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Tab.1 Formulation and nutrition composition of the trial diets (dry matter)
%
JFUBl ingredient P51LI12 P51L15 P51LI18 P54L12 P54L15 P54L18

{1 #) fish meal 51.50 51.50 51.50 55.00 55.00 55.00
PR poultry meal 5.00 5.00 5.00 5.00 5.00 5.00
EKRFEHH corn gluten meal 6.00 6.00 6.00 6.00 6.00 6.00
K E WA [ soy protein concentrate 8.13 8.13 8.13 9.13 9.13 9.13
A Wi #r wheat gluten 4.00 4.00 4.00 4.00 4.00 4.00
JEH) starch 6.00 6.00 6.00 6.00 6.00 6.00
/NZE ¥} wheat flour 2.20 2.20 2.20 0.00 0.00 0.00
ff1 31 fish oil 4.55 7.55 10.55 425 7.25 10.25
NS lecithin oil 2.00 2.00 2.00 2.00 2.00 2.00
LA+ LW premix-V+M” 1.00 1.00 1.00 1.00 1.00 1.00
S AL HEHE choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
42 cellulose 8.00 5.00 2.00 6.00 3.00 0.00
=4k —4Z marker (Yi,05) 0.10 0.10 0.10 0.10 0.10 0.10
W PR 4N sodium alginate 1.00 1.00 1.00 1.00 1.00 1.00
2,6-ZRUT HX B BHT 0.02 0.02 0.02 0.02 0.02 0.02
Z 35K nutrient level™

7K 43 moisture 8.09 8.46 8.56 7.18 7.93 8.11
HLZE & crude protein 51.11 51.05 51.13 54.08 54.14 53.99
HLIE W crude lipid 12.01 15.07 18.07 11.96 15.11 18.07
kKL 5 carbohydrates 8.55 8.59 8.46 7.47 7.36 7.42
MK 43 crude ash 11.68 11.73 11.78 12.41 12.46 12.41
fit & energy ™ 18.28 19.48 20.66 18.77 20.01 21.16
EHE e (2/k)) P/E 27.96 26.51 24.75 28.81 27.06 25.52

i *Z4E+2 8 (mg/kg or 1U/kg): 4E/EZE A 750000 1U; 4E/EE D3 200000 1U; 4E/EE E 6000 mg; #i4: 2 K3 2000 mg; 4i4: % Bl
1200 mg; 442 B2 1200 mg; #4E4:% B12 8 mg; 4i4E# C 21000 mg; D-1Z 245 2000 mg; ML 9000 mg; /% 370 mg; D-4 Y%
15 mg; JLEE 10000 mg; BRAREE 6000 mg; BRAREE 4000 mg; BRFRHR 2500 mg; BRFRH 2500 mg; BRAREER 2500 mg; BilLH: 160 me;
WLARES 200 mg; WANAREN 40 mg. **¥EFRAKF S fE, ***GERE(EH NRC (2011)FTIE, MAEHAM G (7.2 ki/g). HEAMK
(23.6 kI/g). NEN(39.5 kI/g)fr & RE R 115 g,

Note: * Premix-V+M (mg/kg or [U/kg diet): VA 750000 IU; VD3 200000 IU; VE 6000 mg; VK3 2000 mg; VB1 1200 mg; VB2 1200 mg;
VB12 8 mg; VC 21000 mg; D-calcium pantothenate 2000 mg; niacinamide 9000 mg; folic acid 370 mg; D-biotin 15 mg; inositol 10000 mg;
MgS0O,4 6000 mg; ZnSO, 4000 mg; MnSO4 2500 mg; CuSO4 2500 mg; FeSO, 2500 mg; CoSO,4 160 mg; Ca(I0s), 200 mg; Na,SeO; 40 mg.
** Nutrient level was measured values. *** Calculated using the mean values for carbohydrates (17.2 kJ/g), proteins (23.6 kJ/g), and lipids
(39.5 kJ/g) according to NRC (2011).
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TR B 5% BT (http://www.njjcbio.com/) & FH i 57 &
DZE o ™M BRI FH RIS 25 g6 4w, AR s
HARMERYTRE, TR PR P As T o %
1.8 EBERERZKFUE

HU 80 mg Ze A5 AT ZURE NS, I TRIzol i
7 (Invitrogen, Carlsbad, CA, USA)¥EHULL RNA,
2 PrimeScript™RT i jfl] & (Perfect Real Time,
TaKaRa, Dalian, China)i¥if% 5%k ¢cDNA J5, A7 T
—80 C, LW}t EHE PCR £ ] TB Green Premix
Ex Tag 11 (Tli RNaseH Plus)i® % & (TaKaRa,
Dalian, China) fll Applied Biosystems 7500
RealTime PCR Z&%:(ABI, Waltham, MA, USA)i#
17, WK Z 20 uL, 245 10 uL TB green Premix

Ex Taq 11,6 puL TG 7K .0.4 uL ROX Reference Dye
II. 2 uL cDNA #&# . 0.8 pL 1IEMFI¥F1 0.8 uL
RS, W gapdh HWNSEE, SR 2744
PR L AR 2 387K AT 3R . 43l e Uk MA
FHREEK (c3 . c4. ¢5). RAEHFAHEEH (il-18.
il8 . tnf-B. 1gf-B) Flig B AU AH X B Kl (ppary . g6pd.
IphHEATRI . BT 915 B L3R 2,
1.9 HESHIT

B4 - 4 H 45 HE 22 (x£SDY R R . R H
SPSS 19.0 {4 Xt 52 45 454l E 17 H P 2R (one-way
ANOVA) F1 WK % (two-way ANOVA) 7 2% 43 1,
Duncan 6 56 2H [7] 25 5 i 3 M . P<0.05 £ 7n4H (8] 22
SRE,

®2 SIWERIE

Tab. 2 Primer information list

A FIYFF(5-3) P /op b2 7Res

gene primer sequence (5'-3") product length accession number

gapdh F GGACCCATGAAGGGCATTCT 243 XM_031299603
R TGGCATAGTGCAGTGACGAG

c3 F TTGGTGATGTGAGAGGAGCAG 151 XM_036000405.1
R GGCAGACGCCTTTCCAGATA

c4 F CTGTATTTCAGCGCCCAGGT 141 XM 031317252
R ACGTTTCCTTCAGGTGAGTCG

c5 F TCCGACAATCCCAGTATGCG 87 XM 031302142.2
R ACTGGACTCTGTGACCACCT

il-1p F TGCAGTCTGTGGCTAACCTG 159 XM_031287947
R TTCTCTTCACGCCTGTGGAC

il8 F GATGAGTCTGAGAAGCCTGGG 122 XM _031286001.2
R TCTCGTCGCAATGAGAGTTGG

tnf-p F TGGCCCTTTGTTTAGGAGGC 82 XM 031313322.2
R GTCTGGCCTGGTTGTGTCAT

tgf-p F TTTTGGCCCTGTACCAGCAT 102 XM_031285154.2
R GCCTGCCCACGTAATAGAGG

ppary F GCATGTCACACAACGCCATT 116 XM 031301651.2
R CCTTAGATCTGCTGCCTCCG

g6pd F TTGGATTCGACAGTGATGGGA 215 XM_031316780.2
R CCGTCTCTGTACAACCACCATA

Ipl F GTGCCAATGTGATCGTGGTG 241 XM_031307241.2

=

GCGGGATCCATACCTGTGAT

s gapdh: HIMEE-3-BE BRI S, c3: #MA C3; c4: #MA C45 50 #MA CS5;5il-15: FANFE 1B il8: HANE 8; tfop: BEIRFEEH T B; tef-p:
ALK T B; ppary: it S ALY RIS G Y1 O 5218 v; g6pd: 6-BETR A AW AU RE; ipl: NeaE A N

Note: gapdh: glyceraldehyde-3-phosphate dehydrogenase; ¢3: complement C3; ¢4: complement C4; ¢5: complement C5; il-1f: interleukin 1,
beta; il8: interleukin 8; tnf-f: tumor necrosis factor f; tgf-f: transforming growth factor-f; ppary: peroxisome proliferators-activated receptors

v; gbpd: glucose-6-phosphate dehydrogenease; /pl: lipoprotein lipase.
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o e 2 1 R 1 A8 %o R 0 ) A KA A T
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Eop=A

R R 7 22 T R B, TRDREER SR OF X 4
AR 5T KRR DT | 7K 53 FK 53 TG S 25 ) 4
FH R AR A TE L12 2H 538w T L15 Ml L18

4 (P<0.05) . 1B F1 T KR S1%HF, L12 FIL1S
HHEARZEST LI18 41(P<0.05); ik EH
KR 54%0BF, L12 AAEAREEST LIS
FL18 4(P<0.05), BUH &R I 2/ £, Wk
i 7S Xt e £ ML R PR L K A IR AT Y 3 S
EARED WL 4,
2.3 BFAEALR M

)RR 1 B KR 51%0F, 3 AN A8 5 7K S48
A RFAN M f e, JoA R as AR B4 . RDRHER R
KR 54%0E, TSR RIE L18 440 b K,
oA R s v Ak, AN A% AN Y T R B,
P AR S Dy Re B Mot i L12 A1 L15 4
WA RS , HARIEGILE 1,
24 FAREEMERAKEFERENLKER
Al

FHIE NG B KF T, mkR & A UK S1%4
CAT 1 GSH ¥ & & & TH A K 54%4H
(P<0.05), 1fii MDA .SOD il T-AOC ¥ Tt i} & 25 5% .
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Tab.3 Effect of dietary protein and lipid level on growth indices of juvenile Sander lucioperca

2151 RILCR N LR /g FEG 2% RREAKAR/(%/d)  ITR% IR (g/em®)
group IBW FBW SR SGR HSI CF
A
P51L12 1.1540.01 10.56+0.10% 98.13+0.96 3.96+0.02* B 1.470.06 0.77+0.02
A
P51L15 1.16+0.01 11.85+0.64"" 99.79+0.21 4.15+0.09"P B 1.46x0.14 0.78+0.03
P51L18 1.16+0.00 12.36+0.54" 99.38+0.36 4.22+0.08" 1.61+0.128 0.78+0.01
A
P54L12 1.17+0.01 11.25+0.63P 98.75+0.62 4.04+0.10"" B 1.29x0.16 0.76+0.01
P54L15 1.16+0.02 12.04+0.0748 99.79+0.21 4.18+0.038 1.20+0.15* 0.79+0.01
P54L18 1.17+0.00 11.35+£0.28"8 98.96+1.04 4.16+0.058 1.62+0.03" 0.74+0.02
AR H BT K /% dietary protein level
51 1.16+0.00 11.59+0.36 99.10+0.40 4.11£0.05 1.51£0.06 0.78+0.01
54 1.16+0.01 11.55+0.24 99.17+0.39 4.09+0.04 1.41+0.09 0.76+0.01
KRG I 7K F-/% dietary lipid level
12 1.16+0.01 10.91+0.32% 98.44+0.53% 4.00+0.05% 1.38+0.09 0.77+0.01
15 1.16+0.01 11.95+0.29" 99.79+0.13Y 4.17+0.04" 1.39+0.11 0.78+0.01
18 1.16+0.00 11.86+0.35%Y 99.17+0.05%Y 4.14+0.05%Y 1.62+0.05 0.76+0.01
two-way ANOVA (P-values)
1 J5T protein 0.27 0.90 0.90 0.78 0.36 0.31
A& W5 lipid 0.66 0.07 0.16 0.06 0.17 0.48
22 H. interaction 0.66 0.19 0.73 0.23 0.74 0.43

e AER =%, OREEEMA A 83522 5 A Fl B /R (P<0.05); EARRIZE I BUK AL, AN AR K F-ab B A B3 2255 1 X
'Y F7R(P<0.05).

Note: In the same column again, significant differences between different feed groups were indicated by A and B (P<0.05); under the same
protein level treatment, significant differences between different lipid level treatments were indicated by X and Y (P<0.05).
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Tab. 4 Effect of dietary protein and lipid level on whole fish body composition of juvenile Sander lucioperca

Tk} diet JK 43 moisture HLZE 1 crude protein MG crude lipid K43 crude ash
P51L12 73.26+0.53" 17.66%0.15% 6.05+0.24 3.560.04°
PSIL15 71.75+0.28" 17.50+0.19® 6.88+0.82 3.49+0.01¢P
PSIL1S 72.36+0.3148 16.98+0.23* 5.54+0.82 3.31+0.02%
P54L12 73.43+0.33" 17.61£0.12" 5.97+0.22 3.46+0.035¢P
P54L15 72.58+0.50"" 16.95+0.08* 7.02+0.38 3.40+0.06"5¢
P54L18 72.42+0.2748 16.86+0.11* 6.83+0.29 3.37+0.02"8
TR K- /% dietary protein level
51 72.44+0.31 17.38+0.14 6.16£0.39 3.45+0.04
54 72.81£0.33 17.14£0.13 6.61+0.22 3.41+0.02
TRRHIE I 7K /% dietary lipid level
12 73.35+0.25Y 17.64+0.09Y 6.01+0.15 3.51+0.03Y
15 72.17+£0.31% 17.23£0.15% 6.95+0.41 3.45+0.03Y
18 72.39+0.26% 16.92+0.12% 6.18+0.48 3.34+0.02%
KR ZE T5 225381 two-way ANOVA (P)

#E A i protein 0.13 0.09 0.32 0.16
JIE W lipid <0.01 <0.01 0.21 <0.01
A H. interaction 0.34 0.26 0.41 0.09

T FE =, AREERERA EE2Z5H AL B, C 3 D FKR(P<0.05); 7EA R & FBUKFABT, ARG KFALBE A 225 22

SH X 'Y R (P<0.05).

Note: In the same column again, significant differences between different feed groups were indicated by A, B, C, or D (P<0.05); under the
same protein level treatment, significant differences between different lipid level treatments were indicated by X and Y (P<0.05).

T RHE KSR 51%F, L18 44 CAT. GSH #
SOD JfPE B T L12 41(P<0.05), {H5 L15 4
WA B F %S, 1 T-AOC il MDA 48] 22 53 A i

K1 kAR

3

FIRR I 7K T %o 42 i &) £ JFF FDE 2HL 205
H: IE5 40 D: 28 Ak 40 .
Effect of dietary protein and lipid level on liver histology of juvenile Sander lucioperca
H: Normal hepatocytes; D: Vacuolar degeneration of hepatocytes.

2R HF KO 54%KF, L15 F1 L18 46 CAT

WP T L12 40(P<0.05), L12 4 T-AOC %

1

bl

T L15 F1 L18 4H(P<0.05), i GSH. SOD A
MDA 25 A%, BMIEHLILE 2,
2.5 HERERAXERREBR

3 FAMAIER Y 4 FERIFRIRIKFAE PSILLS
41 5 AR T PS4L15 £H(P<0.05), T ¢3 Fl ¢5 KA
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Fig. 2 Effect of dietary protein and lipid level on liver antioxidant capacity of juvenile Sander lucioperca
Significant differences between treatments with different lipid levels under the same feed protein level treatment were
indicated by capital letters (P<0.05); significant differences between treatments with different protein levels
under the same feed lipid level treatment were indicated by asterisk (P<0.05).
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Fig. 3 Effect of dietary protein and lipid on liver immune-related gene expression of juvenile Sander lucioperca
Significant differences between treatments with different lipid levels under the same feed protein level treatment
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Effects of dietary protein and lipid levels on growth and hepatic health
of juvenile Sander lucioperca
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Abstract: Sander lucioperca is an important cultured fish in Eurasian countries. It has broad breeding prospects
owing to its rapid growth, pronounced adaptability, tender flesh, and high nutritional value. However, the farmed
production remains limited to only 4.29 kilotons, primarily because of the scarcity of suitable, high-quality
compound feeds. This study examined the effects of different dietary protein and lipid levels, and their interactions,
on growth, liver histology, antioxidant enzyme activity, and immune-related gene expression in juvenile S.
lucioperca. The experiment included two protein levels (51% and 54%) and three lipid levels (12%, 15%, and
18%), thus using six distinct feed formulations. Juvenile S. lucioperca [(1.16+£0.01) g] were fed with these
formulations during an 8-week feeding trial. The results showed that the dietary lipid level exerted a significant
effect on final body weight and specific growth rate of juvenile S. lucioperca (P<0.05), whereas no significant
interaction between protein and lipid levels was observed with regard to final body weight and specific growth rate.
At a protein level of 51%, the highest final body weight and specific growth rate were achieved with 18% lipid
content; at a protein level of 54%, these metrics were also greatest at the 15% lipid level. As the lipid level in diet
increased, the crude protein content in whole fish decreased gradually, whereas the crude lipid content showed an
increasing and then decreasing trend. Considerable fatty degeneration of hepatocytes was observed in the 54%
protein, 18% lipid group, which was not observed in other treatment groups. At a protein level of 51%, the
activities of antioxidant enzymes such as catalase, glutathione, and superoxide dismutase significantly increased
with the increase of dietary lipid levels (P<0.05); at a protein level of 54%, the catalase activity significantly
increased with the increase of dietary lipid levels (P<0.05). The expression levels of complement genes (c¢3, ¢4,
and ¢5) and a anti-inflammatory cytokine-related gene (¢gf-f) in the liver increased significantly with the increase
of dietary lipid levels (P<0.05), whereas the expression levels of pro-inflammatory cytokine-related genes (il-18,
il8, and tnf-f) decreased significantly (P<0.05). In conclusion, appropriate lipid levels in diet can improve the
growth performance of juvenile S. lucioperca, save protein intake, whereas excessive lipid level may increase the
risk of vacuolar degeneration of hepatocytes. It is recommended that the protein and lipid supplementation levels
in diet of juvenile S. lucioperca juvenile are 51% and 18%, respectively.

Key words: Sander lucioperca; protein; lipid; growth performance; liver antioxidant; liver inflammation; liver
histology
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