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Tab.1 Ingredients and chemical composition of the trial pellet diets for white shrimp Litopenaeus vannamei %

S Group

A Ingredient

A B C D E
FAEAOK  Peru fish meal 9.00 13.00 17.00 21.00 26.00
Mk Floor 47.21 39.56 31.88 24.60 19.50
LM Peanut meal 8.00 8.00 8.00 8.00 6.00
FEKEHW  Corn gluten meal 4.00 6.00 8.00 10.40 11.10
HFFEE R Cottonseed gluten meal 9.17 11.33 13.53 14.00 14.40
EENEFH  American meat and bone meal 8.00 8.00 8.00 8.00 8.00
TREH Shrimp carapace powder 5.00 5.00 5.00 5.00 5.00
JJEH  Feather powder 3.00 3.00 3.00 3.50 4.00
YIRS Lecithin 2.00 2.00 2.00 2.00 2.00
MERFE K Blood corpuscle powder 1.00 1.00 1.00 1.00 1.50
Kl Fish oil 1.00 1.00 1.00 1.00 1.00
WilR 545  CaH,PO, 1.12 0.61 0.09 0.00 0.00
EEYEAEZR Vitamin premix 0.40 0.40 0.40 0.40 0.40
BAHEWYE Mineral premix 0.60 0.60 0.60 0.60 0.60
—EMTE Cn0, 0.50 0.50 0.50 0.50 0.50
411 Total 100 100 100 100 100
FHIF  Dry matter 91.20 91.80 91.30 91.60 92.10
MM Crude protein 30.90 35.01 39.24 42.88 46.92
5 Ca 2.06 2.14 222 2.31 2.35
BEE P 1.25 1.25 1.25 1.34 1.48
MBI  Crude lipid 470 4.80 4.90 5.20 5.20
HIKS>  Crude ash 5.80 5.70 5.60 5.90 6.10
KIS *  Carbohydrate 49.74 46.29 41.56 37.82 33.88

T TR, HAYE TR S

Note: * donates calculated value, while others are measured values.
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25 MBI R 2R [ 2 5 MUK 7R H] 550 °C 4
Bk R FBEHIE /R
1.3.3 ITRAEKMEESEITE

FETER (%) =100 x SEHGAE RS / S0
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1.4 KERME
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BEEATUKEFHE MRS, C. D FE 483%
BT A FI B4 (P<0.05), C. D, E 42 A4 B35
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Tab. 2 Effect of dietary protein levels on growth performance of white shrimp n=3; x = SE
= . S AH Group

f845  Indicator A B C D B
TEIGER /% Survival rate 88.49+221" 89.53%£227° 91.99+0.10° 92.93%+0.17° 92.35+2.41"
KIYTE /g Final average body weight 11.14£0.17°  11.71£0.49" 12.85+027" 13.08£0.49" 12.88+0.44
T /g Total weight gain 4944017  5501049°  6.65+£026"°  6.881049"  6.68£0.04"
AT / (mg+d™” «ind™)  Daily weight gain ~ 82.35+2.83" 91.77+£827" 110.8+4.44" 1147+£828" 111.5+0.73
HAEK /%  Weight gain rate 79.70+2.75" 88.81+8.01" 107.30+4.3" 110.98+8.0" 107.89+0.7"
THEIZEL  Feed conversion ratio 3.14024" 290+0.02" 259+0.18"  254+026°  2.66+0.08"
WLAZK S /1%  Moisture content of muscle 73.71+0.30" 73.22+027"  72.66+027° 72.43+0.29° 72.80+0.25"
KAWUAZEH /%  Crude protein of muscle 82.36 81.99 81.13 80.90 80.65
H3#4% /(mg+d™ +ind”") Nitrogen gain 2.85 3.22 3.91 4.09 3.94

H: A-E 730 51F9R 31%.35% .39% 43% 47% 5 AR EE H Bk s [Wl—4780dE 47 LA nAR ) 7 B3R R 22 5 R i35 (P>0.05 ) FAR - REFR 22

53 (P<0.05) 3 MR FREFRR 25 A i 3 (P<0.01) .

Note: A, B, C, D, E represent the protein levels of 31%,35%,39% ,43% and 47%, respectively, Values in the same row with same superscript letters are

not significantly different (P>0.05 ). Adjacent superscript letters mean significant difference (P<0.05 ), and secluded superscript letters mean extremly

significant difference (P<0.01).

5 (P>0.05), kLR B 3 BOKE T s Je R
JE¥EA, CF D 4B ELT A B HLE 4 (P<0.05),
22 JKRIERR
221 EFEF HMEIUTHLEEF3hOhH
15 h FRFEKAA P BA F A A A A AR R
W B AR T BE B SOKCE A TR TR N, AR
W5 15 h S F AR B 45 4 ) 2 5 I 2 o Wb 3
(P<0.05), B, C.D F1 E 412> % Fb A 41 %5 17.1%.,
37.5% .48.3% F1 92.4% ; HRME A.D.E3 4[]
#2535 #(P<0.05), B. C. D FflE 41535k A 4175
24.7% 45.4% 42.8% 1 78.4%; W.HSHHIE A, D,
E 3 42 [0 22 534 3% (P<0.01 ), B, C. D #1 E 4143
A 418 9.1%.29.4% .54% F1 106.9%; 1 iR 15
WAL CLE Z[H 25 B3 (P<0.01), C.DFE
HATHIE A 4HE 35.9% .32.7% F1 73.4%.
VYR B A DR AT R B T
Fim, AL BLE A Z ) 2 5 1 3 (P<0.05) 5tk i
#(P<0.01),B.C.D M E 455 A 415 6.7% .
8.5% .10.1% F1 13.8%; COD Fifi 1} 2 14 7K - 1 185
IERSE N N SR (ER S PR e N T
(P>0.05).
222 G@EEHEMFERTE A TN LTI
JE AR A A EA FHEH RS 3 ~9h
B BRI RS 9 ~ IS h s . /&

J& 3 ~ 9 h &AW AN AR A E R HE
9~ 15 h Y 2.7 ~ 4515 .73 ~8.84% . 1.5~2.7
s HBBJE 9~ 15 hfeEh a2 &5 3 ~9h
HEm R 1.8 ~ 5.5 %,
2.3 HWKE

13 4 W] WL, BE G fRDRHER 15T B i S, 4]
BRI B TR (P<0.05). ALB.CHIDH
Iy W E 42 5 11.9%.7.4%.5.0% 1 2.8%. BE %5
TR 1 BT K- B3, 3 B AR B T
(P<0.05), B.C.D FIIE 41433 HE A 25 0.8% .3.6% .
4.6% F1 5.2%. £ [H5T H I Akt A TRk K
SFFH T R (P<0.05),
24 EMBHISEARZEEE
241 XUFRABESRBEHEM WAL ERE
(5 A1), XTHR AR R EhHE 5 H B Y
S BRI AR B SR AR AE 1
BEEE (KTt R, R E SR A AR iR EhHE
Py T e B A0 3 AR AR R AN ) L
TESFARXS R . 2 BUKSF DA 31% THis 2 39% I,
XoF 0 H 36 8 ) i R H ( 28.4 me/d - ind), T L i HE
i SN e = (b Y PO R ANE SR L AN N g
S FRTHE 17.3 ug, BERRE T & 2 ng; HEBUK
D\ 39% Tt & 47% B, P ER H 3 AR L 13
(P>0.05 ), Ty 2 HE M 7 5 R (P<0.01) (5 g #F
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Tab.3 Effect of dietary protein levels on water quality of white shrimp aquaculture n=3; x + SE
IK R bR Mg s [] SLUGZH Group
Parameter of water Time after
quality feeding A B C D E

PR | 3h 0.145+0.026"  0.181£0.007" 0.195+0.015"  0.177+0.053"  0.204+0.086"
ﬁﬁ% /f_rf\}g "L 9h 0.184+0.028°  0.233+0.015" 0.270£0.020" 0.265+0.011"  0.328£0.018’

) 15h 0.194+0.032"  0.242+0.014  0.282+0.025"° 0.277+0.01"  0.346+0.014"°

o | 3h 0.165+0.013" 0.17£0.007"  0.192+0.008"" 0.219+0.012"  0.241+0.013"
Mﬁﬂ/ﬁ?/_ (ng L) 9h 0.178+£0.012"  0.190£0.011"  0.225+0.008" 0.269+0.018" 0.329+0.019"
’ 15h 0.187+0.015"  0.204£0.008" 0.242+0.010° 0.288+0.018°  0.387+0.021"
AT [ (g L) 3h 0.310£0.0124°  0.351£0.003" 0387+ 0.007“. 0.397£0.01 6‘i 0.446 + 0.005f
- NE';‘_N L NO, N 9h 0.361+0.017°  0423£0.010° 0.495+0.015° 0.534+0.017°  0.658+0.006"
15h 0.381+0.018°  0.44610.009° 0.524+0.0149° 0.565+0.018°  0.733+0.008"
o | 3h 0.0311+0.001""  0.026+0.000' 0.0382+0.003" 0.0365+0.002"  0.029+0.001"
@éﬁ&%ﬁ%ﬁfgﬂg L) 9h 0.037+0.001°  0.031£0.001°  0.046+0.003"  0.045+0.001°  0.049+0.002"
! 15h 0.0538£0.001"  0.053410.001" 0.0731£0.008" 0.0714+0.003° 0.0933 £0.005"

EIEYIHE /(mg - L7')SS 15h 130.4£3.61°  139.16£4.23"  141.5+£1.96"  143.6£1.77"  1484+3.72

COD/(mg-L™") 15h 2.81+0.083" 2.8610.054"  296+0.097"  3.02+0.058"  2.96+0.064"

H: A-E 730 539R 31%.35% .39% 43% 47% 5 AR EE FA BKF 5 [Bl—A780dE 47 LA nAR ) 7 B3R R 22 5 R 35 (P>0.05 ) AR - R 22
53 (P<0.05) 3 MR FRERR 25 5 3 (P<0.01) .

Note: A, B, C, D, E represent the protein levels of 31%,35%,39% ,43% and 47%, respectively, Values in the same row with same superscript letters are

not significantly different (>0.05). Adjacent superscript letters mean significant difference (P<0.05), and secluded superscript letters mean extremly

significant difference (P<0.01).

R4 LHGEITERELIRIEE R
Tab.4 Digestive test results of Litopenaeus vannamei n=3; x + SE
- S G
8hr  Indicator A 5 - R oup b 0
TARHE L /%  Total digestion rate 73.94+1.55"  70.98+0.28" 69.42+1.26™ 67.93+031° 66.10+1.49"
ENILZ /% Protein digestion rate 71.94+154" 72.58+035" 7453+1.14™ 7527+0.15° 75.71+0.99"
g
NLYI=X T I |

BB HFRE /(mg - d™ - ind ™) 55.08+2.62° 71.25+593" 87.02+436" 94.58+6.72" 105.78+2.84"

Daily protein digest amount

TE: A-E SHIFOR 31%.35% .39% .43% 47% 5 A E F UK 5 W45 8udi 47 b A rARIR 7 B3R 22 5 A B35 (P>0.05 ), M4BT BEFoR 22
S (P<0.05) 5 MBI EOR 22 0 35 (P<0.01 ).
Note: A, B, C, D, E represent the protein levels of 31%,35%,39% ,43% and 47%, respectively, Values in the same row with same superscript letters are

not significantly different (>0.05). Adjacent superscript letters mean significant difference (P<0.05), and secluded superscript letters mean extremly

significant difference (P<0.01).
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R B ER T 41.6 ng, BERREL T 6.15 pg).
242 EARENERZTEEMITE MRIEXIFH
1 SRR SRR T 3 Ut 2 AL, 2%
h H 3 S iREHR KR R B (K] 2), 15 21X
H 3 Sk A BRSO B [ 7 7R -
y=—-0.0259739x" + 2.8577784x°~100.9307016x+
1237.8036749 R’=0.9824 (1)
AR TR (1) RN W, X 0F H O3S
I RIS AR 1 BB SR 5 2 5 43.73%
243 BEARESEFRZEZEENTE KHNE
Proah H I A& Rk W AR RS A
BN BT R AR Y A AR, @ 3 ot

[RADL, 25t H S A L B A AR S kR
KR OC R K (E 3), 15 R H 34 A5 ek &
H KR SC &R BT RN -
y=—0.0010061x"+0.1107745x°-3.9181186x+
47.8017531 R’=0.9896 (2)
XU H A AR S R 1 BOKF B 0GR
W77 A
y=0.00151x"-0.16687x°+6.19462x-76.005725
R’=0.9687 (3)
AR (2 )03 ) RERARSERT, B IR H A
5 HAFAHRM A B A R R A AR S
BT BN 40.42%.

120
*

- 110 F ¢
<
.
5 100F
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S
< =
w & 80F y==0.02597x"+2.85782°~100.93 1x+1237.8
poing
sl 70k R’=0.9824
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Fig. 2

The relationship between diet protein levels and daily weight gain of Litopenaeus vannamei

Fig. 3 The relationships between dietary protein levels and daily nitrogen gain or daily ammonia excretion of Litopenaeus vannamet
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Tab. 5 Effect of dietary protein level on nitrogen and phosphorus execration of Litopenaeus vannamei
n=3; x+SE
e . S AH Group
841 Indicator A B C D i
e L N 3~9h  1051£030° 1575+1.87" 18.05£1.20" 21.26+245  32.10£1.73"
ﬁ“@_/l&“g rg MRPRL) 9~15h  261+155  277%065  285+129"  3.18+0.84' 475143
3~15h 13.12+1.62" 1851£1.80" 2090+1.72" 2443+171°  36.85+1.40"
S y— 3~9h 3384+032° 6.03+1.70%  7.99+0.59°  1229+2.19°  22.85+2.04"
NOz‘fN &8 S 9~15h  281%+1.12°  4.13%£0.93° 4.14+1.60° 4591025  14.99+0.66"
3~15h  6.19£094° 10.16£0.78" 12.13+£127° 16.89%£2.00°  37.84+2.67"
T 3~9h  13.89£0.19" 21.77£135  2604+1.75  33.55£0.92° 54.9510.33f’
§ﬁ4+_1\1‘ ENON 9~15h 5421088  6.90%+1.38 6.99+1.65° 777+0.66°  19.74£1.70"
3~15h 1931%£0.86" 28.67=1.03"  33.03+047°  41.32+£0.97°  74.69+1.94"
. . o 3~9h 1.83+0.64° 1321026 1.90 +0.54° 2.12+0.53° 5.18+0.33"
féop??’j}/ (ng-g” AMEFED) g ysp 4514042 6714062 6.42+0.80" 6.41+0.97" 9.28+1.57"
3~15h  633£1.06°  8.03%0.54° 8.31+0.90° 8.5410.89°  14.46+1.24"
H 2/ (mg - d” - ind™) 0.717 1.119 1.415 1.802 3.209

Daily nitrogen excretion

H: A-E 50 5139R 31%.35% .39% 43% 47% 5 A AR EE A K5 [Rl—A78dE A LA R R 7B R 22 7R 35 (P>0.05 ) AR TRk FR 2
5 (P<0.05) 5 AT RER/R 22 5 3 (P<0.01 ).

Note: A, B, C, D, E represent the protein levels of 31%,35%,39% ,43% and 47%, respectively, Values in the same row with same superscript letters are

not significantly different (>0.05 ). Adjacent superscript letters mean significant difference (P<0.05 ), and secluded superscript letters mean extremly

significant difference (P<0.01).
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Eco-nutrition requirement of protein in high density Litopenaeus
vannamei culture system

LI Yong"?, XIA Sudong"*, YU Xuequan®, TANG Shigiao', WANG Hua'*, WANG Meiqin', SUN Guoxiang'"*

( 1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. Graduate University of the Chinese Academy of
Sciences, Beijing 100049, China; 3. Tianjin Seafood Industrial Development Co. Ltd., Tianjin 300450, China )

Abstract: An experiment was conducted for 60 days to determine the relationship between different dietary protein
levels and growth performance, environment factors and digestive characteristics of white shrimp Litopenaeus
vannamet in high density culture system. Four hundred and fifty white shrimps with average initial weight of
(6.2+0.2 ) g were assigned randomly to five treatments groups with three replicates and were fed diets with 5
different protein levels which were 31%,35%,39% ,43% and 47%, respectively in average stock density of 3.1
kg/m’. The results were as follows: (1) As the protein levels increased, the weight gain rate rose at first and then
decreased, while the feed conversion ratio had the opposite tendency. Shrimps fed with 43% dietary protein got
the best growth performance. ( 2 ) Seawater factors such as NH,'-N, NO, =N, PO, P and suspended substance
(SS) were affected significantly by dietary protein levels (P<0.05 ), and all of them increased with protein levels
increasing. The environmental factors of the group fed with 47% dietary protein were different from those of other
groups significantly (P<0.05). (3 ) Total apparent digestion rate decreased with the increase of protein level,
while the protein digestion rate increased significantly (P<0.05).(4 ) We have innovatively qualified the dynamic
relationship between nitrogen excretion or nitrogen gain and the increasing dietary protein levels, so that the exact
requirement of protein can be calculated. Based on the growth performance,43.73% may be recommended as the
conventional requirement of protein with the biggest growth rate for adult white shrimps in high density culture
system. However,40.42% may be recommended as the eco-nutrition requirement of protein with the optimum growth
and nitrogen excretion. [Journal of Fishery Sciences of China,2010,17 (2):78-87]
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