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Tab.1 Molecular weight distribution of UF, FPH and RF 20
Molecular weight (D) UF FPH RF , ,
10000—20000 <0.1 <0.1 <0.1 , 5h,
5000—10000 <0.1 <0.1 <0.1 , ,
1000—5000 9.3 10.8 20.9 105°C
5001000 227 26.1 26.4 ; (VELP,
UDK 142 automatic distillation unit, VELP, Usmate,
200—500 60.6 54.9 46.3

0—200 7.3 8.2 6.3

MB, ); (Foss

Tecator, Hoganas, ),
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Tab.2 Chemical composition and amino acid composition of UF, FPH and RF

UF FPH RF
Chemical composition (%)
Protein 83.88 84.67 85.48
Lipid 0.39 0.28 0.37
Ash 10.11 13.22 8.35
Amino acid (g/16 g N)
Asp 8.53 9.10 10.76
Thr 3.96 4.11 3.86
Ser 4.23 4.39 4.30
Glu 14.94 15.79 15.30
Gly 5.79 5.85 7.41
Ala 5.99 6.04 5.63
Cys 0.62 0.59 0.63
Val 3.98 4.37 4.03
Met 2.45 2.85 2.54
Ile 3.39 3.76 3.57
Leu 6.43 7.10 5.86
Tyr 2.36 2.80 2.69
Phe 3.91 4.25 3.47
Lys 7.94 8.37 8.65
His 1.74 1.77 1.74
Arg 5.58 5.84 6.05
Tau 1.15 1.19 0.74
TAA 81.86 86.99 86.49
EAA 39.40 42.43 39.76
NEAA 42.46 44.56 46.73
EAA/NEAA (%) 92.78 95.22 85.10
EAA/TAA (%) 48.13 48.78 45.97
: TAA: ; EAA: ; NEAA:

Note: TAA: Total amino acids; EAA: Essential amino acids; NEAA: Non-essential amino acids

550°C Sh, ;
(6100 Compensated Jacket Calorimeter; Parr

Instrument Company, Moline, IL, ) ;

(ICP-OES, Vista-MPX, Varian, ) ,

Sugiura [ ;

(ICP-OES, Vista-MPX, Varian, )
6 mol/LHC1I 110C
22—24h, 8900

(Hitachi L-8900 automatic amino acid analyzer, Hi-
tachi, )

1.5

o-

110°C

>

[16]

22—24h

a_
u_
6 mol/L HCl

(Survival rate, SR, %)=(N,—Ny)/Ny*100
(Feed intake, FI, %/d)=W/[(W+W,)/2xt] x100
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Tab. 3 Formulation and chemical composition of experimental diets (% in dry matter)

Ingredient (%) M UF FPH RF PP
Fish meal 67.50 18.00 18.00 18.00 18.00
Soybean protein concentrate 16.00 16.00 16.00 19.00
Corn protein 18.00 18.00 18.00 20.00
Soybean meal 15.00 15.00 15.00 18.00
Retentate fish protein hydrolysate (RF) 5.50
Fish protein hydrolysate (FPH) 5.50
Ultrafiltered fish protein hydrolysate (UF) 5.40
Raw wheal 23.70 14.90 14.80 14.80 12.30
Fish oil 3.50 7.40 7.40 7.40 7.40
Soybean lecithin 1.00 1.00 1.00 1.00 1.00
Vitamin premix® 1.00 1.00 1.00 1.00 1.00
Mineral premix” 1.00 1.00 1.00 1.00 1.00
Yttrium oxide 0.50 0.50 0.50 0.50 0.50
Choline chloride 1.00 1.00 1.00 1.00 1.00
CaH2PO4 0.30 0.30 0.30 0.30 0.30
C Vitamin C 0.50 0.50 0.50 0.50 0.50

Proximate composition (%)

Dry matter 97.78 97.95 97.45 96.59 96.73

Crude protein 50.81 50.80 50.99 51.07 50.03

Crude lipid 10.34 10.35 10.46 10.71 9.87

Ash 13.98 7.58 7.64 7.39 7.38

Total Phosphrous 1.78 0.89 0.89 0.86 0.93

Calcium 2.32 0.75 0.74 0.75 0.85

Gross energy (kJ/g) 22.19 22.11 22.06 21.97 21.71

Solubility* 4.37 5.00 5.35 4.70 2.58
T a (IU or mg/kg ): Vg 15200 IU, 158 mg, By, 4 mg, 2200 mg, 52800 mg, 29500 mg,

141000 mg, 7040 mg, 5720 mg; b (mg/kg ): KI 0.8 mg, CoCj,'H,0(1%)50 mg, CuSO45H,0 10 mg, FeSO,-H,O
80 mg, ZnSO,-H,0 50 mg, MnSO4H,0O 60 mg, MgSO,7H,0 1200 mg, Ca(H,PO;),-H,O 3000 mg, NaCl 100 mg, NaF 2 mg, Zoelite15.54 g; c
= a- /o~

Note: a Vitamin mixture (IU or mg/kg diet): vitamin E (a-tocopherol) 15200 IU, biotin 158 mg, By, 4 mg, folic acid 2200 mg, inositol 52800 mg,
niacin 29500 mg, D-pantothenic acid 141000 mg, riboflavin 7040 mg, thiamin 5720 mg; b Mineral mixture (mg or g/kg diet): KI, 0.8 mg; CoCj,'H,O
(1%), 50 mg; CuSO,4-5H,0, 10 mg; FeSO4-H,0, 80 mg; ZnSO4-H,0, 50 mg; MnSO4H,0, 60 mg; MgSO,-7H,0, 1200 mg; Ca (H,PO;) ,-H,O, 3000
mg; NaCl, 100 mg; NaF, 2 mg; Zoelite, 15.54 g; cSolubility was analysed as the ratio of free a- amino nitrogen and total o- amino nitrogen

(Special growth ratio, SGR, %/d)= X Y205 )] <100
(LnW,—LnWy)/tx100 , NI Ny
(Feed efficiency ratio, FER)=(W\—Wy)/W W Wwy, W
(Protein productive value, PPV)= (g) (2)
(WX P —WoxPo)/(W=P)x100 (8, P Py P C %)
(Protein efficiency ratio, PER)= ( %)
(W=Wo)/(WxP)x100 (%)t (d)
(Apparent digestibility coefficient, ADC, +

%)= [1—( Y,0; x )M( SPSS 16.0 (One-way ANOVA),
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(P<0.05),

(Duncan’s multiple range tests)

2
2.1
UF FPH RF 1
0—5000 D,
99.9%, 0—5000 D
, UF 200—500 D( )
60.6%, FPH 54.9% RF
46.3%, UF 500—1000 D 22.7%,
FPH 26.1% RF 264% RF 1000—5000
D , UF FPH 2 , UF
, 10%
UF FPH RF
2 80%, RF
85.48%, 1%; 100 g ,
FPH RF , 86.99 g/16 g
N 86.46 g/16 g N, UF  81.86 g/16 g N,
FPH 42.43 g/16 g N, RF
46.73 g/16 g N;
UF FPH , 1.15 g/16 g N
1.19 g/16 g N, RF 0.74 g/16 g N
4 FM 100 g
79.02 g/16 g N,
3 , 85 g/16 g N,
86.60 g/16 g N(UF) 88.77 g/16 g N(FPH)
87.36 g/16 g N(RF), PP 84.85g/16 g N; 100 g
(38.45—41.27) g/16 g N, UF FPH
RF , 45 g/16 g N; FM
(EAA) (NEAA) ,
94.79%, , UF FPH RF
PP 2
2.2
5 68d ,
100%; FM RF  (P<0.05),

FPH UF PP (P>0.05), RF

4 TREAHEEBREN(16gN)

Tab.4 The amino acid composition of experimental diets (g/16 g N)

Amino acid FM UF FPH RF PP

Asp 7.83 8.65 8.78 8.87 8.29

Thr 3.89 3.85 3.90 3.84 3.65

Ser 3.85 4.80 4.79 4.75 4.62

Glu 1438 19.18 19.34 19.25 1841

Gly 5.60 4.16 4.21 431 3.78

Ala 5.44 5.51 5.58 5.46 5.04

Cys 0.72 0.95 1.21 0.96 1.07

Val 3.94 4.00 431 4.14 3.88

Met 2.06 1.81 1.89 1.77 1.54

Ile 3.27 3.55 3.77 3.66 3.47

Leu 6.44 8.88 9.11 8.84 8.93

Tyr 2.76 3.37 3.59 3.48 3.56

Phe 3.85 4.85 4.88 4.76 5.94

Lys 6.55 5.19 5.28 5.24 4.90

His 3.25 2.44 2.51 2.48 2.47

Arg 5.20 5.40 5.61 5.55 5.29

Tau 1.20 0.45 0.47 0.43 0.35

TAA 79.02  86.60 88.77 87.36  84.85
EAA 38.45 3998 41.27 40.28  40.07
NEAA 40.57 46.62  47.50 47.08 44.78

EAA/TAA(%) 48.66 46.17 46.49 46.11  47.23
EAA/NEAA(%) 94.79 85.76  86.89 85.56  89.49

: TAA: ; EAA: ; NEAA:
Note: TAA: Total amino acids; EAA: Essential amino acids;
NEAA: Non-essential amino acids

FPH UF PP (P>0.05);
(P>0.05);
, M FPH
RF PP (P<0.05), UF (P>0.05),
UF FPH RF PP (P>0.05)
2.3
6
UF FPH RF PP
(P<0.05), FM FPH (P<0.05);
FM FPH (P<0.05),
FPH UF RF PP (P>0.05);
FM , UF FPH
RF  (P<0.05), PP (P>0.05)
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7 FM 2, (1.78+
, 16 14 0.03) ¢/16 ¢ N, FPH ,
(P>0.05), PP (P<0.05), UF RF
(P<0.05); (P>0.05)

x5 TRSFEKBEEAMAENYEE KFEEH A IECELELHRER)

Tab. 5 The effects of different molecular weight fish protein hydrolysate on growth performance and feed utilization of juvenile turbot (mean + SE)

FM UF FPH RF PP
Initial body weight (g) 16.05+0.03 16.07+0.02 16.06+0.01 16.07+0.07 16.05+0.02
Final body weight (g) 50.88+2.71° 44.46+2.52% 41.4742.09% 37.27+2.05° 40.69+1.21°
Survival rate (%) 100 100 100 100 100
Special growth ratio (% /d) 1.6940.08* 1.49+0.08* 1.3940.07* 1.23£0.09° 1.37£0.05*
Feed intake (% /d) 1.25+0.02 1.28+0.02 1.25+0.02 1.26+0.01 1.28+0.03
Feed efficiency ratio 1.22+0.03" 1.08+0.03™ 1.04+0.03° 0.92+0.06° 1.0040.02°
Protein efficiency ratio (%) 2.39+0.05" 2.1240.07* 2.03+0.06" 2.03+0.06" 1.9940.04°
Protein productive value (%) 37.87+0.40° 32.85+1.21% 30.41+0.78° 28.03+1.87° 30.97+0.37°
(P<0.05);

Note: Values in the same row followed by different superscript letters are significantly different (P<0.05); the same applies below

x6 TRASFEKBEEAMNAEFYNEKN S HHMTEHEHREIR)

Tab. 6 The effects of different molecular weight fish protein hydrolysate on body composition of juvenile turbot (mean + SE)

FM UF FPH RF PP

Moisture (%) 76.17+0.33° 76.52+0.19% 76.96+0.10° 76.67+0.12% 76.41£0.18%

Crude protein (%) 15.40+0.13% 15.14+0.14% 14.77+0.20° 15.06+0.17% 15.10+£0.21*
Crude lipid (%) 3.71+0.18 4.18+0.20 3.77+0.15 3.87+0.13 4.15+0.10
Ash (%) 3.66+0.07" 3.26+0.05° 3.35+0.13° 3.32+0.11° 3.45+0.03%

x71 TRSFEKBEEAMAENYEERTERAMMFI(e/16 g N)(FIHELIREIR)

Tab. 7 The effects of different molecular weight fish protein hydrolysate on amino acid composition of juvenile turbot (g/16 g N) (mean + SE)

Amino acid FM UF FPH RF PP
Asp 8.88+0.10 8.65+0.20 9.06+0.10 8.73+0.27 8.76+0.04
Thr 4.05+0.13 4.10+0.08 4.28+0.05 4.17+0.06 4.12+0.01
Ser 4.51+0.04 4.42+0.05 4.54+0.06 4.44+0.09 4.40+0.03
Glu 13.55+0.32 13.76+0.24 14.30+0.25 13.98+0.27 13.82+0.06
Gly 7.91+0.32 8.04+0.16 8.42+0.14 8.33+0.18 8.39+0.05
Ala 6.45+0.12 6.46+0.14 6.70+0.11 6.62+0.11 6.65+0.03
Cys 1.09+0.06 1.12+0.04 1.10+0.06 1.04+0.02 1.15+0.04
Val 3.93+0.05 3.87+0.11 3.99+0.04 3.92+0.01 4.02+0.02
Met 2.53+0.15 2.51+0.12 2.62+0.08 2.54+0.07 2.69+0.02
Ile 3.39+£0.09 3.37+0.12 3.56+0.03 3.46+0.04 3.52+0.01
Leu 6.43+0.16 6.52+0.13 6.75+0.07 6.59+0.07 6.60+0.02
Tyr 2.95+0.13 2.96+0.05 2.93+0.05 2.92+0.07 2.86+0.01
Phe 3.77+0.07 3.83+0.03 3.84+0.04 3.78+0.03 3.84+0.04
Lys 7.20+0.06 7.06£0.09 7.18+0.07 7.10£0.01 7.04+0.02
His 1.94+0.01° 1.84+0.04° 1.90+0.02" 1.84+0.03" 1.87+0.02%
Arg 6.13£0.10™ 6.04+0.09° 6.35£0.07° 6.19£0.10™ 5.99:+0.03°

Tau 1.78+0.03" 0.73+0.03° 0.78+0.03° 0.73+0.04° 0.61£0.03°




916 38
2.4 FPH RF PP 3
(P<0.05),
8 UF FM ; FPH RF
, UF FPH RF
PP (P<0.05); PP
(P>0.05), FM  (P<0.05), , 12
UF FPH RF FM
(P<0.05), FPH RF (P>0.05) (P<0.05), PP
9 16 (P>0.05);
(P<0.05), (UF  FPH RF )
FM (FM PP ) ,
, FM PP UF FPH RF
; UF (P<0.05), FM PP
FPH RF PP UF UF FPH RF
FM UF (P<0.05)

RS REYE AR TYRINEBQRRWIHE LR IE(%)(FHEHREIR)
Tab. 8 Apparent digestibility coefficients of dietary dry matter and protein in juvenile turbot (%) (mean + SE)

FM UF FPH RF PP
ACD? of dry matter 64.21+0.32° 62.47+0.46" 58.95+0.17° 59.63+0.03° 57.40+0.25°
ACD of protein 90.99+0.20° 90.010.25" 88.61+0.05° 88.49+0.31° 81.93+0.26"

ACD: Apparent digestibility coefficient

R KEEH & IR B S BB A RVHE LR (%) (FHEHREIR)

Tab. 9 Apparent digestibility coefficients of dietary amino acids in juvenile turbot (%) (mean + SE)

Amino acid M UF FPH RF PP

Asp 67.82+0.45° 70.32+0.41° 66.12+0.27° 66.16+0.11° 60.61+0.85¢
Thr 69.42+0.52° 61.69+0.59° 57.73+0.11° 56.22+0.43° 51.760.79¢
Ser 69.840.60° 67.37%0.70° 62.77+0.76° 62.19+0.34° 57.15+1.93°
Glu 78.26+0.30° 71.11%£1.10° 67.50+0.61° 67.38+1.13° 60.07+1.71¢
Gly 59.79+1.76° 66.97+0.75" 61.78+1.08° 63.71£0.13* 54.36+1.82°
Ala 66.20+0.87" 59.68+0.80° 52.77+0.61° 51.8120.99° 43.80+1.95¢

Cys 41.05+0.19° 49.76+2.39° 64.39+2.80° 52.40+2.61° 41.97+1.46°
Val 67.83+1.29° 58.97+1.12° 55.17+0.76" 55.80+1.46" 46.91+2.51°
Met 44.52+0.14° 43.28+1.18° 32.91+1.11° 38.00+0.44 35.98+1.61%

Tle 63.20+1.69° 57.80+1.31° 53.11£0.52° 53.81+1.18° 46.86+2.52°
Leu 69.22+3.02° 57.82+0.75° 52.41+0.48" 50.80+1.68% 45.73+1.96°
Tyr 72.40+2.38° 72.79+0.58* 71.11%1.72° 68.87+0.84" 63.87+2.13°

Phe 63.22+2.24° 62.09+0.58 51.90+2.37° 56.23+1.18" 60.01£2.07*
Lys 83.59+1.11° 78.94+1.36° 76.74+1.63° 76.93+0.32° 68.30+1.30°
His 79.31+2.09° 72.77+0.84° 69.67+0.43° 69.78+0.97° 64.60+2.28°
Arg 76.67+1.62° 80.08+0.75° 78.02+1.00° 77.98+1.24° 71.65+2.38"
Tau 84.66+1.13° 64.69+3.69° 64.32+1.13° 57.99+3.73° 80.48+2.53"
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THE EFFECTS OF FISH PROTEIN HYDROLYSATE ON THE DIGESTIBILITY
OF JUVENILE TURBOT (SCOPHTHALMUS MAXIMUS L.)

WEI Yu-Liang"?, LIANG Meng-Qing® , ZHENG Ke-Ke? and WANG Xin-Xing®

(1. The Key Laboratory of Mariculture (Education Ministry of China), Ocean University of China, Qingdao 266003, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: In this study, we investigated whether and how the molecular weight of fish protein hydrolysate in the
plant-protein diets would affect the digestive ability of juvenile turbot (Scophthalmus maximus L). The 68-day experi-
ments were conducted on fish with initial weight of (16.05+0.03) g. Five groups of diets (UF, FPH, RF, PP, and FM)
were formulated to be isolipidic, isonitrogenous and isoenergetic. UF (ultrafiltered fish protein hydrolysate), FPH (fish
protein hydrolysate) and RF (retentate fish protein hydrolysate) contained 5.4%, 5.5% and 5.5% of protein hydrolysates
respectively (10% of total dietary protein). PP contained zero protein hydrolysate. Fish meal consisted of 18% of the
diets in UF, FPH, RF, and PP, and it was the sole protein source in the control diet (FM). The special growth rates of fish
fed with UF (UF fish), FPH and PP were not significantly different from FM fish (P>0.05). There was also no difference
in feed efficiency (FFE), protein efficiency ratio (PER), or protein productive value (PPV) between UF fish and FM fish
(P>0.05). However FPH fish, RF fish, and PP fish displayed significantly lower FE, PER and PPV than FM fish did
(P<0.05). The apparent digestibility coefficients (ADC) for the dry matter and protein of UF, FPH and RF fish were
significantly higher than that of PP fish (£<0.05), but lower than that of FM fish (P<0.05). Between UF, FPH, and RF
fish, the ADC for the dry matter and protein of UF was significantly higher than that of the latter two (P<0.05). The
ADCs for 16 amino acids and taurine could be obviously affected by different dietary treatments (P<0.05). For most
amino acids the ADC was the highest in FM fish and the lowest in PP fish among all the groups. The ADCs for cysteine
and taurine exhibited opposite patterns between the fish protein hydrolysates-containing groups (UF, FPH and RF) and
the fish protein hydrolysates-lacking groups (FM and PP). In conclusion, addition of UF and FPH to the high plant pro-
tein diets could help increase the growth and feed utilization of the juvenile turbot; the ACD for dry matter, protein, and
amino acids could be improved with FPH and UF; compared to FPH and RF, the low molecular weight UF could be
more effective to improve the growth. However, it seemed that the fish protein hydrolysate might reduce the ACD for

taurine.

Key words: Turbot; Fish protein hydrolysate; Growth; Feed utilization; Apparent digestibility coefficient



