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Tab.1 Formulation and proximate analysis of the basal diets (%)

WS Ingredients (%) TR0 b P 2H Treatment
FMZ1 FSBM41 SBM#4] CSM4 RSM#4]

£ §} Fish meal 50 25 25 25 25
K ¥ 5 M Fermented soybean meal 30.5
T HISoybean meal 32.5
Hii#fiCottonseed meal 28
SZHRapeseed meal 39
IR} Meat meal 10 10 10 10 10
FAK3ER Corn starch 21 16 16 21 13
£y Fish oil 1 2 2 2 2
ZlSoybean oil 1 2 2 2 2
K P Lecitin 0.5 0.5 0.5 0.5 0.5
JIH[# i Cholesterol 0.5 0.5 0.5 0.5 0.5
% ¢ Vitamin premix 2 2 2 2 2
% i Mineral premix 3 3 3 3 3
UL fcholine chloride 0.5 0.5 0.5 0.5 0.5
Hi&ABinder 2 2 2 2 2
£1 4 K Cellulose 8.5 6 4 35 0.5
B 7% 5 Nutritional composition

¥ 2E 4 Crude protein (%) 38.24 38.00 37.80 37.82 37.93

¥ A 7 Crude lipid (%) 7.56 7.40 7.16 7.24 7.05

¥ Gross energy (kJ/g) 18.56 18.45 18.50 17.40 17.57

W IR A ALK (2/100 giEEY ): KH,PO,, 21.5; NaH,PO,, 10.0; Ca(H,PO,),, 26.5; CaCO;, 10.5; KCl, 2.8; MgSO,-7H,0,
10.0; AICl;-6H,0, 0.024; ZnSO,-7H,0, 0.476; MnSO,-6H,0, 0.143; KI, 0.023; CuCl, 2H,0, 0.015; CoCl,-6H,0, 0.14; Ca-lactate, 16.50;
Fe-citrate, 1. 442 2R A W41 % (mg/100 gl &H)): 4E4EFEA, 420000 TU; 4E4E 25C, 6000 mg; 4EE ZKE, 2000 mg; 4k # D5, 120000 1U;
#E KK, 1000 mg; 4E4E 2B, 1000 mg; 4E4E & B,, 1000 mg; 4i4: KB, 1600 mg; 442 % B ,, 2 mg; MHFE, 5000 mg; H &, 400 mg; VLEE,
6000 mg; =M%, 10 mg; iZ 8245, 3500 mg

Note: Mineral mixture (g/100 g): KH,PO,, 21.5; NaH,PO,, 10.0; Ca(H,PO,),, 26.5; CaCOs3, 10.5; KCl, 2.8; MgS0O,-7H,0, 10.0;
AICl3-6H,0, 0.024; ZnSO,4 7H,0, 0.476; MnSO,-6H,0, 0.143; KI, 0.023; CuCl,-2H,0, 0.015; CoCl, 6H,0, 0.14; Ca-lactate, 16.50; Fe-
citrate, 1. Vitamin mixture (mg/100 g): Vitamin A, 420000 IU; Vitamin C, 6000 mg; Vitamin E, 2000 mg; Vitamin D3, 120000 IU; Vitamin
K, 1000 mg; Vitamin B,, 1000 mg; Vitamin B,, 1000 mg;Vitamin B¢, 1600 mg; Vitamin B,,, 2 mg; Niacin, 5000 mg; Folic acid, 400 mg;
Inositol, 6000 mg; Biotin, 10 mg; Calcium pantothenic, 3500 mg

R2 TEARNENSERARS S IRV (Amino acids retention rate, %)=

Tab. 2 Essential amino acid composition of different diet groups [( IWxa)/(IF*b)]x100%
o LR NG RN, 53 591 S0 FR BT 1)) 88 A B
SRR P A Treatment mﬂ%ta@/\@z WA RE) WOJJZJJ

ffiﬁff@ﬁﬁ“f; i u%@ﬂﬂ¥igymﬁﬁ%%ﬂﬁﬁu%%ﬂﬂ
pmeidie 00T AR @), 1P R B EO N ),
A MMethionine 092 0. e TR A G B T () T T (), A P 2% P I R
S (%), by VR RN LR A (%)

e

4 FR Valine 1.71  1.79 183 171 173

K%M Arginine 223 247 2359 326 221 15 iRt
R Lysine 232 228 230 202 208 TR 2 B 1) P84 B 2 (Meant D) 77
SR R Leucine 256 272 2.83 2.44 2.51 iﬁ(?EﬁH SPSS 19()%1,_1:’;[&;”1%%%, éﬁﬂ%%ﬁ%ﬁ*ﬁ
S M Threonine 143 149 154 137 148 I, EAEAE B 25 5(P<0.05), MR Duncani: 47
S Blsoleucine  1.44 1.55 1.62 133 140 % . K FPearson Correlation (2-tailed)iE 174

Al Mtistidine  0.84 094 093 095 087 VRS & AV AR LIRS = (A RE T
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Tab. 3 Growth performance, feed utilization of E. sinensis fed on the experimental diets (n=4; x+SD)

Sl 55 ] Parameter TR 56 AL FEZH Treatment
FM#] FSBM4] SBM#4L CSM4 RSM41
173 % Survival (%) 73.3348.82 74.67+8.74 77.3344.37 75.56+7.70 70+8.82
4T % Weight gain (%) 781.23£33.99"  753.37+56.32%  825.71+28.14°  763.20+45.83"  706.78+37.15"

I 58 £ K- Z Specific growth rate (%) 3.89+0.07" 3.83+0.12° 3.97+0.05° 3.85+0.10° 3.73+0.08"
#%} Z $(Feed conversion ratio 1.4+0.09° 1.54+0.05" 1.44+0.07" 1.59+0.07" 1.78+0.14°
[ 4% Protein efficiency 1.7+0.08" 1.77+0.06" 1.86+0.09° 1.74+0.07° 1.51+0.12°

1 14 U % Protein retention rate (%) 15.88+1.59"  16.46£3.70°  17.04+4.44° 16.69+1.32" 11.76+2.79°

s AR P — S P AN R R AR R B M R (P <0.05); T

Note: Different superscript letters in the same column donate significant differences between treatments (P <0.05); the same applies

below
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Tab.4 The whole body composition of E. sinensis fed on the experimental diets (n=4; x£SD)

Sl 79 H Parameter iR U6 AL PR ZH Treatment
FM4] FSBM4] SBM4] csM4l RSM1
7K 4> Moisture (%) 67.18+3.92 64.7442.57 67.142.69 63.26£1.96 66.89+3.40
%5 14 Crude protein (%) 12.25+0.71" 12.4841.32" 13.36+1.23° 12.561.30" 11.00+1.34°
FHUIE 5 Crude lipid (%) 5.65+1.06 5.75+0.74 5.02+0.66 5.98+0.51 5.11+0.88
K4y Ash (%) 21.0543.33 23.09+2.26 22.2742.44 21.2742.19 21.76£2.39
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Tab. 5 The whole body essential amino acids retention rate of E. sinensis fed on the experimental diets (n=4; x+SD)
. . . R4 Ab B4 Treatment
AIERIFZS Amino acid types FM41 FSBMZH SBMZH CSM4 RSM#4L

% Phenylalanine 24.8043.59  25.93+0.97  22.84+0.2 25.97+1.18  21.04+4.69

R % Methionine 21.74+2.8" 24.09+1.24°  23.11+1.74° 24.9242.67°  12.39+2.42°

I T Valine 22.1842.71°  24.76+0.48™  22.68+0.86a"  27.10+1.52°  18.9444.15'
}&5 % Arginine 24.3342.1° 24.63+1.32°  2254+0.93°  19.01+1.17°  20.30+4.14"

R R Lysine 19.91£1.65°  20.25+0.69°  19.67+0.5° 23.53+1.03°  14.67+2.75"

S8 R Leucine 20.0442.55°  21.53+0.83"  19.42+0.36"  25.09+1.08°  16.74+3.44°

% % Threonine 22.9742.95°  26.22+0.73%  24.03+0.59"  29.84+149°  19.97+4.24°

FrE Wlsoleucine 22.5142.85°  24.06+0.96"  21.43+0.5" 28.92+1.42°  18.80+3.99"

4 & i Histidine 24.99+3.04 28.04+2.72 23.72+0.79 28.29+3.02  22.44+4.93

S A B 21.5643.60°  24.84+1.06"  20.85+2.16°  25.7142.63°  15.6845.67"

Total essential amino acids

6 TELEBARRSERFMBATEREX ST
Tab. 6 Correlation analysis between diets amino acids and the
whole body amino acids of E. sinensis fed on the experimental

diets (n=4; x+SD)

R 6 AL #1241 Treatment

T H Item
FMZl FSBMZl SBM#l CSM# RSMZ
$Hj‘%/%;{& *k *ok *ok *k *k
Correlation 0.955 0965 0969 0916 0.845
factor
P 0.001  0.001 0.001 0.001 0.001

E: #FFORAIRME N B2 B /KF40.01
Note: ** Indicates a significant correlation; the significance
level is 0.01
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Tab. 7 Specific activity of superoxide dismutase (SOD), glutathione peroxidase (GSH-PX) and malonaldehyde (MDA) content in serum
and hepatopancreas of E. sinensis fed on the experimental diets (n=4; x+SD)

. TR 5 Ak 3 2H Treatment
W5 5 H Ttem
FMZH FSBM41 SBM41 CSM4L RSM4L
If13%SOD serum SOD (U/mL) 15.01+1.87 15.19+2.19 1531+1.73  15.84+0.56  13.40+2.23
i35 GSH-PX serum GSH-PX (U/mL) 132.78+36.49™ 105.00+41.94" 160.56+29.45" 161.39+31.18" 92.22+41.16"
IfMEMDA serum MDA (nmol/mL) 6.59+2.14° 7.72+1.29° 580+1.86°  6.95:2.00°  11.78+2.22°
JF AR SOD hepatopancreas SOD (U/mgprot) 30.01+4.64 25.66+5.51 26.75+5.33  29.18+6.70  25.59+2.18
JFF IR GSH-PX hepatopancreas GSH-PX (U/gprot)  152.21£31.02  176.66+52.14  205.82+60.72  152.89+14.57 163.56+53.90
HFEIEMDA hepatopancreas MDA (mmol/mgprot) 2.91+0.42 2.59+0.68 2.99+0.45 3.48+1.50 4.32+1.19
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EFFECTS OF FOUR COMMONLY USED PLANT PROTEIN SOURCES ON
GROWTH PERFORMANCE, AMINO ACIDS RETENTION AND
ANTIOXIDANT ENZYME ACTIVITIES IN JUVENILE
CHINESE MITTEN CRAB, ERIOCHIER SINENSIS

CUI Yan-Yan, ZHANG Nan-Nan, MA Qian-Qian, CHEN Qing, SHEN Zhen-Hua, DU Zhen-Yu and CHEN Li-Qiao
(School of Life Sciences, East China Normal University, Shanghai 200241, China)

Abstract: Chinese mitten crab (Eriocheir sinensis) is an importantly economic species for aquaculture in China due to
its desirable taste and nutrient content. In the past decades, with the continuous expansion of crab farm and artificial
feed development, the increasing demand for fish meal by aquaculture industry makes fish meal an increasingly expen-
sive and limiting commodity. This study investigated the effects of dietary partial replacement of fishmeal (FM) by four
commonly used plant protein sources on juvenile Chinese mitten crab, with a basic diet containing 50% fishmeal as the
control, and other four diets with 50% fishmeal replaced by 30.50% fermented soybean meal (FSBM), 32.50% soybean
meal (SBM), 28% cottonseed meal (CSM), and 39% rapeseed meal (RSM). Each diet was fed to four replicates of ju-
venile E. sinensis (0.249+0.003 g) for 8 weeks. The results showed that no differences were found in weight gain, spe-
cific growth rate, feed conversion ratio, protein efficiency, and protein retention when compared crab fed the three test
diets (FSBM, SBM, CSM) with the FM diet. The weight gain of E. sinensis fed RSM was not different from crab fed
FM, but was lower than crab fed SBM (P<0.05). Feed conversion ratio of E. sinensis fed RSM was higher than those
fed FM, FSBM and SBM. Protein efficiency of E. sinensis fed RSM was lower than all other groups (P<0.05). Protein
retention of E. sinensis fed RSM was lower than crab fed SBM or CSM (P<0.05).No differences were found in the con-
tents of the whole crab body moisture, ash, crude lipid, and total essential amino acid retention rate of the four plant
protein sources groups relative to the FM group. However, the whole crab crude protein content of crab fed RSM was
lower than crab fed SBM or CSM (P<0.05). The total essential amino acid retention of crab fed RSM was lower than
crab fed FSBM or CSM (P<0.05). Superoxide dismutase and glutathione peroxidase activities in both serum and hepa-
topancreas of crab were not different when compared the groups of the four plant protein sources with the FM group.
The serum malonaldehyde content of crab fed RSM was higher than crab fed all other diets (P<0.05). The results indi-
cates that partial replacement of fish meal with FSBM, SBM or CSM will not lead to any negative effects on growth
performance, amino acid retention and antioxidant enzyme activities in juvenile Chinese mitten crab. Thus, FSBM,
SBM or CSM can be used as alternative plant protein sources to replace fishmeal in diet for Chinese mitten crab up to
30%. However, rapeseed meal is not a suitable protein source due to the lower protein digestibility, anti-nutritional
factor contents. In case where rapeseed meal must be used in the diet of E. sinensis, it should be used in combination with other
plant protein sources, and adequate process should be conducted to lower contents of the anti-nutritional factors.

Key words: Eriochier sinensis; Plant protein sources; Fishmeal; Growth; Amino acid retention; Antioxidant



