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Tab. 1 Ingredients and proximate composition of experimental diets
gkg™; air-dry basis
ingredients Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
white fish meal 320 320 320 320 320
soybean meal 230 230 230 230 230
* dextrin® 30 30 30 30 30
fish oil 65 65 65 65 65
wheat flour 255 255 255 255 255
b
vitamin and mineral premix® 10 10 10 10 10
lycine 5 5 5 5 5
70% choline chloride 5 5 5 5 5
¢ CaH,(PO4),* 10 10 10 10 10
¢ cholesterol ° 5 5 5 5 5
4 soybean lecithin® 0 10 20 40 60
a-Cellulose 65 55 45 25 5
analyzed nutrient compositions
moisture 76.7 78.6 78.5 80.2 88.1
ash 98.2 98.3 99.4 99.2 101.6
crude protein 372.6 367 370.4 367.3 370.8
crude lipid 95 104 114 121 132
gross energy(MJ - kg™) 18.71 18.89 19.18 19.39 19.59
o ? s L0 (1 kg ): VA12 000 IU; VD34 000 KIU; Vg60 mg;
VK;15 mg; VB,15 mg; VB,8 mg; VBs20 mg; 0.03 mg; 40mg; 1 mg; 60 mg; 0.1 mg; Vc 70 mg;
100 mg; Mg 100 200 mg; I 0.65 mg; Se 0.4 1 mg; Co 0.15 mg; Fe 300 mg; Cu20 25 mg; Mn 30 mg; Zn 30 120 mg.
1 kg. © , CaH,(PO4), L ( >95%): =95%,

Note: * Dextrin, supplied by Beijing Shuangxuan Microbe Culture Medium Products Factory. ® Vitamin and mineral premix (in 1 kg diet):
vitamin A 12 000 IU; vitamin D; 4 000 KIU; vitamin E 60 mg; vitamin K; 15 mg; thiamin 15 mg; riboflavin 8 mg; pyridoxine 20 mg;
cyanocobalamine 0.03 mg; calcium panthothenic 40 mg; folic acid 1 mg; niacin 60 mg; biotin 0.1 mg; vitamin C 70 mg; inositol 100 mg; Mg
100-200 mg; I 0.65 mg; Se 0.4-1 mg; Co 0.15 mg; Fe 300 mg; Cu 20-25 mg; Mn 30 mg; Zn 30-120 mg. All ingredients were diluted with
zeolite to 1 kg. © Cholesterol, CaH,(PO,), supplied by Shanghai Chemical Reagent Company, Shanghai, China. ¢ Soybean lecithin (lecithin
content >95%): acetone insoluble =95%, supplied by Merya’s Lecithin Co., Ltd., Beijing, China. Other ingredients were supplied by

Shanghai Hongma Inc, China.
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Tab. 2 Fatty acid compositions of the experimental diets 3
%, total fatty acids >
, 18S rRNA
fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 ’ 3 20 HL3 1.0 HL
Crzo 004 0039 0038 ¢cDNA  , 10.0 pL YStart SYBR Green qPCR
Ciao 4.65 4.43 437 3.98 3.65 SuperMix( ’ ). 8.0 uL
Ciso 0.38 0.36 0.34 0.32 031
Ciso 1874 1871 1860 1887 1929 ddH,0 0.5 uL 195°C
Ciro 125 1.19 1.09 0.99 0.89 2 min, 95C 15 s, 60°C 30 s 40
Ciso 3.64 3.62 3.51 3.54 3.54 CFX Manager™ (1.0 )
Caio 1.67 1.60 1.50 1.36 1.22 , Diet 1 1’ 2—AACt
Cazo 0.10 0.17 0.20 ’ 18S rRNA
Caso 0.75 0.72 0.65 0.61 0.56
Causo 0.09 0.10 0.10
YSFA 3108 3064 3027 2997  29.77 17
Ciga 6.43 6.15 5.97 5.41 5.12 + (X +SE)
Ciza 0.95 091 1.02 0.80 0.79 STATISTICA 8.0 (Statsoft., , )
Cigetno 1591 15.67 15.05 14.73 14.76 (One-way ANOVA),
Cao:tno 472 4.44 5.56 5.08 4.42
Caaetno 1.00 0.91 0.81 0.73 0.62 Duncan ’
YMUFA  29.00  28.08 2840 2675  25.70 P <0.05
Cisans 8.29 9.53 11.92 16.14 19.05
Cig:ne 0.14 0.12 0.11 2
Cao:ane 0.52 0.57 0.94 0.95 0.75 21
Caouane 3.55 3.28 2.19 1.86 1.71 4 ’ ’
>n-6 12.36 13.38 15.18 19.07 21.62
Cigans 0.97 123 1.44 1.79 224 WG
Caoam 0.07 SL , HSI ( 7.09
Cao:sm 13.74 13.85 12.71 11.56 10.67 6.18), (P > 0.05) =2%
Caosm 2.65 2.55 2.36 2.13 1.98 SL Diet1 Diet 2
Caroms 10.15 10.28 9.62 8.70 8.05 GSI (P<0.05)
>n-3 27.58 27.91 26.11 24.17 22.94
PUFA 39.94 4129 4129 4325 4456 2.2
HUFA 3009 2996 2686 2425 2241 Diet 1 ,
: SFA ; MUFA ; PUFA ,
; HUFA . Caom PUFA.
Note: SFA saturated fatty acid; MUFA monounsaturated fatty
acid; PUFA polyunsaturated fatty acid; HUFA highly unsatu- > >
rated fatty acid, meaning the PUFA more than Cyq.3,. ,

#*3 LHRHKEER PCR3IY
Tab. 3 Primers used in the real-time quantitative RT-PCR analyses

primers sequences
FABP 5’ FABP 5’ primer 5'-TCAAGACAGTGAGGCAAAGG-3'
FABP 3’ FABP 3’ primer 5'-GCATCTACAAGCGCCAGTAA-3'
18S rRNA 5’ 18S rRNA 5’ primer 5'-CATGCCCGTTCTTAGTTGGT-3'

18S rRNA 3’ 18S rRNA 3’ primer 5'-GTGCGGCCCAGAAATATAAA-3'
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Tab. 4 Growth performance, hepatosomatic index (HSI) and gonadosomatic index (GSI) of female Cherax
quadricarinatus fed experimental diets
X +SE;n=4
item Diet 1 Diet 2 Diet3 Diet 4 Diet 5
/g initial body weight 25.64+0.03 25.64+0.03 25.66+0.03 25.64+0.04 25.61+£0.02
/g final body weight 48.69+3.77 48.89+2.59 46.07+2.77 48.65+1.06 46.53+1.93
/% weight gain 84.47+12.27 86.81x11.12 78.46+10.87 93.17+£6.42 79.97+£7.18
/% survival 78.13+£3.13 81.25+8.07 87.50£5.10 81.25+8.07 84.38+3.13
HIS 7.09+0.53 6.88+0.35 6.36+0.18 6.22+0.58 6.18+0.58
GSI 1.43+0.14a 1.50+0.03a 2.17+£0.31b 2.19+0.28b 2.22+0.05b
: (P<0.05).
Note: Means with different superscripts are significantly different (P<0.05).
( [-1) Diet2 Diet 1 : (P>0.05)
, Diet 1 , >
14
( [ -2) Diet3 Diet 1  Diet2 ’ d
i 12+
, , ; Kz Eof
X o @
( [-3), ZEE 8}
. 588 o ¢
( [ -4) Dict4 < g%
. 2 5 < 4+t b
( [-5) Diet 5 , ® &= X ab
+ -g _ . .
j===g
b ) 0 _- 1 - 1 L L
Dietl Diet2 Diet3 Diet4 Diet5
’ ’ TR diet group
( [ -6)
, Diet 1 1 FABP
b 2 2
( 1I-1), Diet 2 Diet 1 . - (P=0.09).
? ’ Fig. 1 Hepatopancreatic relative FABP expressions of female
s Cherax quadricarinatus fed experimental diets
Values with different letter means significant difference
( -2, 3), between groups (P<0.05).
( 11-3) Diet3
35¢
; ; 5 30 d
(  T-4, REF 25
b D) ; = 8 20l c
. A
5) Diet 4 , ) = g5 15} 2
-y a a
% g g : J . I
o =~ 05}
(  11-6,7) Diets , & o . . . .
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’ 8000 12000 ’ al Rl diet group
(  11-8,9)
2.3 FABP mRNA 2 FABP
| ) (P<0.05).
i Fig. 2 Ovarian relative FABP expressions of female Cherax
, FABPmMRNA quadricarinatus fed experimental diets
. Values with different letter means significant difference
Diet 2 FABP

between groups (P<0.05).
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Effects of dietary soybean lecithin on nutrient accumulation during
gonadal development in the female Cherax quadricarinatus

WANG Lanmei', LI Jiayao', WANG Danli"?, LV Weiwei', SUN Ting', ZUO Di', ZHAO Yunlong'

1. Life Science College, East China Normal University, Shanghai 200062, China;
2. College of Life Science and Biotechnology, Ningbo University, Ningbo 315211, China.

Abstract: The effects of increasing levels of dietary soybean lecithin (SL) on growth, ovarian development, tissue
ultrastructure and fatty acid-binding proteins (FABP) mRNA expression of female redclaw crayfish, Cherax quad-
ricarinatus (initial body weight 25.64 g+1.53 g), was investigated over 8 weeks. Five treatments were applied as
0% (Diet 1), 1% (Diet 2), 2% (Diet 3), 4% (Diet 4), 6% (Diet 5). Survival and weight gain for each group were not
significantly different (P>0.05). Redclaw crayfish fed diets containing=2% SL had a significantly higher gona-

dosomatic index (GSI) than those fed with Diets 1 and 2 (P<0.05), and the hepatosomatic index (HSI) showed a
decreasing trend with increasing levels of dietary SL (P>0.05). With increasing percentages of dietary SL, the
hepatopancreatic lipid droplets increased in number and size and the structure and texture was more complete and
evenly distributed. The ovarian lipid droplets and yolk granules also increased in number and size. Higher dietary
SL yielded higher hepatopancreatic and ovarian FABP mRNA expression. Our results suggest that dietary SL has a
positive effect on ovarian development in redclaw crayfish broodstock, and at least 2% SL should be supplemented
in broodstock diets to enhance ovarian maturation during aquaculture.

Key words: Cherax quadricarinatus; soybean lecithin; ovarian development; FABP; tissue ultrastructure
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1: Diet1 , x8 000, .2:Diet2 , x8 000, .3:Diet3 , x6 000, .4.Diet3
x20 000, .5:Diet4 , x12 000, .6:Diet5 , x5000, . Dg: s L: ;
Ly: 3 N: ; Pve: ; RER: ; Vng: .

Plate I  Ultrastructure of hepatopancreas for female Cherax quadricarinatus fed experimental diets
1: Diet 1 group, x8 000, the formation of lipid droplets. 2: Diet 2 group, x8 000, lipid droplets and nucleus. 3: Diet 3 group, x6 000,
the formation of lipid droplets. 4: Diet 3 group, x20 000, the formation of vitellogenin particles. 5: Diet 4 group, x12 000, lipid
droplets. 6: Diet 5 group, x5 000, lipid droplets. Dg: dense granules; L: Lipid droplets; Ly: Lysosome; N: Nucleus; Pvc: pinocytotic
vesicles complex; RER: rough endoplasmic reticulum; Vng: vitellogenin particles.
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1: Diet1 , x12 000, .2:Diet2 , %10 000, .3:Diet2 , x10 000, .4:Diet3 ,
%10 000, .5:Diet3 , x8 000, .6:Diet4 , x8 000, .7:Diet4 ,
x8 000, .8: Diet5 , x8000, .9:Diet5 , x12 000, . Fc: ;

L: ;Y

Plate II  Ultrastructure of ovary for female Cherax quadricarinatus fed experimental diets
1: Diet 1 group, x12 000, yolk granules. 2: Diet 1 group, x10 000, yolk granules. 3: Diet 2 group, x10 000, the lipid droplets and yolk
granules. 4: Diet 3 group, x10 000, the lipid droplets and yolk granules. 5: Diet 3 group, X8 000, the formation of yolk granules and
lipid droplets. 6: Diet 4 group, x8 000, yolk granules. 7: Diet 4 group, x8 000, the lipid droplets, yolk granules and follicle cells.
8: Diet 5 group, x8 000, yolk granules. 9: Diet 5 group, x12 000, yolk granules. Fc: Follicle cells; L: Lipid droplets; Y: Yolk granules.



