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Table 1  Essential amino acid composition and nutrient
’ ° levels of corn DDGS (DM basis) %
’ ’ Items Content
’ ’ Essential amino acid composition
’ ' Arg 1.35
| His 0.88
’ Ile 1.21
. DDGS Leu 3.63
SR Lys 0.99
DDGS Mat 0.71
o Phe 1.63
(Scophthalmus mazximus 1.) , “ Thr 1.20
7, , . Val 1.64
Nutrient levels
| ’ Moisture 8.97
) DDOGS Crude protein 32.63
Crude lipid 7.70

DDGS
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2 ( )
Table 2 Composition and nutrient levels of experimental diets (DM basis) %
Groups
Ttems D3 D6 D9 Dl2 D3+ D6+ D9+  DI2+
Ingredients
Fish meal” 58.20  56.40  54.60  52.80  58.20  56.40  54.60 52.80
Corn DDGS 4.67 9.34 14.01  18.68 4.67 9.34  14.01 18.68
Wheat flour" 18.13  13.06 9.35 4.79  18.13  13.06 9.35 4.79
Wheat gluten meal” 4.00 5.90 5.64 6.63 4.00 5.90 5.64 6.63
Fish oil 5.00 5.30 6.40 7.10 5.00 5.30 6.40 7.10
Soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Choline chloride (99 %) 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Taurine 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix” 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Mineral premix® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calcium propionate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Composite attranct" 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sodium alginate 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Cholesterol 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Y, 0O; 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Nutrient levels”
Gross energy/(M]/kg) 20.39 20.56 20.80 21.01 20.39 20.56 20.80 21.01
Crude protein 50.12  50.86  50.00  50.05  50.12  50.86  50.00 50.05
Crude lipid 13.48  13.69  14.68  15.28  13.48  13.69 14.68 15.28
v ( 68.67 %%, 9.71%6) ( 17.14% . 2.36%) .
( 80.27%, 1.24%) . Fish meal (crude protein con-

tent was 68.67 % and crude lipid content was 9.71 %) , wheat flour (crude protein, content was 17.14 % and crude lipid content

was 2.36 %) and wheat gluten meal (crude protein content was 80.27 % and crude lipid content was 1.24 %) were purchased
from Great Seven Bio-Tech (Qingdao) Co., Ltd.

» Vitamin premix provided the following per kg of diets: VA 32 mg, VD 5 mg, VE

240 mg, VK 10 mg, VB, 25 mg, VB, 45 mg, VBs; 20 mg, VB, 10 mg, calcium pantothenate 60 mg, nicotinic acid

200 mg, folic acid 20 mg., biotin 60 mg., inositol 800 mg, C ascorbyl polyphosphate 2 000 mg,
microcrystalline cellulose 16 473 mg,

3)

Mineral premix provided the following per kg of diets: MgSO, « 7H,O 1 200 mg,
CuSO; * 5H,0 10 mg,FeSO, « H,O 80 mg. ZnSO, « H,O 50 mg.MnSO, « H,O 45 mg, CoCl, + 6H,O (1%) 50 mg.Ca

(105), (1%) 60 mg.Na,SeO, (1%) 20 mg, zeolite powder 3 485 mg,
" Composition of composite attranct: betaine : — dimethylkpropiothetin :
glycine alanine :5— 5-phosphate inosine =4:2:2:1:1,

> . Nutrient levels were measured values.

1.2 0 s

’ . 100 .
[(13.00£0.01) g],
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2.2
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Table 3 Growth performance of juvenile turbot fed different diets (n=3)

Groups IBM/g FBM/g WGR/ % SGR/ (% /d F1/(%/d) FE

D3 13.000.01 82.99+2.40° 5.3940.19¢ 2.9440.05¢ 1.5940.03 1.4640.04¢
D6 12.9940.01 86.58+2.72" 5.6740.21% 3.0140.05" 1.4940.04 1.5840.04"
D9 13.0140.01 95.52+3.96" 6.35+0.30" 3.16+0.07™ 1.5040.02 1.61+0.02%
D12 13.000.01 86.824+1.31" 5.6840.11% 3.0140.03% 1.5840.05 1.49+0.05%
D3+ 13.02£0.00 91.4242.54% 6.0240.20" 3.0940.05" 1.5540.05 1.5440.06%
D6+ 12.9940.02 93.31+£3.02% 6.1940.23% 3.134£0.05% 1.4940.02 1.614£0.03%
D9+ 13.00£0.00 100.94+0.76° 6.7740.06" 3.2640.01° 1.4540.01 1.70£0.02¢
D12+ 13.0040.01 91.80+1.59% 6.060.12% 3.10£0.03% 1.50+0.01 1.5940.01%

(P<C0.05), o

Values in the same column with different small letter superscripts mean significant difference (P<C0.05).The same as below.

4
Table 4 Body composition of juvenile turbot fed different diets (n=3) %

Groups Crude protein Crude lipid Moisture
D3 68.60+1.03 16.144+1.54 76.154+0.18
D6 66.92+1.34 16.8340.83 76.28+0.11
D9 67.55+0.89 16.844-0.84 76.184+0.42
D12 68.16+0.94 16.75+0.83 76.34+0.16
D3+ 67.434+0.17 16.904-0.39 76.15+0.19
D6+ 70.4840.04 14.744-0.34 76.9040.37
D9+ 68.44+0.09 16.5440.12 76.39+£0.14
D12+ 66.85+0.38 16.534-0.54 76.58+0.19
2.3 N s . .

5 s DDGS (P>0.05),
5 N
Table 5 CF, HSI and VSI of juvenile turbot fed different diets (n=3) %

Groups CF HSI VSI
D3 4,96+0.17 1.12+0.04 4,124+0.11
D6 4.8540.09 1.0540.08 4,074+0.08
D9 4,95+0.12 1.22+0.12 4,18+0.19
D12 4.7540.12 1.0840.08 3.96£0.09
D3+ 4,70+0.11 1.144+0.03 3.9540.08
D6+ 4,76 +0.15 1.13£0.15 3.9640.19
D9+ 5.0340.16 1.1840.13 4,09+0.18
D12+ 5.394-0.06 1.05+0.05 4,02+0.18
2.4 s D9+

6 s DDGS D9 (P<C0.05),D3+
> DDGS s D3 (P<C0.05),D12+

D12 (P<<0.05),
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6
Apparent digestibility coefficients of dry matter and crude protein for
juvenile turbot fed different diets (n=3) %
Groups Dry matter Crude protein
D3 62.60+0.44¢ 80.14+0.18¢
D6 63.96+£0.55" 82.7340.21°¢
D9 66.80£0.41" 83.1540.09"™
D12 63.15+0.95% 82.71+£1.07¢
D3+ 63.5540.51 82.644-0.26¢
D6+ 65.9140.51" 84.234-0.33"
D9+ 69.784-0.48" 84.754-0.29"
D12+ 65.9540.15" 84.93+0.40°
2.5
DDGS (P<C0.05),
DDGS s (P<C0.035),
7
Table 7 Serum anti-oxidative indices of juvenile turbot (n=3)
Groups SOD/(U/mL) GSH-Px/(U/mL) MDA/ (nmol/mlL)
D3 35.01+1.32¢ 416.97+4.56" 13.10£0.37¢
D6 36.2974-1.49¢ 423.0145.30" 13.0440.08¢
D9 39.72+1.30" 422.28+5.54" 13.02+0.53°¢
D12 35.62+0.98°¢ 420.79+4.98" 12.7740.63%
D3+ 46.08+2.37" 465.92+4.36° 11.23+0.18"
D6+ 51.5542.10° 482.41+15.78" 11.08+£0.14°
D9+ 53.4840.81" 498.17+8.22° 10.47+0.14°
D12+ 48.3041.81¢ 469.72+6.79* 10.99+0.07¢
o b b
3 o b
DDGS ’
Daskiran MY Wu s DDGS
[12] , DDGS ’
) Mathlouthi ~ M*
; B—
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Effects of Different Contents of Corn Distillers Dried Grains with
Soluble Diets Supplemented with Non-Starch Polysaccharide
Enzymes on Growth Performance, Nutrient Apparent Digestibility
Coefficients and Anti-Oxidative Ability of Juvenile Turbot

(Scophthalmus maximus L.)

SUI Zhongmin ZHOU Huihui WANG Xuan ZHANG Beili MAI Kangsen HE Gen™
(Key Laboratory of Aquaculture Nutrition and Feed . Ministry of Agriculture , Ocean University of
China s Qingdao 266003, China)

Abstract: This experiment was conducted to investigate the effects of different contents of corn distillers
dried grains with soluble (DDGS) diets supplemented with non-starch polysaccharide enzymes on growth
performance, nutrient apparent digestibility coefficients and anti-oxidative ability of juvenile turbot (Scoph-
thalmus maximus 1..). Seven hundred and twenty juvenile turbots with the initial body weight of (13.00=+0.
01) g were randomly assigned to eight groups with three replicates per group and thirty turbots per replicate.
D3, D6, D9 and D12 groups were enzyme {ree control groups, and the fish in them were fed the experi-
mental diets which used corn DDGS to replace 3% . 6%, 9% and 12% fish meal individually. D3+ . D6
4+, D9+ and D12+ groups were adding enzyme experimental groups, and the fish in them were fed the
experimental diets which used corn DDGS to replace 3%, 6%, 9% and 12% fish meal individually and
added 20 g/t xylanase (120 163 U/g) and 300 g/t cellulase (13 424 U/g). The trial lasted for 9 weeks. The
results showed that the final body weight, weight gain rate, specific growth rate and feed efficiency in
adding enzyme experimental groups were significantly higher than those in enzyme {ree control groups when
fish fed the same corn DDGS content diet, but the differences were not significant (P>>0.05). Feed intake,
the contents of moisture, crude protein and crude lipid of whole body, condition factor, hepatosomatic in-
dex and viscerosomatic index were not significantly affected by diets supplemented with non-starch polysac-
charide enzymes ( P>>0.05). The apparent digestibility coefficient of dry matter and crude protein in adding
enzyme experimental groups were higher than those in enzyme {ree control groups when fish fed the same
corn DDGS content diet. Among them, the apparent digestibility coefficient of dry matter in D9+ group
was significantly higher than that in D9 group (P<C0.05), the apparent digestibility coelficient of crude
protein in D3+ group was significantly higher than that in D3 group (P<C0.05), and the apparent digesti-
bility coefficient of crude protein in D12+ group was significantly higher than that in D12 group (P<C0.
05). When f{ish fed the same corn DDGS content diet, compared with the enzyme {ree control groups. the
activities of serum superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in adding enzyme ex-
perimental groups were significantly increased (P <C0.05), while the content of serum malonaldehyde
(MDA) was significantly decreased (P<C0.05). In conclusion, the utilization effects of different contents of
corn DDGS diets for juvenile turbot are improved by adding non-starch polysaccharide enzymes. [ Chinese
Journal of Animal Nutrition, 2017, 29(9) :3138-3145]

Key words: juvenile turbot; corn DDGS; nonrstarch polysaccharide enzymes; growth performance; nutrient

apparent digestibility coefficients; anti-oxidative ability
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