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Table 1 Amino acid and nutrient contents of EHAP 2 ( )
Table 2 Formulation and proximate chemical composition
of the tested diets (dry matter) /%
. . . Enzyme Hydrolyzed
Amino acid and nutrient contents . : .
Animal Protein Treatments
EAA/g -« 100g™! Ingridients FM 401 501 601
Arg 5. 86 Fish meal’ 60.00 36.00 30.00 24.00
His L1z EHAP 0 13.00 13.00 13.00
(Ile 2.39
Wheat flour* 27.50 20.24 17.52 14.79
Leu 4,32
Soybean meal® 0.00 5.88 9.80 13.72
Lys 4.61
Mat 146 Corn gluten meal’ 0.00 3.00 5.00 7.00
Phe 219 Wheat gluten meal® 0.00 1.92 3.20 4.48
Thr 2.71 Peanut meal® 0.00 1.20 2.00 2.80
Val 2.88 Beer yeast 2.50 2.50 2.50 2.50
NEAA/g + 100g ™" Vitamin premix®  2.00 2.00 2.00 2.00
Ala 6.08 Mineral premix* 1.00 1.00 1.00 1.00
Asp 0. 66 Attranct’ 1,00 1.00 1.00 1.00
Glu 9.55
Taurine 0.00 1.00 1.00 1.00
Gly 10.9
Sodium alginate 0.00 1.00 1.00 1.00
Ser 2.24
- .~-Methioni . . . .
Tyr 126 DI DL-Methionine 0.00 0.26 0.32 0.38
Pro 7.98 L- L-Threonine 0.00 0.18 0.22 0.26
Hyp 4,39 L- L-Histidine 0.00 0.19 0.23 0.27
Lys-H, SO, 0.00 0.74 0.92 1.10
Nutrient contents/ % . )
Fish oil 3.00 5.50 5.90 6.30
Moisture 3. 40
Soybean lecithin 2.50 2.50 2.50 2.50
Crude protein 82.2
Crude lipid 0. 62 Choline chloride 0.25 0.25 0.25 0.25

Ash 15.6 Ca(H,PO,), 0.00 0.40 0.40 0.40




Treatments

Ingridients FM 401 501 601

Phytase 0.00 0.20 0.20 0.20
Y, 0; 0.10 0.10 0.10 0.10
Calcium propionate 0.10 0.10 0.10 0.10
Ethoxyquin 0.05 0.05 0.05 0.05
FeSO, « H,O 0.00 0.05 0.05 0.05
ZnSO, * H,0O 0.00 0.03 0.03 0.03

( )/ %

Moisture 3.90 4.97 4.92 5.09
Crude protein 50.75 51.25 51.47 51.77
Crude lipid 10.95 11.20 11.36 10.95

Ash 11.64 11.20 10.53 9.94
Gross energy/k] « g 20.23 20.21 20.38 20.38

:FM. 3401,
40% ;501 50%
3601 60%
, 73.38%, s
L 2.29%; ) .
, 70.45%, s
L Lo24%; )
.49, 78%,

,17.05%.,

5 2.02%; ;
L 67%:; s .80, 27%,
50. 82%, . 2.90% 5 s
b (mg kg™ ! diet): A,32;
2403 K,10; B1,25; B2.,45;
B12,10; ,60; ,200; .20 ,60;

,2 0003 ,16 473,¢ (mg + kg ! diet):
MgSO, « 7TH,0,1 200; CuSO, » 5H,0;10; FeSO, « H,0,80;ZnSOy
H>0,50;MnSO; « H20,45; CoCl, « 6H,0(1%),50; NazSeO3 (1%),
203 ,60; .8 4854 : : -

: 5= =4:2:2:+1:1,

Note: FM: diet fish meal; 401:replacement of 40% fish meal by EHAP

10. 42% 5 ,
55. 04% .

LL61%.,
D.5; E,
B6,20;
,800; C

and plant protein mixture; 501: replacement of 50% fish meal by EHAP
and plant protein mixture; 601; replacement of 60% fish meal by EHAP
Co. , Ltd.
(Qingdao, Shandong); Red fish meal, crude protein., 73. 38%, crude
lipid, 10. 42%; Wheat flour, crude protein , 17. 05%, crude lipid,
2.29%; Soybean meal, crude protein, 55. 04%, crude lipid 2. 02% ;

and plant protein mixture. * Supplied by Qihao Biotech.

Corn gluten meal, crude protein, 70. 45%, crude lipid, 1. 67% ; Wheat
gluten meal, crude protein, 80.27%, crude lipid, 1.24% ; Peanut meal,
crude protein, 50.82% , crude lipids 2. 90% ; Beer yeast, crude protein.
49.78%, crude lipid, 1. 61%. " Vitamin premix(mg kg~ ! diet): retinal
palmitate, 32; cholecalciferol, 5; DL-a-tocopherol acetate, 240; menadi-
one, 10; thiamin-HCI, 25; riboflavin, 45; pyridoxine-HCI, 20; cyano-
cobalamin, 10; D-calcium pantothenate, 60; amine nicotinic acid, 200;
folic acid, 20; biotin, 60; mesoinositol, 800; ascorbyl polyphosphate
( contained 35% 20003
16 473. ¢ Mineral premix(mg kg ! diet): MgSO, » 7H, 0, 1200; CuSO;,
5H,0, 10; FeSO, « H,0O, 80; ZnSO4 « H,O, 50; MnSO, « H,0, 45;
CoCly + 6H,O (1%), 505 NazSeO; (1%), 20; calcium iodine, 603

zoelite, 8485.¢ Attractant :

ascorbic acid ), microcrystalline cellulose,

betaine * dimethyl-propiothetin : glycine :

alanine : 5-phosphate inosine=4: 2 :2: 1: 1,

, 1. 5L » min~

07:00

o ’

pH 7.5~8.0, 30~33,
0.1mg/L,
1.3

’ _80 OC
1.4

1.4.1 N
[19]

(N/6. 25);

12 h 3

19:00

19~22 °C,
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20
o 9

(1:10000)

105°C

(550 C)
[19]
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CF= (2)/ (em)® X 100% ; 2.1
HSI= / X100% 3 ,
VSI= / X100% ; ., FM . . .
ADC=[1—( Y, 0, % X (P<<0. 05),
%)/ ( Y, 0, % X %)X 501 601 FM  (P<0. 05),
100%. (P>>0. 05)( 3.
1.6 91. 1% ~93 3% ,
SPSS 17. 0 (P>0. 05),
(one-way ANOVA), (P<<0. 05), 2.2
Tukey o
5 . .
(P>0. 05)( 4),
3

Table 3 Growth performance of juvenile turbot fed the experimental diets

v e “ /g °/% ©/% O/ ed ©/%
FM 8.60+£0.03 38.24 £0.27" 3.45%£0.05" 2.67 £0.02° 2.1540. 06 1.0040. 02" 92.544. 20
401 8.6440.02  36.79 40.81" 3.25%+0.09" 2.58 £0. 04" 2.1940.05 0.95£0. 02" 91.1£3.85
501 8.6540.03 34.73 40,80 3.0140.10" 2.49 0. 04" 2.2740.05 0.91£0.03" 93.3£4.71
601 8.6440.02 32.42 +£1.28° 2.76+0.14° 2.36 £0.06° 2.2140.10 0.89+£0.03" 91.7+3.33

ANOVA
F 3.31 19. 21 26. 80 25.01 2.35 10. 37 0. 21
P 0.27 0. 00 0. 00 0. 00 0.12 0. 00 0. 90
+ yn=4; (P<C0.05), Values show with mean + standard error, n=4. Values in the

same row with different small letter superscript mean significant difference( P<Z0. 05).
(D Treatments; @]Initial body weight,IBW; @ Final body weight, FBW ; @ Weight gain rate, WGR; ® Specific growth rate, SGR; ® Feed intake, FI; @ feed
efficiency, FE; ®Survival rate,SR

4
Table 4 Whole body composition of juvenile turbot fed the experimental diets /%
Treatments Moisture Crude protein Crude lipid Ash
FM 76.64+0. 88 16.2440. 28 3.5140.13 3.9140.02
401 77.1540. 27 16.00£0. 12 3.5840.12 3.8740.06
501 76.97+0.13 16.0640. 29 3.50£0.11 3.814+0.08
601 76.57+0.97 16.2040. 16 3.5240.19 3.86+0.11
ANOVA
F 0.51 1.48 0.23 0. 69
P 0.69 0. 26 0. 87 0.58
+ n=4; (P<0.05), Values show with mean + standard error, n=4. Values in the
same row with different small letter superscript mean significant difference( P<Z0. 05).
2.3 N 2.4
N ,
(P>0. 05)( 5), ’

(P<0. 05)( 6),



1 s 37
2.5 . 7
. Table 7 Muscle texture analysis of juvenile turbot
(P>0, 05)( 7, fed the experimental diets
- /gt /m] /mm
5
Treatments Hardness Chewiness Springiness
Table 5 Condition factor(CF), hepatosomatic FM 555.1+83.2 173.9+28.2 0.9940.19
index (HSID) and viscerosomaticindex(VSID) of juvenile 401 537.7489.2 181.24+19.7 1.00-+0. 18
turbot fed th i tal diets 9
urbot Ted The expenmental qiets /% 501 547.4444.2  182.54+14.3  1.06=0.06
0] @ ® @
601 489.2466. 4 172.4420. 4 1.03+0.12
FM 3.43+0.16 1.00£0.07 4.6940. 26
ANOVA
401 3.354+0.11 1.06=£0.17 4,8740. 25
F 1. 04 0.21 0. 16
501 3.20£0.06 1.03+0. 24 4,7140.17
P 0. 39 0. 89 0.92
601 3.39£0.12 1.05+0.13 4,8940. 42
ANOVA = s
(P<C0.05), Values show with mean =+ standard error, n=4. Values
F 2.09 1. 25 0.46
in the same row with different small letter superscript mean significant
P 0.18 0. 30 0.72 difference( P<<0. 05).
+ n=4; [23] ;
(P<<0.05), Values show with mean + standard error, n=4. Values 33 %
in the same row with different small letter superscript mean significant C24]
difference( P<Z0. 05). ;
) . S T . . 67V [25] ,
(D Treatments; @ Condition factor; @ hepatosomatic index; @ visceroso- 0 5
maticindex 25 %
2%
6 [26] .
(ADC) ,Kikuchi
Table 6 Apparent digestibility coefficients (ADC) for dry 20%
matter and crude protein /% ,
40%
Treatments Dry matter Crude protein s
FM 59.3840. 37" 91.2140.17* °
401 55.2740. 42" 87.2340.72" ’
501 52.2140.79° 86.64+0.58"
601 48.97=+0. 444 83.48+1.09° N ° ’
ANOVA
F 209. 59 58.19 ’ ? ?
P 0.00 0. 00 ’
b ’
: + =4 [27]
(P<C0.05), Values show with mean + standard error, n=4. Values ‘ ’
in the same row with different small letter superscript mean significant ’ ’
difference( P<C0. 05).
3
b o
30% ’
N Lzl H 4
17% . o s
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Effect of Partial Replacement of Dietary Fishmeal With an Animal and Plant
Protein Mixture on the Growth Performance and Muscle Texture of
Juvenile Turbot ( Scophthalmus maximus L.)

LIU Yun-Zheng, HE Gen, MAI Kang-Sen, XU Wei, ZHOU Hui-Hui
(The Key Laboratory of Mariculture, Ministry of Agriculture, Ocean University of China, Qingdao 266003, China)

Abstract: A feeding trial was conducted to evaluate the effect of replacement of fish meal by mixed ani-
mal and plant proteins on the growth performance and muscle texture of turbot (Scophthalmus maximus
L.). Four isonitrogenous and isoenergetic diets were formulated: a reference diet (FM) containing 60 %
fish meal, and three other diets 401, 501 and 601 in which 40%, 50% and 60% fish meal was substituted
by a mixture of EHAP and plant proteins, respectively. The juveniles (8. 63 £ 0. 03)g were distributed at
a density of 30 fish per aquarium. Each diet was randomly fed to quadruplicate groups of fish twice daily
for 8 weeks. The results showed that final body weight (FBW), weight gain rate (WGR) and specific
growth rate (SGR) significantly decreased with the increase of replacement level of fish meal (P<C0.05).
Feed efficiency ratio (FER) was significantly higher in fish fed FM and 401 compared with 501 and 601. No
difference was observed in feed intake (FI) and survival rate (SR) (P>>0. 05). No difference was found in
fish body composition and condition factor (CF) (P>>0. 05). Apparent digestibility coefficients for dry
matter and crude protein decreased significantly with increasing replacement level of fish meal (P<C0.05).
There was no difference in muscle hardness, chewiness and springiness in fish fed four experimental diets
(P>>0.05). In conclusion, replacement of fish meal by EHAP and plant protein at 40% can be considered
as an optimum replacement level without decreasing the growth performance and flesh quality.

Key words: Turbot; fish meal; alternative protein source; muscle texture



