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WE: DI ARE N(2.90+0.01) gft FL K35 Fil . (Pelteobagrus vachelli) N F 3 %, R 704N [F 2 A VRN TG IR
K, AR BTBPEPTIRIFIE TORBEERIEM M . LLEA(FM). KEKYEE A (SPC). /KM

H(FH) AR E R IR S (CAA) A EEE AYR, I H 47 RO E

HEN39.0%)ERGHIEN & &N

9.0%) I SZIGTAKL, $ MR SEIG fh66d. &5 R TR, ANE 8 E IR AR FL IS F A7 R (SR) TC i 3 52 (P>0.05),
{HEZEm T K H AR E A KR SGR) . HF, SPCA LK EFIASGRIL TFMAL, #1155 % & TFHALA

CAAY(P<0.05). BARSPCHRKRHFAMELS

BALTFMA, (H A AR g7 & & 8255 TFM4

(P<0.05). N[FIEE (R &5 1 5L IR 3 i L PEPT1 5 [K 3214 (P<0.05), 7E35dY, SPCALPEPT1 ik & BRI
TFM4L, (53 & TFHMCAAZL(P<0.05); 1E66dR, SPCAL L KB Fifa ji  PEPT1 Kk & % = T FM4AL
(P<0.05)o /A [F) 2 R RRLX AR I IE TOR%: (R 208 T6 5. 3 521 (P>0.05) . DL 45 338 81, SPCAH TL IR 3 S fa
A KR EARME T FMAL, B8 25 5 TFHAMCAAYL, X A fg &l BRI mPEPT 5 KL .
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R AL R E . K fif £ A 2 I (Fish hydroly-
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LA, o 08 1R 75 SR B Bl 2 3G, AR AR
B INOR, PR ARy SR i 1) B R AR D
{2 33 BL B 3 90 0 3R 7 T s A . AR
B E AR B B s R A K R R
AR R PEPTI M TOR A IR, AR A
[F) R (1 50T 3 3 A K MR R R I LB, DA i
TaLRE b R B AR AR R AR 4R 2

8 F (FH)A R AR IR IR S YI(CAA) N EEE
PR, g Sl AR SR BT e 3 R IR, N
Hor B R 1 A 47 25 SO CRLER 11345 12 09139.0%) 5 i
CRLAE & 2099.0%) I Sk B P RH(R 1), FHIE L
WS R A =], oAb R ECRE B 5 5L e
BHA R A

ek A A, R R R R AT B R R i 246 H

i o LEAADL A Ik AR A, ek SRR B B 5 F1 B
FORJFEHENR A5, Z SN SR IR A,
1.1 (AREC S FRiRREIE F ¥ R BURL 2 21, SR JE IMNE =K, A4 H 3

I3 I LLEOR(FM) . KRS8 [1(SPC). 7K fi# i ERL(F-26( 11), 4 5g # TR 5%) 3047 il ki, i
F1 ZRARESRLERS (% TE)

Tab.1 Formulation and chemical composition of the experimental diets (% dry matter)

1 #R5RZE

1a kL4 5 Diet number
B FHngredient Diet 1 (FM) Diet 2 (SPC) Diet 3 (FH) Dict 4 (CAA)

%) Fish meal' 48.65 0.00 0.00 0.00
KR4 5 A SPC! 0.00 48.32 0.00 0.00
iR FERCAA’ 0.00 0.00 0.00 32.50
KA A B (T FH 0.00 0.00 33.69 0.00
/INZE Ky Wheat gluten' 25.00 25.00 25.00 25.00
5 %k Wheat bran' 13.00 13.00 13.00 13.00
1 Fish oil 0.27 4.50 4.41 4.50
HJHSoybean oil 1.81 1.17 1.81 1.81
YR BE Lecithin 2.00 2.00 2.00 2.00
VR TR EIMP 2.00 2.00 2.00 2.00
U 'E TR B VP 2.00 2.00 2.00 2.00
7 Attractant’ 0.50 0.50 0.50 0.50
YL k57 Antioxidant 0.05 0.05 0.05 0.05
m A 4EEMC 472 1.46 15.54 16.64
%43 43 #TProximate composition (% dry matter)5

##E F Crude protein (%) 39.20 39.13 39.30 39.17
HL i 5 Crude lipid (%) 8.60 8.97 9.03 8.79
K4y Ash (%) 6.35 7.33 9.11 10.21

P MR LR 0 T H66.80%, FLART (5T H8.70%; KGR AE (12 HLEE 19 5 T H67.26%, HUET 5T 8 1.31%; Kt g A
FHLEE 1 1 55.84.99%, AT o5 FH3.19%; /ANh: MR M ST 16.10%, MM 5T E1.36%; F&k: HEM 5T E19.04%, M
T 52.73%; i AR (ke diet): FEER, 3.42 g5 1R, 0.26 g HHEEMR, 2.52 g 7EEHR, 4.36 & MR, 4.26 ¢ AR, 1.57 g
KNEIR, 2.29 g, HATR, 2.41 g; BAIR, 3.06 g; NAIR, 3.67 g3 REEIR, 5.65 g; AR, 0.67 g; AR, 8.48 ¢; HEIMK, 3.36 g5 2%
%, 2.41 g BeEIE, 1.46 g AR, 2.11 g; "B Y00 Wi kHmg or g/kg diet): LM, 2 mg; BALAT, 0.8 mg; SU64E(1%), 50 mg; B4,
10 mg; BRlREk, 80 mg; Bili4E, 50 mg; BilRts, 60 mg; HilREE, 1200 mg; MR — 4045, 3000 mg; SUIL4N, 100 mg; WA K, 15.448 g; 4t
AR TR EHmg or g/kg diet): TRFZEK, 25 mg; 44 KB, 45 mg; FHRM S EE, 20 mg; 484 B, 0.1 mg; 44 FK;, 10 mg; WEE, 800 mg;
1Z I8, 60 mg; ML, 200 mg; &, 20 mg; M E, 1.20 mg; 4EAE KA, 32 mg; 4542 KD, 5 mg; 44K E, 120 mg; 4E4E % C, 2000 mg; JH
i, 2000 mg; ZAEIEMEME, 150 mg; WAL 4E 2R, 14.52 g; A A H R BRANF S0

Note: 'Fish meal: crude protein 66.80% dry matter, crude lipid 8.70% dry matter; SPC: crude protein 67.26% dry matter, crude lipid
1.31% dry matter; Fish hydrolysate: crude protein 84.99% dry matter, crude lipid 3.19% dry matter; Wheat gluten: crude protein 16.10% dry
matter, crude lipid 1.36% dry matter; Wheat bran: crude protein 19.04% dry matter, crude lipid 2.73% dry matter; 2Crystalline amino acids
(g/kg diet): Arginine, 3.42 g; Histidine, 0.26 g; Isoleucine, 2.52 g; Leucine, 4.36 g; Lysine, 4.26 g; Methionine, 1.57 g; Phenylalanine, 2.29 g;
Threonine, 2.41 g; Valine, 3.06 g; Alanine, 3.67 g; Aspartic acid, 5.65 g; Cystine, 0.67 g; Glutamic acid, 8.48 g; Glycine, 3.36 g; Serine, 2.41 g;
Tyrosine, 1.46 g; Proline, 2.11 g; *Mineral premix (mg or g/kg diet): NaF, 2 mg; KI, 0.8 mg; CoCl,-6H,0(1%), 50 mg; CuSO,-5H,0,
10 mg; FeSO,4-H,0, 80 mg; ZnSO,-H,0, 50 mg; MnSO,-H,0, 60 mg; MgS0O,-7H,0, 1200 mg; Ca(H,PO,),-H,0, 3000 mg; NaCl, 100 mg;
Zoelite, 15.448 g; *Vitamin premix (mg or g/kg diet): thiamin, 25 mg; riboflavin, 45 mg; pyridoxine-HCI, 20 mg; vitamin Bj,, 0.1 mg;
vitamin K3, 10 mg; inositol, 800 mg; pantothenic acid, 60 mg; niacin acid, 200 mg; folic acid, 20 mg; biotin, 1.20 mg; retinol acetate, 32 mg;
cholecalciferol, 5 mg; alpha-tocopherol, 120 mg; ascorbic acid, 2000 mg; choline chloride, 2000 mg; ethoxyquin, 150 mg; microcrystalline
cellulose, 14.52 g; *Attractant: glycine and betaine
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BB AR N5 mmx3.0 mmiARHERE, PL45CHE 2K
P RN T 10%, FXUZBAEMSHL DR (E, B-20C

UKFET S H
1.2 FrIEKI M mRE

FLIRHEFAE T PU I JE L& W, 29T, S8
A M T LR B A = B HE IR K R
B FR2JH, DAFMAL TR R AT 1 £ # ME, A SG 808
W RN TAA BRI RIS . R IR ARG, B
1 Lk 24h, K4 EE (2.90+0.01) g FC B 2 8 BE ML
AU, AN ER, A EE (/260 L)60E
., BFRN T EBME2K(7: 0051 18: 00), 75 %M
S5 Th, T BRI AE 70 CHUAR kT 2 5 5, JIF
FREE, RIS, R 66d, 775 HA A
SRR LR R E . LI & F K,
25—26°C; 4, >6.0 mg/L; pH, 6.8—7.6; K& A
&, <0.1 mg/L; WANER £, <0.1 mg/L; i FE5a i 14
ES S W i (YIS P i 8

FRPAHA35d) FIFRGE R HH(66d) KA. HX
FERT, B f AR 24h, G0t RRAE FU I3 390 405t fl
HiE, MBI PE10E A, AMS-222FREE(1:
10000; i BT ARG BRA |, d ), REM
TRET R AT AT ALY, SE BB T, FrREAC R 5
Y5 4 — T80 CUKFE K MR 77, H T J5 84
FEDR ) 8 B Ao S B8 oK B A o) e 2 B i fa,
T=20°CUKFETRAE, T JG SR RS HT o
1.3 KZE5Hh

K FIAOAC (1995) > vt 7 s vk R . 4]
BRI AR BT BEAT 0 B SR 4 3l RE BAX
(Kjeltec 2300, Sweden)Il & ¥ 25 1% FE(Nx6.25); K
FH 2 A H2 9200 5 KHLG 107 2 B (Buchi 36680, Swit-
zerland); i T HP BoRb)E, S 9B H(550°C)%
F12h, ATARFE MK B
1.4 RNA ZH

W B S T R AN T 7 2E MR B ok R, SRS
BNE 1 mL TrizolI TERNase 2.0 & 3, 70 Al
S5 FNEE. LRGN, B JE K B KIS R
W, BARERE L RS AR 7. RNAF &l
i 1.2%35 W B R P AR N, A 8 T A R o %
(Nano Drop 2000 spectrophotometer, Thermo, USA)
W . K2 HAFEFHFIRNAA G ug)s, A Primer-
Script “Reverse Transcriptase (TaKaRa, Japan) il &
FIRNA K% icDNA, B AR#EAE S IBGR& u B 1.
1.5 SERTREEZEPCR

K JASYBR"Green itk & %2 6%, i fISYBR®

Premix Ex T aqTM(Perfect Real Time, TaKaRa, Japan)
AF7E Thermal cycler (Mastercycler ep realplex, Ep-
pendorf, German)fX # FHEAT, )R BN 26N 95°C
2min, 19E¥F; 95°CAEME15s, 59°CiR K 15s, 72°C ZE{H
30s, JLTH40MERS . WEARITZ: 95°C, 15s; 59°C,
15s,95°C, 5min. LAGAPDH B-actin{F NN 53k
K. fE5€ &l Wik NS5 W, PEPTIMTOR2%:
ISR 2)¥ 3% . ARSLIPEPTL. TOR.
GAPDHM B-actinZk R 14 34 20 % 73 7 90.98
0.95. 0.99F10.98, B 5 DALg(BLARAH X 5 T 40) Jo ke
ARR, LFIACH H R CHE)— T IACH B I
Z— NS LK Cil 5 T T 250) R b, 155 53 4 —
SREZ, B HRIERLXME/NT0.1, RIULE H 2R
5 NS GRR — 5, 2 AT S R R A S
B Bt . R G Fi t PEPT1AN
TORZEHATRT-PCRAMfr, LAIKMR AN EEHH N
X REZH, o) oAt 40 2 [RI Rak AT AT
1.6 Zitoth

AKIEARTHE QR

S (SR, %)=100%x (A fa 52/ v) fa H &)

B E A K (SGR, %/d)=100%x[(LnZ K H-
L] 4R 58 )/SE 56 K5

45 K FI SPSS17.0 81 1k 47 £ Ab 22, £ FL [
R T BT (ANOV A) K4 75 31| Wil 25 (P<0.05)I, i3
1T Tukey’s % B LU, Hodls LA B {E A5 1 1% (Meant
SEM)Z& /R

2 %R

21 ATREREMERKEFESNENEREKME
FERRME KR

FAFA T IR FAAFTE R (SR LR E E R
(P>0.05), HSR¥IKT94%. 4K, AREH
TR 25 5 L PG 3 2R KM BB (P<0.05) . TEER
35FIEE66 K I, FMZH FL I 3 1 SGR ) 31l 94.86%/d
F13.08%/d, SPCHL L KB . SGR ) 1 H3.94%/d

#2 RR&H&PEPTIFITORREFAEEMRES|HMFF

Tab. 2 Real-time quantitative PCR primers for PEPT1 and TOR2
genes

JE [F Target gene 5| ¥yPrimer (5'—3)
PEPTI GCGTCATCCAAGAGTGCCC
ATCTGATTTGCTCCTCCGAG
TOR? GTGCAAGGACCTGACTCCAAGCC

TGATAGACTGGATGCGTATGATTGG
CATCCAAGGCGGCTGTCAAGCAAG

GAPDH (- A AAGTTGTCGTTGAGGGCAAATGC
pacin  CACTGTGCCCATCTACGAG
CCATCTCCTGCTCGCAAGTC
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F12.55%/d, SPCZH TL [G 38 #i 1. SGR B AMIK T-FM 4,
{HE 25 TFHA(1.13%/dF10.96%/d) FICAA L
(1.69%/dF11.28%/d) (% 3).
22 AEEBHBENRKEIG S E KA

ANFEEAFEERmW 7 IR E S AL %, SPC
BERFM LA E A & &, SPCHBEERD
2K TFMA, HHEA S EH13.28%. SPCH
FLER T Fa FALIR G & & 3 = T RMAL(P<0.05), #
e W& 8N 14.86%, SPCEH FL FS 3% i 11 7K 3 A /K 4y
HE R ER T A4 (P<0.05), 55 ~6.80%F1
69.48% (3% 4).
23 AEZERBENERENGLERIMPEPTIF
FFBE TOREE FRik HY 5200

TEEEISTNEE 66 K I, AN [F 85 FIE B 5200 1 B
FEE it 41 0 jT B PEPT1 (13808 (P<0.05, I 1). 7E
FISKE, FMAfARFT HPEPT1 LR R IA & T %
T HoAth Ab FL4H (P<0.05), SPCAH 1A R I PEPT1 3%
ik TFHAMCAAZ(P<0.05). {E5566 K,
SPCH AR HPEPTI R LB EHH TFMA
(P<0.05). TEE3SFIZE66 KT, ANF & AR AR
52 BL G T A T TORZE R [ R IE 7K ~F-(P>0.05,
2).

3 iTig
31 TRERBENERKEFGNEFEREKME
BFRERME KM

ARSI BLARD AR R UK S A7 R
35 RS, Uk B BL DG B 90 0] IR 5 2% 1 AN S IR 1 )
BONIEN . EEB3SFIEE66 K, FMZL S2 i 4
KR IE B oK, B35 T Hoth & a6 4 i bl
BT FASGR R I, SPCA BHARK TFMAL, {H
035 = T FHAMCAALL, i1 SPCAEH BELAH 1) f1 47}
BARUE . SPCHL P I 3 5 BA AH X B 1 A
KARAR, X AT BEFISPCHIRFIEAH K, SPCHE H & & &
1£65%—70%, PiE TR H 1 & &AL, [ SPCHAF
JH 5 e e %)) TR, 8 Y SPC ] M £ £k i £
TR BF LK. e R AP B (Pa-
grus major)[zsl\ W % (Oncorhynchus mykiss)[zg]qjﬁ
FSPCHFAT ML, A B AR S MSGR. (Had
SPCH = 4 A K P 75 1) R 20 R, DRI b A 52 56
SPCII B MR AR Z T ik, X R 5SPCHIEk =
ERmRA R,
3.2 FRIZEBENEKERN S L& KERRF N

R IR S R AR A R, 7R A S fOR 4 R
REFiafHEASTEEES THAMA., XAk

*3 TRZRRMRREFESEFEE KM REEENE KHZBCEEHRER, 1=3)
Tab. 3 Growth performance and survival of darkbarbel catfish (Pelteobagrus vachelli) fed diets at different growth stages (Mean+=SEM, n=3)

1A %14 5 (8 ) Diet number (protein source)

HR¥pIndex Diet 1 (FM) Diet 2 (SPC) Diet 3 (FH) Diet 4 (CAA)
WITEIREIBW (g) 2.89+0.02 2.90+0.01 2.91+0.02 2.90+0.01
35diN Rk #35d-BW (g) 15.58+0.59" 11.54+0.26° 4.32+0.23° 5.28+0.25°
35diH 45 E £ K % 35d-SGR (%/d) 4.8620.16" 3.94+0.24" 1.1320.15° 1.6940.13°
35dR 73 #835d-SR (%) 97.49+0.03 98.74+0.04 100.00+0.03 100.0040.03
66dIN & F66d-BW (g) 22.22+0.15° 15.60+0.76° 5.48+0.25° 6.79+0.04°
66dIH 45 5 £ K #66d-SGR (%/d) 3.08+0.18" 2.55+0.13" 0.96+0.09" 1.28+0.11°
66dRT 173% F66d-SR (%) 97.49+0.03 94.97+0.03 100.00:£0.03 100.00:£0.03

VE: R B N3 EE T, R AT AR R A A A AR SO AR T R AR SOR TS R 22 R (P=0.05); R

Note: Data are means of triplicates. Means in each bar sharing the same superscript letter or absence of superscripts are not significantly

different determined by Tukey’s test (P=0.05), the same applies below

# 4 TEZEAFEMNRKEFE 6 RERNEZRCERESRER, =3, BE %)
Tab. 4 Body composition analysis of darkbarbel catfish (Pelteobagrus vachelli) fed diets at different growth stages (Mean+SEM, n=3, wet

weight %)

Tk 5 (5K A ) Diet number (protein source)

A4 . Whole-body composition (%)

Diet 1 (FM) Diet 2 (SPC) Diet 3 (FH) Diet 4 (CAA)
17 [ Crude protein 14.21+0.03" 13.28+0.01° 12.5240.03° 11.44+0.07°
FHLIE i Crude lipid 12.3620.12° 14.86+0.01° 10.730.03 13.8940.05"
K4y Ash 9.06+0.03" 6.80+0.10° 9.59:0.12° 7.92+0.04°
7K Moisture 70.25+0.28" 69.48+0.23° 74.05+0.05" 71.00£0.23"
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8.00
a — 35d PEPT1
- L =<1 66d PEPT1
S 6.00
i %
X &
K S 400 f b
-'e'c_q B C
S 200 C
1N @ 98 (18
JLLL NN LN
FM SPC FH CAA
iy s (S

Dietary treatment

1 ANFEE AP TR EFA AT PEPT] mRNAZRIL R
Fig. 1 Effects of different dietary protein sources on PEPT1
mRNA expressions in the foregut of darkbarbel catfish
B BB NP 2 EARAE R (n=3), & A MR B0 EArf
REFAEZP=0.05); FIFH
Data are presented as means=SEM (n=3). Means in each bar
sharing the same superscript letter or absence of superscripts are
not significantly different determined by Tukey's test (P=0.05),
the same applies below

1.50
—— 35d TOR2
o =<1 66d TOR2
=]
= 1
m 3 1.00 | N L N
X &
® S
FE 050
Q
=4
0 1
FM SPC FH CAA
TR R

Dietary treatment

B2 ANTE) R 0T T RS AU T I TOR mRNAZRIA R
Fig. 2 Effects of different dietary protein sources on TOR mRNA
expressions in the liver of darkbarbel catfish

iR B B I E R T A Y, bk
fife A S R A R T R B OO, T IX — AR
Ho At S B ot 75 B A 5 L . I 25
H s T SRR ROK B B R a0 i) B AR 10% 1) f R
TRIME AR B 30—38 g4 f(Rachycentron canad-
um) &) 5 J, 45 R IFM A 228 AR B 1 & B f
Hio AU A S B B AR SOk, KRB
K IS Bk e 0 A B £1(Q Epinephelus fuscoguttatusx
& Epinephelus lanceolatus)#1 1 =B E H & &=
BT HARH . AR S [FAE R I, SPCALTL IR
SR NR & BRI K. 5 H AR AR B QA
tt, SPCE A B MPUE RN 1, BARHARERKR T
A 25 T oy, (EA T At A B B R, AR
T A BB RO IR T AF . SPCHYIX FhRy

P 75 A R 50 o 145 B 564, KissingerZE U7 D)
SPC A H:Ath 2 11 YR B A £ 8 1A M K 6 6 (Seriola
rivoliana) 98, 7 3 Fo At 28 A4 s 5 & &= 2 K
T-80%SPC41 .
33 TRIERENRIKEF&ERAPEPTI
FF A TOREE =3k Y52 e

AN TR R R 4 S 3 RO £ AR R 1 AR T AR O
HER [ 25k, o a S I A N L S A SR AT
SEREER 10 1A 0 R} 2 S 3 B M T 69 g 8 PEPT1 Y
Fik. FEALI T, 35 KME66 KN, FMZLA
SPCAL ¥ Hith B PEPT1 ik i T Hifh 4. AHEL
FCAA. SPCRIFM A fa {4 i 1 25 1A /K fif A7
fik, RT3 PEPT1 mRNA KI5, {3k a4k % 5 A
(RS AL, AT 389 0 #8418 (LU RR, A R T Ak AR
K, XTERPSPCREBIFHMFME IR . fE33dM
66ditt, FHAL /KA PEPT1 mRNA ik & &A%, 76K
ST (Scophthalmus maximus L.) " 1445 I A 25
5. BRI, 15KV PEE(Salmo salar L), #(Cyp-
rinus carpio L.) "I 441 (Perca flavescens) ™ 1]
FHIHFFE R E AR B 45 31, RIRATRE 2 T
Bty KRR EAF TSR .

PEPTIRIEIEFIE K B, BEEKTERE
AR IERMREW B, Wf(Siniperca chuatsi)[43]
[V PEPT 315 S35 /5, 1 Fifl 4 £ R 44 2 3 — 25
40, M1 PEPT (W3R 1K EZ 8 N TR,
TERE B PEPTIIIWE AR, e & (13.17 kl/kg)
Y XY A i F B i PEPT1 3634 B B 3L TG AE &
4(12.34 kI/kg)*! . FEASZE o, 7E33dIFFMAE fr
YKPEPT1 XI5 &= # i, M66dI FMAL fa{kPEPT1%
EEHI - REE TR, XAREZEFMAMLLT
CAAFIFH, FMAS & &, PEPTIRIE LA FT%
Fiam ks B R, HTAEK, TbEE S FimikE
BN, PEPT13RIE B — & F2FE HL R B .

2 LRk, SPCHIBRBRRE Z TFM, HE
MM TFHACAA, XA HE/2 H T SPC LA
PEPT1[FRIE . it AR /N K W e i 35, <% B
SPCHTAE Ny —Fh oy B AR i &

SE Mk

[11 Kaushik S J, Cravedi J P, Lalles J P, ef al. Partial or total
replacement of fish meal by soybean protein on growth,
protein utilization, potential estrogenic or antigenic ef-
fects, cholesterolemia and flesh quality in rainbow trout,
Oncorhynchus mykiss [J]. Aquaculture, 1995, 133(3):
257—274

[2] Garcia V, Celada J D, Gonzalez R, et al. Response of ju-



698

KR R

43 %

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

venile tench (Tinca tinca L.) fed practical diets with dif-
ferent protein contents and substitution levels of fish meal
by soybean meal [J]. Aquaculture Research, 2015, 46(1):
28—38

Kaushik S J, Coves D, Dutto G, et al. Almost total re-
placement of fish meal by plant protein sources in the diet
of a marine teleost, the European seabass, Dicentrarchus
labrax [J]. Aquaculture, 2004, 230(1—4): 391—404
Tacon A G, Metian M. Global overview on the use of fish
meal and fish oil in industrially compounded aquafeeds:
Trends and future prospects [J]. Aquaculture, 2008,
285(1): 146—158

Ai Q H, Xie X J. Advance in utilization of plant proteins
by aquatic animals [J]. Journal of Ocean University of
China, 2005, 6: 51—57 [LPME, WH/INZE. KA B0 HE
Yo R RORIE T HE . [T VR K2 4 (B SRR
2R, 2005, 6: 51—57]

Berge G M, Grisdale-Helland B, Helland S J. Soy protein
concentrate in diets for Atlantic halibut (Hippoglossus
hippoglossus) [J]. Aquaculture, 1999, 178(1): 139—148
Deng J M, Mai K S, Ai Q H, et al. Effects of replacing
fish meal with soy protein concentrate on feed intake and
growth of juvenile Japanese flounder, Paralichthys oli-
vaceus [J]. Aquaculture, 2006, 258(1): 503—513

Hien TTT, PhuTM, TuT L C, et al. Effects of repla-
cing fish meal with soya protein concentrate on growth,
feed efficiency and digestibility in diets for snakehead,
Channa striata [J]. Aquaculture Research, 2017, 48(6):
3174—3181

Song Z D, Wang J Y, Li P Y, et al. Effects of replace-
ment fishmeal with soy protein hydrolysates on growth,
blood biochemistry, body composition of juvenile starry
flounder Platichthys stellatus Pallas [J]. Acta Hydrobiolo-
gica Sinica, 2016, 40(1): 165—172 [KRE AR, Thrik, 2
B, A WA OK B PR AR R X B )1 R 4 £ A
Koo M A AR R e . K AR AR 24, 2016,
40(1): 165—172]

Khosravi S, Bui H T D, Rahimnejad S, ef al. Dietary sup-
plementation of marine protein hydrolysates in fish-meal
based diets for red sea bream (Pagrus major) and olive
flounder (Paralichthys olivaceus) [J]. Aquaculture, 2015,
435: 371—376

Aksnes A, Hope B, Hostmark @, et al. Inclusion of size
fractionated fish hydrolysate in high plant protein diets
for Atlantic cod, Gadus morhua [J]. Aquaculture, 2006,
261(3): 1102—1110

Cai Z N, Li W J, Mai K S, et al. Effects of dietary size-
fractionated fish hydrolysates on growth, activities of di-

gestive enzymes and aminotransferases and expression of

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

some protein metabolism related genes in large yellow
croaker (Larimichthys crocea) larvae [J]. Aquaculture,
2015, 440: 40—47

LiuJ W, Mai K S, Xu W, et al. Effects of dietary gluta-
mine on activities of non-specific immune related en-
zymes and HIF-1a expression after hypoxia of half-
smooth tongue sole post larvae [J]. Acta Hydrobiologica
Sinica, 2016, 40(4): 736—743 [X|& 4, 7 FER, 1R,
S A0S e T G A £ AR R S S B SR
JIFIMC S RS HIF-1agak )2 m. KA 244,
2016, 40(4): 736—743]

Wang Z, Xu W, Mai K S, et al. The effects of valine level
on plasma biochemical indexes, lipid content and gene
expression involved in lipid metabolism in cobia (Rachy-
centron canadum) [J]. Acta Hydrobiologica Sinica, 2016,
40(4): 744—751 [ £, 1REL, R, 45 R R K
S 2 AR B I A A AR A RN EE g
AR R R IS . KA A 4R, 2016, 40(4): 744—
751]

Zhang S, Ai Q H, Mai K S, et al. Effects of fish meal re-
placement with crystalline amino acid on digestive and
metabolic enzymes of tongue sole (Cynoglossus semi-
laevis) larae [J]. Acta Hydrobiologica Sinica, 2014, 38(5):
801—808 [, LM, AR, &, MmUAREREN
BB B 0 o R £ T A I A A QI T 0 RS
IKAEAEY AR, 2014, 38(5): 801—808]

Terova G, Robaina L, Izquierdo M, et al. PepT1 mRNA
expression levels in sea bream (Sparus aurata) fed diffe-
rent plant protein sources [J]. Springerplus, 2013, 2(1):
1—14

Spanier B. Transcriptional and functional regulation of
the intestinal peptide transporter PEPT1 [J]. Journal of
Physiology, 2014, 592(5): 871—879

Dumas A, Lange C F, France J, et al. Quantitative de-
scription of body composition and rates of nutrient deposi-
tion in rainbow trout (Oncorhynchus mykiss) [J].
Aquaculture, 2007, 273(1): 165—181

Liu Z, Barrett E J. Human protein metabolism: its measu-
rement and regulation [J]. American Journal of
Physiology Endocrinology & Metabolism, 2002, 283(6):
E1105—E1112

Song S, Hooiveld G J, Li M, et al. Dietary soy and meat
proteins induce distinct physiological and gene expres-
sion changes in rats [J]. Scientific Reports, 2016, 6: 20036
Spanier B, Rohm F. Proton coupled oligopeptide trans-
porter 1 (PepT1) function, regulation, and influence on
the intestinal homeostasis [J]. Comprehensive Physio-
logy, 2018, 8(2): 843—869

Zheng K K, Zhu X M, Han D, ef al. Effects of dietary lipid


http://dx.doi.org/10.7541/2014.121
http://dx.doi.org/10.7541/2014.121

4 1

W5 A AR H AT B PGB 9t &)yt A AN B A QA DG 3 PR R IA R S i

699

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

(31]

levels on growth, survival and lipid metabolism during
early ontogeny of Pelteobagrus vachelli larvae [J].
Aquaculture, 2010, 299(1): 121—127

Cuniff P E. Official Methods of Analysis of AOAC Inter-
national: Agricultural Chemicals; Contaminants; Drugs
[M]. AOAC International. 1995, 1899

Li M Z. Cloning of A6 fatty acid desaturase (A6FAD) and
the effect of different dietary lipids on growth, fatty acid
composition and AGFAD mRNA relative expression level
of juvenile abalone (Haliotis discus hannai Ino.) [D].
Thesis for master of Science. Ocean University of China,
Qingdao. 2010 [Z=HHER. 4% 84 fl(Haliotis discus han-
nai Ino.)A6JIR i R 2 M A1 BE(A6F AD)JE [ 7 [ LL &% A
[ g U 95X A8 S0 A it A B AR A L IR 0 TR A RN
A6FADZIA [ mi. H [E g K. 2010]

Livak K J, Schmittgen T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the
2 *“ method [J]. Methods, 2001, 25(4): 402—408
Aragao C, Lec C, Dias J, et al. Soy protein concentrate as
a protein source for Senegalese sole (Solea senegalensis
Kaup 1858) diets: effects on growth and amino acid meta-
bolism of postlarvae [J]. Aquaculture Research, 2015,
34(15): 1443—1452

Wang P, Zhu J Q, Feng J, et al. Effects of dietary soy pro-
tein concentrate meal on growth, immunity, enzyme
activity and protein metabolism in relation to gene ex-
pression in large yellow croaker Larimichthys crocea [J].
Aquaculture, 2017, 477: 15—22

Takagi S T, Shimeno S, Hosokawa H, et al. Effect of lys-
ine and methionine supplementation to a soy protein con-
centrate diet for red sea bream Pagrus major [J]. Fisher-
ies Science, 2010, 67(6): 1088—1096

Stickney R R, Hardy R W, Koch K, et al. The effects of
substituting selected oilseed protein concentrates for fish
meal in rainbow trout Oncorhynchus mykiss diets [J].
Journal of the World Aquaculture Society, 2010, 27(1):
57—63

Bafiuelos-Vargas I, Lopez L M, Pérez-Jiménez A, et al.
Effect of fishmeal replacement by soy protein concen-
trate with taurine supplementation on hepatic intermedia-
ry metabolism and antioxidant status of totoaba juveniles
(Totoaba macdonaldi) [J]. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology,
2014, 170: 18—25

Kokou F, Sarropoulou E, Cotou E, et al. Effects of graded
dietary levels of soy protein concentrate supplemented
with methionine and phosphate on the immune and anti-
oxidant responses of gilthead sea bream (Sparus aurata
L.) [J]. Fish & Shellfish Immunology, 2017, 64: 111—121

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Ai Q H, Xie X J. The nutrition of silurus meridionalis: ef-
fects of different levels of dietary soybean protein on di-
gestibility and feeding rate [J]. Acta Hydrobiologica Sini-
ca, 2002, 26(3): 215—220 [ FRHE, /N BF TS
FRAERIE T DR K G R F KR AL R B
RO, KA AR, 2002, 26(3): 215—220]

He J J, Wang P, Feng J, et al. Effects of replacing fish
meal with corn gluten meal on the growth, serum bio-
chemical indices and liver histology of large yellow
croaker Larimichthys crocea [J). Acta Hydrobiologica
Sinica, 2017, 41(3): 506—515 [T4F 4k, £5¥, i, 5.
FARE A BRI RS A S AR bR
R V2 52 m . KA AE )24, 2017, 41(3): 506—
515]

Sun R J, Zhang W B, Xu W, et al. Effects of dietary pro-
tein level and feeding frequency on the growth perfor-
mance, body composition and protein metabolism of juve-
nile large yellow croaker Larimichthys crocea R. [J]. Acta
Hydrobiologica Sinica, 2013, 37(2): 281—289 [Fh &,
TR, IRER, S5 RHER B TUKCF 5 ROREE K
AR R R R BT 2. KA AR,
2013, 37(2): 281—289]

Zhou H, Chen G, Lin X T. Effects of partial replacement
of fish meal by three types of protein sources on growth
performance and approximate compositions of juvenile
cobia (Rachycentron canadum) [J]. Fisheries Science,
2012, 31(6): 311—315 [JAIE, PRRAI, M/ =Fii B
3 B AR AR 0 22l f 4t A KRR B4 B S 7K
PR, 2012, 31(6): 311—315]

Li X L, WangJ Y, Song Z D, et al. Effects of fishmeal re-
placement by hydrolyzed soybean meal on growth, body
composition, digestive and metabolic enzyme activities of
juvenile Epinephelus fuscoguttatusxEpinephelus lanceola-
tus [J]. Ocean Fishery, 2017, 39(5): 529—538 [ZE240H,
FFRTE, RER, 55 MM R B AN 2R A
D #h 4) i A AORT 3 AR G 0 B RS e VLD,
2017, 39(5): 529—538]

Kissinger K R, Garcia-Ortega A, Trushenski J T. Partial
fish meal replacement by soy protein concentrate, squid
and algal meals in low fish-oil diets containing
Schizochytrium limacinum for longfin yellowtail Seriola
rivoliana [J). Aquaculture, 2016, 452: 37—44
Ostaszewska T, Kamaszewski M, Grochowski P, ef al.
The effect of peptide absorption on PepT1 gene expres-
sion and digestive system hormones in rainbow trout (On-
corhynchus mykiss) [J]. Comparative Biochemistry and
Physiology Part A: Molecular & Integrative Physiology,
2010, 155(1): 107—114

Wei Y L, Liang M Q, Mu Y, et al. The effect of ultra-


http://dx.doi.org/10.3321/j.issn:1000-3207.2002.03.002
http://dx.doi.org/10.3969/j.issn.1003-1111.2012.06.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2012.06.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2017.05.006
http://dx.doi.org/10.3321/j.issn:1000-3207.2002.03.002
http://dx.doi.org/10.3969/j.issn.1003-1111.2012.06.001
http://dx.doi.org/10.3969/j.issn.1003-1111.2012.06.001
http://dx.doi.org/10.3969/j.issn.1004-2490.2017.05.006

700 K& A& Y ¥ 43 &

filtered fish protein hydrolysate level on growth perfor- [42] Ostaszewska T, Dabrowski K, Kamaszewski M, et al.
mance, protein digestibility and mRNA expression of The effect of dipeptide, Lys-Gly, supplemented diets on
PepT1 in juvenile turbot (Scophthalmus maximus L.) [J]. digestive tract histology in juvenile yellow perch (Perca
Aquaculture Nutrition, 2016, 22(5): 1006—1017 flavescens) [J]. Aquaculture Nutrition, 2013, 19(1):
[40] Bakke S, Jordal A, Gémez-Requeni P, et al. Dietary pro- 100—109
tein hydrolysates and free amino acids affect the spatial [43] LiuZ X, Zhang J D, Liu X Y, et al. Molecular characteri-
expression of peptide transporter PepT1 in the digestive zation and expression research of oligopeptide transpor-
tract of Atlantic cod (Gadus morhua) [J]. Comparative ter PEPT! in Siniperca chuatsi [J]. Acta Hydrobiologica
Biochemistry and Physiology Part B: Biochemistry and Sinica, 2014, 38(3): 556—562 [XIFI4T, FKMEAR, X /NFHE,
Molecular Biology, 2010, 156(1): 48—55 &5, W /NIK BB AR PEPT3E K 43 TR AE J H 3Rk T
[41] Ostaszewska T, Dabrowski K, Kamaszewski M, et al. 5. KA EAR, 2014, 38(3): 556—562]
The effect of plant protein-based diet supplemented with [44] Liu X X. The effect of dietary crude protein and energy
dipeptide or free amino acids on digestive tract morpho- level on performance, nutrient utilization and related
logy and PepT1 and PepT2 expressions in common carp genes in broiler [D]. Thesis for master of Science. Gansu
(Cyprinus carpio L.) [I]. Comparative Biochemistry and Agricultural University, Lanzhou. 2016 [XI|F2[2. GE&
Physiology Part A: Molecular & Integrative Physiology, M A UK AR A = RE . IR TH LRI AR 50 2t
2010, 157(2): 158—169 BRIk = sEm. HR Rl K%, 2016]

EFFECTS OF DIFFERENT PROTEIN SOURCES ON GROWTH PERFORMANCE
AND METABOLISM-RELATED GENE EXPRESSION IN JUVENILE
DARKBARBEL CATFISH (PELTEOBAGRUS VACHELLI)

YANG Ying-Hao, LI Xue-Shan, MAI Kang-Sen, XU Wei, ZHANG Yan-Jiao and Al Qing-Hui

(The Key Laboratory of Mariculture (Ministry of Education) and the Key Laboratory of Aquaculture Nutrition and Feed (Ministry of
Agriculture and Rural Affairs), Ocean University of China, Qingdao 266003, China)

Abstract: A 66-day feeding trial was conducted to investigate the effects of different protein sources on growth, body
composition and PEPT1 gene expression in the foreintestine and TOR gene expression in the liver of juvenile darkbar-
bel catfish [initial weight (2.90 = 0.01) g]. Four isoproteic (39.0% crude protein) and isolipidic (9.0% crude lipid) diets
were formulated with fish meal (FM), soy protein concentrate (SPC), fish hydrolysate (FH) and crystal amino acids
(CAA) as the main protein source. No significant difference was observed in the survival rate among dietary treatments
(P>0.05). Dietary protein had a significant effect on SGR. SPC group had lower SGR than that of the FM groups, while
SPC group had higher SGR than FH and CAA group (P<0.05). The crude protein of SPC group was only lower than the
FM group, while the crude lipid of SPC group was higher than the FM group (P<0.05). Dietary protein had a signifi-
cant effect on PEPT1 mRNA expression. The PEPT1 mRNA expression in SPC group was significantly lower than the
FM group, but significantly higher than the FH and CAA group at day 35. However, the PEPT1 mRNA expression of
SPC group was significantly higher than the FM group at day 66 (P<0.05). Dietary protein source had no effect on TOR
gene expression. These results suggested that juvenile darkbarbel catfish of SPC group had better growth performance
than FH and CAA group, which might be attributed to the higher foregut PEPT1 mRNA expression.

Key words: Darkbarbel catfish; Soy protein concentrate; Growth; Body composition; Gene expression



