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(P<0.05). Z¢ LRTIR, EARSEI %40 T, 41% R B UK N AR AR RS B m b E R H2 S HE AR
BRBEAR, 43.5% 5 46% 5 15 KV W EE 55 51 6 i F R s i AR i S5 AN R840 27 B AR SR A R R0%

LT A R A S H R v, SR B SRS 038 B R 1 BRUKCT0938.5%, BT KT 910%.

KRR WRME AR TR, AEKERE; DUAGEET); ERRIRM, BTk
XEHE: 1000-3207(2026)08-082605-12
CSTR: 32229.14.SSSWXB.2025.0459

hEDES: S966.3 HEAFRIAMG: A
doi: 10.3724/1000-3207.2025.2025.0459

SR 5 A2 A s b e i) 3
R MEE RN L, & FBUKE S
K18, g IREa b k. AR, HE AR
KA IE e, A2 BEAR S PxT B A A R,
SRR A5 2 AR AU B4, 3 2 DR SR HE i B 3
T PR B T e A, R AR TR A
e E IRV, 1 e B RS R i U RN
P S TR R PR o R A D — i i R R v HL

ks B HA: 2025-12-29; 1817 HER: 2026-01-23

JRAARXHR BRI E TR R, 2K skt H 2 1
RE ORI R M AR IRAA MR K, IERE
2 v R A R P R A AR R R
(ELE B PR A SN TR AR 2 7 R S T R T, 5 80
Y e BE T RE AR AR S PHAEL 22 S BUIR A AT 2 X
kg . DRI, B R K B A ke v R R
U B3 L R, T A X A R TR A A
MR BFEREFHLT G FEARGREAA

ERUWB: Wr 4 H A R RI(20251K2025); BBTEE, BRI 7 R 190 0E LS AT 1597 (xezx-2024346); FE28 0T RIAE £l
AoH % ) 7 G . I S 45 SRl B 2B A R o K P AR IE K B 1)l [1 BA %% Bl [Suppprted by the Key Research and Deve-
lopment Program of Hunan Province (2025JK2025); Validation of Formula Models and Personnel Training for Pelophylax nigro-

maculatus, Pelteobagrus fulvidraco, and Pelodiscus sinensis (xczx-2024346); Hibiscus Plan Provincial Enterprise Technology

Innovation and Entrepreneurship Team Support Program - Xinrui Biological Special Aquatic Feed Research and Development

Innovation and Entrepreneurship Team]

YEZ I FTE(2000—), 55, WA FUAE; EENFOKF=SWEFR SR T . E-mail: sx001107@126.com

BIE1EE: 8P, E-mail: djhlucky@hunau.edu.cn

©The Author(s) 2026. This is an open access article under the CC-BY 4.0 License (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.3724/1000-3207.2025.2025.0459
https://doi.org/10.3724/1000-3207.2025.2025.0459
https://doi.org/10.3724/1000-3207.2025.2025.0459
https://cstr.cn/32229.14.SSSWXB.2025.0459
mailto:sx001107@126.com
mailto:djhlucky@hunau.edu.cn
https://creativecommons.org/licenses/by/4.0/

8 31 A JBEE: RN B TR W AR SR PR ARG RS AL E ) S SR AR AR R S 2

BRIRIR o, B BB IS X
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1.1 SEIRfERt

ASIIG B AR DL EORY . SRE . SRR 0
Wk KERGEASNZOEA R, EilhE
BRI R . LI RIH a4 E A FUKE 524
JE W K P, FETE ) S 2H sz ae drpkl, A2 W E 3AN AT
HE ., SHFR 48 38.5P8L. 38.5P10L.
41PSL. 41P10L. 43.5PSL. 43.5P10L. 46PSL %
46P10L, FH A <Pxf B 4kl £y (1 i 7K, “Lxd BT
5 7K F, BARTEE 7 VE LR 1. B BB R e i i
60 H 77, 1% J7 L5 Ve & ¥ 50, B e hn N g 7 7
WA e 215, B INNGE & KA TR, 8
ik BB B I QDRI AL LN T B B 4% 2.0 mm )
RORLIZ A ARE, T =il T 2K & =& 410%.
B HIAE L AR AFAE—20°C B 240 55 L I0 FFUG 1
F o A4 F AOAC! i S7 1y b o 7 1o VAt L 25 19 0
JER & &
12 EFE5EE

S B e SRR T I R 25 P AR L X3 B B e R A
YR — el . ISR AR AT, K BT N
S0 FH b th b BT R 1R, Bk A o {17 S B o
ATIAFREE . #2400 K FIAS AHUT {8 5% 11 22 B ek
(15.0040.10) ghfiAL 5B 24MMFH (1.0 m x 1.0 m %
3.0m) F, HARIAE100 X B Rl . AR RBEHL
Iy Be s 7 — AN Ab 33 AR 1 0 . B R BRI 2K

(6:30F1117:00) 5 M & 2 25 4b 35 2H 28 5 ek A4 B 1Y)
3%—5%, M 45—60min & YA 7R AH T FR E, 9286
JAAS6d, SEit ], KR RN27—31°C. AN
K 70.005 mg/L. /%A & EMT0.5 mgL. pH
7.8—8.2. ASZIG T RAM AN K EAYIMCE T
TS REAE(2025121), SO0 I A% A A% 18 <7 75 R R Ml
KEFAC TR
1.3 HARERIEBRNE

TEFRFE S0 R W S5 R, pr s BB B bk i 24
24h. B JEXTEEANUAR P9I SR BEREEAT T BREE
KRR E . BEE, RSP k3 H
BRI AT SRR AL B, £ H 58 A RIS B AE 1 R AT
Ja SRR . R mLIJG B VR SRS, e B0 i o R
TERBE MR, P R AL MLRTR A R 2.0 mL
THE LY, T4CHEFHELR, M55 0H &
HEE LS, A T—80° Cuksa 4 H, LL& J5 4L 1
TEAEALFRAR M 5 o X5 e A5 D B B R AT A,
FRECEC I ME R R AR50 1 2 o, DA v SR
N AN N1 N ARSI U (= TN S N G F e
03 BB, W HOAE 5 08 202U 1.5 mLES
O, Bl R E T80 C UK IRAT,, Ak )5 LBl 1t 2 5k
Rl kMl 2 (o /N OB U R B85y, TN B
4% P [ S8 MR 10 mL B0/ b, BT R 4H
LU R e 5 WL .

K IMEBEIRTR
1715 (SR, %)=(R BT 2 R H &/ B I E) 4h
Hi)* 100

18 5 2 (WGR, %)= (52 B ek ¢ K P 45 A 2
BEUE W U6V AR T A 4P 2 E ] < 100

TR R BL(FCR)= i MR R e/ 106

5 15 AR (PER )= 488 7 /(b 43 WL e ]
B A &)

HEH BE (CF, g/om’)y=(1& H/74K:)x100

JH4A% B (HST)=(JH i 2 &/44 5) < 100

JE A LUV ST)=( P JiE B8 B/ B2 < 100

JhE A L (LST) =(fhi 30 = /4K #) < 100

PAEEESEMNE 75 BB E R
fif R 5, RS FREUZH 2R, 3% B 2 (o) 5 S K IR Ak
(L)) EE B 19147 2 3R Ab B ; B 5 B O Wi &R b
TR TG 820052 » 4 F Thermo-15107 B br A3 ]
€ BB 738 A I B (LPS, lipase, A054-2-1). Ji
% [ M (TPS, trypsin, A080-2-2). ¥E ¥ B (AMS,
amylase, C016-1-1)7F Pk, 177 & 350 5 7E 58 Bk
Y TRERF TR -

FFAEEIeARME 75 B0 T TR
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(mL)A EL B 11 9RE AT 2] R b 38 Bl S5 B Wi B 1 BRI T R IR L35 s % 2 i e 3 L i (HDL-
{ﬁ HWAH T 5 220 5E » A8 Thermo-15102 fifg b5 43 C, high-density lipoprotein cholesterol, A112-1-1).
JE A B U AT 4H 2R R S AL A (CAT, catalase, % B i 85 A IEE B (LDL-C, low-density lipoprotein
A007-2-1)~ T % (MDA, malondialdehyde, A003- cholesterol, A113-1-1). H il = E8 (TG, triglyceride,
1-1). & H K (GSH, glutathione, A006-2-1). #H4, A110-1-1). JH[EEE(TC, total cholesterol, A111-1-
1. 5 4K B (SOD, superoxide dismutase, A001-3-2) 1)« HIZEH(ALB, albumin, A028-2-1). JKEZ(BUN,
(R, ARG 3 e 1 R e A ) TR T blood urea nitrogen, C013-3-1). 7 ¥ # & F§ (GOT
MmEFE LR E {5 F Thermo-15107 i glutamic-oxaloacetic transaminase, C010-2-1)F14¢ A

R1 ZIWIRARIE A BRI

Tab. 1 Formulation and proximate composition of the experimental diets (%)

) . 20 5l Group
S Mngredient 38.5PSL  38.5P10L 4I1PSL 41PI0L 43.5PSL  43.5PI0L 46PSL  46P10L

¥ Fish meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
¥4 K Porcine meal 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
¥ A ¥y Poultry meal 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
5 4fiSoybean meal' 27.09 24.99 2099  18.49 10.29 10.29 1019 10.19
K . #eii # [ Soy protein concentrate’ 0.00 2.00 5.00 7.00 13.00 13.00 13.00  13.00
HiPFF 2 1 Cottonseed protein’ 0.00 0.00 400  4.00 8.00 8.00 12.00  12.00
1% Wheat meal 22.00 22.00 22.00  22.00 22.00 22.00 22,00  22.00
W B Lysine residue 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
1 HEH Fish frame meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
T K B Corn gluten meal 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00
&I Soybean oil 4.50 6.50 4.80 6.70 4.80 6.80 4.80 6.80
iR — A 45 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
4 i Fish oil 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
JKfEF BN Hydrolyzed feather meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
%k JZ Wheat bran 0.40 0.40 0.40 0.40 0.40 0.40 0.00 0.00
B AL 77 Antioxidant 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
)% Tl Mineral premix” 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Y5 F TR Vitamin premix” 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

1% 2% 77]Mould inhibitor 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
4t fERice hull-bran mixture 7.00 5.10 4.80 3.40 3.50 2.50 2.00 0.00
S 4L fBECholine chloride 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
FARM-# 5 (=2%) Natural lutein (purity =2%) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
&2 - Bentonite 3.00 3.00 2.00 2.00 2.00 1.00 0.00 0.00
=5 EY,05 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
4 Total 100.00  100.00  100.00 100.00  100.00  100.00  100.00  100.00
¥ /K FNutrient level'
#12E 415 Crude protein 38.54 38.47 41.04 4117  43.62 43.58 46.04  46.10
FHAR Wi Crude lipid 7.93 10.17 8.44 9.88 7.92 10.06 8.21 10.15

VEEH. HUER 11 44.33%, MR 70.64%; K K45 B 1. HLER 11 65.25%; AKF 28 1. 48 11 57.60.71%, HLAR 7 1.78%; "5 ¥ 1
TR g/kg). —/KAREREE32.01. —/KEREREE12.00. —/KFiEL4R8.07. FI/AKBRERMI4.32. —/KBRERIE4%K19.77. —/KARER4H10.00, fill
BR452.5. FEFRIO1L; de/E R FHRR. 4T s tARHRE Gt 4EE A, 900000 1U; é&i?—,%m, 170000 IU; 44 3KE. 7500 mg; 442 %K. 960 mg;
Y4 HB,. 1200 mg; Y/E B, 1800 mg; 4E/E H B 1200 mg; 424 By, 6.4 mg; 37K T ) I &l 9 P 241
Note: Soybean meal. crude protein 44 33%, crude lipid 0.64%; Soy protein concentrate. crude protein 65.25%; Cottonseed protein.
crude protein 60.71%, crude lipid 1.78%; *Mineral premix (g/kg). mineral premix of control group (g/kg diet): magnesium sulfate monohy-
drate 32.01, zinc sulfate monohydrate 12.00, manga-nese sulfate monohydrate 8.07, copper sulfate pentahydrate 4.32, ferrous sulfate mono-
hydrate 19.77, cobalt sulfate monohydrate 10.00, calcium iodate 2.5, rice husk powder 911; *Vitamin premix provided per kilogram diet:
vitamin A. 900000 IU; vitamin D;. 170000 IU; vitamin E. 7500 mg; vitamin K;. 960 mg; vitamin B;. 1200 mg; vitamin B,. 1800 mg; vita-
min Bg. 1200 mg; vitamin By,. 6.4 mg; “The measured values of nutritional status are the means
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HZ ¥ (GPT glutamic-pyruvic transaminase, C009-2-
DI, BRI G B FE s B A TR T -

AT BE£E R 7S B W 22 W EHZ E T8
RVKEEDI AL, )% 8 D95 pm KR V) Fr . BE
Ja, U0 B S BE 1 AT 210 (Oil Red O) il 4
@ 10min, DURF R PERRIC IR BT . FEG )G, AR 1HK
PRIE e D) . $5, M8 0 60% 5 3 B VA T AL,
EBRERPRZ RIGE, B HABKEE. AR5,
187 Fd Mary FQ 7R A 3 GO0t 20 Moz 3047 52 G, I ) 4%
il #£3—8min, & Je 56 BUm &K R 083, &
Jei, AP T ol B R R AT . B
FIVI R FE 62 AR T TR, DAPRAl 20
N R DTRR TS Ol . A1 ImageJ-win64 544X} B AL
MBI 22 AL BEAT B8 23T, 0 0 i T A o
EEHEAT E BT o

BERFEFTIXKFEME B 50 mg 7245 I 4H
ZURE i, A TRIZoLA 7 (Yeasen)$2 HUE RNA,
T 2 G A € mRNAZE FE K% K B2 /5 H Yeasen 2y
] Hifair” 1 1st Strand cDNA Synthesis Kit (gDNA
digester plus)f H i B 45 [ #% 5% 5y cDNA. RT-
qRCR % MifA % H12.5 uL (6 pL Hieff” gPCR SYBR
Green I Master Mix (No Rox). 5 uL DEPC-treated
Water (DNase. RNase free). 0.5 uL Primer forward.
0.5 pL Primer reversef10.5 pL cDNA). PCR 4 47
%' K Light Cycle 480 II (Roche, Basel, Switzerlad)5Z
I 5¢ )t € EPCRAX L HEAT . [ NAEFFBLE: 95°C T
A Smin, B85 BEATA0NEI I DR 1Y, A
16 R4 45 95°C A8 M 10sF160°C iR K E #1308, EA
S, B-WLBh & 1 (B-actim B FHE N S 2K . &
ABE R BE3ANE &, 2 i B B R
X Rk o)k B A AR A 5% 2 ] (meor
s6k. ubb) JE Wi AR A SCHE K (cptl « fas IpDitE
IR BAARSIME B ILER 2.

®2 SIMEEIIE

Tab. 2 Primer information

HIH 51YF 51
Gene Primer sequence (5'—3")
WA EMEER  GCAGCCTTTCTTTGACAACATC
HBEE Hmtor TCTTCACTTCGGTTTCTTAGGC
ZREAB ubb TCCATCTTGTGCTCCGTCTG
GTGGGATGCCCTCTTTGTCT
KRS 6 s ok CTCGTCTTGGAGCAGGAGTTG

CCACAGGGGTCTGTCGTGTAA

TG A R L Bifas AGGCGAAGACACGGAACGA
CGTTTTCGGGGATGCTCTG

AR F 8 1 cpt] TGATTGGCAAAATCAAAGAACATC
AATGCTCTGACCCTGGTGAGA

He & B Je Wil Ipl ACAGCAGCACTACCCAGTTTCA
CATACATGCCAGTTACCGTCCA
B-WBNE [ p-actin -~ GCGTGACATCAAGGAAAAGC

TCTCGTTTCCGATGGTGATG

14 BEZITE S

AHF 7T K HISPSS 26.0 (IBM SPSS Statistics) 4%
3547 XA & J7 2 43 BT (Two-way ANOVA), LT
AN DR 25 1 AR e AR HAE o AL I) 22 R 1)
3 Ml Duncan® & LW AT H G .. BT
A S B E 25 DL A AR R R R R, 24P<0.05,
W AFAE 23 2 5

2 £R
21 EARPAEREBRMENSEXBHEE K
MERERIF N

B AR KT I i, PR B 3 R
RIS BTSRRI, 1 5 R ) B2
T FE(P<0.05). 8% AHLL, 10%/8 7 i 2 3 =
T BABE I () 3 R B ORI T AR R
#(P<0.05; % 3).

22 FARPAREEBRMEERSE3 2IER K
Eistan:opA

AHIEFE R, AL AR (RN KT o B B e A
RFEFRIE T 525 M (R 4).

23 ARPAREERMERS =X EMERIE
THESRI SN

B 5 fRDR B 5 KT A e, R i o T 2R
[ 1 (TPS) A oiiE ¥ B (AMS)IE 14 35 & ETH#a #4 .
43.5P 5 46P4H It AMSIE 1 2 3 = T 38.5P 5 41P4
(P<0.05); 38.5PAH I TPSIEMEN i (K T-41P. 43.5P
FI46PZH(P<0.05). Fifizg ARk W 7K 1 3G I, SE 5
I i 18 I T B (LPS)iE /1 2 L FHEAGE 5).

24 FARPAEEBRMENRS £ BRI
MELEE IR 2N

B Rk B 5 KT B e, PR A o
ANEBE(CAT). HEY HALEF(SOD)FIIE J5 1Y
BREHIKGSH)M &R E FAiES . 538.5P4H
FHEL, 46PAHFICAT. SODMGSH Y & 2 3 F = (P<
0.05), H43.5PALIGSHAISOD & & th i 2 7 1-38.5P
#1(P<0.05; % 6).

25 ARPARELRMERSEX EHEER
K ME e FRA R0

TEAHI A, FARHE 5K B B 1 3 A
tefetr A B E 0. 538.5PAAHLL, 46PA M £
THFE AR T2 A i, 4G S H B (TC). AR
(GPT). & HHZ F(GOT). HE A ALBM R &
Z(BUN)(P<0.05); HA46PA K H I =H&(TG). &%
J£ JIg & 19 1H [ B (HDL-C) & & M2 43.5P4 A AR 25 &
JIE & 1 BH [H B (LDL-C) & & 1 & 3% & T 38.5P41
(P<0.05). WtAb, BEETRE G I KPR 38, 3 A



5 KR R

2026, 50(8): 082605

HDL-C % &4 .3 H =1 (P<0.05; 3 7).
2.6 ARNPAREEBRMENS 23 BDIHERT T
Uil ARG

AT Ot FH 33t — 25 6 B AR A 5 40 A 3 AT 1R
i BB VAT, B G TR EKSE 3G, SR B
JIE g i B A N B R BT, H1oLdl
1) Ji TG 0 AT R/ S 3 v T 8L 4.
2.7 ARNPAREEBRMEEN S 23T ORI
BERRREEXERERIZNEN

Fe & 20] g0, rEEEE A B KX mtorFls6kHIAH
X ik B B3 B (P<0.05); BE & kLR (KT
B, meorfs6kM AN Rx B R B E FIHER; B
43.5PF1 46PLH mtor il s6kiF) #H X} R 18 & i # & T
38.5P41(P<0.05).
2.8 AN AREEBRMEEN S 23T BHTHERT T
BR ARSI e B E SRk m 20

K 387N, S8LA AL, 1004 B2 Eif T FFiE
FF ept ] AR X6 32 35 7 (P<0.05), H.IpIFI A3t 3R 15 &
2 e, HERARE.

3 WTig
3.1 ARPREEERMERS S EHEE K
B8 B2 B8 L BB Y 22

AT e 45 R, B AR 2R AT
i, B G R R B S L THE R R,
TEA1% 118 T 2k B i o 5 AT 90 45 SR AR, 76

7% A2 M (Megalobrama terminalis @ * Erythroculter

ilishaeformis &) I 45 S 3% W 4l k) 2 11 o /K P 388 o
Xof 2 A2 iy 3 B A B A, TE36%02H 1 B A 0K B i
i, {ELTE40% 20 48 7 A7 T T R4, et 16 ey 3
(Polyodon Spathula)™ [T 145 SR BH, FLof d %
b 5 TRl R B KSR 2k BT S R BRI
# X R IR R AT LR, KPS A KA
TRPRLR FH 52 31— 8 (B AS, B R A 2 4
11, ZKFE S A K M e R TR R A BE 2 3
I — KIS, K= B A AR R R A 2
23— SEIIRAR, o SR R 28 th 2 A
SR, B e (18R (/KT R e 32 B B 1 AR K, (H

®3 ARDPTEIEBRFER S 2 EREE KN EHRER, 1=3)

Tab.3 Effects of diets with different protein and lipid levels on growth performance in Pelophylax nigromaculatus (mean+SE, n=3)

41 5 Group KIEIEFBW(g) 1 B R WGR(%) FEIEZESR(%) H H AR PER 1Ak REFCR
38.5PSL 52.1241.22° 246.67+8.33" 95.67+0.67 2.02+0.05" 1.24+0.02"
38.5P10L 54.20+0.49° 260.67+3.18" 97.00+1.00 2.14+0.02" 1.18£0.01°
41PSL 52.33+0.72% 248.33+4.84" 97.00+1.53 1.95+0.04" 1.21£0.02°
41P10L 54.44+£0.27" 263.00+2.08" 94.67+1.45 1.99:£0.04° 1.18+0.02°
43 5P8L 50.61+1.39" 237.009.54° 96.67+0.88 1.74+0.03° 1.28+0.03"
43.5P10L 53.43+0.46" 255.67+2.85" 93.67+2.03 1.8120.05° 1.21£0.01°
46PSL S171£1.17° 244.67+7.84" 97.67+1.86 1.73+0.02° 1.24+0.02"
46P10L 52.7740.33° 251.3342.60° 96.67+1.20 1.73+0.02° 1.2240.01°
1Ak} A 5 7K P Dietary protein level (%)
38.5P 53.16+0.75 253.67+5.07 96.33+0.62 2.08+0.04" 1.21£0.02
41P 53.38+0.58 255.67+4.04 95.83+1.08 1.97+0.03" 1.20+£0.01
43.5p 52.02+0.91 246.3346.10 95.17+1.20 1.7840.03° 1.25+0.02
46P 52.24+0.59 248.00+3.98 97.17+1.01 1.730.01° 1.23+0.01
1Ak} 5 7K “F Dietary lipid level (%)
8L 51.69+0.53" 244.1743.59" 96.75+0.61 1.86+0.04" 1.25+0.01%
10L 53.71£0.26" 257.67+1.79% 95.5+0.75 1.92+0.05" 1.20£0.01"
Two-way ANOVA
% 4 [Fi Protein 0.336 0.356 0.551 0.000 0.148
g WiLipid 0.004 0.005 0.225 0.045 0.005
%% H Interaction 0.786 0.780 0.447 0.483 0.635

T R DU 3R 7 22 3 Ak B, RIS EARAN R/ ING 7B (ay bRV RFRAFAE IR 2 ORI 7 7T B2 3 52 LA (P<0.05),
[E 5B LA RS 7 BHA, BAICOASRAE TR & A BK-F 122 7 2 35 (P<0.05), A5 Bl AR A FIR S 7B (X, YRR

[ 7K b 22 5 2 (P<0.05); nfERTRA KT R MATHG T

Note: Data are analyzed using Two-way ANOVA, the data with different lowercase (a, b, etc.) in the same column represent significant
difference in the interaction (P<0.05), different uppercase (A, B, and C) represent significant difference in the dietary protein level (P<0.05),
and different uppercase (X, Y) represent significant difference in the dietary lipid level (P<0.05); “n” represents the number of parallel

repeated cages per group; the same applies below
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baerii) KR T 45 R — 5"

¥ T T A TV 1 S VT A K B AT A A EE R
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AR FT R, A EDELE B KPS N, R D i i
1) o-JiE Ao Pl 0 I A 1 Il IS ) S 25 T e, ELRE S TR}
JE 7 AT PR B4 o, SR B gy T T s v 1 S B
X RN 7K B 8 E iS5 IR T )G SA 5
Re % & BT 22 Y AL B R N s ek S FR P R K TH AL S
WS>, SHME LT 8 (Erythroculter ilishaeformis)F14
S (Haliotis discus hannai)"F [R50 R B, Ak
5 AT 7 K Y 5 i T Y A B PR S A G .
AT RE B4 FMLE B FE: & 2, vkl & E s AR
F 4 ANFAEEBRMERS 25 ERERAIEFRIE T
(CEHEHREIR, n=3)
Tab. 4 Effects of diets with different protein and lipid levels on
body indices in Pelophylax nigromaculatus (mean=SE, n=3)

Hil FEWEECE  FHALL AR EE JiRAR L
Group (g/em’) HSI VSI LSI

38.5PSL 11.36+£0.48 8.18+0.15 36.50+1.51 29.84+1.57
38.5P10L 11.62+0.83 7.98+0.45 37.57+0.75 28.42+0.70
41P8L 11.50+0.77 7.85+0.41 39.69+0.79 28.72+0.49

41P10L 10.23+£0.47 7.66+0.30 35.81+2.57 30.78+2.05
43.5PSL 10.86+0.39 7.67+0.38 35.87+1.65 31.57+0.84
43.5P10L 10.85+0.60 7.50+0.25 38.06+0.67 31.55+0.66

46P8L 11.73+£0.53 7.56+0.23 38.03+0.82 30.13+0.47

46P10L 11.22+0.53 7.90+0.17 36.04+1.49 31.68+0.88
1A R} E F B /K P Dietary protein level (%)

38.5P 11.49+0.47 8.08+0.23 37.04+0.83 29.13+0.85
41P 10.87+0.46 7.75+0.25 37.75+1.39 29.75+1.05
43.5P 10.85+0.35 7.58+0.22 36.96£0.9 31.56+0.52
46P 11.47+0.37 7.73+0.14 37.03+0.86 30.91%0.52
Tk 7 7K *FDietary lipid level (%)

8L 11.36+0.27 7.81+0.15 37.52+0.65 30.07+0.49
10L 10.98+0.31 7.76+0.15 36.87+0.77 30.61=0.62
Two-way ANOVA

A Protein 0.537 0.438 0.938 0.118
A& Lipid 0.366 0.797 0.518 0.486

% Hlnteraction  (.594 0.779 0.135 0.374

RS ARPTEERRFMBENSEX B BB AR
N (CREEHRAER, 1=3)

Tab. 5 Effects of different protein and lipid levels in diets on
digestive enzyme activities of Pelophylax nigromaculatus (meant
SE, n=3)

e o
asiGow ooy (Umgpa)  (Umepron
38.5P8L 4.31£0.36 0.2520.02° 0.64+0.03"
38.5PI0L  4.4440.19 0.25+0.01° 0.730.03
41PSL 4.46+0.09 0.27+0.00™ 1.08+0.06"
41P10L 5.050.51 0.27+0.01" 1.06+0.09"
43.5PSL 4.46+0.19 0.31£0.01° 1.13£0.02°
435P10L  4.77+0.12 0.30+0.00" 1.04+0.05"
46P8L 4.49+0.1 0.29+0.00" 1.17+0.06"
46P10L 4.85+0.39 0.30+0.01% 1.1120.06"
TAkHE A K Dietary protein level (%)

38.5P 4.37+0.18 0.25+0.01° 0.69+0.03"
41P 4.76+0.26 0.27+0.01" 1.07+0.05"
43.5P 4.61£0.12 0.30+0.01" 1.08+0.03"
46P 4.67+0.2 0.30+0.01" 1.14+0.04"
Tk} i i 7K P Dietary lipid level (%)

8L 4.43+0.09 0.28+0.01 1.000.07
10L 4.77+0.16 0.28+0.01 0.99+0.05
Two-way ANOVA

& A5 0.581 0.000 0.000
Protein

JE Wi Lipid 0.104 0.765 0.658

A H 0.883 0.844 0.347
Interaction

U 4 S T A TR P R AR R0, 2 2 O B4 I L B2 N g
(A A 7 5 3 5 1 SOk, TSI T B A R
FLUR, 1K BEET NN () RE 8RS FR 4 5 5 35 i 1
IR B B EEARAR WS 2, 1% P o AR IR 75
IR SOTE R G T B m I oK, e
BT W ACEEEPE R — AR T, DR RN X 2 7 4
IR B RS s,
3.2 ARDAREIEARMEERSEX 2Dk
R A 0EA D
FEK P B AL BEAR TR FE R AL T A% 0
iz, G R A R 1 B B AR L RS 0 G R 4R
Fro T3 WS (MDA)E M HE 5t S840 s I A a6 1
P, AR, HoKPg 2 AR RS HLA
I 5k A T R 4 L 2 A5 A7 0 B 2 b
AL B AL B (SOD) A bt H Ik (GSH) A i 4504k
A (CAT) S HUEABES 2 40 A TLE MR 1) 3%
A, EATIIE EAA R T AL S B A AL B B R
g, Wi B R4 i R A 3 B B, )
B I SE AR TR A, AT 4 FR 4T B Y IR B R AR,
37 1F G52 B S8 AL R i Y AT g s SR,
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®6 ARPAEEARMIENSEX BRI E X DN (I ELARER, n=3)
Tab. 6 Effects of different protein and lipid levels in diets on liver antioxidant capacity in Pelophylax nigromaculatus (mean=SE, n=3)
Y15 Group CATI A E G MDA i SODE &AL Y B AL il GSHI& JFE R e H ik
(U/mg prot) (nmol/mg prot) (U/mg prot) (umol/g prot)
38.5PSL 1.76+0.04 0.83+0.13° 21.00+0.95" 46.70+4.52°
38.5P10L 2.8240.29" 0.9140.02" 23.61%1.36" 47.16+2.58°
41PSL 3.10£0.16™ 1.09+0.05™ 23.64+1.01" 48.59+4.78"
41P10L 2.54+0.06° 0.92+0.09% 23.84+1.51" 54.56+4.34"
43.5P8L 2.7840.24" 0.87+0.05™ 29.2240.46" 58.60+6.30™
43.5P10L 2.84+0.07 1.17+0.04" 29.87+0.83" 58.34+2.51"
46PSL 3.24+0.23" 0.99+0.04™ 31.75+1.76° 62.5746.05"
46P10L 3.4240.11° 1.11£0.10° 30.93+£2.61° 64.99+6.08"
1kHE H Fi7K ¥ Dietary protein level (%)
38.5P 2.27+0.27° 0.87+0.06 22.30+0.94" 46.93+2.32°
41P 2.8240.15™° 1.01%0.06 23.74+0.81° 51.574+3.18"C
43.5P 2.81£0.11*° 1.02+0.07 29.54+0.45" 58.47+3.03"°
46P 3.33+0.12" 1.05+0.06 31.34+1.42" 63.78+3.87"
1A%} HE W7 7K *F Dietary lipid level (%)
8L 2.72+0.19 0.95+0.05 26.40+1.38 54.1143.07
10L 2.90+0.12 1.03+0.05 27.06+1.25 56.26£2.63
Two-way ANOVA
8 A )5 Protein 0.000 0.114 0.000 0.015
AENi Lipid 0.153 0.145 0.531 0.540
A% HInteraction 0.002 0.046 0.691 0.918

=7

AR A EIE B RS A & B3 BB M4 BRI (T EAREIR, r=3)

Tab. 7 Effects of different protein and lipid levels in diets on serum biochemical parameters in Pelophylax nigromaculatus (mean=SE,

n=3)

s R A LR EA

2059 BRI AEHAN SMEEET-CHO Hh=ETG HEHALB JREXBUN
H [ E¥HDL-C fH [ BLDL-C

Group GPT (U/L) GOT (U/L) ! (,nriol L) (,‘IIII?IOI L) (mmol/L) (mmol/L) (g/L) (mmol/L)
38.5PSL 40.36+3.83 157.43£3.75"  1.2120.12%  0.44+0.00° 2.3020.17° 0.67+0.05°  134.8245.49° 4.76+0.10"
38.5P10L 38.86£3.07 146.93£2.40° 1.04£0.11°  0.45+0.01° 2.56£0.13"  0.88+0.03" 142.71+3.49" 4.75£0.26"
41PSL 46714559 169.04£6.22°  0.93£0.06"  0.44+0.01° 248+0.11°  0.80£0.05™ 151.4+3.88" 5.02+0.18"
41P10L 45.26+0.67 160.48+7.11° 121£0.12%  0.46£0.01° 2.7940.20" 0.88£0.01" 151.95£6.34 5.33+0.09"
43.5PSL 46.66+3.31 158.91x10.72" 1.48+0.05°  0.47+0.01° 2.82+0.17" 1.04+0.12°  156.79+6.99™ 5.13+0.12"
43.5P10L 48.6842.30 166.2843.46" 131x0.07°  0.47+0.01° 2.77+0.10° 0.97+0.09" 152.28+4.29” 5.29+0.17"
46PSL 48.96£7.05 17621£11.60° 1.53+0.06°  0.44+0.00® 3.35£0.12°  0.95£0.01° 153.3843.59™ 5.27+0.05°
46P10L 50.4942.47 174.63£7.06°  1.63%0.12"  0.46£0.00™ 3.43+0.11° 1.02£0.02°  163.17+3.42° 5.17+0.11°
1Ak} 2R H Fi 7K P Dietary protein level (%)
38.5P 39.61+2.22° 152.18+3.08°  0.89+0.08"  0.44+0.01" 2.43+0.11° 0.7740.05° 138.77+3.40" 4.76+0.13"
41P 45.98+2.54"" 164.7624.64"  1.0740.09°  0.45£0.01""  2.64+0.12°°  0.84+0.03® 151.67+3.32" 5.18x0.11"
43.5P 47.67£1.86™" 162.60£5.30""  1.40+0.05"  0.47+0.01" 2.79+0.09° 1.01£0.07" 154.53+3.80" 5.21+0.10"
46P 49.73£1.43" 175.4246.09"  1.58£0.06"  0.45+0.01"" 3.39+0.08" 0.99+0.02" 158.2743.12" 5.22+0.06"
Tk 7 7K *FDietary lipid level (%)
8L 45674240 165404437  1.17£0.11°  0.45£0.00" 2.74+0.14 0.86£0.05 149.10+3.37  5.05+0.08
10L 4582+41.66 162.08£3.82  1.30£0.08°  0.46£0.01" 2.8940.12 0.94+0.03  152.5242.92 5.13£0.10
Two-way ANOVA
AR Protein 0.107 0.042 0.000 0.081 0.000 0.003 0.006 0.019
fi& i Lipid 0.958 0.527 0.047 0.044 0.163 0.111 0.334 0.416
%% HInteraction  0.952 0.611 0.048 0.661 0.588 0.216 0.451 0.549
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Fig. 1 Results of oil red O staining in the liver of Pelophylax
nigromaculatus (400x)

1.38.5P8L4; 2. 38.5P10L4H; 3. 41P8L4; 4. 41P10L4H; 5. 43.5P8L
2H; 6. 43.5P10L4; 7. 46PSLA; 8. 46P10L4L; CV. 1 geiff ik, K
AR X3k LD. g, BUR K. SRR R T 25
Hriede, FAEHE EARA RS 7B (a, b, )R AR E
AR 7K1 S 2 58 LA T (P<0.05), [R50 Kl EARAN R K
HRHA BRICRELE R A /K -2 57 2 3% (P<0.05),
FFEHE EFARIR S 7 REX, YIRRIEAR AR KT L 2R
W2 (P<0.05); ~E

1. Group 38.5P8L; 2. Group 38.5P10L; 3. Group 41PS8L; 4. Group
41P10L; 5. Group 43.5PSL; 6. Group 43.5P10L; 7. Group 46PSL;
8. Group 46P10L; CV. Central Veios, shown in the central blank
area. LD. Lipid Droplet, shown in the area. Data are analyzed
using two-way ANOVA, the data with different lowercase (a, b,
etc.) in the same column represent significant difference in the
interaction (P<0.05), different uppercase (A, B, and C) represent
significant difference in the dietary protein level (P<0.05), and
different uppercase (X, Y) represent significant difference in the
dietary lipid level (P<0.05); the same applies below
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Fig. 2 Effects of diets with different protein and lipid levels on
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liver protein metabolism-related genes in Pelophylax nigromacula-
tus
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Fig. 3 Effects of different protein and lipid levels in diets on liver
lipid metabolism-related genes in Pelophylax nigromaculatus
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DIETARY PROTEIN AND LIPID LEVELS ON GROWTH PERFORMANCE,
HEPATIC ANTIOXIDANT CAPACITY, AND PROTEIN-LIPID META
BOLISM OF PELOPHYLAX NIGROMACULATA

SHI Xu, WU Xiong-Qi, ZHONG Lei, HU Yi and DAI Ji-Hong
(Fisheries College, Hunan Agricultural University, Changsha 410128, China)

Abstract: This study was conducted to investigate the effects of different dietary protein and lipid levels on the growth
performance, hepatic antioxidant capacity, and protein-lipid metabolism of juvenile Pelophylax nigromaculatus. A 4x2
factorial design was used, with dietary protein levels set at 38.5%, 41%, 43.5%, and 46%, and dietary lipid levels of 8%
and 10%, resulting in the formulation of 8 experimental diets. Juvenile P. nigromaculatus with an initial body weight of
(15.00+0.10) g were fed the diets for 8 weeks. The results indicated that the average weight gain rate (WGR) initially
increased and then decreased with increasing dietary protein and lipid levels. The 41P10L group achieved the highest
WGR, but no significant difference was observed compared with the 38.5P10L and 41P8L groups (P>0.05). Additio-
nally, the 38.5P10L group showed the highest protein efficiency ratio (PER) (£<0.05). Among all groups, the 46%
protein group had the highest average contents of serum total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), albumin (ALB), and urea nitrogen (BUN), while the 43.5% protein group exhibited the highest average
contents of serum triglycerides (TG) and low-density lipoprotein cholesterol (LDL-C)—with these respective indices in
both groups being significantly higher than those in the 38.5% protein group (P<0.05). The results of oil red O staining
indicated that lipid deposition in the liver of P. nigromaculatus was aggravated at the 10% lipid level, particularly under
43.5% and 46% protein levels (P<0.05). The average serum activities of glutamic-pyruvic transaminase (GPT) and
glutamic-oxaloacetic transaminase (GOT) in the 46% protein group were significantly higher than those in the 38.5%
protein group (P<0.05). Additionally, the average activities of intestinal digestive enzymes, hepatic antioxidant
enzymes, and the malondialdehyde (MDA) content increased with the elevation of dietary protein and lipid levels.
Regarding gene expression, the relative expression levels of hepatic mtor and s6k in the 46% protein group were signifi-
cantly higher than those in the 38.5% protein group (P<0.05), while the hepatic cptl expression level in the 10% lipid
group was significantly higher than that in the 8% lipid group (P<0.05). In conclusion, although a dietary protein level
of 41% supported higher WGR, it resulted in reduced PER. In contrast, dietary protein levels of 43.5% and 46% were
more prone to induce aggravated hepatic lipid deposition and hepatic injury. Considering comprehensive factors includ-
ing growth performance, protein utilization efficiency, and hepatic health, the optimal dietary protein level for P. nigro-
maculatus was determined to be 38.5%, with an optimal dietary lipid level of 10%.

Key words: Feed protein; Feed Lipid; Growth performance; Antioxidant capacity; Protein-lipid metabolism; Pelophy-
lax nigromaculatus
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