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AR A AN 2 BRI A Kt e, W4T BB (Cherax
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Tab. 1 Diet formulation and chemical composition of experimental
diets (% in dry matter)

B A KFReplacing level (%)

J5 ¥} Ingredient 0 25 50 75 100

(RO) (R25) (R50) (R75) (R100)

[ 4714y White fish meal 50.00 37.50 25.00 12.50 0.00
KUK A Rapeseed meal 0.00 21.25 42.50 63.75 85.00
ff1 i Fish oil 3.00 3.89 478 567 6.55
T KGEHR Corn starch 39.95 30.20 20.50 10.70 1.00
£ 4% Cellulose 0.05 0.16 022 038 045

Z A Z W HURYIVitamin and

Mineral premix 100 1.00 1.00 1.00 1.00

S AL EFHCholine chloride 0.50 0.50 0.50 0.50 0.50
W — 45 CaH, PO, 0.50 0.50 0.50 0.50 0.50
JiH [ B Cholesterol 0.50 0.50 0.50 0.50 0.50
BB i Lecithin 1.00 1.00 1.00 1.00 1.00
BN Sodium alginate 1.00 1.00 1.00 1.00 1.00
fﬁii@f@%caﬂ’“ym“hyl 170 170 170 170 1.70
1 #7183 Squid Power 0.80 0.80 0.80 0.80 0.80

1A KLt 22 .5 Chemical composition (% in dry matter)

¥ #5 1 Crude protein 35.82 35.24 35.62 35.88 35.43
HH B Crude lipid 8.61 858 835 865 832
fit ® Gross energy (kJ/g in dry

matter) 16.53 16.63 16.08 16.91 16.89

T PR EORE AR K B AE MR AT PR 2 R R A
Note: Feed ingredients are provided by Fujian Dachang Bio-
technology Industry CO., LTD

=2 RIEAREERREN

Tab. 2 Amino acid composition of experimental diets (% in dry

matter)
SR AR /KFReplacing level (%)

Amino acid  Q(R0) 25(R25) 50(R50) 75(R75) 100(R100)
REHHRAsp  3.03 29 2.76 2.52 2.28
& B Thr 143 146 1.49 1.48 1.45
225 BZ Ser 151 151 1.50 1.43 1.37
B HIRGlu 457 488 5.35 5.63 5.88
HEMKGly 252 244 2.24 1.99 1.67
HE B Ala 201 1.93 1.83 1.68 1.46
R ER Cys 023 033 0.40 0.46 0.51
HEMVal 1.64  1.65 1.71 1.66 1.69
HE R Met 0.71  0.60 0.49 0.4 0.32
REAKIe 133 133 1.36 1.32 1.28
SR Leu 235 236 2.39 2.28 2.16
% MR Tyr .00 1.01 1.00 0.92 0.84
RNAMPhe 129 130 1.34 1.29 1.26
R M Lys 237 227 223 2.11 1.88
& BEHis 0.64  0.70 0.77 0.79 0.83
R IR Arg 207 210 2.10 2.08 1.92
i & B Pro 146  1.60 1.76 1.85 1.90
# 1 Total 30.16 3037 3072 29.89 28.70
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IR 120:12D (8:30%120:30).
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NS ZELA P AT AR 4 2 b 0 B8 HE RN,
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WDFF . fREEIRE . PRI/ LR 3. {0
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JEEN0, )2 . HcDNARF/E-80C T, HAER
f7qPCRZM M. AT qPCR 2 3} #E analytickjenaq-
tower 2.2%¢ 6 € SEPCRAX (18 E) 11T . qPCRZR S
HcDNARAR9 uL, 10 pL SYBR Green Realtime
PCR Master Mix, 10 pmol/L1E/f 7€ & 5 #74-0.5 uL
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40MIEIR . MR EIRqPCR N R G B T 457,
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TR —F=8) . T A% R R 3k a1 AL, A
18SH:RIE N K IE R . SRAI2 M it B 2RI 5
R R IE KT
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HHE AR AFIE R (SR, %)=100xN,/N,; F# &£
KHE(SGR, %/d)=100x(LnW,~LnW,)/t; til R} 3
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(W—~W)/FxP; FHKEL(HSD)=100x(W,/W); tH A=
(FY, %)=100x(W/W). K, Nyl aais il 46
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Tab. 3 Primer pairs used for RT-qPCR analysis of related genes
in this study

T x VR
Gene

Ty (C)
name
18S  GCAATAACAGGTCTG 60

TGATGCC
AGGGACGTAATCAGC
GCAA

AKP CTACAGTGCCCCACA 60
CTACG
GGGTATGAAGGCGTT
CTCGT

CAT GGAGAAGGCCGACGA 60
CTTAG
GTGCTTCTCAGCCTCT
TCGT

SOD CGTAGGTACGGTGTA 60
TGGGC

TGCTACGCCTTGGTAG
TTGG
GPX CCGCTCTTCACCTTCT 60
TG
GCGAGTGTATGGCTT
ACC

NPY TCCGAGACAGAGAGG 60
CGTAT

AGGTGGGTGAGAGGT
GACAT

TRY CCTGCATGAGGACTT 60
CGACT
GGACCGACGTTCTCG
TTGAA

MSNP TCGAAGCAACAGGCT 60
CTCTC
GTTGGTTGAGGCAGA
TGGGA

FExT
GenBank
number
X90672.1

ElEziE2 ]l

Primer sequence (5'—3")

KC007367.1

KMO068092.1

KC333177.1

JN835259.1

AB036713.1

AY596942.1

AB294248.1
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IR R AL, N AR &5 G w5 0F 1) A7 7 R AL
WYV IR E (g), WoRF 4R E (g), £
RIGIT (), FAVRHRENT H(g), PR &
R 2 (%), WAIME 2 (g), W, AT =
(2), WNZEFUFA R B (). RINHE DL BE+ bR
1% (mean+SE) & /x, K HISPSS 20.08 4 #1148 11
I3 RIS R4 — 077 % (One-way ANOVA)Z)
¥r)5, FiDuncan’s #8417 £ B L, 24P<0.058), NZE

ST
2 R

2.1 WRSTMAEBR &3 7 KRB K%
G0

WL 4R, SRR &AL =75%0), 5o
BRI L S EZ O RN SR V= Ra B kS S
R AR [ 5 0% 5RO B 2 2 R K (P<0.05) .
XK SERA B AR EL ] = 50% I, 5 R 5 20 4 77
TR B F LT RO (P<0.05). 5ROZAHLL, RS04
R100ZH 5 K Ji 20 4 JFF A b I 25 38 155 (P<0.05)
Y XUESERA B AR EL ] =T75% 0}, 5 E BRI T 70 KR
BEAR 40 H P 2.(P<0.05)
2.2 WRSTMER &3 7 KRB EMAR 5
op=Al

Wik SHzR, SROMM L, 20U &AL

1l =75%0F, 70 B R B AR SR 1 7K 2 B 1R v (P<
0.05)0 XU SEHIEAR LU = 50% M, 7 (K JR 2R
S R FL AR (A RRELATR 7 25 BB 2 I T RO41(P<0.05) .
2 SRS B A L ) = 75%I0), T B JE 2R 4 £
Ko 2.3 T BE(P<0.05).
2.3 WEFEMBR &M T RRBEL LI HLEE
SEM IR

W 6fT7, SROAALL, 2 BRI B AL
B =75%F, . UG i 2 0F Ay 0 ke ok e T g
FER IR g 17 PR i P B 1 i v 12 ¥ 5 BRI (P<0.05)
2 AR SR B A EL 4] A 100% I, 335 PR AR T 70 1R
JiR R )0 iy 18 i 17 B P (P<0.05) o TRk XU
SR AN 0K o B i R A P e #0 It A P
T VE R B P TG 2 3 RS (P>0.05) .
24 NERFMBREH R KEETHIE L
Eista:0pA

W 7HR, SROAALL, 2 XUEEH B AL
B =75%, 5 EC i B2 AR SR Bk IR AK PV 1 2 2%
FFE(P<0.05). R1002H 78 [K Ji ZEdF 4 1T JR BRGP T
WS E LT (P<0.05), XA B AR ] =
25%H}, i R B R Zh AR AT R ARGO TS M &5 3% Tt
(P<0.05), CATAIGSTi P i 3 N F(P<0.05). 24X
M B R =T75%08F, SODAGPXIEERE T
F#(P<0.05). o KR ZL AR 2 UF I BR MDA 2 & bl

T4 DURTHE R @M = REBIRITE KRR EHRER)

Tab. 4 Effects of replacing fish meal with rapeseed meal on growth performance of juvenile P. clarkii (mean+SE)

FR7KFReplacing level (%)

& hrInd
Hitpindex 0 25 50 75 100
YILEREIBW (g) 2.49+0.01 2.49+0.02 2.49+0.02 2.47+0.03 2.49+0.04
AREEFBW (g) 8.5740.15" 8.50+0.15" 8.43+0.35" 7.80+0.12° 7.70+0.06°
173 SR (%) 82.05+2.57" 76.92+4.44° 64.1042.56" 56.4142.56" 51.28+2.57°
R K #SGR (%/d) 2.21£0.03° 2.20+0.03" 2.18+0.06" 2.05+0.04% 2.01£0.03°
FREFE (%) 66.70£1.71° 64.00+1.25" 63.66+2.77" 60.91+0.15" 59.80+0.29"
AR LLPER 1.860.05" 1.82+0.04° 1.79+0.08® 1.7040.00" 1.69+0.01°
JFAA ELHST (%) 4.68+0.31° 4.59+0.12° 5.48+0.14° 5.09+0.25" 5.62+0.22"
HRERFY (%) 12.24+0.60° 13.17+0.42° 12.20+0.36" 10.60+0.14" 9.90-+0.29"

T FZVEEE R T RN F B ROR B A A 2 R 3 (P<0.05); TR

Note: Different superscript letters within each column represent significant differences (P<0.05). The same applies below

#5 WEEHERend=REERGIKS . 88 BREHFR&SHZEESEHRDER)

Tab. 5 Effects of replacing fish meal with rapeseed meal on moisture, crude protein, crude lipid and ash of juvenile P. clarkii (mean+SE)

7K FReplacing level (%)

HbpIndex 0 25 50 75 100
7K 43 Moisture 73.95+0.75" 74.20+1.60° 74.75+0.95° 78.7540.55° 79.15+0.55°
12 9 Crude protein 13.39+0.16" 12.94+0.30" 12.41+0.07™ 11.92+0.05% 11.73+0.23°
HLIE M7 Crude lipid 2.71£0.09° 2.54+0.03" 2.2340.08" 1.640.13¢ 1.2240.10"
K%Y Ash 9.18+0.36" 8.52+0.52" 9.24+0.22" 7.13£0.75° 6.98+0.33"
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DR XU SR B4 B ] 18 i i B T, 240U
SR AR LB 100% B 32 35 5 T ROZH (P<0.05) .
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o RSOAIF/INEHEFIFATL, &0 I/ INEE 35K,
LR AR K . AL, R SRR AR . RTSULAT
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/N, BRI LD NV IR AL, JE TR TR AN T B
PRy LA 2 B . R100ZEAT/NVE 52 4B Ak, 454
AL, 2P E, F RN KSR, R4 —D
EYTH R, oMb, o R A SN
s R /N TR B

WK 2778, ROZHIE & 5a [C iR BSR4 1) iy 18
WL TERE, bRl RPN R %, 2 R0 AR
Hew, [ 2 55 . R2SHAROLLIK f i 4L 2R 454
LT R 25, THERAE. RSOMAFEHEZE
45, MBI vE A S b LR . R7S4 LY Z
AL, F R AR AN, 2R HES] . R1004H
A S S B, bR A 2 A, UL

JZHHMIINGE, [ S5 A e %, I ok-E I B AR .
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Tab. 6 Effects of replacing fish meal with rapeseed meal on digestive enzyme in juvenile P. clarkii (mean+SE)

HR/KFReplacing level (%)

Hafiindex 0 25 50 75 100
JHF 6 iR 9 2 4 B Hepatopancreatic trypsin (U/mg) 9.64+0.36" 9.2240.39" 9.1140.08" 6.69+0.70" 6.78+0.24°
JJi 5 i i B Hepatopancreatic lipase (U/g prot) 16.44+0.55"  16.82+1.72°  1537+1.54"  11.14+£1.03°  12.19+1.19"
JH I € ¥ B Hepatopancreatic amylase (U/mg prot) 1.07+0.07 1.25+0.09 1.200.04 1.26+0.21 1.12+0.23
Ji7 ¥ i 2 11 B Intestinal trypsin (U/mg prot) 13.55+0.92"  13.81+1.36"  12.52+1.52°  9.62£0.40°  9.34+037
3% g 7 B Intestinal lipase (U/g prot) 22.20+1.74°  22.57£1.86°  20.12+1.18"  19.04+1.62°  16.47+1.36"
JipiE Y ¥} B Intestinal amylase (U/mg prot) 1.50+0.13 1.52+0.15 1.59+0.17 1.36+0.04 1.44+0.16

R BURTHE K &M 5 KRB AR BR AR A (IR AR R NA (T EHAREIR)

Tab. 7 Effects of replacing fish meal with rapeseed meal on biochemical indexes in hepatopancreas of juvenile P. clarkii (mean+SE)

HR/KFReplacing level (%)

TE¥FrIndex

0 25 50 75 100
BRI ERREAKP (421K #47/ mg prot) 18.86+1.26" 18.15+1.31° 18.14£0.42°  23.91+0.72° 24.86+0.72°
B FEZREGPT (U/g prot) 28.91+1.26° 29.66+2.22° 32.73+0.87° 30.55+1.49" 49.9742 35"
B EHZRGOT (U/g prot) 19.21+1.37° 29.75+3.73" 28.34+1.65" 27.80+0.78" 34.13+0.43"
A A BECAT (U/mg prot) 12.71+£0.43° 11.1740.10° 9.95+0.17° 9.81+0.46° 9.73+0.34°
ABEAAEALEFSOD (U/mg prot) 94.14+3.18" 88.50+5.67" 80.7742.62"  68.13+4.15b° 60.42+5.43°
B IO E AL B GPX (U/mg prot) 108.98+1.09° 105.39+4.21° 106.72+2.71° 88.54+2.77" 82.18+8.03"
B H Ik SHFBEGST (U/mg prot) 58.15+1.13" 54.16:0.78"° 52.11+0.78" 51.05+0.73" 51.15+1.42"
7§ —BMDA (nmol/mg prot) 5.55+0.17° 5.75+0.26" 5.99+0.17" 6.14+0.13" 6.24+0.17"




12 4 TR XS B AR e IR AR AR AR RE . HTAALRE IR L R G SR 52 1923
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KGR BAF AR i g MSNPRA R ZERE ZE ST
RO41(P<0.05).
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Fig. 1 Effects of replacing fish meal with rapeseed meal on hepa-
topancreas histology of juvenile P. clarkii
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Fig. 2 Effects of replacing fish meal with rapeseed meal on
midgut histology of juvenile P. clarkii
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Fig. 4 Effects of replacing fish meal with rapeseed meal on gene expression in intestines of juvenile P. clarkii
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REPLACING FISH MEAL WITH RAPESEED MEAL ON GROWTH
PERFORMANCE, ANTIOXIDANT CAPACITY AND DIGESTIVE SYSTEM
MORPHOLOGY OF JUVENILE PROCAMBARUS CLARKII

HUANG Ying', LOU Ge-Ge', LIU Xuan-Yu', MAN Zhou', JIANG Neng-Zuo’, GUO Ya-Zhe', ZHU Xiao-Ming’,
GE Ru-Xiangl, LIU Hao—Kunz, CHEN Xin-Hua' and TONG Meng—Qi1

(1. Key Laboratory of Marine Biotechnology of Fujian Province, College of Oceanology, Fujian Agriculture and Forestry
University, Fuzhou 350002, China; 2. Fujian Institute of Testing Technology, Fuzhou 350003, China; 3. State Key Laboratory of
Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To elucidate the effects of rapeseed meal replacing fish meal on growth performance, feed utilization, diges-
tive activity and antioxidant capacity of juvenile Procambarus clarkii, five isonitrogenous and isocaloric diets were for-
mulated to feed juvenile Procambarus clarkii with the average initial body weight of (2.49+0.01) g for 42d. The inclu-
sion levels of rapeseed meal were 0, 21.25%, 42.50%, 63.75% and 85% by using rapeseed meal instead of fish meal in
different proportions [0 (R0), 25% (R25), 50% (RO), 75% (R0O) and 100% (RO)], respectively. The results showed that: (1) no
significant differences in FBW, SGR, FE, and PER were observed among the R0, R25 and R50 groups (P>0.05),
however, FBW, SGR, FE, and PER in R75 and R100 groups were significantly lower than those in RO group (P<0.05).
Compared with the RO group, the crude protein and crude lipid contents of juvenile Procambarus clarkii in the R50,
R75 and R100 groups were significantly reduced (P<0.05). The activities of hepatopancreatic trypsin, hepatopancreatic
lipase and intestinal trypsin of juvenile Procambarus clarkii in the R75 and R100 groups were significantly lower than
those in the RO group (P<0.05), while there was no significant difference in amylase activity among all the groups
(P>0.05). NPY and TRY genes expressions levels in hepatopancreas and intestine of R75 and R100 groups significantly
decreased than those of RO group (P<0.05), while MSNP gene expression level significantly increased (P<0.05).
(2) Hepatopancreatic alkaline phosphatase (AKP), alanine aminotransferase (GPT), and aspartate aminotransferase
(GOT) activities in the R100 group significantly increased compared with the RO group (P<0.05). With the increase of
rapeseed meal level, the activities of catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPX) and
glutathione S-transferase (GST) in hepatopancreas showed a decreasing tendency, which in the R75 and R100 groups
were significantly lower than those in the RO group (P<0.05). The expression levels of AKP gene in hepatopancreas and
intestine of the R50, R75 and R100 groups significantly increased compared with the RO group (P<0.05), while the ex-
pression levels of CAT, SOD and GPX genes significantly decreased (P<0.05). (3) The structures of hepatopancreas and
intestine in the R25 group were not significantly different from those in the RO group. With the increase of replacement
ratio, the vacuolation of hepatopancreas epithelial cells in the juvenile Procambarus clarkii gradually increased, R cells
atrophy by degrees, and the hepatopancreas tubules lumens were misshapened and had become enlarged. The intestinal
cells fall off and the intestinal villi become significantly shorter. In summary, the appropriate content of rapeseed meal
in the feed for juvenile Procambarus clarkii should not be more than 21.25%.
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