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Bo GBI R S SRR AL M WL 2 2 Rk 3
AT JEORHE 2 b e 0 80 H I, SR 5 e HE S5
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Tab.1 Proximate chemical composition and

amino acid composition of fish protein hydrolysate and

bullfrog protein hydrolysate (dry matter) %

S Kt ER KRR

T e

ydroly. ydroly:

WAL chemical composition
HEAH  crude protein 80.52 68.15
HREMT  crude lipid 0.17 1.72
ZFFER  amino acid
DRERER EAA
JEER  Thr 2.95 2.56
AR Val 3.18 2.44
FHER Met 1.94 1.03
RTER e 2.85 2.07
HEM  Leu 491 3.68
RN Phe 2.62 2.38
W& Lys 5.24 3.82
AR His 1.34 1.25
WEEE  Arg 4.18 4.26
M TEMER YEAA 29.21 23.49
ENFREER NEAA
IR Tau 0.70 0.08
RAH®E  Asp 6.81 5.74
25 Ser 3.12 3.49
BEE Glu 11.34 9.44
H&R Gly 4.61 10.32
W& Ala 428 5.03
R Cys 0.56 0.42
& Tyr 1.84 1.64
MAERFEIEEE YNEAA 33.25 36.18

F: EAA L ZIER; NEAA. JELHZIER: YEAA. M 2%
fZ; INEAA. BAFLHTHEAER, FF.

Notes: EAA. essential amino acid; NEAA. non-essential amino acid;
YEAA. total essential amino acid; ) NEAA. total non-essential amino
acid, the same below.

13 WA eMFEERE

AR SIZ I P AT B A ST S50 3l A R 4 2
B 2502 A W AR, T4 B [ K= 2
W5 Bt B0V 7K ™ B 5 JT 50 40 S 360 A0 B A 2 B 4
GO e 2 O R N Ml 1 R N
(8.00+0.01) g R ZEBEL 8 (W4 F 11 ZR 16 FHOK 7= A
BRAED) X4, TEILARAE 1 BH T B K™ A FR A
AT R 56 d M FRFE S . JFURSC R AT, K
SR 7 d LS W SRR EE , SR X KR4 fa
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®2 RWANESREFRRSER (FUR)

Tab.2 Formulation and proximate chemical composition of

®3 ZREMHIERAER (FYR)

Tab.3 Amino acid composition of

experimental diets (dry matter) % experimental diets (dry matter) %

iiﬁﬁﬁ PC FPH BPH NC afffid PC FPH  BPH NC
¥y fish meal 35.00 26.50 26.50 26.50 DEEER EAA
GH  soybean meal 16.00 16.00 16.00 21.00 R Thr 1.83 1.76 1.87 1.56
Bk wheat gluten 5.00 5.00 5.00 6.00 HE  Val 245 231 247 2.16
EAKREEH  corn gluten meal 10.00 10.00 10.00 15.00 EEHE  Met 0.90 0.88 1.03 0.75
JKfF# A fish protein hydrolysate 0.00 8.00 0.00 0.00 SR e 1.98 1.91 2.13 1.73
KA E A bullfrog protein hydrolysate  0.00 0.00 9.50 0.00 EM  Leu 4.00 3.83 4.07 3.75
/NEF)  wheat meal 24.30 24.00 22.50 21.10 RN Phe 244 2.26 2.05 2.11
il fish oil 2,50 3.30 3.30 3.20 #ER  Lys 2.66 2.64 2.56 2.10
il soybean oil 2,50 2.50 2.50 2.50 AR His 1.37 1.23 1.07 1.05
YR soybean lecithin 150 150 1.50 1.50 WER  Arg 2.71 2.53 2.55 2.12
ZHALZEL yttrium oxide 0.10 0.10 0.10 0.10 MR YEAA 2035 1937 19.80  17.34
FRIEAY"  mineral premix 0.50 0.50 0.50 0.50 ENFRER NEAA
HERIBAY  vitamin premix 1.00 1.00 1.00 1.00 LR Tau 0.49 0.45 0.29 0.34
B —25S  Ca(H,PO,), 1.00 1.00 1.00 1.00 KEAM  Asp 388 378 396 339
SALAERK  choline chloride 0.40 0.40 0.40 0.40 25 Ser 1.99 1.96 2.14 1.78
#4:% C  vitamin C 020 020 020 0.20 BHEEE  Glu 9.27 9.14 9.55 8.47
WA,  proximate composition H&®R Gly 1.96 1.85 3.42 1.65
JK4r  moisture 732 7.15 561 5.86 W Ala 2.66 2.68 3.49 2.16
HE I crude protein 50.00 50.03 49.57 49.71 R Cys 7.59 7.26 7.97 6.80
ARG crude lipid 9.91 10.38 9.18 10.71 F&E R Tyr 1.77 1.63 1.63 1.57
K4y ash 8.31 8.09 841 8.2 MAERFEIEER YNEAA 20.62  28.75 3245 2589

A VIR TR R4 AR R TR R K R, B AR
WA TRARA A 1) 55 G (mg/kg Tk A FAL
2mg, MALHR 0.8 mg, FALEH 50 mg, BRERHT 10 mg, FREREL 80 mg,
TREREE 50 mg, BRMREE 1200 mg, WEER —44% 3 000 mg, SALiM
100 mg, WaH 3.49 g; 2) LR IRAE Y (me/kgliE) AL E 25
mg, MK 45 mg, HERMDEE 20 mg, 44K B, 0.1 mg, 4i4
% K; 10 mg, JUUEE 800 mg, ZHZ 60 mg, JHAZ 200 mg, WL 20 mg,
AMIE 120 mg, 4EE R A32mg, 44K D5mg, 445K E 120
mg, K¥ 8.66 g: PC. IEXTHEZL, FPH. /Kf#fE A4, BPH. 4-4k
KIRE A, NC. i,

Notes: mineral premix and vitamin premix, designed for marine fish,
were purchased from Qingdao Green Biological Engineering Co., Ltd.,
Qingdao, China; 1) mineral premix (mg/kg) diet NaF 2 mg, KI 0.8 mg,
CoCl,-6H,0 50 mg, CuSO,4-5H,0 10 mg, FeSO,-7H,0 80 g,
ZnS0O,4:7H,0 50 mg, MnSO,-4H,0 1 200 mg, Ca(H,P04),-2H,0 3 000
mg, NaCl 100 mg, mordenzeo 3.49 g; 2) vitamin premix (mg/kg)
thiamine 25 mg, riboflavin 45 mg, pyridoxine 20 mg, vitamin B, 0.1
mg, menadione 10 mg, inositol 800 mg, pantothenate 60 mg, tocopherol
acetate 200 mg, folic acid 20 mg, biotin 1.20 mg, vitamin A 32 mg,
vitamin D 5 mg, vitamin E 120 mg, wheat flour 8.66 g. PC. positive
control group, FPH. fish protein hydrolysate group, BPH. bullfrog
protein hydrolysate group, NC. negative control group.

DUHAL P 24 h, 3k UM R AT 15 1 0 K EE 6T 4)) £ Fil
BLAFECE] 12 A 4 D03, HA-4ab3 3 A4
HA), W30 RBMA, FEABIE, fFEENHITHR
KFEF, R E (07:30) B (17:30) 43 9l E47 AT
ZEBERERWME ., FHLE S, KEN
14~16 °C; £RJE R 30~31; pH{E N 7.4~8.2; i f#
AT EN 5~7 mg/L, B RN HR A 0 I BRI S 4
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I AL AE W, O 0 SR AR T T vk o
14 HaRERENERNE

MR FIRIFIAET, FEVLER 6 IR
A IE I IGEEVE R 6t BUREREASORAFE T-20
°C, MFIEEMIARm T, WRERT, X Fra ikt T
24 h YUHRAL 3, FRIBCERA £ 1) G0 E BRI il SR R AL,
T EAR A KSR, BS PR TR B RO,
TEfe e — KM 6 h )5, H4IEHLE 4 B, H
MS222 (1 : 10000, FARFLL) BRERSEE M, M HE
e hiniE, Wi E I EEEE 1.5
mL B0, SRJE P T 2 4 R R T
P 2R 0T GRIEUE E BE SN AT,
B 1k B R A ). M58 I T 2 2 Y AT
O S, PR TF-20 °C vk, HTM
UM AR D o e, B SR B A b
HLHK 2 & 68 T -20 °C vkF /A7, F Tl fa
R ARG R . IR o3 S35l B T -80 °C
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IR VKR T R A

FAARATME GARPR A AR S AE 105 °C
TR R R KT SR AL E A
(VELP UDK142 4> H gh 8 e, B RA]) e
M & R ST -HY Bk I LR D7 &
it (FOSS SOXTEC 2050 &[Gl 4%, Hif); >k
FHG BRI E KA & i, FESE S 3R ke 6 h
(550 °C). KEFEAHFE 110 °C T A 6 mol/L B HCI
HK M 22~24 h, SRJE R H A7 L-8900 A 2 KL iR
43 B4 (Hitachi L-8900 4= H sh & 3R 4 #14L, H
%) W FRDEHRIL A Y 4 S B R 2 1l

Mt sEiE B A AR KA R RNAiso
Plus (TaKaRa) & B i 1 77 19 &L RNA, & Prime
Script™ RT i 7] & (TaKaRa) % 5% i, cDNA, %
FH A2 B 7 5 2R 5 Bl 5% SN (QRT-PCR) 43 M A [al ik
L [8] mRNA A Rk . NS BEH -
actin, FEHFRIENHT EEAEPIENE BO thiE St
FREE A 1 (BOAT1, SLC6A19). Btz Jhmahk
B3R 1 (CATL, SLCTAL), JiFHBRE LR, 12
AR 1 (PAT1, SLC36A1). y' L BIGFRE% 12 %
12 (y'LAT2, SLC7A6) F/NK b 224K 1 (PepTl,
SLC15A1), f#i F SYBR" Premix Ex Tag™
(TaKaRa) & % [ 5 #& PCR 1¥ (Roche Light Cycler
96) #E AT E B PCR S8 . S AR R ALHE 2 pL
cDNA i #z, 10 uL SYBR” Premix Ex Tag™ (2%),
0.8 uL 3514 (10 umol/L), 0.8 uL Ri#514 (10
umol/L) % 6.4 uL 4lizK .

qRT-PCR R /F¥E : 95°C 5min; 90°C5s,
55°C20s, 72°C 10s, 40 KGR, Jo ek th <k
21 (58~95 °C, H:4r8hFhim 1.85 °C)LUHfE PCR
PRI RS BAREM 2ANESR . R 2700
PO TR IE AR ik i

15 BB

TG (survival rate, SR, %)=SLI6 45 HAEHH
1 R/ SR T 4R B £ R < 100%

34 TR (weight gain rate, WG, %)=(Z K&
YRR )/ IR TR < 100%

KR (specific growth rate, SGR, %/d)=
(In ZRARTE —In HI U D)/ SRR K< 100%

TR (feed intake, FI, %/d)y=iTH) IS
/[ FRFE KRB WA R FE + 2R KR F)/2] x100%

TR (feed efficiency, FE)=(ZARIKTE )
TR AR ) A AL A

M i %% R (protein efficiency ratio, PER)=

https://www.china-fishery.cn

(LA AR E ) e A )/ B A ) s B < ) o 2 11 o
)

A TR (protein productive value, PPV,
%)= [(SE 40 2R R & S 0] b R EE 1
F i E A BEEAR ] x100%

I i1 43 T ¥R T SPSS 16.0 A4, X 5
0 2% HhHi FE AT B KR J7 22 03 B (ANOVA) £ 56
YR (A A B 22 TR AA A i 35 25 57 (P<0.05) B, SR H]
Tukey [RiEHFATZE LK, A EUE AT A EAR
R (mean+SE) FIK .

2 4R

21 KEBEGEEAMKBFIHEEANAENEK
4 BE K TR A AR RS2 0

AN [ AL Ah BN R A A R AL} 1 ) 5%
M) UL 3% 4. FPH 4 AYZORMRER | 3G 8 R RIRR 8 A=
KR g % 5 T BPH 41 fl NC 41 (P<0.05), 5 PC
20 ] G Wi 3% 22 5 (P>0.05), BPH 41 A KK |
HE R R E AR KRR PC 4UR NC 4R TG i 3
2e5, HE T NCAHHART PC 4., 4 MAbHLA Y
FENG . SR WPBRGE . B AR MIE
BRI T 25 5% (P>0.05),

22 KEFEGEAMKBIEEANEKRT R
AL & S BR 2R Ak RO 2 0

K St fa B A RIK A 2 e AR O R R o 1 5
M) W& 5. 4 AACERAL K 4y . KLER (L FHLAE 05 75
HICHFLER (P>0.05), NC ALK/ B35 T FPH
4 (P<0.05), 5 PC 41 #1 BPH 41 & it % % & (P>
0.05).

K fift A0 A RK A 25 e 2 0 RS2 BRI &
FERRA A S L% 6. 4 AN BRLH A R ZE GEILIA
RERR . U ESR AR T A IR Y B
255 (P>0.05), HAMTG IR T =R . 2R .
SRR . HER . AR DA RS BT
FPH ZH#f 2 f 1Y, BEAFE BPH A & & 5 PC
Wi, EOTHAIER P RELEAR . 24 TR .
BEMAH E R & EAE FPH 4N 2R (th, HE
R FN AR AT 2 R AE BPH 4 &t i i o
23 KEBEGBEAMKBIEEANKETDH
BEREPEEERE AR

BB T LR B T 3 25 5 (P>0.05),
{H DA T S R P oSt 2 R ARG & R /e BPH 4110 &5 &=
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R4 KBEEZEAMKREFES AN AESE KRR B
Tab.4 Effects of fish protein hydrolysate and bullfrog protein hydrolysate on the growth and feed utilization of S. maximus

ilg\js PC FPH BPH NC
WItktkF/g  initial body weight 8.01+0.01 7.99+0.01 7.97+0.00 8.00+0.03
AAKNRE/g  final body weight 43.87+1.65" 48.01+1.13" 38.40+1.68" 35.8240.49°
T /%  survival rate 84.62+8.88 93.38+1.40 88.46+11.54 74.23+8.22
WAEE 2 /% weight gain rate 448.32420.68" 500.18+14.18" 379.96+20.97° 347.74+6.07°
e K% /(%/d)  special growth rate 2.83+0.06™ 2.99+0.04 2.62+0.07> 2.49+0.01°
B HR/(%/d) feed intake 2.00+0.08 1.9120.05 1.94+0.08 2.03+0.11
ARIER  feed efficiency ratio 1.16+0.06 1.25+0.05 1.13+0.07 1.04+0.06
FHFER  protein efficiency ratio 2.31£0.12 2.50£0.09 2.28+0.14 2.110.12
HHAMUIRZ/%  protein productive value 38.9145.02 38.81+1.87 35.67£1.91 33.47+0.47

e W ATEER AN EAR T BER R 22 5 B3 (P<0.05), T

Notes: Data in the same row not sharing same superscript were significantly different (P<0.05), the same below.

#x5 KBReaZaMKEFEERXKETAR SN
Tab.5  Effects of fish protein hydrolysate and bullfrog protein hydrolysate on body composition of S. maximus ¢,
body 1'07':)’51%;35ition PC FPH BPH NC
FREW  crude lipid 3.63£0.18 4.30+0.07 3.63+0.34 3.24+0.27
HZEMA  crude protein 16.21+0.44 15.52+0.17 15.62+0.32 15.69+0.30
K%y moisture 76.51+0.38 76.50+0.33 77.02+0.59 77.13+0.14
M4y ash 3.60£0.16" 3.28+0.02° 3.48+0.10" 3.91+0.08"
F 6 KMAaEOMKBFEEANAZHNASEREBKRNEZNR (THR)
Tab. 6 Effects of fish protein hydrolysate and bullfrog protein hydrolysate on
muscle amino acid composition of S. maximus (dry matter) %
afi‘f Efid PC FPH BPH NC
DREEM EAA
FEE  Thr 3.37+0.07 3.65+0.10 3.72+0.08 3.74+0.09
AR Val 3.90+0.10 4.08+0.09 3.90+0.06 3.97+0.09
HEK  Met 2.25+0.15 2.32+0.11 2.30+0.14 2.37+0.13
AR e 3.8420.12 3.98+0.08 3.85+0.07 3.9240.11
HEM  Leu 6.52+0.18 6.72+0.08 6.56+0.15 6.67+0.18
ARNEM  Phe 3.55+0.13 3.62+0.10 3.62+0.10 3.62+0.13
R Lys 7.51+0.20 7.63+0.15 7.58+0.14 7.67+0.18
HEM His 1.82+0.06 1.86+0.02 1.79+0.04 1.76+0.05
FER  Arg 4.88+0.14 4.99+0.07 4.89+0.15 4.88+0.16
MUFHEER YEAA 38.00+0.89 38.86+0.50 38.21+0.82 38.60+0.97
JENFEER NEAA
REER Tau 0.45+0.01 0.52+0.02 0.42+0.04 0.50:0.02
REZEM  Asp 8.59+0.19 8.45+0.21 8.54+0.18 8.63+0.21
225/ Ser 3.32+0.09 3.29+0.07 3.38+0.10 3.35+0.09
BEE  Glu 14.72+0.42 14.68+0.25 14.85+0.35 14.96+0.39
H&Z® Gly 3.92+0.14 3.89+0.03 4.03+0.12 3.92+0.12
W] Ala 4.75+0.08 4.78+0.06 4.70+0.09 4.80+0.12
&R  Cys 0.73+0.02 0.85+0.07 0.76+0.02 0.76+0.09
R Tyr 2.93+0.09 3.13+0.01 3.01£0.12 3.04+0.09
MAEL T EIER  YNEAA 39.52+1.12 39.60+0.58 39.68+1.03 39.96+1.14

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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59 B A 3 41 (P<0.05); Fh 42 R 1451 2 R 1
BPH 40 11 & & 2. % = T PC 4181 FPH 41 (P<0.05),
5 NCH & %5 (P>0.05); #NZ M 1E BPH
ZHFINC 2 & B &R T PC 4 (P<0.05), 5 FPH
PTG E 2R (P>0.05) (£ 7)., IELTFRAILR 2
HAIR . AR . HER SN SR TR E IR &
7 7E BPH 41 fl NC 41 {2 3 %1 F PC 4l (P<0.05),

5 FPH AL #E 2 5F (P>0.05); REARR S EIE
BPH 41 th 2. % = F PC 41 (P<0.05), 5 FPH 4| Al
NC 4 . # 2 5 (P>0.05); NZ M BPH 401
SR DE ST HAL 341 (P<0.05); BEERR & RAE
NC 41 3% T PC 4 (P<0.05), 5 BPH 41 FPH
HIC W E 2SS (P>0.05),

®7 KBEERNKBIEEAMNAEFREIERERBTNE (TR

Tab.7  Effects of fish protein hydrolysate and bullfrog protein hydrolysate on
chyme amino acid composition of S. maximus (dry matter) %
aﬁffﬁ d PC FPH BPH NC

DREEER EAA

78  Thr 1.06+0.06 1.13+0.03 1.36+0.04° 1.23+0.03"
AR Val 1.28+0.06° 1.39+0.03° 1.61£0.01° 1.69+0.00°
HEM  Met 0.98+0.18 0.72+0.18 0.92+0.16 0.69+0.25
FER e 1.09+0.07 1.07+0.19 1.3940.14 1.19+0.23
TR Leu 2.39+0.18 2.49+0.29 2.79+0.01 3.11£0.23
RN  Phe 0.95+0.05" 1.19£0.07" 1.33+0.04" 1.4440.13"
MR Lys 0.89+0.07° 0.92+0.10° 1.5140.05 0.89+0.01°
M His 0.57+0.02 0.63+0.03 0.69+0.05 0.60+0.02
RRER  Arg 0.940.03" 1.03+0.04° 1.36+0.04" 0.99+0.07°
MOMTRIER YEAA 10.14+0.57 10.56+0.48 12.96+0.14 11.84+0.78
JENFEERE NEAA

IR Tau 1.40+0.18 1.30+0.11 1.05+0.03 1.53+0.13
RAHAF  Asp 2.40+0.14° 2.63+0.15™ 3.02+0.11° 2.71+0.04"
225/ Ser 1.19+0.07° 1.30£0.02% 1.46+0.04° 1.46+0.05°
BEE  Glu 4.09:+0.23 4.95+0.06™ 5.31+0.11° 5.4140.29°
H&R Gly 0.81+0.09° 0.97+0.03* 1.15+0.03" 1.12+0.10°
NZK Ala 1.44+0.06 1.58+0.10° 2.06+0.00° 1.54+0.06°
MEER Cys 4.40+0.15 4.91+0.16™ 5.46+0.11° 5.88+0.43"
MEaiR  Tyr 1.10+0.16 1.03+0.13 1.22+0.03 1.19+0.07
MAELFEIEMR YNEAA 16.81+1.02° 18.66=0.15" 20.75+0.45" 20.83+1.05°

24 EHTHFBEXERRE

Ji7r 1 v 2 JE R %% 35 2 /K BOATL1. CATIL,
PATL. y'LAT2 DI K/NIKFLIZ 24K PepT1 1Y mRNA
Fik i W 1, PR E L R §5 12 # AR BOATIL (1)
mRNA Fik 878 FPH 41 1. 2% = F NC 41 (P<0.05),
5 PC 44 A1 BPH 4 0 i % 2 5 (P>0.05); Jit F 1
B LR 218 24K PATI 9 mRNA 5558 7F BPH
4H B FE T PC 4 M1 NC 40 (P<0.05), 5 FPHZH G
3 25 5% (P>0.05); Bk 1k 2 L 1R 5% 45 484k CAT1
iy L B LR i i2 AR y ' LAT2 1) mRNAFH X}
FIKBRTE 4 MOHA P IE B 2 7 (P>0.05), /)
k7 328 4K PepT1 Y mRNA 25 8 76 FPH 41 il
BPH £ # 2. % = T NC £H /il PC 41 (P<0.05).
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Fig. 1 Expression of genes associated with intestinal transporters

Different letters in bars of the same gene indicate significant differences in relative expression level between treatments (P<0.05).
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Comparative study on the utilization of protein hydrolysates of fish and
Rana catesbeiana by turbot (Scophthalmus maximus)

LIU Jinshi *,  WEI Yuliang >, XU Houguo >, ZHU Yongxiang !, LIANG Mengqing >*"
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266237, China,
4. Jiangsu Zhongyang Group Co., Ltd., Nantong 226600, China)

Abstract: Cod and bullfrog scraps were selected as protein sources to prepare fish protein hydrolysate and bull-
frog protein hydrolysate, and four isonitrogenous and isolipidic diets were formulated. Scophthalmus maximus
with an initial body weight of (8.00+0.01) g was fed for a period of 56 d in order to explore the utilization effi-
ciency of protein hydrolysates from different sources by S. maximus. The experimental designed two control
groups with no protein hydrolysate, the positive control group contained 35% fish meal and the negative control
group including 26.5% fish meal. Two experimental groups had different sources of protein hydrolysates, the FPH
group contained 26.5% fish meal and 8.0% fish protein hydrolysate, and the BPH group contained 26.5% fish meal
and 9.5% bullfrog protein hydrolysate. The results showed as follows: the final body weight, weight gain rate and
special growth rate of the FPH group were significantly higher than those of the BPH and NC groups (P<0.05), but
there was no significant difference between the FPH and PC groups (P>0.05). The concentrations of essential
amino acids in chyme including lysine, arginine, threonine and valine in the BPH group were significantly higher
than those in the PC group (P<0.05). There was no significant difference in the contents of other non-essential
amino acids except for taurine and tyrosine, and the concentrations of most amino acids were the highest in the
BPH group. The mRNA levels of proton-coupled amino acid transporter PAT1 and small peptide transporter
PepT1 in the FPH and BPH groups were significantly higher than those in the PC and NC groups (P<0.05). There
was no significant difference in the mRNA levels between cationic amino acid transporter CAT1 and Y L-type
amino acid transporter Y'LAT2 among all treatment groups (P>0.05). In conclusion, the addition of protein hydro-
lysates in the feed could promote growth performance of S. maximus, and fish protein hydrolysate showed more
beneficial effects on the growth than that of bullfrog protein hydrolysate. The responses of amino acid concentra-
tions in chyme and the expressions of amino acid and small peptide transporters also indicated that the feed utiliza-
tion efficiency of S. maximus supplemented with fish protein hydrolysate was higher than that with bullfrog pro-
tein hydrolysate.

Key words: Scophthalmus maximus; fish protein hydrolysate; bullfrog protein hydrolysate; growth performance;
amino acids
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