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, (58.2£3.04) g, 15 3
Pellicon2 , ( 3 ) , -20C
A(FPH-A),
B(FPH-B) A , (7: 00 15: 00)
B , 0.5h,
1 : 2%—3%
0.3% , 10000 , ,
r/min 10 min, (TSK G2000), 220 70C , -20°C
nm , , , 60d : 24h,
) C, , , 3 , -20°C
A B
( 1

*1 HEMKBEEAFRAMBHYTFEAS
Tab.1 Molecular weight of FPH-A and FPH-B (%)

Molecular weight Fish protei': Fish proteiﬁ
(kD) hydrolysate A hydrolysate B
>20 <0.1 <0.1

10—20 <0.1 0.7
5—10 16 15.0
1—-5 55 14.2
0.1—1 66.4 48.6
<0.1 26.5 21.5
1.2
( 2 (Fish meal, FM)
, 0% (FM)
3.7% (FPH-A;) 1.2% (FPH-A;) 3.7% (FPH-B)
60 , 2%
) 3 mm
, -207C
1.3
, 12
( 120 L), ,
10 L/min,
, pH,
(15+1)C, 20—
22 g/L, pH  7.5%0.1, 7 mg/L,
0.5 mg/L

F2 TWANEAMEFEAR ( NTHIR)
Tab. 2 Formulation and proximate chemical composition of ex-
perimental diets (% in dry matter)

. Diet No.
Ingredients (%)
FPM  FPH-A; FPH-A, FPH-B
Fish meal® 30 24 275 24
FPH-A 3.7 1.2

Fish protein
hydrolysate FPH-B 3.7
Peanut meal 50 50 50 50

. 10 11.8 10.8 11.8
High-gluten wheat flour

Fish oil 6.0 6.5 6.0 6.5
Ca(H:PO,), 15 15 15 15

Cr,03 0.5 0.5 0.5 0.5

Vitamin premix* L0 L0 L0 L0
1.0 1.0 1.0 1.0

Mineral premix*
Proximate composition (%)

Crude protein 46.54  47.70 46.92 46.26
Crude lipid 9.34 1017 9.48 9.83
Ash 1058  10.05 10.39 10.17
Moisture 6.55 6.82 6.98 6.96
Gross energy (kJ/g) 19.23  19.58 19.34 19.47
11

Note: 1. Supplied by Qingdao Jinhaili Aquatic Product
Technology Co., Ltd.

1.4
105°C ,
(VELP, UDK142 automatic distilla-
tion unit); ,
; 550°C 3h,
; GB/T13088—2006
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1.5
(%/d) = 100x[In( )—In( 5
Nl
(% /d)=100x% 1 2.1
x( + )/2]
(%)=100x ( ) ( 3 3.7%
A(FPH-A; ) ,
(%)=100x%( - )/ 1.2%
A(FPH-A, )(P<0.05) B
(%)=100x / FPH-A, )
FPH-A, : (P>0.05)
=100%[1—( Cr,0;3 /
Cr,0; )] (P>0.05)
=100x[1—( Cr,0; / 4 , 60d ,
Cr0s  )x( / )] FPH-A;
+ SPSS 11.5 , FM
, (P<0.05),
(One-way ANOVA) ,
(Duncan’s multiple range tests), P<0.05 (P>0.05)

#x3 KBREEAMNIFHFERNEZM(FEHELHREE)
Tab. 3 The effects of fish protein hydrolysate on growth performance of juvenile flounder(Mean + SE)

Group
Growth
FM FPH-A, FPH-A, FPH-B
Initial body weight (g) 59.27+1.34 59.49+3.10 57.47+2.49 57.56+5.22
Final body weight (g) 90.32+1.54% 103.06+2.52° 87.96+4.53 96.14+1.49®
Specific growth rate (%/d) 0.70+0.03° 0.91+0.04° 0.71+0.09° 0.85+0.03%®
Survival rate (%) 91.11+5.88 93.33+6.67 86.67+3.85 84.44+4.44

: (P < 0.05);
Note: values with different superscripts in the same row are significantly different (P < 0.05); the same bellow

*4 KBEEAMNFHEEEUFAMBNFIE(EHERREE)
Tab. 4 The effects of fish protein hydrolysate on body proximate compositions of juvenile flounder (Mean + SE)

Group
Body compositions FM FPH-A, FPH-A, FPH-B
Moisture (%) 75.03+0.63 73.99+0.35 74.87+0.91 74.63+0.62
Crude protein (%) 15.55+0.32° 17.61+0.30° 16.02+0.58* 16.23+0.43%
Crude lipid (%) 4.40+0.03 4.89+0.04 4.4740.14 4.71+0.36
Ash (%) 3.11+0.07 3.25+0.03 3.16+0.10 3.28+0.11
2.2 ;

5 , , FPH-A; ,
, FM  (P<0.05); FPH-A,;
, FPH-A; , (P<0.05), FPH-A,

FPH-B FPH-A
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5 KBeaZEAXMFEHARABNZE(ELESREE)
Tab. 5 The effects of fish protein hydrolysate on feed utilization of juvenile flounder (Paralichthys olivaceus)(Mean + SE)
Group
Feed utilization (%) FM FPH-A; FPH-A, FPH-B
Feeding rate 1.08+0.07 1.09+0.09 1.22+0.08 1.18+0.14
Feed Efficiency 70.84%2.13% 84.18+2.45 63.61+5.87° 80.13+6.74°
o - 48.16+0.88° 52.23+0.11° 50.13+0.68* 50.57+1.03%
Apparent digestibility coefficient of dry matter
T . . 80.960.75° 85.54+0.24° 83.46+0.33" 82.98+0.59°
Apparent digestibility coefficient of protein
. . . 1.56+0.05® 1.76+0.05% 1.36+0.13° 1.73+0.15%
Protein efficiency ratio
Protein retention efficiency 27.28+0.72% 38.81+2.24° 25.80+4.15° 32.52+1.43%
(P<0.05), FM  (P<0.05) 0.1—1 kD , 1 kD
[15]
, FPH-A, [1e] 1%
: FPH-A, (7
(P<0.05), (P>0.05) 2%
, FPH-A; ,
, FPH-A, (P<0.05), ,
FPH-B (P>0.05) 8]
3
[10]
[11, 12] [19]
(6]
' , 3.7% A
(13, 141 , 0.25%
1.00%
, , [8] [20]
3] , 3.7%
, Espe, et al. (2] 15%
FPH-A

FPH-A



833

(1

[

31

(4]

[5]

(6]

(7]

(8]

[22]

[23]

[24]

Morris P C, P Gallimore, J Handley, et al. Full-fat soya for
rainbow trout (Oncorhynchus mykiss) in freshwater: Effects
on performance, composition and flesh fatty acid profile in
absence of hind-gut enteritis [J]. Aquaculture, 2005, 248:
147—161

Opstvedt J, Aksnes A, Hope B, et al. Efficiency of feed utili-
zation in Atlantic salmon (Salmo salar L.) fed diets with in-
creasing substitution of fish meal with vegetable proteins [J].
Aquaculture, 2003, 221: 365—379

Kotaro Kikuchi. Use of defatted soybean meal as a substitute
for fish meal in diets of Japanese flounder (Paralichthys
olivaceus) [J]. Aquaculture, 1999, 179: 3—11

Asche G L, Lewis A J, Peo E R Jr. Protein digestion in
weanling pigs: effect of dietary protein source [J]. Journal of
Nutrition, 1989, 19: 1093—1999

Aksnes A, Hope B, Jonsson E, et al. Size-fractionated fish
hydrolysate as feed ingredient for rainbow trout (Oncorhyn-
chus mykiss) fed high plant protein diets. I: Growth, growth

regulation and feed utilization [J]. Aquaculture, 2006, 261(1):

305—317

Zambonino Infante J L, Cahu C L, Peres A. Partial substitu-
tion of di- and tripeptides for native proteins in sea bass diet
improves Dicentrarchus labrax larval development [J]. The
Journal of Nutrition, 1997, 127(4): 608—614

Refstie S, Olli J J, Standal H. Feed intake, growth, and pro-
tein utilisation by post-smolt Atlantic salmon (Salmo salar)
in response to graded levels of fish protein hydrolysate in the
diet [J]. Aquaculture, 2004, 239: 331—349

Feng J, Jia G, Yang C P. The effect of small peptides in hy-
drolytic fish meal on growth performance of grass carp,
Ctenopharyngodon idella [J]. Journal of Fisheries of China,
2005, 29(2): 222—226 [ , ,

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

, 2005,
29(2): 222—226]
Boza J J, Jiménez J, Matinez O, et al. Nutritional value and
antigenicity of two milk protein hydrolysates in rats and
guinea pigs [J]. Journal of Nutrition, 1994, 124: 1978—1986.
Aksnes A. Feed ingredients. The impacts of nitrogen extrac-
tives in aqua feed ingredients [J]. International Aquafeed,
2005, 8: 28—30
Stapleton P P, Charles R P, Redmon H P, et al. Taurine and
human nutrition [J]. Clinical Nutrition, 1997, 16: 103-108
Burrells C, William P D, Southage P J. Dietary nucleotides:
a novel supplement in fish feeds 2. Effects on vaccination,
salt water transfer, growth rate and physiology of Atlantic
salmon [J]. Aquaculture, 2001, 199: 171—184
Hevrgy E M, Espe M, Waagbo R, et al. Nutrient utilization
in Atlantic salmon (Salmo salar L.) fed increased levels of
fish protein hydrolysate during a period of fast growth [J].
Aquaculture Nutrition, 2005, 11: 301—313
Aksnes A, Hope B, Hostmark O, et al. Inclusion of size frac-
tionated fish hydrolysate in high plant protein diets for At-
lantic cod, Gadus morhua [J]. Aquaculture, 2006, 261: 1102—
1110
Wang J F, Yue G W. Application of small peptides in animal
nutrition [J]. Feed Industry, 2006, 27(7): 9—11 [ ,
. , 2006, 27(7):
9—11]
Lei G G, Ye J D, Song B B, et al. Effects of small peptides
on the growth performance, digestive enzyme activities and
oxidation resistance of Paralichthys olivaceus [J]. Journal of
Aquaculture, 2008, 29(3): 1—3 [ , , ,

, 2008, 29(3): 1—3]
Feng J, Wang M P. Effects of feeding stimulant-shrimp pep-
tides on growth performance of Peneaus vannamei fed plant
protein-based diet [J]. Marine Sciences, 2004, 28(4): 48—51
[

, 2004, 28(4): 48—51]
Liu X D, Liang M Q, Zhang L M, et al. Effect of fish protein
hydrolysate levels on growth performance and biological and
physiological parameters in tongue sole post-larvae [J]. Acta
Hydrobiologica Sinica, 2010, 34(2): 242—249 [ ,

, 2010,

34(2): 242—249]
Addison J M D, Matthews D M, et al. Evidence for active
transport of the dipeptide glycylsarcosine by hamster jeju-
num in vitro [J]. Clinical Science, 1972, 43(6): 907—911
Wang J L, Liang M Q, Chang Q. The effects of protein pep-
tide in the diets on protein digestibility coefficient and reten-
tion of sea bass (Lateolabrax japonicus) and rat [J]. Marine
Fisheries Research, 2006, 27(5): 68—73 [ , ,



834 35

. , 2006, 27(5): 68—73] tial modulation of sodium-and chloride-dependent opioid
[21] Espe M, Sveier H, Hogoy I, et al. Nutrient absorption and peptide transport system by small non-opioid peptides and
growth of Atlantic salmon (Salmo salar L.) fed fish protein free amino acids [J]. The Journal of Pharmacology and Ex-
concentrate [J]. Aquaculture, 1999, 174: 119—137 perimental Therapeutics, 2007, 321(4): 257—264
[22] Boza J J. Protein v. enzymic protein hydrolysates. Nitrogen [24] Gilbert E R, Wong E A, Jr Webb K E. Board-invited review:
utilization in starved rats [J]. British Journal of Nutri- Peptide absorption and utilization: Implications for animal
tion, 1995, 73: 65—71 nutrition and health [J]. Journal of Animal Science, 2008,
[23] Miyauchi Seiji, Elangovan Gopal, Santosh V, et al. Differen- 86(9): 2135—2155

INCLUSION OF SIZE-FRACTIONATED FISH PROTEIN HYDROLYSATE IN HIGH
PLANT PROTEIN DIETS FOR JAPANESE FLOUNDER, PARALICHTHYS OLIVACEUS

ZHENG Ke-Ke, LIANG Meng-Qing, YAO Hong-Bo, CHANG Qing and WANG Jia-Lin

(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: In the last decade, the increasing demand, price and world supply fluctuations of fish meal has emphasized
the need to look for alternative protein sources in aquafeeds. Increased use of protein of plant origin and better use of
available marine protein sources are important issues in this respect. The total volumes of by-products from the seafood
industry are significant and could become valuable ingredients in feed for carnivorous fish species. Processing of fish
hydrolysate from the by-products is applicable and these products are relevant as ingredients for fish feed. The present
experiment was carried out to evaluate fish protein hydrolysate as feed ingredient in high plant protein diets for Japanese
flounder (Paralichthys olivaceus). Fish protein hydrolysate was produced from Pollack (Pollachius pollacbhius) by en-
zymatic treatment. The fish hydrolysate was size fractionated by filtration. Fish protein hydrolysate product A (FPH-A)
was the permeate sample after filtration. Fish protein hydrolysate product B (FPH-B) was the non-filtrated sample.
Japanese flounder juvenile were fed with diets containing 1.2% and 3.7% fish protein hydrolysate in a continuous flow
system. The growth experiment lasted for 60 days. The results showed that fish protein hydrolysate improved the growth
of Japanese flounder. Specific growth rates of fish fed with 3.7% FPH-A was the highest. There were no significant dif-
ferences in feeding rate of flounder. Crude protein composition of fish fed with 3.7% FPH-A was significantly higher
than fish fed with control diet (fish meal). Fish protein hydrolysate significantly improved protein digestibility, protein
retention and protein utilization of flounder juvenile. Fish fed with 3.7% FPH-A had the highest protein digestibility,
protein retention and protein utilization. In conclusion, small molecular weight compounds from fish protein hydrolysate
may successfully be used as protein source in high plant protein diets for Japanese flounder in exchange of fish meal.

Key words: Fish protein hydrolysate; Plant protein; Japanese flounder; Growth; Feed utilization



