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Development of Aquaculture Feed for White Shrimp

(Litopenaeus vannamei) Broodstock
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Table 1. Proximate analyses (% dry weight), composition and gross energy of experimental diets for L.

vannamei

Composition

0%
Crude protein 53.11
Crude lipid 11.13
Crude fiber 0.53
Moisture 15.38
Ash 8.88
NFE* 10.97
Gross energy (Kcal/100g) 498.0
P/E ratio (mg protein/Kcal) 107

*Nitrogein free.

Dietary of lipid

1% 3% 5%
52.74 50.58 48.39
11.40 13.13 14.97
0.76 0.91 1.14
15.45 15.48 15.55
8.46 8.32 8.13
11.19 11.58 11.82
502.2 510.5 518.3
105 99 93

Table 2. Effects of virous dietary lipid levels on growth, condition factor, ovary weight and survival of

female L. vannamei (Initial weight: 26.88 + 0.49 g)

Dietary of lipid

0% 1% 3% 5%

Body length (cm) 14.59+0.07 14.67%0.07 14.40%0.13 14.37%+0.33
Body weight (g) 39.89+1.59 41.22+1.36 38.12+0.93 37.75%2.74
Ovary weight (g) 0.23+0.02 0.31%0.01 0.23+0.04 0.247+0.02
GSl 0.57+0.03 0.70%0.01 0.56%0.06 0.60%+0.01
Growth rate (g/day) 0.15%0.02 0.16+0.02 0.13%0.01 0.10%0.01
FCR 2.13+0 1.97£0.02¢ 2.26+0.02" 2.87+0.08°
Weighe gain (%) 48.41%5.90 53.33%5.04 41.78+3.46 33.13%2.36
Condition factor 12.84+0.33 13.06%0.26 12.76%0.04 12.01%0.61
Survival rate (%) 88.34+1.67" 90.00%0.0° 81.67+1.67° 81.67*1.67

Means with different letters superscript are significantly different (FCR: p < 0.001; others: p < 0.05).

% o HERETR R S =
B R IEFEE RIS (Andrews and Sick,

BNz 20 % I o Bk

EKi (2:1) HIM0% ~ 1% ~ 3% ~ 5 %A[A]

JRE R VURE A BR AR - BB A PR —

1972) - ‘E k2 IR IIEE 8 % BghnE
16 % WFBEERMEY BRI MR - AT &
R A T EaP R 2555 10 % » i
Bk 14 % (Bray et al., 1990) » HiEEE 5= K&
Fy 8 ~ 11 % (Sheen et al., 1994) » fE G =T
LRGN R E iR v REE s E LR
(D’ Abramo, 1997) - AGAEE HIYLESES A
HIERINE - HElE Rt R - 57
FRHER (FCR) S EAYRCR -

EEaaE DIk 40 % RSy 20 % &
Fo FEE PR - BOBREEREETRL » M DAFaH

BIABR - ARAMERRS 303 30 BB AR
By 26.88 + 0.49 /\5% o 7 K#ak 1/3 k& -
5 R R B I 3 ~ 4% > =K
FZEE (08:00 ~ 12:00 ~ 17:00) » ks ~ &R Kz H
ik B B R BT - AR —
SRR AR R B (L LB -
TEAR B PIE H(EL B S i D v 2 S
G RIS - R « &bt B e
SIS IR AURIITTER (Table 1) - 8
WERLEE 12 I (Table 2) - AT - ik
% - GSI ~ WK + FCR BS17% » #ILUR
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Fig. 1. Effect of different . T
dietary lipid levels on the % 80 | J-
maturation rate of unilateral s
eyestalk ablated female g @y b
shrimp. Values with different < T b
. N g 40 f L T
superscripts significantly p= T b
differ (by onne-way ANOVA o I
with Tukey’s honest
significance test, p < 0.05). 0 . . . ,
Maturation rate = Number 0 1 3 5
of gravid female / Total Dietary levels of lipid (%)
female x 100%.

1% pREEAH A - FCR 22 DIER N 1 %
Il e B A A EE (1.97) » 5 % pa B i 7=
(2.87) - 3lfiBd 3%~ 5 % FREHAHAREE 25 (p <
0.05) - {HAERLL 1 % RHAHA S (90 %) - 3
% ~5 % FRMHHRL - FEE AR (p <0.05,
Table 2) -

F EathS SRR - G L % illE
FRERH ERENDE 11.4 % MEHE 52.7 % -
#eAER 502.2 Kcal/100g » 5 HEFIRE R AV EL(E
105 mg protein/Kcal » fEHEFRIE L E ~ 151F
FRHE SR (FCR) Sebg B £ L HAt =R Ry
o BRI A RS 11.1 ~ 11.4%58 -
VB ST B S R AR ~ B s R
TR B E S RMER 52 ~ 53 % SR
RE - RERIEGER ~ T TR -

A [l i i R R R
(BT SRR ESNE Y

Bray etal. (1990) 12 7.8~11.1 & 13.9 %
JHAERI A TEIRIER RSN (L. stylirostris) » #&
SREL11.1 % FHAGRHE SR SRR S s IR S
ERHSRIIAT - X140 % S5l GHlES &

10.1%) k260 % A TEIR GHllES R 11.1 %)
LR R IE S AH[E A5 SR (Bray et al,
1990) - AERERHY H H9EEET R RIMAE AR & >
BT BELIRATI U R, » LLs s B E B
R -

ARIZEALS VUM — AR - IR A
% 10 B2 - SPHRE R 31.13 + 1.35 /457 - ik
S EEARAE YRR > AN 2.5 FRPARHEITER
B o 15 H S BIRBYRIN0% ~ 1%~ 3% ~ 5%
REMIE S EZRBER - 5 = R
(08:00 ~ 12:00 ~ 17:00) » £ H AR A Fu it
EFY 6 ~ 9% - K PEHILE 28 ~ 29 °C ~ Bl
HI4E 30 ~ 33 pptfi ~ SEHE R 200 ~ 300 Lux ~ i
KRRy 20 ANTH/INKF » 388 30 Kfs RONELRL
2 (Fig. 1) > DIRIN 1 % fHEE (85 %) » i
3% (35 %) 25 % (25 %) MRHEEE 2 -
B 0 % (45 %) MEFEFIAHMERS S o RHBZEDNSR
LL5% BRI 70 % fem 0 3% Kk 20 %
(Fig. 2) - IE1FRLL 1 % PR B i iz 100 %
3% Ix7EEH 50 % (Fig. 2) - RHEAEIIELL 1
% BEERMH BT 28.86 x 10N B R {EIY
3% FREMHC MAEEER (Fig.3)-
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dietary lipid levels on the & 0 L L L '
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Fig. 3. Effects of different s l
dietary lipid levels on the S b ab
spawning eggs of ‘;:0 20 r T
unilateral eyestalk ablated &P T " L
female shrimp. Values 10 + J_
with different superscripts
significantly differ (by one- 0 L L L )
way ANOVA with Tukey’s 0 1 3 5
honest significance test, p Dietary levels of lipid (%)
< 0.05).
ey LaliAs R - PURERRETRHRTIE & PR MR > AN R ONE A (Harrison,

AR 111 (0 % VRATHE) ~ 11.4 (1 % VRAN
)~ 13.1 (3 % A ~ 15.0 % (5 % HIR
1) » STRRBIFEINER - 17K « RAR R AN
B ELL 114 % S o R R A Ty
SEEL TVRIIERL (3% K 5% #) RLA
VRITIE 0 % S35 -

1 B B 5 Bl R
S e B F 7

CAARREE SRV TR Sy SR S 2T
B AT R BB A o (RN ER R

1990, 1997) o Ebia S5t r Rl ARl S o Bt e 24
ARG 1 » HORE AR B B AR ~ il ~ 361
VI S ~ FRUE - D EL - =R A TRNE R
1% (Ogle and Beaugez, 1991) > n] R fHERNI &
B BRI S - A B 2 DINERE & &
11. 4% BRDRH BSOS PAAHCE IR - 401952 6l
R B AR AV U1 3k A o il b e A A2 B 1 52
EAE T i RSO AR AT -

sy —HHETT - AR 10 B 25
g FRP 7K FEh - ﬂ?%‘&ﬂi 31.2 g g HAERAE
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Table 3. Proximate composition (% dry weight)
of artificial diet and fresh hard clam meat

Composition Artificial Fresh hard
P diet clam meat
Crude protein 52.74 54.65
Crude lipid 11.40 8.75
Moisture 14.75 79.43*
Ash 8.88 0.64
Gross energy 502.2 461.7
(kcal/100g) ’ ’
P/E ratio(mg 105 118

protein/kcal)
*Percentage of wet weight.

Table 4. Effect of broodstock fed artificial diet
and fresh clam meat on growth, spawning rate,
egg diameter and survival of unilateral eyestalk
ablated female shrimp fed with the artificial feed
or hard clam meat

Artificial Fresh hard
diet clam meat
Average body 34.72%0.8 33.40%0.16
weight (g)*
Spawning rate (%)
First spawning 40 60
Second spawning 10 10
Average fecundity 39.8914.14  58.46%9.08
(x10%)*
Egg diameter (um)*
First spawns 2.65%0.02 2.68910.03
Second spawns 2.6810.03 2.6710.02
Survival rate (%) 80 80

*No significant difference (p>0.05).

Bl A B 81

200 ~ 300 Lux ~ {7k & 20 2T /7N - B 30
RAGS N T AEMRHC & AR B SG PAY — R
TrrHER - BB HE Ry 52.74 J% 54.65
% FHAEE % 11.4 B2 8.75 %~ /K 1734% 5y 14.75
K 79.43 % ~ JKk134% )y 8.88 k¢ 0.64 % » HEREE
2% 502.2 Kz 461.7 Kcal/100g k2 P/E ratio %%
By 105 Jr 118 $RAE =5 (p <0.05) » (R
FEEFE ~ 7K3 S PIE ratio SMIERGA
(Table 3) -

1EaAER 30 RAVHART - Heaa Rl
FIHORHE » fEE—RETNRYEETNERE, 40 % 6%
SCHEHH 60 % Ryl - BF T R AN TAHAHREI
By 10% > FESEIZERNEL (40 x 10°) _FE(RR
SCHAPA (59 x 10°) » (HAGMEREE 22 o 55—
FEINIRFIT SN - TRIERAC & Bk Ry 2.65
um - AR SCIGHE (2.68 pm) {EAGHEREE 2=
B {HEE T REINMIINR ERTE M ERREE
IR 72 52 TRFR Ay 80 %
(Table 4) -

FHRRBE S SRR 25 AR ] A O 5
BRI S EaA I ArgseR - Dy
R IETFR SN A 7= SRR AR
B lc & Bk AT LASE 2 EUACSCIE A SR E fy
R ATR (R /KA — SR R A R) -

HEA: 3 E BFhER I RS

e E BREARARPUAELHI RS
WA e IR E - W AT > MR
SHEESR E EEUNEZEE AR (Watanabe
and Takashima, 1977) - H &R L3R i L
B FyET == (Takeuchi et al., 1981) - #
4% E BB 0 nI{EHE L. setiferus
UNAY B AR I RS T IR B3R (He et al,
1992) - ‘R4 32 E H1 40 ~ 350 mg/kg
EnTiEEiE bR > g7 500 mglkg $HED
FEMRAE TN PR mE LR FER R sl L
R EEINE (Cahuetal., 1991)- HFTEIH Y
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Table 5. The effect of diets added vitamin E on reproductive power and survival rate

0%
Sperm count (x10°) 0.04+0.02
Percentage of normal sperm (%) 0
Sperm count (x10°) 12.69+1.96
Percentage of normal sperm (%) 37.70+5.59
Survival rate (%) 70

PR M B R ok B 2% » TR AR T 1 2
A% (RIS Tt s P Rl St
e fEZAERR DU A o 3 > Ry T IR B 5835
AR AR » (K] Lt — 2 ERE T B R AR e 2R
# E BRI I n 2
AERATELRMEIE " BRI — SR R

HIBC T R BB - 5340 > a3 lEin 0 % ~
0.05% ~ 0.1% -~ 0.15% 4 FE » Al Bk PufE
BRI EET T3S - o DU B EES  SEgRE
H 39.78 + 1.34 /N0 SEHGBEE 14.77 +0.16 1
4 RIS TR 023 £0.22 TFESR 1.47 +
1.47 % » WRk5%S 5.28 + 2.33 » [FHsR 23.19 +
6.66 % - fIEREE Fy 5 BT AR R
7K 13 & B HERER IS EN 3~4 %
TYBL =7 (8:00 ~ 12:00 ~ 17:00) o RESfA—
fi st - FHEEEH’E 50.03 ~ 50.80 %, 2 [t » T {7
9.75 ~ 10.35 % ff - FHEE 9.79 ~ 10.02 %
Z 5 k5> 8.12~9.06 % R - R 30 K
R (Table 5) - AR AN 0.05 % BRI
VEIREFNE T8 2.73 £ 1.49 x 10° > TEH LK
31.93 +19.58 iR fE - NIRIIEBIAN IR EE S 5
EERE THYBE SRR R < B g e R 1
o R 1EH FRR AR ELE B R = 2 HLER R
TR ETEFE SRR 0.05 % &
MR (64.42 %) 3G 1FRLATRNAN 0.05 % jiE
FH4H 100 % 5750 0.15% JEHIH 50 % =/ -

0.05% 0.10% 0.15%
Spermatophore
2.73+1.49 0.30+0.14 0.21+0.02
31.93+£19.58 5.12+0.58 0
Vas deferens
7.71£3.24 14.38+2.64 7.50£1.30
64.42+5.51 40.55+7.43 61.42+7.02
100 60 50
fer ELRER - IR AR e 42 3R

£ 0.05% FEfTEH HLEE 1 50.02 RORLIRES
1002 % - BHHERBA R IR » 75
FEHEERSER T OB IR TLE -

1 B B 5 Bl HEE TR

DB BRI bR 2 & (F - ok
MH12:1)0%~1%~3% J& 5% HyPUREETDEL -
PR S &8 R 11.13 % ~ 11.40 % ~ 13.13 %
ke 14.97 % > EHERRIRAE ~ 1517 - FCR K39
B DRI L % meleits (E5F #E) -
BB SHARM AR TER G - AERIB N -
FEYN ~ {17 S EEBNEL | - il 11.40 % AYEE
FHlABIFER (E5F k) Wrl
W 1 Ry 1 WO R R R B PN B R (R
2004) - {HEHE S HERRERRS B RUIE - A
A A 1 T BRI ) ERE
I SR A T ~ 7 D e 2 e S R 4 e 2 B
TIERSSCR - AP - IR 2
Y

B A T A BE VYSE - B Ry
PRERICEEH (SR ~ WP S I bi) + Y - 55
BRI AL A Sh R - SRR (R~ A
ki) + sk + A THRIERETEL (1.92 %)
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Table 6. The cost comparison between artifical diet and fresh meal for shrimp broodstock

Control Experiment | Experiment Il
Sorts of diets
kg/ dollar ~ kg/day % kg/day % kg/day %
Squids 40 15.0 44.91 7.2 27.59 14.4 48.32
Oysters 150 8.4 25.15 8.4 32.18 8.4 28.19
Shrimp 56 7.0 20.96 7.0 26.82 6.0 20.13
Sea worms 500 3.0 8.98 3.0 11.49 0 —
Artificial diets 82 0 - 0.5 1.92 1.0 3.36
Total quantity 33.4 26.1 29.8
Total cost 3752 3850 2992
100 -
90 F OA OB OC —=—
% 80} T T - T
> T T T
e 70 | == - -
S 60 -
e
S 50t
= 40 }
=
S 30}
“ 20t
10
O 1 1 1 J
1 3 4
Week

Fig. 4. Comparison of broodstock average compulation rate. A. Control: fresh meds
(squids, oysters, shrimp) plus sea worms; B. Experiment I: fresh meds plus artificial diets
(1.92%) and sea worms; C. Experiment II: fresh meds plus artificial diets (3.36%).

FoilBatHl - feEaH + A TREIRETR (3.36 %) Ky
SREEREI - REERE 20 BB AR B - B
b (101) SrBAEREREE RN o KR PERILE 28 ~
29 °C - 7} 30 ~ 33ppt > fF HAEHPYK - 735 ~
o~ BT T A PGERGARHE » BA
TN EE TR » AR BB RIS A FE I EE I
WELETS > DALk A5 ) R IR i A 2
SR o RS SN o B H R
BRE Ry 26.1 S 29.8 kg LLA R 33.4 ki
10-20 % nyFeERE - Bl H AR A
{4 3,000 JT. - FLEEsH I IR 3,800 JTEE
21 % FIERRIEEAR » flEHEE R ATEIE A

200,000 SCLL [ (Table 6) « SESEHIRAIR »
FArRE A E AR R I = - DO
e (79 ~ 96 %) > GESfHIZKZ (75 ~ 82 %)
HIRGHAAL (69 ~ 76 %) (Fig. 4) - H-FIHE
R A FE AT Sl i - DAGABSRH N s 24.23
HEE o HFHRIK 16.5 B (Fig. 5) - H¥Y
B H AT eaiE A FE > DIEAESHHI 7Y 4400 &
i SESHHI 3800 EREXRY » HIEH
2600 FHEEmRIE (Fig. 6) - Kz mFeER &
BN IEEES . B 2.71 x10° K, 44.69 % >
#%:3% 11.32 x 10°K; 49.50 % » EESHHI15 LLETES
FHI B RS (Table 7) -
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Fig. 5. Monthly production of shrimp broodstock.

Fig. 6. Average daily production of shrimp
broodstock.

Table 7. Sperm quantity in shrimps broodstock is spermatopho, after experiment

Control
Body weight (g) 34.1410.74
Sperm count (x10°) 2.29%0.38
Percentage of normal sperm (%) 17.89%5.60
Sperm count (x10°) 10.0340.51
Percentage of normal sperm (%) 27.61%5.51

fr e BRG] T RS
MBI ) o FEREIEO 72 R e I AT
A TR E HAARRF G 3RS 7 3O S B R H
b T e R AR AR ~ SRS ERan E
AR R RS B R A EE A e R A

ok o L

— ~ ERPRREE 11.4 % - HHEAE 527
% - $EFEE: 502.2 Kcal/100g » & F/EFIHE
=AY EL{E 105 mg protein/Kcal » {E IR
B ~ T - BRHEHR R B A
Tt B S T B S S R -

Experiment | Experiment Il
37.9712.50 43.74%1.06
Spermatophore

2.24%1.32 2.71£0.19
42.35%14.14 44.69+11.43
Vas deferens

4.72%0.76 11.32+4.00
62.55%5.58 49.5016.12

= RIS 11.4 % - SI0TELIRIRNE
HEPETNRSCRIE A - HR ~ FEIRR
IR R DN et - R e &
S sseR A -

= REATHRUREC S ER > A2 E DN
K PRAE b e B SORE e AH A2 5 - ] DURY
RO RG> 15 H AR & fE PR -

Y~ EEPRIRESINMEASR E 0.05 % MHEHE
50.02 % JFHARE 10.02 % - FIfEE
MRS 7R ~ R TR G T
TR EER - Sl T Ry IR A R -

1o~ AETRR AR AR SRS bR B AR i
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