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i) =3.0%; pHIE<4.5; KT (G H )<
45.0%.

G188 T T RE I YT 9 U i R PR
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Tab.1 Proximate composition of compound feed

IiH  items fic &1k/% compound feed
7K4>  moisture 12.0
HE AR crude protein 40.0
HUIED  crude lipid 7.0
A5y ash 8.0
TRIZ Y nitrogen free extract 33.0

1.2 LS FEER

S FH e YRS R R R e T X —
ASFEAE M YE P, S5 I TE B T X )
LR AR M R 2 K R 1 & A R A
AT o TERFRIR I TF I 2 W, oA R R
B AR 28, LATE W R ) 57 BE P B R
MR FRAEAR L . g A H] 7150 R/ —
TR R, B R AR 2B, SF ) e 1A T
(1.01£0.16) g, B A A7 42 Wi ik L 1 < LBE ML AT Ry
SA, MAWEINELE, BPEE N0 Y
B, ST AR 2x1.2%05m, K @ %8 :
T)e B R PR E SR PVCAE FILIE & Y K H
P, LAE L B R, B kA TR R . 7RSS
S, B R AR, B3, IR
Fr/K i (24+5) °C. pH 8.0~8.6F17% it 2.5 mg/L.

IEN R LI F 42 759 d, 2 5E 2 i
Fto IR, BREE—K(17:00), HE
ML AR IR AR Y AR R R AOR R 95 PR BE E AT
MR, BRAERES hE AR TR &
REE A MBS . s . SET-H L, M8
TR E % LA o 1T o

SIS PR AUE BT A A G T AR G B I R S
14 B SR S R 5 AR K 2= 5 S 50 B
W EEAE T, ASHEST i R RO K 2 B R
15 H 2 B S HEGF ATIE S SYXK (Su) 2017-
0007).

1.3 #H#mRESHNE

o R & AL, I A h ARG 4
BEYUVR AL FEA8 h, KU A A 1 R T
FH K51 3 R (WGR) R & A K % (SGR). 2R
Jei INREAS 11 B2 A T B AL I8 33 X rp AR g B R 1T
HURE o A M b BCSE H a 9pk B R T A O E o
I 74K B 4 BUS S7. Z0E4 °CF 3 500 r/min 0> 10
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min, 2 E S WA B LA TR AT
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1 e K o

JHF it e v 4 B Tl R A TR B I T 3
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14 BEESZIHS S
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BB 2 SR S50 B0 Gt i 2 LI 8
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T H $ R SR AN 20% H 1 LR Y
KRG, 240 R KRR E
HAN R L e, BT S R AR Y
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Tab.2 Effects of different feeds on the growth performance of E. sinensis

4340 treatment groups

mH

items FO F5 F10 F15 F20
YRR B/g  initial weight 1.00:£0.08° 1.01£0.06° 1.01£0.06° 1.01£0.07° 1.01£0.06°
LRI Fi /g final weight 4.06+0.37" 8.38+0.75° 8.7241.05° 8.69+0.78" 8.05+1.60"

WH /% weight gain rate 306.33+36.63° 737.50+74.98° 772.33+105.46°  769.33+77.72° 705.33+159.56"
HEE KR /(%/d)  specific growth rate 2.27+0.16" 3.50+0.16° 3.50£0.21° 3.58+0.15° 3.01+0.39"
£ /Y% survival rate 86.676.67° 76.67+8.82° 70.00+5.77° 73.3343.33" 66.67+12.02°
JFIE RS %0/%  hepatosomatic index 8.06+1.32° 8.90+0.25" 8.19+0.34° 7.59+0.44° 8.69+0.33"

i Ao R KT bR R . R AT WA F _EARFEIIEA B EER P <= 0.05), FH

Notes: Data are mean values + SEM of six replicates. Means in the same row with different super scripts are significantly different (P <= 0.05), the

same below

M2 22 7R B3 (P > 0.05),

BEAR, £ PR B2E 5 AN .2 (P>0.05),
2.2 ABEANMMAE S AR P E
BB RN

R I 5 401 4/ 3 MR A I DR 3 0, 4l
W s B SR T, (H A A B HRAIG
TXTHRAL, HAARBUEZE A BEP>005)(F3).

I 99k B it 4Rk Al o B A AR R
T ) Rk i A9 3 0 S BLSE T R RN R A, (1
B X R, I H e A A3 10% 4 2 4R Ak s
KB KAE, HhF5. FI0HIF1540 5% B 20 i 3%
T+ (P<0.05).

25 2 8] 1t 98k B v T 4R TR RE ) Bl % A AN 4R
W R P e R A3, R S TR S BRI A
P IFHAEF1041 ik Bl R, 45 Ab 32 ) i 4]
WA B 3% 2% 5(P > 0.05),

2.3 ABANIMABESAR TR ey E
BoEESERMHRER NN

A Ak P 20 4y 18 il 9k B o R M i R A G 1 3

X IRA, (HJE 2R E (P >0.05)(#%4),

Bl A e RDRL AR R 1 HR ALY
BinmErhEER, AEAMKEATEYE
AT Ja BRI A R A, H R 45 A 3 2 A X
2 2 AN 3 (P> 0.05),

Wil i I DR A A 4R R B Y HS n, AS 2 R
oS REAR S T, A5 Ak BHA 5 ) HR 20 O b 2%
Z 5 (P>0.05),

2.4 ABEANEMABE SRR PEyE
BoEERRSEEEMNSI

7 H #E R LA MR 20% HL B LR Y
REEGRE, & T I R b B A R AR
FR TG P B 2 B R A B, PR R R
P, (BERE TATRRAE, FLrPFS4L . F1041. F1541
JF g Ji e JoR A P O A R B T (P <
0.05), FSLH 8 A G PR B AL g 35 T (P <
0.05), HoAth kb ¥ 20 %5 6} BE2H T 1 25 25 5 (P >0.05)
(#5).

Bl e e R M 2 R Ay
G WA TR A TS T T R, (AR T
XFREAH , o FSZH 4% B i 2 S PR R0 BRZH
FETHE(P<0.05), F5. F10414 N % & il 1 s vt

®3 TREARNREGEENBR NN

Tab.3 Effects of different feeds on the antioxidant capabilities of E. sinensis

7340 treatment groups

mH

items FO F5 F10 F15 F20
g il Ak /(umol/L)  lipid peroxide 21.97+8.75" 16.14+6.43" 18.78+13.91° 19.91+4.05° 20.00+5.53"
o EACABHEE/(U/mg)  CAT activity 27.28+1.27° 36.10+1.13° 38.30+1.48° 37.8242.74° 33.54+2.27%
EPUEALAE/1/(U/mg)  T-AOC capacity 1.06+0.03" 1.14+0.05" 1.17+0.03" 1.10+£0.03* 1.07+0.04°
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Tab. 4 Effects of different feeds on the non-specific immunity of E. sinensis

4Y4  treatment groups

e

items Fs F10 F15 F20
i W T PR AR /(42 IR #L67/100 mL)  acid phosphatase activity 5.24+0.22° 5.60+£0.04° 5.69+0.11° 5.60+0.15° 5.56+0.33"
MEEHEE/(gL) total protein content 28.54+5.77° 31.35+2.89° 41.274+6.11° 31.13£6.17° 30.77+2.05°
HEAEE/(g/L) Albumin content 1.34+0.11° 1.60+0.18° 1.68+0.44° 1.60£0.11° 1.51£0.07°
FREH S E/(g/L) globulin content 27.2045.67°  29.75£2.80°  39.59+5.67°  29.53+6.06"  29.26+2.04*
FHEREE/%  albumin to globulin ratio 5.32+0.91° 5.42+0.65" 4.11%0.51° 5.79+0.93" 5.21+0.37

x5 TRARNFEGEENEEFRHEEENZM

Tab.5 Effects of different diets on protein metabolism enzyme activities of E. sinensis

434l treatment groups

TiH

items FO F5 F10 F15 F20
R ABFIG %/(U/mg)  trypsin activity 150.28+3.45° 299.05+16.25° 272.65+22.92° 262.89+16.57° 171.20+10.29°
B 2 ABHTEPE/(U/mg)  pepsin activity 10.36+1.30° 20.46+2.62° 15.1320.44% 16.04+£1.19% 14.2342.02%
B EEBRETE/(U/g)  GOT activity 6.1442.15° 13.34+1.25° 9.05%1.47" 8.18+1.23% 6.45+1.35%
B ARG M/(U/g)  GPT activity 2.24+0.52° 6.98+0.59 6.72+1.07° 4.51£0.71™ 2.93+0.29°

HEZH 0 25 TH 0 (P<0.05),  H At b B 20 45 %5 5 S iy
AT TR o T 90 P D) 4 o HR 4H 22 7 0K I 3 (P>
0.05)(#5),

3 iR

3.1 ABIEANEMES AR hieg
BT KHNFMm

K WL DI A . 2 G O A ) R
K TSRV Bl L R B OB S AR D AR W AR R
(SN S 7/ R LT &0 NV 1/ ~E <1879 NI > G4 5K 7/ R L e T B
B A R R D — R R B R

AR SR SE R, I A Rk (R BE 5 R R
B, nl R 35 5 T e e R A Y R
FREE A R, IF AR BN IR 10% K 19 15
W, A PR RE IS B dR i, R T A I AR P (T I
A R R BEAS e ot rh AR SRR A AR

ek, WMead ks, 2071
— ROV A SO, — 002 RO 1 4T 4
M A B N1, 5 T e ik
MW, M 5 1 4k H A AL B A 5 T
PRI BN, R R ) 5 A K B
P TR IR B R A DR A R4 A 3 H P, AT R

SRR, MR R, N, A REER
e {10 S 5 TR B IR, X e 4 8 4 8 ) fie A
KA 32 B2 [N D A 8 ) R A e 1) 9 A A
R Gl
3.2 ABAREME S AR R h g E
BoBMEANENNZMNE

TESH MR, LA AL B A A & T 20 i i
S P Tl A i S SR T B 2 A o A v
A RS A H R S N 3 W LR T AR A
Pt S A A 2l I R 7 ORI 3 1 B A BT
i, KA BRI o f BER S

I S A R LR TR A 3 R A A R
WA P A 22 3R AN A0 A0 I R S L ) 7 0, A R
PERE s, RS RiET e, BT S 40
H K T W R  H BOIDNAYE T, it G|
A A0 Y A, R A R R B T B
PR IR B S8 A B K AR S v i A i ]
BHEUN IR AR B S, 8 i itk P R i R
ALY F R TR, T B T X
2, Ul Wk T R G IR e TR A B T
PR B A, FEAR T g AR K o

i A AL A ) AFAE T 3 ) kA AR
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B, IR TR RG], R WK R Y £ R
A LA R it v A 0 ) B S AL RE T Y
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ST AALRE ) T BRI R S A TR
CRGRE I LR G 1545, B R AT RS L
PR X BT A0 A il 3 i 8 0 AR Y el 2 AR
B EWBNOLCT , SR R R
e, A WA, ORBIBUHEER, AR
AP o A S P AT A5 A A I T R Y
BYUAMRE N R 2R, RUTBEIKA S A H
HE 1 A BRI B 3 R P4 AL T 5 B Y 2 2571
3.3 ABIANEMES AR hieg
BOEEHRURERENNEMN

Ryt &b, IF, BEREsYA RA
R e PR RE , BT A RS LAk 2 R Y S e A
SR PR A R 4 R T AR G A R
Froe e, PROVARFR S o itk UL rp R 1
iR it 2 15 T O 1) o 2 R 4y, LA A Wk 4 i
AW AR, REREHERSNRY, BEATHLIRAY B
TENUS . R B A AR A 20 B X PLA I o B
M TS, BT IR IR r 1) 1R P e 1R
WPESE R, R T IR AR RGBS . Ik
R 1 W0 TR I % 1 T 0 R B 4 W 5 3l W ) g
RE 7o 7 S b WSS 3 Bl e I AL 2 A0 3 i
RGN, R W R A P L B T R R
i, (A#m X RRA IS, TR & B i)
BT DR T4 8 R BE ST, I HAE 10% 8 /M IR
IR B f I ROCR

L7 L A A B Y S R BR T RE RS S Bk Bh
Py N EE A AVE SRR K, B TR
SHLR A e e A m DI G . itk B P A BR IR
HEEZ 5P ILIR s Rl e, I i
(4 7H e Al LB R AILAR (Y e 4 e 20 BF R
WY, APk 2 i 2R T K S BORAT RS, I
MEEAULREA SRR, EALE
e, e IR AR I G R il DR £ MR 4 B a4 T
OB A AERE F S R B A TR, B
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R T TR X &) 8 (A R AR KA I AR EVE
I BT D4R v 4 B Y B e BE T
3.4 REHANMAE S ERHRIEX iy B
BB EARISEENR

T Y 3 AR R T K
7T A% e A Al AT A TN Al O U v e T Y
RIS OLAR M LM R 25 A 56
KR Cgub By, JHBERR o & i o i
SMGETE R R T, ULEA T S A N R T A I
AT 3 R 1 A U B A N B, 3 T Bl W A A
o 2R R R T

Ketnawa%5 PN T 55 AR M 16 & B K E
WK, KW EML L &R S s T AR
R, — 5 I 7E 2 B FPIR A & B R o
e, RS AR KRR AR, REERNEA ST
A J5 R 2E S BT AW e ™ S — T LR 2 et
KRG, Hrh R o1 8 A o g Ny
001 ST /= P R 1) s e = 0 | IS S
Y EEE 2 . MR S R HR oy Lk, A AT
S B W

ARG, Bl A R IR RDRE A 5 IR A 1
o, AhEEATREAR PR ARG, BEARN. 55
T A TN S M Y S B T AR
fofash, JF HARE TXFE4l, KW T & B R
18 551 A1 5 W T LA KA o ) R ) B T R A Ak
B2 AR, &R E T b AR O A 1 K
EH o

ARSE T, RS R SR -, A
AN H B 20% 00 R (10 Kk BEGRDRE, AR gk
g oy K MR W TR, PRI RN R g
IR, R S R B T, R HOX R
K. PUE AR G RE BE 1 B4R AV T4 7E 10% A
02 A Bk ) B FRARUROR . ARBF ST A R R
o AR SR U 0 e R RS 3 o SO /1)
Ak e MR AR T A s AL, TR
ol B AME R 10%
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Effects of fermented feed on the growth performance, oxidation resistance,
immune function and protein metabolism of juvenile Chinese mitten crabs
(Eriocheir sinensis)

XU Chenyuan', CHICheng', ZHENG Xiaochuan', LIU Jiadai', ZHANG Caiyan', LIU Wenbin ",
LIU Yanling?>, YAN Yanan’, HUANG Jian’>, WANG Sheng ’

(1. College of Animal Science and Technology, Key Laboratory of Aquatic Nutrition of Jiangsu Province,
Nanjing Agricultural University, Nanjing 210095, China;
2. Nanjing Baohui Biological Feed Co.Ltd, Nanjing 211113, China)

Abstract: The aim of this study was to investigate the effects of adding extra fermented feed on the growth
performance, oxidation resistance, immune function and metabolism of juvenile Chinese mitten crabs. Five
experimental feeds were prepared: the commercial feed of juvenile crabs was used as the basal feed (F0), the
experimental feed was made up of basal feed and extra 5% (F5), 10% (F10), 15% (F15), 20% (F20) fermented
feed. 150 Chinese mitten crabs were randomly divided into 5 groups. There were 3 replicates in each group, and 10
crabs in each replicate. All the crabs were fed with the corresponding feed respectively. The feeding period was 59
days. Blood samples and hepatopancreas were collected after culture to determine the antioxidant indexes, immune
indexes, and the activities of protein metabolization-related enzyme. The result showed that the weight gain rate
and specific growth rate of juvenile crabs in the treatment groups were significantly higher than those in the control
group (P < 0.05). The content of catalase in hemolymph first increased and then decreased with the increase of
fermented feed, and those in the F5, F10 and F15 groups were significantly increased compared with the FO (P <
0.05). The activity of acid phosphatase in each treatment group was higher than that in the control group, but the
difference was not significant (P > 0.05). The content of total protein and globulin in each group first increased and
then decreased with the increase of fermented feed, but the difference among groups was not significant (P > 0.05).
In addition, the activities of trypsin, pepsin, aspartate transaminase and alanine transaminase in treatment groups
were higher than those in FO. The addition of fermented feed can promote the growth performance of juvenile
Chinese mitten crabs, and improve their antioxidant capacity, immune function and protein metabolic capacity.
Key words: Eriocheir sinensis; fermented feed; growth performance; oxidation resistance; immunity; protein
metabolism
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