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H A% (Engraulis japonicus) J& g /K 2
e, AT TR EN R, 2
F Y R IR I AR 03 A 7 DX 2 R
Fky IR T IR AT BIR A0 T 2R 1 BRURE, SE e Ry
A PR HOR T (AR AL 1) 2R P8 il A 25 R R
T3 4R v T TR £ B ORI A, XK
TRk A R S — TR A R LBy hoE, —J7 i Al LA
PR RR A AR TARE; A7
T, AR Ak bt S AR T sh AR 1 o ok
BT aERRE , Bl A R S ) A B R

fky BT o R EURHA RS | AR 7 T2 FE AT
TREHEREZES . A FIREE T 0 ok 5 57
PrE 22 08K, B4 DR BT, XK= 3
() A A A RE ™ AR S Y AR £y A 7 2ok AR Y
FEMEM e 4 0 R okt iz IR A W R oA
Al LIAS R K A3 B A0 50% A6 (2% | o
B0 RIS, AT R A
TSR 2 IR R E R . 1 IR LA SRR A
BT S BVE RN, JF BARUREE TR Y
AR BTRVIG 0B L AT i R X A 1 B A
B A2, ) i 4 5 7 Rk Y B ARCR
TERPRH AR Pk B b, Ry AL T L AR SR R TR
it DA K A JURE IS e R T4 5 o DR A 5
FFI A, XF K= S5l i R 4r 22 & i HoA
HEX,

AR S DURS 5 7R Ry (FM)OR IR )
IRRAE T 0k (L-FM). 8 RUHE 62 k) (H-FM) |
ity fge it £620¢ (HFP), Wi ffp 62 £ 75 K (HSW), B £
WK (SW) S5 sk, DL §i 8 (Pelteobagrus
Sfulvidraco) N SZER XIS, 2t 3 S RIS 5, B
FEE 28 AN [FIN T T 20 A5 A 28 11 OB v 2
KAERE . ITE A A R AR L 2, R
TR JRE X 0Ky i BT R SE R L AR P e 2B R
K3 4950 0 DA S e DR A S PR A ) R, A AR
e TR 57 T IR AR AR, e AR
B IE &, I A R Ml 3% 4 B A Y 7
R FAE 0] e B AL 5 Bt A FH B o

1 MESETE

1.1 SCIGER

ARSI it FH AR 6 ] S 2505 008 (FM) fid R
MR, HAFORIE AW R — 25 i B A0 B AR
(RAR) N T o V2 RDRAE 1Y H AR B (R ) 22
WG, TEZEE ML 95 °C 767 40 min, 28 WARFT
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FEVEDLE UEAS B MU A R M, O BEYRE UL
THL GEVRES1 0.1 MPa, &R 85~90 °C) b T
# 1h, FRED XTI R G0 T4 10~20 s 15
FIIR B A (L-FM). QDI =Rt T15
B 0By S RLER k) (H-FM), =2t THL 2
B FLTELIP TR 25 min, JEH 115~125 °C,
Je JZZEIRIE S M 0.6~0.8 MPa, JEM 24 = A ik
R BOHL (L 3500 r/min) i 25 IR 5 19 3
K, FEREIK e FLZS VA4S B K 43 5 1 40%~50%
1) 5 56 FH B B 75 2K (SW) o IR FEZK AR 1
ZeL R . KO HRAR S AR BIK 5 i 40%~50% 1Y
S B GR 10 0% (HSW)., G LA AER Ty 5Ok,
MU (BURLZ0EE 80~100 H) ¥5 AR N 58,
1E 50~55°C &, MEAEAMHM 2 h, AL
1B 28 R 2= 105 °C PEATEE K TE . K 1 h,
BLAS MR BB KR 40%~50% Fb S5 T i ire ik £11
X% (HFP),

FRK A& A 6 FhE R B2 57
{0 HSW 9 Ji5 7 & 2 de mi . SW IR 7 7 &2 fe 1K
(F Do R F 5> F = /NK A W3 2, HFP
FTHSW 143 F AL T 500 u HI/NKA51 7 75.57%
1 72.30%, SW H 5 49.95%., HFP Fl HSW 1/}
FHART 10000 u /MK T 1%, 1 SW H
18.42%, i 1. 25k 2 1 RN R 43 -1 43 A L
AEEAMEM . FOBHE BRI i 3 0 4 4n 2 3
fii7s . HFP, HSW HI SW A I B 4 3 iR 5 i 15
FFM 4, 435HE FM 44 5.51, 7.97 f14.70 1%, ik
T E T FM 4, 52 FM 419 6.19., 3.51
453 %, FmEER S % FM 4119 2.02. 4.37
3.98 1%, HFP, HSW il SW A 7K fife 42 3 1R 25 1t
FRTE 45%~60% (% 4),

1.2 SEIRAR

HOARE TP B AE R AF R SE B R bR e, 52
55 H R OB N 2% 3 i . OFE H R 43 s
fin 30% () FM., L-FM fl H-EM., QL) 30% (1) FM
Skt R, RO IR 2 fa0ky B B Y 25% . 45%
1 65% 3 AMFIEBLEE, FETCAky HRR PN 7.1%
(HFP25). 13.3% (HFP45)F1 19.3% (HFP65) (1) fif fift
1137 (FHI ). @LL HFPAS ZH 78 i i) i e it £
RSN, ok HARS I 15.7% SW .
15.5%HSW S5 [l 2 11 7 5t 1 8 1 ok (T ) -
it 8 S HAR . DAISEEXG I K . Mk
R e 4 £ 11 Ry SR AR 1 TG R A A R T
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®1 FEREBKREFRKTE (FHRER)

Tab.1 Composition and nutrient levels of basal material (dry matter)

ﬁﬁfﬁﬁ;% FM L-FM H-FM HFP HSW SW
/K5 moisture 10.89 8.03 6.37 46.86 48.70 45.80
HEH  crude protein 66.62 66.62 66.42 67.37 63.80 61.83
HAREWT  crude lipid 6.85 8.06 8.56 8.09 19.58 3.86
#4Y  ash 14.30 16.79 15.46 17.16 16.81 15.46
% phosphorus 1.5 2.09 2.00 0.94 1.11 0.87
P M 3%/ (mg/100g)  TVBN 75.60 105.6 65.3 308.00 354.20 359.70
FRAERAY ASP 9.24 / / 55.89 40.84 42.16
JIKEH  peptide content 7.35 / / 45.47 25.78 33.28
Wi Z AR FAA 1.89 1.08 2.51 10.42 15.06 8.88

CREA R F L, LR R Y i IRA ) (RIE, S IDaEAT oy b, B IELIGE RGRINA (GB/T 22729—2008); AR HIHHT
+ ?/ﬁﬁf—i%%ﬁﬂuuﬁﬁf‘x A E] (P, ) v RO A (R R B e i iR ) WA (GBY/T 22729—2008); “/” Fom Rt ATl FIH
Notes: * represents content of amd soluble protein was measured by Zhejiang Fengyu Marine Biological Products Co. LTD, determined by the Kjeldahl
method (GB/T 22729-2008); * represents peptide molecular weight distribution was measured by HPLC (high performance size exclusion
chromatography) in the Zhejiang Fengyu Marine Biological Products Co. LTD (GB/T 22729-2008); “/” means no measurement; the same below

®2 BEREBNKS TFENS

Tab. 2 Peptide molecular weight distribution of raw protein %
=
peptide mfﬁc{xgr%vggﬁ/glstribution M HFP HSW SW
>10 000 9.53 0.36 0.25 18.42
5000~10 000 6.18 1.85 2.40 8.13
3 000~5 000 6.21 2.36 3.07 6.23
2 000~3 000 433 2.63 3.30 4.12
1 000~2 000 5.12 6.66 7.72 6.59
500~1 000 5.30 10.57 10.69 6.56
180~500 36.54 54.11 52.85 28.89
<180 26.79 21.46 19.45 21.06

K, MEAMRYIRANERER . EYHAAE  RES TR R,
%ﬂﬂ‘é‘ﬂﬁ%%%@%ﬁifﬁ%ﬁ 5 F)T%'% E‘Jilﬂﬁlﬂi‘%ﬁﬁio 13 SIS s 35 5 iE e
ETC Ay HOR ORI S0 A 4% 2H S 36 21 22 TR Y

BE kL B U T 0 45 50 0L 2 ) £ R — B B R AT N5
B, KBRS DT HEMPHELT, 7BEPY 40160 m MIRAE

H T A R 25 K TS 3t 60 H 75, 4% e Wb B LI AR GRS K 1.5 mxFE 1.5 mxig
BB EGORS), A G AE RO R e 2m) 24, LSRRI, i i
BLARAS, BRI T SRR B 15 mm, & BE AT LS kW iU Sl
B 2~4 mm 00 BURL G, UKL %ORLE BAE 70~ S LD 6 W T VT A N Al
80 °C, JEBHEEH 15%~20%. R TR A VEH, PEEEH R RUAS B SF | A€ f e AiA o &y
RS BT 00 °C KA RTE S, &dlsz (17.69+0.09) g i B Hi 4 &)y £ 960 &, B HL 43 AL
K HOBAE B LR & B N 4 FTR . L-FM, H- 84, BABAE I NEL, B 40 . BH
FM 5 FM 1 18 PR R4 Al 56 R 8 IR 2 1K (06:00—08:00 1 16:30—18.30), H #&
0.896 8. 0.7852, L-FM fil H-FM RY4-RIR St Tl MR BB BT 1Y 3%~5%, 45 2 A BEHL Pk ik
. SrBE FM AL 1.36 12,68 fif; HARAIPE 10 A MR PR i 5 dEAT AN 5, IR R4
AR ESHMEARINEZEME, B LR 8 A,
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#*3 ZWHAREMAERSEFRKE (FHYRER)
Tab.3 Composition and nutrient levels of the experimental diets (dry matter)
J?nz/egfg;%) FM L-FM  H-FM  HFP25 HFP45 HFP65  HSW SW
KHEFA  rice bran meal 79 94 95 70 73 75 129 45
EEAYAF  American chicken meal 72 71 71 152 130 109 123 129
FRAFE A cottonseed protein 72 71 71 152 130 109 123 129
KIEIRAAE I soybean protein concentrate 72 71 71 152 130 109 123 129
KM rice bran 150 150 150 150 150 150 105 150
FAKEHEHK  cormn gluten meal 50 50 50 50 50 50 50 50
M flour 125 125 125 125 125 125 125 125
il FM 300
GRS R L-FM 300.0
HRER SR H-FM 300.0
ffpfig sk  HFP 71 133 193
Bt a9 HSW 155
SRR SW 157
B —E8G  Ca(H,PO4), 3] 23 24 37 37 37 35 38
il soybean oil 19 15 13 11 12 13 2 18
WA K zeolite meal 20 20 20 20 20 20 20 20
TiEEL  premix' 10 10 10 10 10 10 10 10
JEEAT  total material 1000 1000 1000 1000 1000 1000 1000 1000
IR (TR ALY/ %  nutrient composition (dry matter)
TR dry matter 90.17 90.89 91.38 91.60 92.10 92.59 92.14 92.43
HME A crude protein 47.88 47.62 47.33 47.20 46.93 46.72 46.93 46.75
HEHG  crude lipid 10.58 10.48 10.37 10.34 10.28 10.23 10.34 10.25
K4y ash 16.12 16.09 15.68 15.34 15.82 16.29 16.50 15.67
W%  phosphorus 1.92 1.89 1.88 1.87 1.86 1.85 1.87 1.85

i CRETRECAS T iR E & 44 KA 8 mg, 44 %KB, 8 mg, 44E%EB,8mg, 44EFHBg 12mg, 44 B, 0.02mg, 44 FEC 300 mg,
A KD, 3 mg, 4EEKRK; Smg, MR 5.0 mg, 28R 25 mg, MR 25 mg, WLEE 100 mg, 4125 mg, 2k 640 mg, % 130 mg, ¢ 190 mg, fill

0.21 mg, fili 0.7 mg, %40.16 mg, % 960 mg, #f 0.5 mg

Notes: *. premix contains (per kg of diet) V, 8 mg, Vg, 8 mg, Vi, 8 mg, Vs 12 mg, Vi, 0.02 mg, V300 mg, Vp; 3 mg, Vs 5 mg, folic acid 5.0 mg,
pantothenic acid 25 mg, nicotinic acid 25 mg, inositol 100 mg, Cu 25 mg, Fe 640 mg, Mn 130 mg, Zn 190 mg, I 0.21 mg, Se 0.7 mg, Co 0.16 mg, Mg

960 mg, K 0.5 mg

£ 5 KIMEKT 30 cm ALK FRTE bR . FR5H
S 1 1R] K R PR RE AE 24~35 °C, K ARV i >
6 mg/L, pH N 8.0~8.4, ZHAME<0.10mg/L,
TS FREL e BE< 0.005 mg/L, FRAbPik < 0.05 mg/L.

1.4 HmXEE

TEIEFSEIITAA T, BEAL TR A% A 2 3 1 v
i 6 R, RN IR AR A HEAT 42t R LR
Gro3HT . FRFESEHRAS UG AN 24 h R A DX 4
A AR b B0 A AT TR AR AR
TR BB A AAG R R KR LW
FIRRE AR B0 ) MR 0 A v i H o 90 1 £
Miftes 2, R T HEAT MRS TR . @M
BEAS A P BREHLIE 10 B, | mL JCH IE SR
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MEARVEST R, & T 2 mL Eppendorf & H', 7
FIRAM FEE 3h, FAHB.OHLLL 3 500 r/min B
> 10 min, B |23 M3 0.2 mL F 0.5 mL L
L. Eppendorf % H F ¥ 0V ¥4 31 R T =50 °C vk
FEARAT, FHAE IS & A8 bR 0T o @R Ak
10 Bt G FRICN IR AR FIRAE BT i, F T
JEEIE F—50 °C vKAF P ARAE % o

1.5 HRMNESHH

B URIRAF i e ke LR R, R LBk e
AR A PR 50, SR PRI 02 ¥4 R T AR vk 0 7 A
dh K> SR s FORRIRE ff b B 1 B R TR
TERIEAE 5 MR DT 5 8K A0 It 2 FRdh P e
EDE s S I ERE S K s R
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x4 ERMBARFEERNESE (FHRERM)

Tab. 4 Contents of amino acids in raw material and feed (dry matter)

JRELK R HERR/(2/100 g)
g hydrolyzed amino
i acid of ingredient

JRHIE 5 AR /(2/100 g)
free amino
acid of ingredient

FORRIE B 2R R/ (/1 000 g)
free amino acid of feed
index

M HFP  HSW SW M HFP  HSW SW FM L-FM H-FM HFP25 HFP45 HFP65 HSW SW

WEmR Val 3.62 269 3.09 249 0.10  0.79 0.80 075 043 033 0.57 0.67 131 1.73 142 1.52
FIE  Met 043 076 0.47 0.39 0.03  0.56 0.70 040 018 0.11 0.18 0.32 0.79 1.14 0.84 0.76
REAM  Leu 507  4.06 4.44 3.76 0.16 1.52 1.55 .12 0.68 0.50 0.89 1.32 247 343 2.80 2.63
RRAR e 312 198 2.26 1.74 0.08  0.59 0.73 054 033 025 0.42 0.59 1.09 1.42 1.08 1.07
KHER  Phe 280 225 248 1.52 0.09  0.65 0.75 046 038 023 0.48 0.65 1.20 1.67 132 0.97
245 438 4.13 1.58 0.04 054 0.88 021 0.07 0.08 0.26 0.66 0.59 0.55 0.42 0.35

Bs
AT
B
=

AR Lys 6.81 5.65 6.77 392 0.14 054 0.99 042 069 057 1.07 1.33 2.07 2.69 1.47 1.20
WER  Arg 400  3.18 333 431 0.14  0.75 0.84 0.18 .11 1.14 1.43 4.60 2.69 3.01 253 2.20
HER  Thr 927 937 1038  8.60 0.11 0.46 0.87 051 041 035 1.14 1.44 2.25 2.89 2.04 231
GBHR T / / / / 0.02 040 0.56 0.17  0.04 041 1.21 0.87 0.13 0.08 0.08 0.07
FEER  Tyr 223 1.47 1.45 0.72 0.07 046 0.83 015 037 024 0.43 0.51 0.88 1.21 0.79 0.23
HE®  Pro 1.73  2.88 1.78 1.55 0.11 0.23 0.45 039 093 0.64 1.73 1.20 1.33 1.70 0.33 1.26
KA Asp 1.68 1.95 1.73 1.30 0.11 0.56 0.86 0.33 1.09  0.86 1.33 1.06 1.54 1.86 1.57 1.20
“FEM  Ser 556 574 7.01 5.93 0.10 041 0.84 028 036 027 0.50 1.23 2.10 2.67 1.70 1.75
HEK  Glu 5.01 4.79 4.67 3.89 0.01 0.03 0.01 001 041 038 0.51 1.24 1.55 1.65 1.62 1.27
HZ® Gly .16 228 1.15 0.79 0.02  0.17 0.31 019 024 023 0.02 0.45 0.82 1.12 0.36 0.58
HAR Ala 327 645 527 4.62 0.13 0.83 1.05 0.98 1.01 093 1.95 1.79 3.04 3.94 2.59 322

EPRER  Cys 0.01 0.03 0.02 0.01 0.02  0.07 0.15 0.09 0.04 0.00 0.01 0.02 0.16 0.20 0.14 0.09
LR Tau® / / / / 043 087 188 171 091 124 244 330 509 572 298 550
R / / / / — 2.02 437 3.98 — 136 2.68 3.63 5.59 6.29 327 6.04
BEER TAA 5823 5993 6042 47.10 1.89 1042 1506 888 9.69 878 1656 2325 31.12 3868 2608 28.18
0.8734 0.9464 09156 — 05430 0.8386 0.8538 — 0.8968 0.7852 0.7037 0.7036 0.7079 0.6723 0.6355
VE: R= (B 6B FRAETER & By (08, Ry LR EBR A ), RFERHIRALIHAT IS, ol Pl Excel iICORREL B S0 L7ttt
JEHFP, HSWRISWHIXTFMALI8FHE LALLM AH R R EG < FoRTENE, GERR M T ROKAEICIRNE; &I AT 1 T 2 e
> B =FREAT ARG, 1330 nmi Rl

Notes: R=(taurine content in raw materials and test diets)/ (taurine content in fish meal and fish meal diet); "—" represents the control group was not
calculated; calculated using CORREL functions in Excel, the correlation of amino acids composition of HFP, HSW and SW relative to FM, respectively;

“/” indicates that it cannot be measured, tryptophan cannot be determined due to acid hydrolysis; * separated by ion exchange chromatography and
derivatized with ninhydrin column by amino acid analyzer, determined at 330 nm wavelength

LN SE JSURHA FORR R S 1 75 485 TVBN R I
R YR AE 5 U0 R R TR MK i S R 4 1 )
S-433D G Mo BN AE o MLH AT 5 2N |
BNFCER . mEEIRED . MEEREEA . A
HH ., BEA . HEFE . Hh = ER R C800
2 [ B AT E .

1.6 $EFRNE

T —

SGR(%) = [ (InW, - InW, ) /t ] x100%
FCR=F (W, - W)
PRR(%) = [ (W, — W,y )/ W, ] x100%
FRR(%) = [ (W= Wy )/ Wy x100%
CF(%) = (W, /L*) X100 %
HSI(%) =(W. /W, ) x100%
VSI(%) =(W, /W,) x100%
A, N OBSERCREFAEE (B); N, M

B % (SR). e A K% (SGR). Tkt R 4L
(FCR). #E H UL ZE (PRR). JEWTUIELZ (FRR),
B BE (CF). BFAREL (HST), EMEE (VST 254 K
PEfEFE AR A

SR(%) = (N, /Ny ) x100%
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AT R () W, SRt
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1432 &Koo=

- 6%

(@) Wy WEREKIKIRIIRAE (25 W 5%
W TR R IE DR (2); W, e i A 1 55
%o BN TR (2); L WEAHPHIK (om);
W, W AR T P it (2); W, h 3 sk
KT I R ().

1.7 BB

S B L E B A5 ME 25 (meantSD, n=3)
R~ , KM SPSS 20.0 F 4 i 17 B 2 7 22 53 Bt
(One-Way ANOVA), [A] i F| F Duncan [% ¥ kb 5
SRS A A . 25 5 W AR P<0.05,

2GR

2.1 EE&SKMREREARR

L YEFERE 8 JH, 3L E i SR A
90.67%~99.17%, % 5 5 21 ] SR ¥ JC & & 2% =
(P>0.05) (3 5). fakpxrbscsm, 5 FM ML,
L-FM il H-FM 4 #J SGR. FCR. PRR #il FRR
TS (P>0.05), L-FM 41/ SGR /17T 2.20%,
FCR [% A% T 3.57%, 1 H-FM 2 ) SGR [% 1k T
0.55%, FCR 4T 1.33%. 7F PRR il FRR J7 I,
L-FM ZH4 580 FR%, 1 H-FM 41 PRR |-, FRR
A% ; BRREESZEG R, 5 FM 4iAH L, HFP25 4160
SGR [#f T 3.30%, FCRJ}55 T 5.36%, %
2% 5t (P>0.05), HFP45 Fl HFP65 £H (1) SGR 435l 4
fikT 10.99%. 20.33%, ZR# (P<0.05), HFP25
ZHHY PRR [ T 7.37%, 1fii FRR _EFF T 14.43%,
2 RN B2 (P<0.05); JRORSC 5, HFP4S,
HSW F1 SW 21 #" SGR. FCR. PRR # FRR #]J&

W EM2ZR (P>0.05), 34 HKY, HFP45 F I
R E 2 SGR, SW 41 SGR A%,

IRTFSE AR R, AR R ol X A A
KRR A RGO T4 7R i HHR P 7.1%
HFP 5% 485 R 083 X 2 500 £ 14 74 1 R R0 4 et 3
R R (P>0.05); il A i £0 3% X6 o i e
KR RIS, BEfmyE KR 2s, AR Ik
RO T IR

22 B"E&ERS

FEf Ry XF e S2 e, H-FM 4 KL AR &
0¥ 5 T L-EM Al EM 4 (P<0.05) (% 6). 5
FM A Lt, L-FM il H-FM 20 B I 5 & B FEA%,  L-
FM ZSAREZE (P>0.05), H-FM 2583 (P<0.05),
25 S AR S B i Y T B 3 25 R (P>0.05),
L-FM #l H-FM % K 5y & & At FM A T,
i H-FM 2 5% L % (P<0.05)., 7EJEAR3E 5 )7 1,
CF. HSIfl VSI #4703 2% 5 (P>0.05); FEHRE
LR, 5 FM AL, HFP2S 4I7EIE . ML

BIUT . EBERUK S RO I JC R E AR (P>0.05),
BRSSP LR L BB R A B
il e L F0 K P B S B TR g, AR i =
BT RS, 258 (P<0.05), 7RIk
b7 1S5 0 FRZE A e, HSI ORI VST ¥ i 3% 25 7
(P>0.05), HFP25 41y CF .3 F [% (P<0.05); 7&
JFORLSZEG Hh, HFP45, HSW Hl SW ZH ML .
FH B 7 F1 SR B 6 7 1A B 25 S (P>0.05),
SW 4L K 43 i % 55 T HFP4S5 41 (P<0.05).

LIRS, A rIn Ty 2 m fa R 1Y

x5 EFGEEKEEMBARABYE
Tab.5 Growth performance and feed efficiency of P. fulvidraco
kX SR 6 S JERE S5
‘Tﬁﬁ fish meal contrast experiment gradient experiment ingredient experiment
index FM L-FM H-FM FM HFP25 HFP45 HFP65 HFP45 HSW SW

¥I¥E/e 1BW
KIE/g FBW
R SR 99.2+1.4
A K H/(%/d) SGR 1.82+0.09
TR R FCR
EATE%
RITTTRR /%

17.70+£0.13  17.72£0.17 17.70+0.08 17.70+0.13
49.08+2.73 50.42+3.91 49.02+5.13 49.08+2.73¢
95.0+0.0

95.0£5.0  99.2+1.4

1.86+0.14  1.81+0.18  1.82+0.09¢

224+0.18  2.16£0.16 2.27+0.08 2.24+0.18"
PRR 16.01£3.06 15.84+2.93 17.60+1.89 16.01+3.06"

FRR

48.37+13.49 47.34+17.21 37.36+7.82 48.37+13.49"® 55.35+8.14% 35.44+7.49°

17.63+0.14 17.67£0.04 17.64+0.01 17.67+0.04 17.67+0.12 17.73+0.08

47.35+0.87° 43.87+1.44° 39.70+£1.66" 43.87+1.44 43.66+2.09 42.70+2.36

95.0+4.3 92.5+8.7 96.3+£3.8 92.5+8.7 90.7£3.2  92.5+7.5

1.76+0.05°  1.62+0.06" 1.45+0.08" 1.62+0.06 1.61£0.08 1.56+0.10

236+0.08" 2.72+0.10° 3.18+0.25° 2.72+0.10 2.70+0.21 2.86+0.16

14.83+2.81" 12.56+2.50*" 10.5742.01" 12.50+2.50 14.81+0.77 13.61+0.86

9.10+2.25" 35.44+7.49 34.162.15 32.77+9.46

E: BRI b R EORZ R R (P<0.05), TR RS SRR IR bR i, NSRRI B, R RURLSRER R

PRt

Notes: Values with different superscripts mean significant difference (P<0.05), the same below; “* was used as the superscript letter for the fish meal
comparison experiment, *** was used as the superscript letter of gradient experiment, * was used as the superscript letter of the raw material experiment
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&6 FM. SPM. HSVM X} B# & ik 5 L AR $E AR 220
Tab. 6 Effects of FM. SPM. HSVM on body composition of P. fulvidraco
B B X LSS T JBE S JER S0
f LA fish meal contrast experiment gradient experiment ingredient experiment
index FM L-FM H-FM FM HFP25 HFP45 HFP65 HFP45 HSW SW

B4 body compositions

K4+ moisture 68.32+2.70 70.41+2.24 71.21£0.78 68.32+2.70 70.21£1.03 70.57+0.86 72.52+1.01 70.57+0.86 71.63+0.20 71.67+1.71

HMIEA  crude protein 50.17+0.99°51.93+2.65" 56.96+0.80" 50.17+0.99"°48.99+1.67* 52.10+£1.69" 56.48+1.18° 52.10+£1.69 53.26+1.07 54.08+1.50
MR crude lipid — 30.35+0.93"28.94+2.6524.46+4"  30.35+0.93" 29.742.05"26.66+2.9° 20.30+£1.81% 26.66+2.90 24.89+0.84 24.40+2.39
%  phosphorus 1.48£0.03 1.53£0.09 1.53+0.02  1.48+£0.03*" 1.45+0.03" 1.50+0.02*® 1.53+0.06"  1.5+0.02 1.55+0.05 1.48+0.04
#4y  ash 12.7140.24° 14.04+1.27" 14.84+0.85" 12.71+£0.24* 13.26+£0.96 13.80+1.24* 15.82+0.56" 13.80+1.24" 15.04+0.4416.02+0.33"
JEAETERR  body parameters

fEikEE CF 2.10£0.07 1.91+0.01 1.92+0.17 2.10£0.07° 1.97+0.06" 2.06£0.03*" 2.00+0.04* 2.06:£0.03" 1.89+0.03* 1.94+0.06"
fALE HSI 1.84£0.10 1.76+0.07 1.83+0.19  1.84+0.10 1.80£0.05 1.84+0.11 1.85£0.06 1.84+0.11° 1.72+0.01 1.85+0.06"
L VST 8.82+0.79 8.81£0.80 7.68+0.81  8.82+£0.79 9.77£0.56 9.85£0.94 8.89+0.32 9.85+0.94" 8.82+0.10° 9.07+0.11*
B, IBEAUK A A; SRR AR ALB. AST il ALT & &3 & F HFP45 41, JHrf

R R A KA H, b SRR &
BN, Ko SR LT AR AU B
SRS ALKy

23 B=F&MEER

ALT 2573 83 (P<0.05), DI EEW, HEaEEa
o E R T BB R A% o TR A R 0 S T
T 23 % HF 2 fig i B 3 o A RS KSR
SW Fl HSW # HFP X £ 14 JIF Ty fig () 453 07 35 K

R MR T RE B ML R AR B, R

PRI NE D BE A MG F8 45 s, ok xt b i
¥h, H-FM 401 TP, ALB. AST HI ALT & &5
TL-FM 4, 25483 (P>0.05), FM 419 AST %
B EE T H-FM 4 (P<0.05); HBhEESCH v, B
& A S g (3G fin, AST. ALB 7 i3
hn, ZREE (P<0.05) (% 7). SXTH4 FM AHLE,
HFP25 4178 TP, ALB Il AST & 5 ¥ G & %
225 (P>0.05); JsUkEHSEgH, HSW. SW iy TP,

Fbszgi i, H-FM 41/ CHOL, TG fl HDL % &
T L-FM 4, Z5 A% (P>0.05), LDL Fhth
Fm T L-FM FIFM 41, 25 83 (P<0.05); B
Scus b, B AR G2 RS N W 3% in, CHOL
A HDL & &34, 2583 (P<0.05), TG f1LDL
FEFL, Z2RAEE (P>0.05). 5 FM 4L,
HFP25 0/ CHOL ., LDL Hl HDL & &M% Bk
Sz, AHEG SW ORI HSW 2H, HFP45 2H(% CHOL .

R7 TEER &R E S CRRHEN

Tab.7 Effects of different raw materials on serum chemical indices of P. fulvidraco

ik e i= s s FBE S JEURLSEEG
‘?Eﬂ‘/f fish meal contrast experiment gradient experiment ingredient experiment
index FM L-FM H-FM FM HFP25 HFP45 HFP65 HFP45 HSW SW
JFFREL AR
MEHA/N(gL) TP 32.03+1.16 32.00+1.32  32.9+1.01 32.03+1.16 31.17+1.66 30.73+1.51 31.47+0.81 30.73+1.5133.87+1.3632.13+1.77
H#EA(gL) ALB 9.7340.64 9.50+0.87 11.03£0.84  9.73+0.64 9.50+0.87 9.00£0.60  9.70£1.21 9.00:0.60"10.63+0.55" 9.00+0"

RNFEZER/(U/L) ALT 4.33+0.58 5.00+£1.00 5.33+1.15 4.33£0.58"" 5.67+0.58° 3.67+0.58" 5.33+0.58% 3.67+0.58"10.33x1.15%9.00+1.73"

BEFEERE/(U/L)  AST314.0£8.2° 328.3+2.5" 336.3+11.0° 314.0£8.2*" 296.3+14.2" 332.0+12.1° 324.0+6.1°
1fi G A3 2 i/ (mmol/L)

332.0+12.1353.0+11.5 344.3£13.3

fHFEEE CHOL 4.66£0.53 4.3240.54 4.54+026 4.66£0.53% 3.66£0.56" 3.85+0.39"" 4.42£0.28"" 3.85+0.39 4.13£0.49 4.16+0.33
HM=m TG 4.60£0.46 3.93£0.38 4.20£0.44 4.60:0.46 5.03£035 5.83+0.96 4.70+1.06 5.83+0.96" 3.47+0.23" 4.77+0.98"
R A HDL 1.74+0.07 1.68+0.14 1.84+0.02 1.74£0.07" 1.41£0.09" 1.69+0.14*" 1.73+0.27° 1.69+0.14 1.8420.13 1.65+0.09
K% EE®EE LDL 0.50+£0.04" 0.67+£0.02° 0.80£0.05° 0.50£0.04° 0.41£0.13*" 0.42+0.05*® 0.27£0.09* 0.42+0.05“ 0.86+0.03" 0.67+0.09"
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HDL F1 LDL % & F&AI%, b LDL 22 7 B 3 (P<
0.05), HFFTEE ST, H RO fa oy 38 in £ (AR 1 1
BEARIS,  Xof o A i 5 i A A5 AR50 Sk 1
fiff 2 £ AT T AR AR AR Ao, RlE W
TGN, i B A R R R, X AR P
W o AR K SE T 5 SW ORI HSW AH EL, HFP
A )T R A f i

3 e

31 EBEFEEREMNNESR

it fige fi 60 2% Rl it i £ R 0 4y T R AR T
500 u B9/ NI G 75.57% F1 72.30%, T 6 £ i
WA 49.95%, it firk B 0 5 R B B8 40 15 0 b oy
FHEE T 10 000 u /IR A HOAR T 1%, B AR
HZ ik 18.42% (£ 2). NAILMRAN T H LFH,
il fife it f00% | WA ER VA | BRAGIEIR OK AR
Ko S5 amt, HXRE5IN 0873 4,
0.946 4 F11 0.915 6, Vi B2 LR & A OC R ECH
0.543 0, 0.838 6 1 0.853 8, JsUklH AR MR & 4%
SRR 2.02. 4.37 F13.98 %, A FRAE H AL
HE ALY 3.27~6.29 % (& 4). AT LA /MK
VAR Gl 2 A 05 M R v s il K 22 S ) FR B
R, 2 52 Ml i A 7= 5 A D R i B R A
P MR, R A S5 T 25 M A3 S T A B A
TRILL RN A3 A, NI & AN ] ) B SR AR

IR B2 £ 493 21 1) B 0 A K R AR ) R A 4
THT 2.20%, AL fR 41 A B ar i A Kk
A& (% 5), BD 85~90 °C Jin T 1 B i £ By 55 115~
125 °C Bl A B A K EF W EFRF K. HFP25
2 7.1% I Tl A B2 £ 3% T DL 5E 2B AR 30% Y A
¥y, RKATLMEEA, 8 a0 A Kl R A
b FM 41 H R T 3.30%, i it o 11 2 B i 2k
P WA v TRy . AN SEER B E T A AR A
I IS EYE L, AR T DRk e A
i, BRI RR, PSR AS o WA B A0 K
TR firp 82 €00 0K 2 B ISR AE B 30 19 A K DR T
T TG S0 2 25 55, T A 4% i Ak 3L 1 8 00 5 SR AL 1Y)
WHta R KYERE R T 3.11%. I, 787 5T
S o ORI B A R PR T A RN,
ST TR AL T RS R & o FEAE =R T
FEEREA . DK, PR MG TR A R
B & AL, kA P R R R L THIR
THE L) G 04 T 22X E R R BIR, I HAE
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TRDR ) A1 i it rp B PRl RO PR HEATERI, R
Sl AR A T R g AR A T T AR 7 i 4
R, SCERUERE ) A A b 8 AR

32 B REMNERHES KN

8 &K 7 S AN T BBk Y 2 P P 1
B, B AR Ry B iE R, FE
FERTIR . WM/ NIR . AR B R A5 T ) i Rl —
S RmMAERKRE T, Hik, fmrE L EFRAR -
BAEEARSER . 2RS4 . GOy, 5
BEIK = Bl W Ak B AR A A [ BE T
TRk A EE . A TVBN 3R MER A .
AR AL FIH AL R 2 e A= A AR ™7, TR
Vi) LY/ L0 IE R ST 95 -Raa b= (TN

TEfB N Tl ferd, 788, TR iR
e SBEARAEL, FEAS AR E
RO, DTS BBy 2 11 B AT AR R TR I
B B AR AL P IS 22, X AT BB S e AR ST
SERMELENER, AR RD], 75X 6
(Oncorhynchus mykiss) F1 KP4 ¥ (Salmo salar) W)
SEERE R R R S B S I AR
ERRAL, X 5T S B A AE A
F KD, FE Aksnes 25" XF K VG ( Hippoglos-
sus hippoglossus ) FIWFFEH,  [Al—& A FURHIN T /9
fIRIR ALK (70 °C) FIH LK (100 °C), HFRFH 5L
WA R N, AR 2 A R AR R RN R R
RN TINRA A . FEX 4K (Sparus aurata)
PEgE, EARFERR NI, R Ak 4
10 4 Sk B £F G R R 0 ) 3 TR Lokt
I, RN T O ok B 1 5T AR AL R 7 R T
R Wb 2 ) R R R RN Aok in T 5K
B2, MG RGN R T 7 0T LU o Bk
MRZEIR Ry, ARAEIBAE T 20T Loy 2 s k) |
R ek FUBEAG ok, 5 IR TR EE L AR
JoT i DA R AR A ) % i A 22 Tl DR 2RO £ B A 15
WA,k FF AE fOR 0 Tk AR e 28 U R AR R A
80~90 °C, IFA4EHI7E 20~30 min, BEs /D K i
PR EE |« sk Ay B [ S 35 ) 4 A 2% 45 A URR ) ot
ARG TN . IR 55 HE S W Jox IR 36 A8 e iy
AT I I b B AN TR TR 1) AL R I 5
g R BR R A U0 B BOFE S 0 T T
FEHE AN YT,

3.3 EMERRNMENERES KHZME
Ay A Sh 8 i — o He A PR TG I
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HRERK KT I R BT, B S AE R i
YR ARURRR S IR R, B R —Fh
BN Aok HORRBE Tl 6R fa 0 b 5 1/
k. AR SRS SR T TRy, R RERR S —Fh
IZ A TOURN I SRR, 7E4E s iRk
ARAEE . UGBS BT . RS s R R
I CRR A5 5 T B A FEAR U, J3hh, TR A
FEMR . NIRFERG R 2 0 AR K AR 1 E AR
ARUEBL s AL RS R L wel g & AT R
Hsm b A b ge " AE Dy A A EEAEA, W]
DA R 3 2 Tl e B2 £ 3% 1 A s i S 5 o T Ak
P BRI 2 — . WEfgi bR TEAR . IR
2B SR A, AL = WO . O R TN R e 5
SFRPIR T BED IR T LA S i 2 A K R AR o
Jil g PR Xp e it gt b, A H R
N 8.2% Mg it f0 0 58 Ak, 5 30% ok
Xt PR AR O AR BB REAR T 1.81%, HEARRI T
AR AR PERE . E RS By afkseh, H
FR RSN 12% i fige i £00 58 B AC AR, ML
30.5% My fa A X R, B R N AR K
PERE, LG A i e 6 0 R 3G 0 S B0 R R
THEN AR A B, 7E Wu P P
B T A SR S I A 8% MY N F] 24%, B
Fita A KRR AVRDRESOR 3 R, FESRW)
(Lates calcarifer)™ F1 K 22 8 (Scophthalmus max-
imus)™® ARSI L R B T AR R AR Ak
000 3 AR b s BT B8 5 1R KT B T 2 R 1 R
Wi S W IR 4R 3 (CCK) A P, CCKAE N
PR R P R B, AT DAGE ol A A M i
RS IXOA] g R i S B B R T Bk Kk Re
B —AEEIR A, Besh, o 2 J LR A
TE P WS R e PR S B i A AN ) 20 AT R
ARKBCRT RN EZA N, H, SERHM0
TRk v A R IR RS I B A R AE 7%~8%, LR
/NI L 2B R SRR IR B R TR DR AE —
MEEEEN, SR EEAR T AN ER
KB WA, = aWt ke Do R . kmE. B
IR JESE R AR AE I, @ TR AR
W RN, e 7= i B i, e A
34 BEFNEFSE KON

ARSI N, B K WA
SRNGE £85I 3 Tl X B A 10 2 M RER
T —EmZES, 3MEAER/MK. 4R
SERRIRE R T A R S AR I B E e,
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HLAE AR it 28 B R RN 25 SRR 2H iy T = A T
BRI A, Jy—T5mm, B T2 E R E &
H R R 3 F-3 A

Ji) 8 B AR X A i pE s, 7E H AR
It | BRI DR R A, SRR,
HORR s s R Se s A KosCR e 22, i
it i £ 1 HR Y S S 2H B i i AR RSCR . R AR
RAEP BRI, 75 HMRhERInGE . S
RS S, AR MERR I B 22 R,
NS [F AP S B 2 1 JRRb e fa 28 iy A K Pk RE B A
HEW . X E SR8 (Pagrus major)™ Fl 7 6
(Paralichthys olivaceus) BJ"" W52 & ¥, 7EH M
LA 2.0%~3.5% B EE 7K i P50 R i A K
B FERL] R AR LA R b R S e T e 4
T EA G HEAE ], SRS R 2 B i A AR 3R
B I RERORAFAE 22 5% 0 MR AE 1 . iR B0
o2 1155 O AU P 8 N A28 H R BC 7 LR 3AIR
AR VAR B b B al R E Bk, E AT LA S A
FRORE B RN AR R AER TR ESR, %
SRR E FROK S, B a2 i A KM RE

4 5

FFEETT T, 5 B AL, fRak
I 52 #4015 800 HG A A B R AR SR AR X 8
45, I ELAE g R b 07 T ELE T ML £k
o B HAR AP 7.1% BEfRst e, IR
SLMRAREE L AR RS X PR AR kb SRR
IR, e 210 30% by, X Ry A KA |
TP A8k 3R AL 39 A A B BT S W, 5 Ry
A HE R B —E R SEROC A 5 0 HOR il A
AR R, 2 B UE AR K RE R
ORI o AN [R)H OB B 7™ il X 3 3 £ 1)
AERAPERERZ AN, FE A [R] Bi 2  RORE R, il
figp i 0 R0 v AR A A RO e o EAh, 420l
fifk J 0 TR PR 2 £ IR AN T f 9

(3 7 BA A SUT 55 B sl A2 B Al 22 &)
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Effects of protein ingredients obtained from Japanese anchovy by different
processing technologies on yellow catfish growth performance and
physiological health (Pelteobagrus fulvidraco)

LUBin', YEYuantu', SUNFei'| LUHao', YIHaoming', SHI Yaoyao', YU Nong',
CAI Chunfang ', WU Ping', WANG Linghua’, WU Daiwu’, PU Qinhua*
(1. School of Basic Medical Sciences and Biotechnology, Soochow University, Suzhou 215123, China,
2. Zhejiang Yifeng Marine Biological Products Co., Ltd., Yuhuan 317600, China;

3. Zhejiang Feng Yu Marine Organism Products Co., Ltd., Zhoushan 316000, China;
4. Zhejiang Star Industrial Co. Ltd., Haiyan 314300, China)

Abstract: In order to compare the effects of hydrolysate fish protein of anchovy (HFP), stickwater of anchovy
(SW), hydrolysate stickwater of anchovy (HSW), low-temperature fishmeal (L-FM) and high-temperature fish-
meal (H-FM) by different production processes in diets, juvenile Pelteobagrus fulvidraco with an initial body
weight of (17.69+0.09) g were taken as experimental subjects. 30% super steam fishmeal (FM group) was used as
control. HFP, SW, HSW, L-FM and H-FM were added into the test diet respectively, after 8 weeks culture experi-
ment, the effects of 5 different production techniques of anchovy protein on growth performance of yellow catfish
were compared. Among them, the addition levels of HFP in the diet were designed to be 25% (HFP25 group), 45%
(HFP45 group) and 65% (HFP65 group) of the protein content of fish meal in the FM group. The HFP45 group
was used as the reference, and the growth of SW and HSW groups with the same protein content was compared. 8
experimental diets were isonitrogenous and isolipid, with 3 replicates per group and 40 fish per replicate. The res-
ults showed that, (D taking the FM group as the control, SGR and FCR in L-FM and H-FM groups were not signi-
ficantly different; @) the SGR of HFP25 group was decreased by 3.30%, and the FCR was increased by 5.36%,
showing no significant difference. SGR of HFP45 and HFP65 groups was decreased by 10.99% and 20.33%, and
the FCR was increased by 21.43% and 41.96%, respectively, with significant difference. SGR, protein retention
rate (PRR) and fat retention rate (FRR) showed a decreasing trend with the increase of HFP level; () among the
three protein ingredients of HFP, SW and HSW, HFP group had the highest SGR, and SW group had the lowest
SGR, with no significant difference. SGR of HSW group after hydrolysis was 2.25% higher than SW group, with
no significant difference. In body composition, there were no significant differences in moisture, crude protein,
crude fat and total phosphorus among HFP45, HSW and SW groups, but ash contents were significantly different.
The results also showed that there were no significant differences in growth performance and feed utilization of P.
fulvidraco between FM, L-FM and H-FM, but the fish health was better than H-FM group. 7.1%HFP could replace
30%fish meal and there was certain equiralence in growth performance, feed utilization and serum biochemical
indexes. High dose of HFP added into the diet will have negative effects on the growth and feed utilization.
Among the different hydrolysate proteins, HFP had the best growth effect on yellow catfish, and SW had the
worst. In addition, HSW after hydrolysis was better than SW. This experiment may provide a basis for improving
the utilization efficiency of marine protein resources by studying marine protein materials with different pro-

cessing technologies.

Key words: Pelteobagrus fulvidraco; anchovy fish meal; hydrolysate fish protein of anchovy; hydrolyzed stickwa-
ter of anchovy; stickwater of anchovy; growth performance
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