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FEZE: WL (Cyprinus carpio haematopterus) & H E A [ XU AU R EEROK & TE 02, HOMARHE 1Y
TR BB, S AR L S . ARIAE TR S BT X AN () DRk AR KT RO 35 R RFBE T, X0 i 4
FiiEN (360.22£1.02) g A FC AR IR 2E (9 i /0 5000 91K 22.63% (D1) . 25.32% (D2). 28.15% (D3). 31.43% (D4).
34.18% (D5) fSEH AR, S5HRKM . D3 HA KRG T | R A KSR 1 SRR 3 e T A 2
(p<0.01), TR RECE EICT I ML (p<0.05), D3 HMERKILE GH. IGF-1 FIE A MILE TOR. 4EBP2 AHX] %
i BT D1, D4 M D5 41 (p<0.05). D3 AL A= A ik 45 B S i AN N 2 i o 1 i 5 IKF D1 A D5 41, R
B B R I 5 1t 35 R TIX A (p<0.05). D3 A MRG h Y o-TER B . BRIVITE . BEER MG . ALY LRE . A
AU M SO IR IDE H RS i B35 T D1 AT D5 4 (p<0.05), TP 8 % i A i IR T HABAH (p<0.01), D5 4
R Rhag. Rhbg #1 Rhcgl AN Fik i 38 T AL (p<0.05). UG EIE T, BT HEA ARk & 1T
KA1 H 28.57%~29.04%
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Abstract: Yellow River carp (Cyprinus carpio haematopterus) is a unique and important freshwater economic fish whose de-
mand for feed protein is lower than that of other carps. In order to explore the adaptation and utilization ability of Yellow River
carp to different dietary protein contents in terms of growth traits, immunity and metabolism, we fed the yellow carps of initial
body mass of (360.22+1.02) g with test diets with protein contents of 22.63% (D1), 25.32% (D2), 28.15% (D3), 31.43% (D4)
and 34.18% (D5). The results show that the weight gain rate, specific growth rate and protein efficiency were highly significantly
higher in D3 group than in the other groups (p<0.01), and the feed coefficient was significantly lower in D3 group than in the
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other groups (p<0.05). Relative expression of growth genes GH, IGF-1 and protein synthesis genes TOR, 4EBP2 were signifi-

cantly higher in D3 group than in D1, D4 and D5 groups (p<0.05). Serum biochemistry levels of glutamic and glutamic amino-

transferase were significantly lower in D3 group than in D1 and D5 groups, but alkaline phosphatase levels were significantly

higher in D1 and D5 groups (p<0.05). The enzyme activities of a-amylase, lipase, trypsin, superoxide dismutase, catalase, etc.

And the content of reduced glutathione in D3 group was significantly higher than those in D1 and D5 groups (p<0.05), and

malondialdehyde was highly significantly lower in D3 group than in the other groups (p<0.01). The relative expressions of Rhag,

Rhbg and Rhcgl among ammonia metabolism genes were significantly higher in D5 group than in other groups (p<0.05). The fit

regression analysis shows that the optimal dietary protein requirement of Yellow River carp is about 28.57%—29.04%.

Keywords: Cyprinus carpio haematopterus; Feed protein; Serum biochemical; Enzyme activity; Relative expression
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(Cyprinus carpio) XJ fapRHE 1 51 15 3K i[5 52 1
JE R BRP RO R SRR
STAFAEZE S ITAER, BRACEIRDR & 5
BHNMRY . SMSERIREZ, s AR, F
WA D 23 DB TR A B RURAR - P v ELAR A
MR FHEACR A ), A 2 s AL I A
&, e AN TRl B0 DR B AR oK, R
B W E R U R R F BT, MARAS E ikt
BGRIRBEZ | A B AR

2022 4F, FREBEFRIE R Ik 284.3 JT0E, oY
SRR AR 10.49% " BT (C. carpio
haematopterus) &3 B A B ARE U HF
AHREEPOKAT AL, HARERE ., FREK .,
PR D5 SRR O TR SR, ST R A
R 1) DR B 1 SR AR AR S LA B
BN SZRGRARL, eI A [ R KX B
TEEAE A PERE . M Ak . AP BETS ) & mRNA
FIBKF B, B BT A 4RDRE B KR
oK s DA IR B DR F T 5 0T K B9 7€ 3
a0 A SR EC A RDRL I SR G SR A O
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1 MRS TE

1.1 (EARE T FAFHIF

TR T #e (BRI S iR ) (GB/T 36782—
2018) Beit, LR DL IR AR 1 o R
U8, fadl, SN FEEAR IR, BCH A (T
BN 22% . 25%. 28%. 31%. 34% HUfRRL, #%1d

BHERHE R R ARBUS , 1 60 HIf, %%
GBI IR FORHR A Y5), JR A By Ee il
A G, RMRAE, HRERR 3 mm 1
TRHERL, [ RIKT IR T-20 C A% Gk
YUNIE TR W3 1,
1.2 LWEREFEE

SR o E K FERNER I B SA e T K R
FEIT v A K PRI, B FR TR SR I A = Y
TEFR KRG, PR FTE A (360.22£1.02) g
Y E R (120 F2), FEBLMECE] 15 D3RKAE (46
cmx32 cmx52 cm), BHK I PEE, BT EE
8 BAf, LRIV 24 h, 28 A 56d, HER
FERFHEME 3 Yk, HAEME NIRRT 5%, RiEk
R HE . FRRK RIS A kK, Rk
HAEHITE (25+1) C, & 2d ok 1R, B 1/3,
1.3 HFmRESE

FIHAE NG, GG R R R . K
W RIFH AR A%, [RIEPR ALk 24 h, H
200 mg-L™" fY) MS-222 MR IR BEIRRIR, B B 4%
TR, TR R KR R
R OEABCE . BAPATHIFLER 3 B, At
LS 9 BB, T N RS . IR T 4 °C
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M3, EFHEBET 2 mL MG, B8 -80 C
VKA RAE, BT I AR AR o dr . UL ST B A
O R&EW . FRESLEV AR A, WS AART
—80 °C VKA, FH T I8 0 Ak B A0 R e S A
WER AT B . B . BRALZU A RNAlater
(Thermo, FE[E) PRAFM, 4 C E 24 h )5, Eik
RNAlater {47, T —20 °C 47, HTHIYEH
FARHT
14 EHKMEgESIHEARX
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Table 1 Formulation and proximate composition of experimental diet (Dry matter) %

JEORL 42 ik TR FUBUBT R 4348 (4151]) Mass fraction of protein (Group)

Ingredient 22.63% (D1) 25.32% (D2) 28.15% (D3) 31.43% (D4) 34.18% (D5)
fi1 5} Fish meal 20.00 20.00 20.00 20.00 20.00
fi% 8 4 Casein 4.50 9.30 14.00 19.00 23.70
13l Fish oil 2.00 2.00 2.00 2.00 2.00
523 Soybean oil 2.30 2.30 2.30 2.30 2.30
YK Wheat meal 20.00 20.00 20.00 20.00 20.00
T KFEHS Cornstarch 20.00 20.00 20.00 20.00 20.00
At R K} Vitamin premix 0.50 0.50 0.50 0.50 0.50
Y TR A Mineral premix 0.50 0.50 0.50 0.50 0.50
S L] Choline chloride 0.30 0.30 0.30 0.30 0.30
PR — 5055 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00
14 Cellulose 23.60 19.60 15.50 11.20 7.20
DL-ZEZ ik DL-Met 0.80 0.60 0.50 0.40 0.30
L-J3 % L-Thr 1.20 1.00 0.80 0.60 0.40
MR L-Lys 2.30 1.90 1.60 1.20 0.80
&1 Total 100.00 100.00 100.00 100.00 100.00

B 3E/KF Nutrient level

M Crude protein 22.63 25.32 28.15 31.43 34.18
MR Crude lipid 6.50 6.60 6.30 6.60 6.50
iR Lys 3.12 3.14 3.17 3.28 3.07
FE I Met 0.91 0.99 0.93 0.99 0.92
AR Thr 1.83 1.70 1.70 1.71 1.70
S8 Phosphorus 1.13 1.00 0.97 0.95 1.15

TE: BT o0 HARPHIRAHR LI T i 484K A 120000 1U; 443 D5 40000 1U; 4E4:3 E 1400 mg; 4E4E 3K K; 350 mg; 4E4E R B, 200 mg;
#i/E# B, 200 mg; 4EAE B 270 mg; #i/EE By, 1.2 mg; 4EAEE C 3500 mg; D-IZHR%ES 850 mg; MMERL 1000 mg; MR 85 mg; D-/E
Y% 4.0 mg; JIEE 1400 mg; £ 850 mg; % 700 mg; 4f 370 mg; 4 136 mg; #k 3100 mg; 4% 33 mg; Ml 20 mg; fifi 10 mg.

Note: The premix provides the following per kg of diets: Vitamin A 120,000 IU; Vitamin D3 40 000 IU; Vitamin E 1, 400 mg; Vitamin K; 350 mg;

Vitamin B; 200 mg; Vitamin B, 200 mg; Vitamin Bg 270 mg; Vitamin B}, 1.2 mg; Vitamin C 3 500 mg; Calcium D-pantothenate 850 mg; Nicoti-
namide 1000 mg; Folic acid 85 mg; D-biotin 4.0 mg; Inositol 1, 400 mg; Magnesium 850 mg; Zinc 700 mg; Manganese 370 mg; Copper 136 mg;

Iron 3, 100 mg; Cobalt 33 mg; Iodine 20 mg; Selenium 10 mg.
(Survival rate, SR), MRAEH) . ARG R TR PEl;il?(: V\[f{i\‘;\: ;—/I/(V;))(]Pj]li()l‘;/;o% E:;
B IR (Weight gain rate, WGR) MIFRFEA KR (Spe- zprpr, N, JRGE R N, WOIGREG W, MR
cific growth rate, SGR), AR{GH BT EE5 BHETTHS 44:}@ (g); Wo MWAIKTR (g); F AHEEh
kR %L (Feed coefficient, FCR) MIEHBUER  (9); ¢ NI (d); pﬁﬁ*#EP*E%E)ﬁ%ﬁ%‘ﬁ(%)o

(Protein efficiency, PER): 1.5 mFEASEFENE
SR=N,/N,x100% (1) KGN B A=y B 7 o 1B A FR S /) A 7
WGR=(W,-W,)/W,x100% (2 WEARH &, ] (BS-350E, HE) Ak @ 3T

SGR=[(InW:~-InWo) /1] x100% G) I i A AR bR . TR RS (ALT) . &
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FAE M (AST) . BREH (GLO). BEH (TP). H
HH (ALB), BHEEE (TC). HM =M (TG). B
VEBFIZNE (ALP) . % AR R (HDL-C) . JRIR
(UA), HMTrikZRiutm45,

Wi P REE A (TPS) . BRI (LPS). a-BEH}
B (a-AMS) FIFFIE il A ALY AL (SOD) . 1%
L% (CAT) SEMEFVEAITN —JE (MDA) . Rt
JEPEABEH IR (GSH) &5 5 32k FH g st il A= 9 T
FERITFE AT FR A ml S A @l , SR &
UL IE o
1.6 FEXTEFERIEHNE

FIH RNA $2HGAGH & (Qiagen, 8[E) RIS
HAUP g . BEARAY L RNA. R Prime Script™
RT reagent Kit with gDNA Eraser (Perfect Real Time)
(Taraka, H[E) 1T RNA fe#55%, PG NCBI %L
P PEARAS AR KA OCIE AR KR (GH) . R R
A RET (IGF-1), #HHBE AR H R R
N (TOR) . HAZANMEEIEELG N T 4E 455
(9 2 (4EBP2) KA LR Rh % 5 (Rhag.
Rhbg M Rhegl) JEH)F51], FFHIH] NCBI %4 1% 1Y
Primer-BLAST 2Pt 51¥), ZBHATAY T#E
(L) ety A FRAF GG L B-actin WS
S, RSO E S PCR, RN AWAR 20 pL,
K SYBR Green J4#Li%, DL Agilent Mx3005P
S2 7 B PCRAYHEAT mRNA FHIXS & 5 R K517,
BHRDER 3K, BTGP 2 s,
1.7 HEZITESH

fi ] Excel 2016 BT 2748 AT SE PO
sk PCR S HHE o, IFIH Excel 2016 1 F
eI SR SPSS 21.0 FAFHEA TR BT (A
ZE 5 24381 One-way ANOVA), Duncan's K554 7
ZHEILE, SSRERLL P EEAREDR (Rts)”
FIR, p<0.05 FRZERWE, p<0.01 FIR2EFHK
B, BAG AR FI Excel 2016 #AFH1E
Y77 FEAAU A LR KA s S AR 1 2 R A A A O
KE, W R AR

2 4%

2.1 (AREARK R E TS KRR RN

AN T A ek 2 1A SR K S xR A K e Y
WGR., PER, SGR. FCR. SR WU 3% 3, Ffi
Tl RHE KRN, WGR., SGR F1 PER #5:5k
THEFER#aFEY, ¥AE D3 dikRlRmE, WmEEm

K2 WHEE PCRE|Y
Table 2 Primers used in quantitative real-time PCR

2P S ST 5 (5—3"
Gene name Sequences of primers (5'-3")
. F: GGGGAGAGCATCAGACAACC
GH"
R: CAGGCTGTCCTCAAAGTCGT
F: GGCGCCTCGAGATGTATTGT
IGF-1?
R: TCCTTGGGCTGTCTGTATGC
- F: AGCTAAGCCAAGATGAAGCCA
TOR?
R: ACTATGGCCAGGATACCACCT
- F: CCTCACGACTATTGCACCACT
4EBP2Y
R: CTGGGCGATGGGTGAGTTA
had® F: AAAGAAAGACAATGTTACGGCCA
Rhag”
R: AATCAGGCCTGTGATCAACCC
e® F: TCGCAGCCTTTTCCCTACAG
Rhbg”
R: CTAGTCACGCCAACGTGGAT
/, F: GTTCCTCCAGTCCTGGCTTAT
Rhcgl“D
R: ACGCTGCTCCACGAAGTTT
F: GCCGTGACCTGACTGACTACCT
B-actin

R: GCCACATAGCAGAGCTTCTCCTTG

HE: OERKYME; QLRBEERAT; O BMERLEN;
@R G I F 4E 25681 2; O—ORhEAFKE
(Rhag. Rhbg Fl Rhcgl).

Note: @D Growth hormone; @ Insulin-like growth factor 1; ® Rapamy-
cin target protein; @ Eukaryotic translation initiation factor 4e
binding protein 2; ®— Rh protein family (Rhag, Rhbg and
Rhcgl).

THABL (p<0.01); 1M FCR S5 TR,
& 28.15% I} D3 A 2 F AR T HABH (p<0.01),
Pl SGR. FCR A y, IEHFUKE-AH
A x, P T R IENE O RGBT y=
—71.533x°+40.874x—4.5322 (r2=0.9556) Fll y =
211.3x% —122.74x +19.838 (2=0.9896); 4 x=
28.57% M}, SGR &K (K 1); 24 x=29.04% K,
FCR /) (B 2); Kk, #T# SGR Hl FCR Y fx
AEER TR 2 00 0 R 28.57% F1 29.04%
2.2 AMEBRKEXEIAE N E A W SRR R
ARV SR A5 T, BT 3 AR Ak
FEPRIEPEAR L B WA 4. Bl DR A KR
B, ALT Fl AST Z5eRE)5FH#a S, 78 D3 4lik
FAK, ©EACT D1 A D5 4 (p<0.05); fij ALP
BAETHEREES, £ D3 AikdliE, BEAT
D1 #1 D5 2 (p<0.05).
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Table 3 Effects of different protein contents on growth performance of Yellow River carp

7 KPR R 5 E 4040 (2H971) Mass fraction of protein (Group)

Growth performance 22.63% (D1) 25.32% (D2) 28.15% (D3) 31.43% (D4) 34.18% (D5)
WA 1A Initial body mass/g 357.3040.92 360.30+3.01 363.230.52 362.04+2.14 358.23+1.76
2R KTkt Final body mass/g 650.31+0.33¢ 703.12+4.82° 765.01+7.27° 729.81+9.51° 654.48+0.72°
PRI R WGR/% 82.01+0.46% 95.15+0.41° 110.60+2.08° 101.56+1.87° 82.71+0.86¢
FEEA KA SGR/(%-d ™) 1.07+0.00¢ 1.19+0.00° 1.33+0.02° 1.25+0.02° 1.08+0.01¢
T H TR PER/% 1.58+0.01° 1.70+0.02° 1.80+0.01° 1.5040.05¢ 1.15+0.02¢
kLR FCR 2.87+0.01° 2.3540.03¢ 1.97+0.01¢ 2.16%0.07¢ 2.57+0.05°
JEIE % SR/% 100.00 100.00 100.00 100.00 100.00

T T b B PR RN 25 57 B3 (p<0.05).

Note: The values with different superscript letters within the same line are significantly different (p<0.05).

= 14 y=-71.533x+40.874x-4.532 2 31 y=211.3x2-122.74x+19.838
2 .ﬂ:09556 - r’=0.989 6
€ 13} . £ 27

2 &S

RE 12 . M 23

#HE =38

wE LI Eg g

ﬂ ‘5‘0 LOL': 1.9
& 10t 28.57% l 29.04%
9 1.5
& 09

20 22 24 26 28 30 32 34 36
B 3 0 5 731 Mass fraction of protein/%
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Fig.2 Relationship between different dietary protein content
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Fig. 1 Relationship between different dietary protein

. and feed coefficient
content and specific growth rate

23 AREORKENETRGENLEBEOEMN  o-AMS, LPS M TPS SRR L L3 5. B 1A Rk
AR USRS 2T, BB R FIBUKFRSEIN, a-AMS, LPS I TPS if#EH 2 5%

R4 ARIE B BUK T X E AR N E A R R

Table 4 Effects of different protein contents on serum biochemical of Yellow River carp

M3 AL, A BSR4 (41571) Mass fraction of protein (Group)

Serum biochemical 22.63% (D1) 25.32% (D2) 28.15% (D3) 31.43% (D4) 34.18% (D5)
BNFEE N ALT/(U-L™) 18.40+1.31° 15.10+1.41% 12.60+1.03 13.630.97" 17.63+1.08°
A AST/(U-L™) 100.77+4.36* 80.93+1.05" 69.50%4.27° 77.10+2.81% 89.53+3.91°
B PERE R ALP/(U-LT) 29.53+2.38" 37.3342.39™ 45.4742.77° 37.73+2.98" 29.3342.36"
MEH TP/(gL™) 33.40+0.91 32.80+0.79 33.40+0.08 33.23+0.21 34.03+0.41
8 ALB/(gL ™) 12.20+0.54 12.23+0.27 12.30+0.25 11.97+0.30 12.43+0.07
RSUIRE B TC/(mmol-L™) 5.81+0.17 5.56+0.16 5.36+0.09 5.21+0.21 5.23+0.37
HH =g TG/(mmol-L™) 1.07£0.12 1.24+0.12 1.04+0.07 1.04+0.15 1.14+0.10
75 %% R [ B HDL-C/(mmol-L™") 2.7840.02 2.7240.06 2.69+0.02 2.69+0.03 2.70+0.07
JRIR UA/(pmol-L™) 33.73+2.41 33.77+0.69 34.90+1.27 30.10+1.35 32.33+1.12
HRIEF GLO/(gL™) 1.0740.00 1.19%0.00 1.3340.02 1.2540.02 1.08+0.01

T FAEdE T AR REARRZRR 257 B3 (p<0.05).

Note: The values with different superscript letters within the same line are significantly different (p<0.05).
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THERES, YWTE D3 HiklEmmlE; Hh, a-AMS

TEPERE =T D1 A D5 41 (p<0.05).

TN B35 T D1 D5 40 (p<0.01); LPS Fl TPS

RS ABIE B Bk T3 E A8 L EE RO R200

Table 5 Effects of different protein contents on digestive enzyme of Yellow River carp

Ak TR BSR40 8 (4H.51) Mass fraction of protein (Group)

Digestive enzyme 22.63% (D1) 25.32% (D2) 28.15% (D3) 31.43% (D4) 34.18% (D5)
o-FERIEE 0-AMS/(U-mg ™) 0.38+0.01° 0.42+0.01° 0.44+0.01° 0.42+0.01° 0.39+0.01%
i LPS/(U-g) 0.52+0.03" 0.63+0.01® 0.70+0.02° 0.62+0.04 0.50+0.08"
JREE I TPS/(U-g ™) 0.38+0.05" 0.47+0.03 0.59+0.06 0.49+0.04 0.38+0.03"

T AT b B PR RN 25 57 B3 (p<0.05).

Note: The values with different superscript letters within the same line are significantly different (p<0.05).

2.4 (ERIE A BRK T E i ER BT AR i S AL BB RO 22N

N GIRGIE % S W5 i S P 3 o S R G 1§ 1
SOD. CAT ifi?h#1 GSH. MDA & 875k i il
% 6. BEEFEERHAKFRE, SOD. CAT itk

Ml GSH & R EkEmEas, M7 D3 Hik
ik ; MDA & RERETMESE, B
D3 ik F MK, D3 4 SOD, CAT. GSH,
MDA 4 F D1 Ml D5 A W E M 25 (p<0.05).

6 ARIE BBk EA R AU

Table 6 Effects of different protein conte

nts on antioxidant oxidase of Yellow River carp

P LR &

Antioxidant oxidase 22.63% (D1)

A ALEE SOD/(U-mg ™) 85.24+0.11°
LA CAT/(Umg™) 1.85£0.06°
IR JEHEAS B H K GSH/ (pmol-mg ™) 5.13+0.23¢
N ¥ MDA/(nmol-mg ") 0.55+0.06

5 BT 8 (44 51)) Mass fraction of protein (Group)

25.32% (D2) 28.15% (D3) 31.43% (D4) 34.18% (D5)

96.2140.95" 101.73%0.44° 97.504£0.97* 82.7042.45°
2.67+0.29™ 3.14+0.16" 2.48+0.24" 2.02+0.11™
7.2340.09° 9.8240.55° 7.83140.64° 5.600.35°
0.34+0.05® 0.28+0.05" 0.40+0.02° 0.53+0.09*

T T b B PR RN 2557 B3 (p<0.05).

Note: The values with different superscript letters within the same line are significantly different (p<0.05).

2.5 AMEARKENENEEKERBMNRIEE
pp=A|
AN TR R B BT K SRR, TR A Y
GH 1 IGF-1 JEFIAHX Rk BB G DLW 3. Bl

< 4
v 5
I = 3 a
0z T
H'ii' 8 e c b b 1 b be by
_‘%E 1 I I I I + I z
E
20
22.63 25.32 28.15 31.43 34.18
#1535 £ 4741 Mass fraction of protein/%
GH IGF-1
B3 GRHE ARSI GH. IGF-1 2
FHR 3K B 2

e e ERRTF IR 25 B (p<0.05),
Fig. 3 Effects of different protein contents on relative
expressions of GH and IGF-1 in brain

Notes: Different letters on the same colored square column represent
significant differences (p<0.05).

HRHE [ BUKFRY3E N, GH Rl IGE-1 BERARXT
Tk m Y RATHE AR E, B D3 4
Fen THAR S (p<0.05),
2.6 fAMEQRKENEVENELREGHERE
MRIZEHTL
ARV RHE F BOK - 25T, SRR TOR Al
4EBP2 JERAIX Ik i AL AB O VLI 4. Bl 1))
A RKFRY38 A0, TOR 1 4EBP2 JERIAHX 1k
BTSRRI IA, HAE D3 HiR Ik E
BEET D1, D4 1 D5 4 (p<0.05).
2.7 fAMEARKENETERIFEEBENREZE
A EEHE UK 25T, SR Rhag
Rhbg Fl Rhcgl KA FRIA BB ILIE 5, B
ARV F SRR, Rhag. Rhbg #1 Rhegl
B FHXT R AR 2B E A, D4 Al
D5 ZH 1% Rhag &K AHX Rk B & T D1 A
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Relative mRNA level

22.63

B B I B 47 2 Mass fraction of protein/%
= TOR = 4EBP2

25.32

28.15 31.43 34.18

K4 AR A BUKFXS% TOR. 4EBP2
LEROESUS i AL
T RO EARRTERR 225 B3 (p<0.05).
Fig. 4 Effects of different protein contents on relative
expressions of TOR and 4EBP2 in intestines

Notes: Different letters on the same colored square column represent
significant differences (p<0.05).

(p<0.05), D3, D4 il D5 41f#) Rhbg Fl Rhcgl 3
HXF Pk B E T D1 A D2 40 (p<0.05).

X RIEH
Relative mRNA level

22.63

25.32 28.15 31.43 34.18

5 5 5 £ 73 1 Mass fraction of protein/%
Rhag = Rhbg = Rhegl

El5 AR F KX Rhag, Rhbg. Rhegl
L DR ARNS 3k e (R 520
T O LA ROR 2 7 B3 (p<0.05).

Fig. 5 Effects of different protein contents on relative

expressions of Rhag, Rhbg and Rhcgl in gill

Notes: Different letters on the same colored square column represent
significant differences (p<0.05).
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