 £ 7E FE bR e, H GSPI 4L 0% (4 fif
2H, GSPI 0). 20% (GSPI 20). 40% (GSPI 40). 60%
(GSPI 60). 80% (GSPI 80)F1 100% (GSPI 100)f
ik, Bl 6 P AEECH AR R 35.77%) . FRECH
RENT R 6.07%) s falkt . 25 1RDk}HEURHH 73 28 4

WEJE i 60 H, 43 BHEEC T T KRG HERRE, THEA
Biojtaih ., &R . gid REA DB HIR
JrRIRA YA, FMK R TR e, e
FH SLKL-120B il e AL BT 22 S ML) ) oAk
BHAAHN 1.5 mm PRREARL, BAEAE R 2e4% .
VKFAPRAF (4 C) 28 o 25 RS0 1R R4 A B2 8 372K P
WL, IR I 2,
13 #heEREEE

R 50 FH 4 R I e A K BT 5 BE R £
LH Y, 23K (4%) 1 #E AL 3, 7R K JE it
GSPI 0 #0472 /d WiIFE 7 do YIFREEH 5 e P f
B RIS — 0 B IR AR T (13.4420.27) g RULHEE 540
R, Mtk 6 4, &4 3 ANER, BMEKR 30
E, 7T 18 (K 100 cm, & 60 cm . % 70 cm)
B A H sh K06 P8 2 G 1 1 0 K R 58 (O RUOK 25
b 80%)H o BEFMIELEHREHL LSS 3 UK IGFEIE T
R 9:00 F1 17:00 &ML, HIKWRE N aARER
3.0%~3.5%, FEREME 1 h 58 ERARIEHLET,
WA 8 J o 2 50 1 P 4% K B K TR
(26.0£1.0 ) C, #HAKT 6.0 mg/L, HAMT
0.5 mg/L, pH N 7.2~7.5], fRFFRK, & H K
L KER K =R 1/3,
14 HAEARE

I A ZE R I R 4 25 i 24 h, W45
SRR (W, TR A KRBTSR R
HE, VLS ELZHIR3 E, H1: 10000 /7T
v W (R EL ) R, T 75% & B S M4 2 A
PBS V&t e AT O R . P IUMEAE 4 C 454
T 4000 g .0 10 min, 235, & T-80 CI#
FE, T IMOBEAE O 8 3 3R B s 4y DR 3 de U
Xof BRI 5 7 7 ok A v TG, s T (L
JE R, iAW . IFREAR G B +-80 C
AR VKA R A2

751 24 h JE R 45 G A 0 AR SRR A5
Tkl 2 hm, M4 E A REYLEE 3 (R4 9 2),
I F AR FRE BB A2, TRA R R
e
15 HEKIEWHRNE

14T % (weight gain ratio, WGR, %)=(W—~W,)/
Wox100%
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Tab.1 Composition and nutrient levels of the experimental diets (air-dry basis)

%

JEB} ingredient

GSPI AL k) 2 19 L8] replacement ratio of fish meal protein by GSPI

GSPI 0 GSPI 20 GSPI 40 GSPI 60 GSPI 80 GSPI 100
fi 3 fish meal 25.00 20.00 15.00 10.00 5.00 0.00
WAL R Z B GSPI 0.00 4.28 8.54 12.82 17.09 21.36
FAFEAM corn gluten meal 10.00 10.00 10.00 10.00 10.00 10.00
AL ¥4 peanut meal 20.00 20.00 22.00 22.00 23.00 23.00
KHMEHRI rice bran 13.00 12.85 13.03 13.12 13.28 13.48
il fish oil 2.00 2.00 2.10 2.30 2.50 2.70
EKIEH maize starch 8.00 8.00 8.00 8.00 8.00 8.00
WH wheat middling 20.00 20.00 18.00 18.00 17.00 17.00
&k NaCl 0.00 0.10 0.20 0.20 0.50 0.65
R — A 45 Ca(H,PO,),-2H,0 0.00 0.77 1.13 1.56 1.63 1.81
SALABTE choline chloride 0.40 0.40 0.40 0.40 0.40 0.40
FHSZH8 betaine 0.10 0.10 0.10 0.10 0.10 0.10
W) R FIE KL ' mineral premix’ 0.50 0.50 0.50 0.50 0.50 0.50
Y ZFIR KL 2 vitamin premix? 1.00 1.00 1.00 1.00 1.00 1.00
H IR proximate composition®
HIZEH crude protein 35.97 35.7 35.94 35.68 35.78 35.52
IS crude lipid 6.13 6.11 6.08 6.05 6.03 6.01
JE4y ash 10.44 10.48 10.52 10.55 10.57 10.58
£5 calcium 1.22 1.21 1.18 1.14 1.12 1.08
W phosphorus 1.82 1.81 1.80 1.77 1.79 1.78

H B R R (me/kg): MR 63 mg; SALEN 209 mg; BRARAL 80 mg; BRARW AR 460 mg; BRERM 25 mg; FRERFE 175 mg; BREREE
800 mg; Hifik4: 80 mg; WAGAREN 51 mg. >4 RWUR K (g/ke): AR A080g, 44K D, 045 g, AR E2000g, 4i4EEK;0.20¢,
4:AEHE B1,0.10 g, D-AEYFE 5.00 g, MR 0.50 g, FhMBMEE 0.12 g, AR C7.18 g, A HK Bc0.75 g, MR 4.10 g, NLEE 52.35¢g, 2

FREG 2.55 g, B E 0.63 g, TR 905.25 g. > B F AL il (H.

Note: 'mineral premix (mg/kg): KI, 63 mg; KCl, 209 mg; CoSO,, 80 mg; FeSO,-H,0, 460 mg; CuSO,-5H,0, 25 mg; ZnSO4-H,0, 175 mg;
MgS0,:-7H,0, 800 mg; MnSO,4-H,0, 80 mg; Na,SeO;, 51 mg. 2vitamin premix (g/kg): vitamin A 0.80 g, vitamin D3 0.45 g, vitamin E 20.00 g,
vitamin K3 0.20 g, vitamin B, 0.10 g, D-biotin 5.00 g, folic acid 0.50 g, thiamin nitrate 0.12 g, vitamin C 7.18 g, vitamin Bs 0.75 g, niacin
4.10 g, inositol 52.35 g, calcium-D-pantothcnatc 2.55 g, riboflavine 0.63 g, wheat flour 905.20 g. >crude protein, crude lipid and ash were

measured values.

A8 M2 KR (specific growth ratio, SGR, %/d)=
(- InW)/ex100%

15 Bl & U (feed conversion ratio, FCR)=F/
(WeWy)

B K (survival rate, SR, %)=100%x(S—So)/No
o, Wo A1 W, 4390 3 s i 56 a1 ) U AN 2R PR TR
¢ AT (d); F 37 RA> 352 4 g 0 ) M 1Y) S 1)
kI 2 R A iR R BB i So AT S, 43l R
IS T 4 A28 A ka0 R A

1.6 ZAARFATRES R HY ) & K BEE Y E
BRI . b R SRR E T 4 C

AR K S VR DA R BRI, LE4UAT . AR,
AR, IR 9 B 4 C.
0.85% 4= HHER/K, SRS 2IHAT 4 °C | 5000 r/min .0
15 min, BV BPHERR), (/147 T-80 CIK4H.
Ji A A T T A9 T 3 1A A 0 P - A L £
JHF r 5508 A A 5C B OB (hexokinase, HK) |
PN B 152 85 8 (pyruvate kinase, PK) . i %5 B -6- B 2
fif (glucose-6-phosphate dehydrogenase, G6PD) .
PRSI EE (phosphofructokinase, PFK) . i i fi s
N R FR IR i i (phosphoenolpyruvate carboxykinase,
PEPCK). 54 Wil (glycogen synthetase, GS)iifi
P, IL3E 5 R A 5 19 B 5 K (insulin, INS) .,
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Tab.2 Amino acid profilesin thetest diets (dry matter)
%
B HEFR amino acid GSPI 0 GSPI 20 GSPI 40 GSPI 60 GSPI 80 GSPI 100
AR ThrA 1.38 1.29 1.22 1.19 1.10 1.05
AR ValA 1.77 1.71 1.61 1.57 1.48 1.44
HE R MetA 0.58 0.52 0.41 0.35 0.30 0.25
REER lleA 1.02 1.04 1.12 1.13 1.20 1.21
TLEMR Leu/ 3.14 3.21 3.31 3.37 3.48 3.54
AR Phe A 1.57 1.55 1.59 1.60 1.61 1.62
R LysA 2.24 2.15 1.93 1.84 1.61 1.50
21 BR HisA 0.66 0.68 0.73 0.76 0.81 0.83
AR ArpA 1.66 1.57 1.44 1.36 1.24 1.17
KRITEZER Asp 3.63 3.68 3.79 3.85 3.96 4.07
225 R Ser 2.21 2.12 1.91 1.89 1.82 1.69
BHEM Glu 4.82 4.94 4.99 5.02 5.14 5.30
H#=# Gly 2.62 2.70 2.77 2.81 2.97 3.09
W Ala 2.39 2.00 1.93 1.87 1.82 1.80
AR Cys 0.25 0.29 0.32 0.45 0.56 0.63
Ji% &2 Tyr 1.02 1.13 1.15 1.17 1.22 1.21
&% Pro 1.24 1.30 1.35 1.41 1.50 1.53
W E IR T EAA 14.02 13.72 13.36 13.17 12.83 12.61
BEFRE TAA 322 31.88 31.57 31.64 31.82 31.93

H: AFIR LT AR,
Notes: Adenotes essential amino acids.

Ji% /5 I BE 2 (glucagon, GC). 4 K & (growth
hormone, GH) J& 5 ¥ %5 K F A1 & %) #] %5 b
(glucose, GLU)., ZEJE 5 £ 4 K H ¥ (insulin-like
growth factor, IGF-1)# & ] ELISA WHTARIC. %
R o i A 3R] DA R o A A ) TR S I
K, i Oy AR FRUE I 3k T

17 MALRERFEHEEE MRNA RiX

1.71 B RNA BIREL RH Trizol ¥ MIAHEA
HER IS RNA I FEATE R A D IHE OR, ¥y
KEGA 2.5 mL BLOAEH, A 1.5 mL Trizol ¢
W, PEHOIFAifb B RNA . Hoaf B fn ik i H
Evolution 260 Bio (Thermo Scientific, USA)Z JJRE
FEARASCRT I, SE 3 1% B g W B e Hi A I
JH Prime Script™ Ist Strand ¢cDNA Synthesis Kit
(Code: 6110A; TaKaRa, Japan)#4 1 uL ) 5 RNA 2
M3l cDNA (H Ak Bl A & vt 45), 7
20 CRAF, M T st iz 484 1 (SGLTI)
TR B M 2 B 2 (GLUT2)SE B Rk R

1.7.2 HEBHMEEE mRNA RZEEHED H
#& GenBank H[Y) SGLTI F GLUT2 531,
FIF Premier 5.0 #KAFBEIHS (519075 L4 3,
KK 100~250 bp), FH 750 46 R A= W) RHE AT TR
AFENLH)A

*3 BIEHEEEIIME

Tab. 3 The primersof genes of transporter

5|4 primer  JF%] (5'-3') sequence (5'-3") & %5 accession no
SGLT1-F  GACTAAAGAAGAGGAGGCA JIN867793.1
SGLT1-R CAGACGGTGAGGAGGATA

GLUT2-F ACTCCTGTTCGGTTTCAC AF247730. 1
GLUT2-R CCATCTCAGCCTCTTCTT

p-actin-F  CCGTGACATCAAGGAGAA  M24113

p-actin-R ~ GATACCGCAAGATTCCATAC

SCH 5 B PCR i AMRYE SYBR® Premix
Dimer Eraser ™ (Perfect Real Time; RR0O91A)If
UL BT, SR SYBR Green 1 Jefaik, 78
Bio-Rad iQ5 Real Time PCR System (USA) | i
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7o PCR UMK Jy 20 uL, f03% 10 uL /Y SYBR 2
TR W (2x). ETFilET 945 0.8 uL (10 pmol/L).

1 uL /Y cDNA 1 7.4 pL WK 2RI K; 38 5500
AL 95 'C 30s, A5 95 °C 55, Bk 60 C 355,
39 MG, LI B-actin FEP B AIH 2744 Jr ik

HBRESH

21 HEALAXEHSBEONHEAEKEEAZNE
BffERER GSPT B ARl Fb B A 3G, 4 f
FBW. WGR F1 SGR £ [&{K1H &%, FCR 21N

TR H bR JE N AR Rk o
1.8 Zitsr#h
TG R P 24 B b o 22 (X £SDYRoR o

fr#a (3% 4), Hirh GSPI 80 1 GSPI 100 £H fit) FBW
i E KT GSPI 0 Fl GSPI 20 4H(P<0.05); GSPI 60
i WGR 1 SGR W EMLT GSPI 0 (P<0.05);

GSPI 80 1 GSPI 100 41/ FCR 2% % T GSPI 40
(P<0.05), 2 AL BRZH 4149 SR 22 A i 2% (P>0.05).,

H1 SPSS 22.0 34X £ 45317 One-way ANOVA,
Ducan’s I T2 B L, 25 BE/KFEH 0.05,

x4 GSPI EREMIT 4L KIBRNZN

Tab. 4 Effects of replacing fish meal with GSPI on growth indices of juvenile Cyprinus carpio haematopterus

n=3; X +SD
23] group  WIERIATE/g IBW  &KRIATE/g FBW  HEH % WGR - HFEAEKR/(%/d) SGR - R R FCR - UG %/% SR
GSP1 0 13.45+0.13 35.67+1.22° 165.18+4.38" 1.75+0.03° 1.42+0.07° 100+0.0.0
GSPI 20 13.42+0.11 32.60+1.04 142.89+3.81% 1.59£0.01% 1.68+0.11% 100+0.00
GSPI 40 13.38+0.08 31.63£2.03% 136.41£2.76™ 1.5440.04" 1.71£0.05" 1000.00
GSPI 60 13.35+0.14 30.13+0.95" 125.7245.04° 1.45+0.07° 1.78+0.03* 100+0.00
GSPI 80 13.52+0.07 28.25+1.01% 108.96+2.33" 1.3240.02 1.96£0.07° 100£0.00
GSPI 100 13.53+0.05 26.62+1.36° 96.77+3.26° 1.21+0.05° 1.99+0.04° 100+0.00

TE: [T b AR 4 18] 77 16 2. 3% 22 57 (P<0.05).

Note: Values in the same line with different superscripts are significantly different (P<0.05).

22 MBEUXESBEOXSERFGE
4 B9 24 Ml

B GSPTEC A L i3 i, 58 4 A Hif
i 11 v i T oy Tl M S WA BGN AR T i 2 B IS
(# 5). TEEAL 40% MM 1 GSPL 40 4, Hifs.
o V€ o il 356 R B, 43000k 0.34 F110.35 U/mg, 5
GSPI 0. GSPI 20, GSPI 60 F11 GSPI 80 5540 % %
AN (P>0.05), {H 2 & T EALLEIN 100%0
GSPI 100 2H(P<0.05). Fifi GSPT =A% k5 L £33 i,
J5i B VE MBS P e GSPI 0 22 53 K 5 3 (P>0.05),
{HES A A
23 MEAXEHBEE ORI E X 58
& MR I

JHF R Hp S5O0 B A DG B HK A1 PR3 1 Bl
GSPL & AX 0 k3 7K F- 19 34 hn ¥ % A= W 2 R Ak
(P<0.05), Hr1, HK {6 MR GSPI AR ok K71y
BN A i 2 RN IS 2 REAR(P<0.05)  7E R ARUK -
1 60% (GSPI 60)it ik =, B3 = F GSPI 0
F1 GSPI 100 AbFEZH (P<0.05), PK i PERE GSPI %

iR H) i

AR 7R3 K- B 180 i 2 358 0 (P<0.05) o 24 BRIk
H 100%0 35 ) sy, H2 3% % T GSPI 0 F1 GSPI
20 41(P<0.05), HFAE 4 PFK 1 G6PD i 145 41
[] 25 5 AN I 25 (P>0.05)

x5 GSPI &K &34 62 57 18 e ¥ B R R 00
Tab.5 Effects of replacing fish meal with GSPI on
amylase activitiesin intestine of juvenile

Cyrinus carpio haematopterus
n=9; X £SD; U/mg

M) group HiMg foregut B midgut  J5 % hindgut
GSP1 0 0.3140.04° 0.30+0.03° 0.42+0.01
GSPI 20 0.3240.03° 0.33+0.05° 0.41+0.04
GSPI 40 0.34+0.01° 0.35+0.01° 0.41+0.02
GSPI 60 0.31+0.02° 0.30+0.02° 0.39+0.02
GSPI 80 0.29+0.03* 0.28+0.01™ 0.37£0.01
GSPI 100 0.23+0.05° 0.22+0.03° 0.37+0.03

TE: [RIATECE b bR 3 7m 4 a7 75 .3 22 57 (P<0.05).
Note: Values in the same line with different superscripts are
significantly different (P<0.05).

FFIE b S ES AH ) GS W PEZE kS HK
KL YA IK T R 60%F, GS 1 ik Bl i w, T
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ZET GSPI 0. GSPI 20 1 GSPI 100 4b¥izH
(P<0.05), T PEPCK A3 GSPI B hzK-F-1
M (P>0.05)(3% 6).
24 GSPI &R &3t e i iF o4 5 8 <
ERETEFHRm

B GSPI B AR Ak K1 (1 38 0 45 21 &)y 8 1f 7
1 INS Fl GC & e E B (R 7). HBRKFEH

40%HF, INS Fl GC & it e fm, 430l 3 = T GSPI
0. GSPI 20 Fl GSPI 0. GSPI 80. GSPI 100 4t
41(P<0.05), GH Bfi GSPI At £ 85 7K ST 1 14 fin i
i E R (P<0.05); TERRCKFH 100%HHF, GH &
HIERRM, BERTERAKER 0%, 20%F
40%AbBRZ (P<0.05), GH Bfi GSPI #:AR 1k K F
3G, IGF-1 &4k 5 GH 21l

* 6 GSPI EREMHEFREATEL MBS SHEFENZIT
Tab. 6 Effects of replacing fish meal with GSPI on activities of degrading enzymes and
synthase and composition in liver of juvenile Cyrinus carpio haematopterus

n=9; x £SD

41T (U/g prot) glucose degrading enzyme

205

4 I (U/g prot) glucose synthase

group LA T Tl 7 A W R VR A2 W -6 R I AU W A B ol 2 s T P T 2 PR 8 g
HK PK PFK G6PD GS PEPCK
GSPI1 0 3.86+0.45°  259.13+4.88° 261.97+28.34 5.55+0.17 46.14+0.37° 11.33+0.81
GSPI 20 4.54+0.66"  261.20+3.41° 264.75+10.37 5.89+0.13 48 42+0.81° 10.02+1.53
GSPI 40 5.16+£0.41*  273.41+1.90™ 273.75+12.14 6.09+0.21 52.48+0.52% 10.5442.32
GSPI 60 7.1240.98*  280.71+1.39% 266.90+11.85 6.2120.09 56.37+1.07° 11.73+2.04
GSPI 80 5.75£0.86™  275.55+2.19% 279.31+10.66 5.86+0.25 53.46+0.69* 9.63+0.75
GSPI 100 4.04+0.70°  290.32+3.44° 275.7149.49 5.79+0.17 50.48+0.83" 10.19+1.24
W [FAT B b An R 4 R £E 7E B 3 25 57(P<0.05).
Note: Values in the same line with different superscripts are significantly different (P<0.05).
=7 GSPl HERamxt4gEnEPFEREEXEEMATEFEENZ
Tab. 7 Effectsof replacing fish meal with GSPI on the contents of glucose metabolism-related
hormones and factorsin serum of juvenile Cyrinus carpio haematopterus
n=9; x £SD
FEAC G G FEARGHAH T 7
20 5] glucose metabolism-related hormone glucose metabolism-related regulatory factor
group R /(nmol/L) R IMAER/(ng/L)  AKIEFE/(ng/L) Hi%3HE/(mmol/L) LR EEKKEF/(ug/L)
INS GC GH GLU IGF-1
GSPI 0 22.32+1.31° 569.48+6.61° 17.0620.74* 5.13+0.39 17.16+0.36°
GSPI 20 23.68+0.27" 573.66+4.78" 16.19+0.27" 5.01+0.22 16.47+0.17°
GSPI 40 26.82+0.63" 580.01+3.33° 16.15+0.63" 5.49+0.13 16.11£0.45°
GSPI 60 26.37£1.10° 578.47+5.31° 15.66+0.54™ 5.87+0.28 16.02+0.24"
GSPI 80 24.76+0.54 564.53+4.25° 14.84+0.31° 6.02+0.09 15.22+0.24°
GSPI 100 24.51+0.32% 560.43+2.94° 14.16+0.22° 6.14+0.42 14.74+0.55"

H AT B bR 3R 7R R A7 A B 3 2% 5 (P<0.05).

Note: Values in the same line with different superscripts are significantly different (P<0.05).

25 GSPI ER&aMT4eEFE GLUT2 &
SGLT1 EEFRIZEM NI

2 8 A, B GSPI #ACaoks AKSE By im,
FAHERRT . P RALh SGLTI . GLUT2 Rk
SR E RN B 3 AR (P<0.05) . 4B R K-
60%Mt, SGLTI . GLUT2 ik 9k 3 & &
(1.47. 3.48.2.31 F12.76), 2@ &% T GSPI0,

GSPI20. GSPI40 HI GSPI 100 4b B4 (P<0.05).,

Ja s SGLT1, GLUT2 #ihAZ GSPI B Hk;K

1Y 2 2 2 IR (P>0.05) .

3 itig

3.1 GSPI #R&EMm3ttEshfa £ KRNI
2R K S WK R BE IR B . MR R .
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*8 GSPl H#RaMX4tEFE SGLTL & GLUT2 EERIZE I
Tab. 8 Effects of replacing fish meal with GSPI on expression levels of
SGLT1 and GLUT2 genesin intestine of juvenile Cyrinus carpio haematopterus
n=9; X +SD
215 Hif% foregut % midgut J&i % hindgut

group SGLTI GLUT2 SGLTI GLUT2 SGLTI GLUT2
GSPI 0 1.00£0.00° 1.00+0.00° 1.00£0.00° 1.00+0.00° 1.00:£0.00 1.00+0.01
GSPI 20 0.88+0.02° 1.06+0.00° 1.08+0.01° 1.09+0.00° 0.84+0.02 0.790.02
GSPI 40 1.19£0.01 1.69+0.00" 1.3240.04 1.26£0.00™ 0.98+0.01 0.87+0.00
GSPI 60 1.47£0.03* 3.48+0.00° 2.31£0.05° 2.76+0.00° 1.090.02 0.94+0.01
GSPI 80 1.3440.02% 2.31£0.00™ 1.86+0.12% 1.95+0.00" 1.08+0.05 0.83+0.03
GSPI 100 1.31+0.01° 2.49+0.00° 1.66+0.01° 1.76+0.00° 0.92+0.01 0.75+0.02

TE: AT Bl bR 7R 41 18] A7 7E 1 3% 22 5+ (P<0.05).

Note: Values in the same line with different superscripts are significantly different (P<0.05).

TRLE 35K -5 2 7w i, Kb o Y
%z — R iapE A me ™, AF5E GSPI #
Rk X G A KPR RE R . 25 R W, B
GSPI BAR ks Lu @l 7 vs, 48R FBW. WGR
FISGR & N4, 1 FCR 44 fin#4 % GSPI 80
) FBW. GSPI 60 4119 WGR F1 SGR . L F
X} HE GSPI 0 41, 1fii GSPI 40 4111 FCR & 35 &5 T-X%F
M8 GSPI 0 4. HJF R Z —s5iF 5 8w i iy & A
Koo HEERE T ARE MM, el —E RN
MY EA, HXF P50 & A 5RO D,
3 o 48— B B A R O AR K
g2, HJE P 2 = GSPI H oA — i AT,
i 2 B A ZUh L e s A AR IR, AT R £
RS SRR, A R i SRRk A A iR 12,
M35 1E A KA T, (H24 GSPT ARtk
LA R 60% % = B, H: WGR Fil SGR . 2 FE A%
XATRES GSPI LT AR & EA LA X
(GSPI 80 1 GSPI 100 %} [t GSPI 0 43 51]Jsk /L 8.49%
F10.06%) 0 24 HE R 1Y ANV P 5075 B A 2 AT e
Xt B Y] A 0 o £ 2 R AR T R T A,
WFFEUESE, AL K B A B Sk, )
It GSPT H U 1 K L EREE LR B-F KRG BR
15 e 4y G5 SR ) BT A S WO, DT 52 )
AR, B, GSPI ER 40% 1Y fl AN 23 5
AR Y A K

3.2 GSPI E&R&MmxteEs & FiEENETEN
=AU

TERYSFE BRI AL B W 28 11 A T B K A e ¢

O3RN T W B R A . TRLIL, R I PR R
M 93 A i T AL S5 IR Y B 38 . AR OT 45
LW, BWHIMET 80%MY GSPI £%4H Bl il &) 141 (1)
HI o i U i B A9 Il 0 P 34 R A2 1) Bk 2 52
X RIS — 2 FL I GSPT A5 i) 5 ] 1.4 £
XHER AL RE J1 o RIAE, RFT95 U 5T A (]
R AR TR AR fk o R B RS R, 45 SR
0 R BZ IR AN 3 3K — S5 TE FE M 21 0 i e}
R 27% A9 ek 8 i A 2 563, A E
WA SRR, EEB AR K G E A
M R 7K 37 5 25 A 3 1 T AR i s 1, 3t
I e R TR P o R T AN 5 e A K Y R A
[F] Fof 8 Y A6 ) 2 M, B A0 AR i A 19 AN [ ) e
KV B B IE M0 43, LA, GSPI & A —
JE 0 A0 RN LA TE R 2R B, X S K A
YIS T T B 4 F g T8 TR Y 438, DT
I 3 R T 3 AN R RS 0 1 T R
Ko 2RI, KEABEEATSANZFYUREN
FYUE RN T, AL ZE W IE R, 05
AR R PSS AR ST 45 5 R, GSPI 100 20 #%
TR LJ T | A i TE R S M 2 IK T GSPI
041, WA, & HLBIRIN GSPI i 2 i 2l 1 4
fMyEMEEY, X5 ENRKREEEASA
Ko
3.3 GSPI &K&Wt essh & Bk HE MR 1§ 8 iE
skl

HK AR 12 rh OB i, A I HK
i 2 By P A R A 2 6 B A BB T A A ) R
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191, 7F Furuichi 2P0} 836 HK HF5E il h,
0 e B A A = K AL B R HK BT
HaTtm; HRAMREE R, EAfES
KALEWHERNG, A HK S E s Pl, A
WFFE 25 S R, B A4 fh HK 36 PERE GSPT 4t
R K EE e B T, 25 R UK
F, HK TG PRI S0 2 REAR . HK G PR 2
D] Ay LTl figt 7= A %) 1 5 W -0- B PR 5 RS T 9 S Bt
PR, R AAFoE o, I 4 £ T
JIE PR {67 B GSPT RS £70453 7K - 8 388 i i el 38
o PRI PERE In— 2 RE AR o T G A A
WEfie, LA SR A 1997 e A0 s IR IR D S
B, WO R i LA R, AR LR RE
VR I LY, R AU IE H B R A A
FEEM, a2 GS wm, orse ki, mk
TR XF N SR, 2 U0E GS Sl LA I A9 B
JEok kA R e = o W0 4K 85 (Lateolabrax
maculatus) JFFIE oW R B a2 A2 AR 4200 s B %
RAR2S AR5 T 40y £ 7 35 B 5 L 491 GSPI
TRHE, GS 1% PER T BRI I, i w2 5 i
WY i, FR O A R i AR R A I, DA
NiXT GSPI HV R G4 R AR R N 3o Sl Y, s
PEPCK (H 5 A= 1 G S il ) 1% M AH X e B e, X
T LA HA 78 35 40 S5 i AN Bt A
FERW, R A PIFFK PEPCK il 1P, A
5T 45 3 7R, GSPI K%t PFK .G6PD #il PEPCK
0P AP Y N E
34 GSPI E&R&MmxteEsh & miFE iR sTHEx
W& KT EF RN

B 5 2% (INS) A2 311 W A P e — 56 B 1 3=
S5 MMER GC ZAFEHUEN, X5 T8 Fn4k
Ry o Sh 251 2 45 G B Y, AR AR
WK, B GSPI B QA KBy, i vg
INS & GC & m# R B E T m s, R INS
5 GC Z e Y[R 4ERE fof & &, mi(EAR R
GSPI At by K F- i 80% AL BRAL, INS # i
5 GSPI 60 1 2= 5 AN 2, 1 GC 7 125 W) 1 25 R B,
XA 150 B T 40y £ 7R R 7 v L] GSPT LR}
S MARE KT8 w8, 3K A A I A 5 A 0 45 810 52,
R & S A A9 GSPL A A TR 49 lic, it

Ah, WHSEIESE, GSPL FEZNINLRTE & 5 H Ak, 7™~
A L EHERPY . Mommse ZEPWF T4 T, fRK
H R T 2 FE R BB 1 O B /K i RE A OISR 5
M6 I SR, T e b T A OB S 26 A DG Bl S
. GH 2 s ik EZER 7, HAMEEAKM
R e, A 52 R G,
i IGF-1 (4 i 523 mP%, i IGF-1 fEh—2%K%
TIREAN i otk S AE M E RN T, S 500
PP AERK R AL EMYRE, HEA S INS
IR TRE, kR OB AR, DO R RR R 2 R
BRAERKKN TP, RSG5 45 R B oR, B GSPI
BB KM E] 60%, 4%4H GH Ml IGF-1 &
WA W E S, FRINEUKFE, GH fil IGF-1
B 2 AR, U MRS L] GSPT TR
SEMTG IGF-1 Frit P, [RIRESESRAERT 4 K 1)
(Sparus aurata) 5T A KB, BLAk, WF5EER
B, MR R S R AN SR TSR IGF-1 R 3k
SKB3L PR e GSPI AR 70k 20 v 4 {1 1
AR AR Z R /K VAT AT e 5 | R v o] i &)y £6 1 3
HIGF-1 & FRER 5 —JEIA
35 GSPI BERamxt@ygéaizE GLUT2 &
SGLT1 EFEFRIZER M

Ak v A R 250 W B T A A K A FE T 2 B
B A B R 4 %) SGLT1 5 GLUT2 #%
IBRBEAT Y, R, B FE ) mRNA ik
I FE MR 2t 0 A B R R RE D o A0
KIR, AE AR S I — R AR A TR B Y o
GLUT2 3Rk, fEdExbim e . #h&
SECARE e AN Al TR OB R R L 8 L &
BEERT A R GLUT2 RS SGLTI %
] 2 35 i Bt A Ak F A B 3 T B 5 . AR S
G5B, B GSPI ARk KR, wiig A
A% SGLTI A1 GLUT2 () mRNA k& 2R
FTtE A B AR, R ER R GSPT A X
Ji v R FIORE () % iz R AR BE PR e 3k 7 A s, Tf
DD ) 22 B0 TR S S35 M % 15 B4R SGLT]
M GLUT2 ik M4k, 1EXTE M SGLTI Il GLUT?2
TR R R, —H IR R E R 3% GSPI
(A2, DN X P BE 2 R GSPT %t s i 1) 52 il
BN,
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Effects of replacing fish meal with glycated soy protein isolate in diet
on growth performance and glucose metabolism of juvenile Cyprinus
carpio haematopterus

YANG Zhixiang, ZHAO Hongyue, YIN Haicheng, CHEN Ying
College of Biological Engineering, Henan University of Technology, Zhengzhou 450001, China

Abstract: This study was conducted to investigate the effects of replacing fish meal (FM) in the diets of juvenile
Cyprinus carpio haematopterus with different amounts of glycated soy protein isolate (GSPI) on growth
performance and glucose metabolism. A total of 540 fish with an initial body weight of (13.44+0.27) g were
randomly allocated to six dietary treatments with three replicates per treatment and 30 fish per replicate for a
period of 8 weeks. The six diets (GSPI 0, GSPI 20, GSPI 40, GSPI 60, GSPI 80, and GSPI 100) were formulated
using GSPI to replace 0%, 20%, 40%, 60%, 80%, and 100% of FM, respectively. The results showed that fish
offered diets GSPI 60, GSPI 80, and GSPI 100 had significantly lower weight gain and specific growth rates, and
significantly lower concentrations of serum growth hormone and insulin-like growth factor but higher feed
conversion rate in GSPI 40 compared with fish given diet GSPI 0 (P<0.05). No significant differences were
observed in the survival ratio, amylase activities, and expression levels of the SGLT! and GLUT2 mRNA in
hindgut, PFK, G6PD, and PEPCK activities in liver, and GLU contents in serum (P>0.05). Fish fed diet GSPI 100
had significantly lower amylase activities in the foregut and midgut, and significantly higher pyruvate kinase
activities in the liver than those fed diet GSPI 0 (P<0.05). The serum insulin and glucagon contents of fish in the
GSPI 40 and GSPI 60 groups were significantly higher than that of fish in the GSPI 0 group (P<0.05), and the fish
in the GSPI 60 group had a significantly higher hepatic hexokinase and glycogen synthetase activities and
significantly higher SGLTI and GLUT2 gene expression in foregut and hindgut than the fish in the GSPI 0 group
(P<0.05). The results indicated that GSPI could replace up to 40% of FM in the diets of juvenile C. carpio
haematopterus. However, the suboptimal levels of essential amino acids (lysine and methionine) in GSPI may
have major negative effects on growth and glucose metabolism of the fish.

Key words: glycated soy protein isolate; fish meal; juvenile Cyprinus carpio haematopterus; growth efficiency;
glucose metabolism
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