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Tab.1 Formulation and nutrient level of the diets %195 % dry matter
TR S diet no.
JEk —
ingredient W1 dietl AR 2 diet2 KL 3 diet3 Gkl 4 dietd GRS diets TR 6 diet6
(31.45%) (36.37%) (41.55%) (46.13%) (51.72%) (56.86%)
i fish meal 21.3 24.85 28.4 31.95 35.5 39.05
[T casein 8.52 9.94 11.36 12.78 14.20 15.62
M gelatin 8.52 9.94 11.36 12.78 14.20 15.62
WIKE dextrin 35 30 25 20 15 10
4K cellulose 13.86 12.66 11.46 10.26 9.06 7.86
¥ BER4M sodium alginate 3.00 3.00 3.00 3.00 3.00 3.00
fajl fish oil 5.50 5.31 5.12 4.93 4.74 4.55
GUwNE lecithin 1.50 1.50 1.50 1.50 1.50 1.50
R 445 Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
AR Y vitamin premix" 0.50 0.50 0.50 0.50 0.50 0.50
EAEH YR 2 mineral premix? 0.50 0.50 0.50 0.50 0.50 0.50
4/EFE C vitamin C 0.02 0.02 0.02 0.02 0.02 0.02
SALNET choline chloride 0.25 0.25 0.25 0.25 0.25 0.25
LA F ethoxyquin 0.03 0.03 0.03 0.03 0.03 0.03
A1t total 100 100 100 100 100 100
EFRMBSTHT proximate analysis

JK43 moisture 7.18 6.94 7.22 7.30 7.26 7.08
MHEH crude protein 31.45 36.37 41.55 46.13 51.72 56.86
HIEI crude lipid 7.95 8.17 8.34 8.09 7.96 7.99
KAy ash 6.59 6.62 7.73 8.03 8.86 9.06

1. BAYEEE e T R AEHR L V) 480000 TU, Vi 20.00 g, Vi, 0.10 g, Vi, 1.40 g, Ve 1.20 g, V12 0.20 g, Vi 0.20 g, JILFE 88.00 g,
ZIRES 6.521 g, MR 5.60 g, AEWEK 0.20 g. 2. BEHT W A T sila k2 FeSO,-7H,0 152.00 g, CuSO,4-5H,0 2.4 g, ZnSO,4 7H,0
31.20 g, MnSO,-H,0 8.20 g, NaSeO;-5H,0 0.18 g, KI1 0.16 g, CaCO; 805.86 g. 15 k5 H % A FiKF-.

Note: 1. Vitamin premix provided the following per kg of diets: Vp 480000 IU, Vi 20.00 g, V5, 0.10 g, Vi, 1.40 g, Ve 1.20 g, Vi1, 0.20 g, Vi
0.20 g, inositol 88.00 g, calcium pantothenate 6.521 g, niacin acid 5.60 g, biotin 0.20 g.2. Mineral premix provided the following per kg of
diets: FeSO,-7H,0 152.00 g, CuSO4-5H,0 2.4 g, ZnSO,-7H,0 31.20 g, MnSO4-H,0 8.20 g, NaSeO;-5H,0 0.18 g, K1 0.16 g, CaCO; 805.86 g.
Figures in the bracket indicate protein content in the diet.
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FmE T IR, PREeiRAgfaett: | I/ NAIAS AH T 4
JRE(11.8620.11) mg WYL B 40 B 1440 H, Bl
Lo 6 DR UK Se g dl, #6470 3 JE Y
TR FRSLEE (R FRSE 00 1E FLAS 20 cm, (5 25 cm /¥
BN AT, KA —229 0.5 cm [
U, IR ACH Tk A B A sk fe PO B,
BEPEX G 3E, Akt oA BAR L, B KA 9
g1 H, BRI 240 A EAE, A 80 MEE
YER— R Tt A bRl . BRI
2K, BFE 435024 7:00 F1 18:00, LANSA FliH A,
PR S W 0 o B R K, BRI K & 24 12,
T ARG TE BEKAR 1 UK, Segn B lE], 7Kk 28~30°C,
AL 20~25, HAKT 5.0 mg/L.
13 HmESSH

S JE, W/ N BRI E B, LSRR T
BOFHATIRE, W RS2 50 2 1 4 432 U 4
PRAET—20°C UKAH, 43 5 T3 A0 B 7% M A iR 21
BRI AE o B 3R, Y E AR E AR KR
N A

BT 2R (Survival Rate, SR, %)=100xNy/No;

H4 Hi % (Weight Gain Ratio, WGR, %)=100x
(We—Wo)/Wo;

s KK (Specific Growth Rate, SGR, %/d)=
100x(InW—InW)/t;
A, Wo T W43 3010k 4188 ) 41 A U B 2R
SEIURER, NI No 430k %)) 8 2R R b i A3
I ES SN

)RR T A0y S A i 00 - P PRI AR )
KAy, 105CHEM T 2= H &, HELIKE RN

(Kjeltec 8400, Sweden)l & FL 2 [1; FH& [CHhf2
% (Soxtec 2050, Switzerland)il &k AGNG; 3
B 550°C KA 12 0 5E KAy .

TH AT PR 0 R P 40 M AR AR S 3R AR
15, B URINL O B4 BERE 5L, FEVKE BT
A BY YRS R R YIRS IR A, R AR R L
1 2 [ e ATV I BE IR 22 v il (pH=7) 3254721
I, ST 4°C 3000 r/min B0 10 min, B Y
WAE DRI . 5 T RYE MR A Folin-fk il
FE 5 Ne 0 A I L D A T P R B T
BHs SR e A ) TR S BT o AR B
M 7E
1.4 HESHIT5H

K SPSS 19.0 A4 xf £ i i 47 e i+ 44t
Jek I T AT s I O 2= 5 M, BRE T R R Ty
2008, BEMKTE R P<0.05, HEFIXHEE
MEAT Tukey £ & R, BIEZERM 3 ANELEM
S MEAFRAE TR (X £SE) RN o

2 #REHSW

21 ARAEBRAKFEZWAMNSTEHENE
K% BE

& 2 FIHL, ANFE A BUKSER O
S 21 B 1) SR 7E 86.67%~91.85%71 [l N, 4% 4H [a] 1%
A 3 225 (P>0.05) o ARl H K FARpRER 4l
10 14 H RN AR A R 8 35 52 (P<0.05) B
TR BT, SLOE B AR WGR
SRR B, B BUKE R 51.72%5%
B e, W T EREE I BUKOE 46.13% 50 50 41

*2 TEBAMEBRKIPNUATENBRE KIEENTD

Tab.2 Effectsof dietary protein level on growth performance of juvenile Scylla paramamosain X +SD

kRS dietno.  HIUfIAE /mg IBW LA K HE/mg FBW MG #/% SR W /% WGR B A K /(% d") SGR
diet1(31.45%) 11.93+0.34 93.89+1.97" 91.85+1.48 680.95+19.83 * 10.32+0.16*
diet2(36.37%) 12.13£0.34 108.71+2.10° 90.37+1.96 794.41423.79% 10.97+0.15%
diet3(41.55%) 11.63+0.38 113.35+1.42° 91.85+2.67 894.57+27.54%¢ 11.39+0.22°%
diet4 (46.13%) 11.83+0.20 128.3242.86% 90.37+0.74 969.50+24.50° 11.92+0.05°
diet5 (51.72%) 12.00+0.15 135.71+5.16" 91.11£1.28 1034.36+44.93¢ 12.1240.19°
diet6 (56.86%) 11.630.35 115.79+3.18> 86.67+1.28 882.42+30.70" 11.49+0.21%

P 0.815 0.000 0.321 0.000 0.000

T WISEEE hR RS R 3R A7 7 3 22 5(P<0.05). " 55 BT FoR IR R 115K P

Note: Values with different superscripts in the same column are significantly different (P<0.05). Figures in the bracket denote protein content

in the diet.
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Fig. 1 Regression analysis between dietary protein level
and WGR of juvenile Scylla paramamosain
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ML R IR 3. ANFEE A K OT SC 54 &)y
7K 3 B A 2 25 55 (P>0.05), ARl H
Jo K ST s ok &)y g (R R F L ORELR O AR 43 B
YA 25 0 (P<0.05) o Bl & T 2 11 5T /K 1 1) 4

B, AR R (A T (P<0.05) 5
THasE, MAs & & W3 B R (P<0.05), K4r&
it U] 2 0 I S T i i I R IR ) #(P<0.05) .
23 AEEBRKFEFLEAMUNSTELENE
1 B iE 1

MR 4 FoR, AR A BACEEEX L CE
T 20 1) B VI L D A T R S D e O X
SN (P<0.05) . Bl fRDBHE 1 BRI 4e v, 4
T BT P 2 T (P<0.05), kYRS T M W
FEAIK(P<0.05), g G A 3% 48 1k(P<0.05)
A A WL R . B BTKT- R 56.86% 5590 21
MR A M, AR T EARKE R
31.45%F1 36.37% W 52 5 40 o I I Tl 3% 4 D
31.45% 8 AT KL i, BEET 51.72%
1 56.86% Wi 1= 2 1 i K V- SE 50 20

3 iTit
B o P B, B A R S

My EZ sy, BAUAARK . ALUEFBEENE
2Rk, S 5HMM . MR . PUREDREY I, [
ik o] Tt e, WS sh A Kbk,
HARY e 1, Hot 7 F A L A= s, X
PR ESRAR =, MAMEARA R, SAGRYER
EH A, Wl RAVAAERAF, ErH
FHIET: . Cortés-jacinto ZECVFGY T 1R E 11
IK X 21 8 #E U (Cherax  quadricarinatus) %)) BT (1
S, RRBIE B BUK M 20%55 3] 37%%)
WA SR W HEE, ARSIy i E 221k, &
FHBKF- R 31%. 37%H01 43% LK 4 4R Y SGR

*3 TEEMERKFENUNEENERE S BT

Tab. 3 Effectsof dietary protein level on body composition of juvenile Scylla paramamosain n=3; X £SD; %
FEgS diet no. 7K43 moisture M crude protein FARNG crude lipid HK4y ash

diet1(31.45%) 78.21+0.84 35.03+0.13° 11.85+0.16° 38.23+0.22°
diet2(36.37%) 78.58+0.33 35.37+0.05% 11.86+0.10° 38.21+£0.25%
diet3(41.55%) 78.59+0.20 36.91£0.11° 11.17+£0.21¢ 40.69+0.49"
diet4 (46.13%) 78.72+0.58 37.17+0.21° 9.14+0.04° 46.31+0.35¢
diet5 (51.72%) 78.67+0.06 37.02+0.27° 7.88+0.10° 42.38+0.40 ¢
diet6 (56.86%) 78.20+0.51 36.96+0.14° 7.10+0.10° 38.20+0.21°

P 0.946 0.000 0.000 0.000

TE: FFNEE AR BE AR R 3R R AR 7E .35 25 5:(P<0.05). 365 th B 3R m Il ik 2 (1 ik -

Note: Values with different superscripts in the same column are significantly different (P<0.05). Figures in the bracket denote protein content

in the diet.
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Tab. 4 Effectsof dietary protein level on digestive enzyme activity of juvenile Scylla paramamosain

n=3; X £SD; U-mg’lprot

el B 45 diet no. EEBFGPE activity of protease

VERY B PE activity of amylase

N5 Wil 6 P activity of lipase

diet1(31.45%) 1.84+0.04° 0.73+0.02° 0.08+0.01*
diet2(36.37%) 2.01+0.04* 0.70+0.04° 0.10+£0.01™
diet3(41.55%) 2.2340.04" 0.65+0.04% 0.09+0.01*
diet4 (46.13%) 2.28+0.10* 0.65+0.03% 0.13+0.01°
diet5 (51.72%) 2.31£0.09" 0.52+0.03* 0.09+£0.01*
diet6 (56.86%) 2.43+0.14° 0.46+0.01° 0.10+0.01%
P 0.003 0.000 0.034

TE: RIZVEAR AR T BEAS R 7R A7 B3 22 57 (P<0.05). 455 P e s i RHER 11 SR T

Note: Values with different superscripts in the same column are significantly different (P<0.05). Figures in the bracket denote protein content

in the diet.
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Effect of dietary protein level on growth performance, body composi-
tion, and digestive enzyme activities in green mud crab (Scylla pa-
ramamosain) juveniles

DONG Lanfang', TONG Tong', ZHANG Qin', XU Mingzhu', SU Qiong', NIE Zhenping', YANG Jialin',
XIE Da', LIN Feng’

1. Guangxi Institute of Oceanology, Key Laboratory of Marine Biotechnology of Guangxi, Beihai 536000, China;
2. Beihai Productivity Promotion Center, Beihai 536000, China

Abstract: The green mud crab Scylla paramamosain has been widely cultured in coastal areas of southern China
for many years, with production reaching approximately 14.1 tons in 2015. The successful farming of mud crabs
presently depends on conventional diets, comprising mainly trash fish, mollusk meat and animal viscera, but the
demand for these foods by the crab industry is difficult to satisfy. Compared with the traditional feeds, compound
feeds offer better-balanced nutrition and have better storage qualities. Studies of the nutritional requirements of
cultured mud crab are important to developing cost-effective, environmentally friendly and nutritionally balanced
artificial diets. Dietary protein, a major macronutrient in aquatic animal diets, provides the essential and
non-essential amino acids needed to synthesize body protein and energy. As protein represents the most expensive
component in feeds, it is important to determine the optimal level for a cultured species. This study investigated
the effects of dietary protein level on growth performance, body composition, and digestive enzyme activities in
mud crab (S. paramamosain) juveniles. Six isoenergetic diets were formulated with varying protein content (i.c.,
31.45%, 36.37%, 41.55%, 46.13%, 51.72% and 56.86%) and fed to juvenile mud crabs for three weeks. Triplicate
groups of 80 juvenile crabs, with an average body weight of 11.86 = 0.11 mg, were randomly assigned to each of
the six diets. Each crab was raised in a bucket (20 cm diameter x 25 cm height) provided with a 5 cm layer of sand.
The results showed that the dietary protein level did not influence crab survival rate in any of the treatments
(P<0.05). The weight gain ratio and specific growth rate of the juvenile crabs significantly increased as dietary
protein was increased from 31.45% to 51.72% (P<0.05), and then the indicators showed a slight decrease with a
further increase to 56.86% protein; the gains were highest for crabs fed 51.72% protein. Dietary protein level sig-
nificantly affected the whole-body crude protein, lipid and ash contents (P<0.05), but did not show any significant
influence on the moisture content of the crabs (P>0.05). Values for crude protein content of crabs raised on one of
the four higher protein diets (41.55%—56.86%) were significantly higher than that for crabs fed a lower protein
diet (31.45% and 36.37%) (P<0.05), while the whole-body lipid content significantly decreased as the dietary
protein content was increased (P<0.05). The trend in whole-body ash content was similar to that observed for
weight gain ratio, which significantly increased at first and then decreased as the dietary protein content was in-
creased (P<0.05). With an increasing level of dietary protein, the protease activity significantly increased (P<0.05)
and amylase activity significantly decreased (P<0.05). The level of dietary protein also affected lipase activity in
the crabs. Under the present experimental conditions, juvenile green mud crabs fed 41.55%—56.86% protein
exhibited the best growth performance, and regression analysis showed that the optimal level was 49.03% protein.
These results will be helpful for formulating pelleted diets for commercial mud crab culture. Future studies of
protein metabolism mechanisms and the interactions of proteins with other nutritional components are recom-
mended for this species.

Key words: Scylla paramamosain; protein level; growth performance; body composition; digestive enzyme activi-
ties
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