HYE FRFAR 2012,24(12) :2402-2414
Chinese Journal of Animal Nutrition

doi:10.3969/]. issn. 1006-267x.2012.12.015

LB R R 13 b 3h oy e 4
B R R LR R

TR BT R BAN XEE BT
(T ARG R 2K 22 B K™ S )8 5 5 RS20 =, VT 524088)

B OE. KRB =8 =4(Y,0,) AT A, & 70% 44 3 244 8 F= 30% o4 #45m) Jz B 28 i 3%,
K, G BT UL E 5T ¥F ( Litopenaeus vannamei) 5 13 #¥ 3 4 b4 4 R A 69 % 5 £
HAE, 13 AR RSN A G EHR (KT H) KEBERALER(HE) BFAKT
BEh e AKTIREN(AE) TREH hREGHRT B 28 RH NEH. Ak 8
BT £ KRR Ao ¥, RIS Fh (13.0 £0.1) g a9 JLLYE AFHF 1 260 2., KEAL
A V4 B3 A E B A E A 30 BIT . AU I R BORAR LRI 1 B S, ROA ST
Bk E M E T HR KGR IR S A AR B 09 RN, R A 13 A
ARG T4 AR G IS i BB AR AR E 5 A A 58.11% ~
76.91% 64.17% ~93.57% .52. 44% ~95. 62% .43. 00% ~95.21% .39.11% ~ 76. 47% #=
63.48% ~94.06% , Z4FRF I RLBR AN BN ESHEG M A G E T/ EK—
B, a&h REBRALEN R T AR TFRENGEEORANELRRES T HAELAH
JRA(P <0.05) ; B ff 3 208 K8 3 £ob Aol T ofnoby 69 40 g B R AL T4 AL & B 54K T A4 B4 4
JRA(P<0.05);8 &fpfeit o AKX FRENGEREANHNERE S T LEESAMBI(P<
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o5 ThikZanflFon(P<0.05), 13 s RAastzitraane FToR. e
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T LGN IE X IF ( Litopenaeus vannamei) %t 51
Yk A B AL R T R IT TR A T AR
H AT S & T L g8  uf 0F 3 o g
BT G o T A Y
Bt P A R R LR R
Bt Bt Rk I 7R
RO IR SIop 1 A sl A R Y T R
FHEE 15T L S RE 1Y 200 TN Ak 3, (H i 45 2R = W) £
TE—E M 25 5, H O T RV FURLIS 7 2 00 7 16 %
(BT L Yang 25 ) 83 i 4R, R

A 56 40038 1 B 5 LA G R X AR (AR
B AR ZE VR Ry (R ) B 7 KT R
wr R BT R (RS ) LR AR R | I KR
FURY G A IR BB O R R R K RO R
oy TR A P B A AN A MR R X 13 b 3l 4 P AR TR
TP BT AL BT HLIR U LSRR S A AR
WL A2, DU 28 G0 1k . 1 fig ML 48 ¥ 0 AR %
X LU Wy M R T ) 2L T A R, A At e
P AL AR KRS P, S LA I X R C A 1R)R I A
e pt—E S E I

1 #MR5RFE
1.1 RIS ARA R

MR FL 2 X A A 78 5 o oR O I A i e A
b, H AR S SRR W 1o BRI A Rk 4 B R
BB B 70% 3 AR + 30% I E
JERE, L =4k =42 (Y, 0,) VE M AMEHE 7R 71, Bl
il B 13 R I8t Rl o o AR RE R 3 7R K
A SETR AL Ao ) WL 3% 2 TN 3. B 7 v 45 1kt
JRoE R B )5 i 60 H i, R B RY KIER A, &
HBOR. 42 R 2.0 mm Y R 4RDRE, KU R A
—-20 CUKFHRAFFE
1.2 FFEE

RIS AR I [ E 5K (863 ) T4l g K 5% 5 Fh T
P Jy ik o BEREAdERR W1 IR K E O (13.0 =
0.1) gy JLAMEEXTIR 1 260 B2, BlHLST 0 14 41, 1
413 NEE BN EE 30 BEF, H, X R4
LR L, 00 4 B HL B 1 R IR ik, 7R IR

B0 I] B A BB 4 ) (07:00,12:00,16:00
22:00) o RH K g Zad UUBE | VD g 1) K AR i
KRB ) KGR S 28. 0 ~30.0 C, KR A
27 ~29 ELA A S EAMKT 5.0 mg/L, &
A& AT 0.03 mg/L,

x1 EMiAMEARREFRKF(TFHREM)
Table 1 Composition and nutrient levels of

the basal diet (DM basis) %

i H Items £ 5 Content

JE#l Ingredients

IR FEIR Lk (R )
Low-temperature steam dried 25. 00

brown fish meal ( Peru)

2= [ 5k Dehulled soybean meal 30.00
INEAR ek Vital gluten meal 4.00
= W T #y High-tensile wheat flour 35.32
K IP#ENE Soybean lecithin 2.00
£4.31 Fish oil 2.00
4k R C WML ER 0.05
Ascorbyl-2-polyphosphate

Z{{LJIHHK Choline chloride 0.50
YA E R Vitamin premix 0.30
W) WR A Mineral premix® 0.70
AR sk Ethoxyquin 0.03
=%k =42 Y,0, 0.10
431 Total 100. 00
#F 7K Nutrient levels”

T Dry matter 91. 34
HBE Gross energy/(MIJ/kg) 20. 39
& i Crude protein 44.. 84
AN Crude lipid 7.41
% Phosphorus 1.31

V4T v g ZWUR R A Contained the following
per kilogram of vitamin premix: VA 10 g, VD, 50 g, VE
99 ¢, VK 5.0 g, VB, 25.50 g, VB, 25 g, VB, 50 g, VB,,
0.1 g,¥ZBR%S calcium pantothenate 61 g, 4f|iR nicotinic acid
101 g, =4 biotin 25 g, L inositol 153. 06 g, M folic
acid 6. 25 g, 274k % cellulose 389.09 g,

2 45 T 55§ 4 I Wil k9 45 Contained the following
per kilogram of mineral premix: KIO, 0.03 g,CoCl, - 6H,0
4.07 g, CuSO, -+ 5H,0 19. 84 g, ¥r ¥ g %k ferric citrate
13.71 g,ZnSO, - TH,0 28.28 g, MgSO, - 7TH,0 0.12 g,
CaH,PO, 80 g, MnSO, - H,0 12. 43 g, KCI 15. 33 g,
Na,SeO, 2 g, i f1#; zeolite power 824.19 g,

%€ { Measured values,
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x2 HFMNEMHERKE(THOREM)
Table 2 Nutrient levels of test ingredients ( DM basis)
R T ki = P5iy HLIE s po8iiA S
"l:es£ i/n‘ redients Dry matter/ Crude protein/ Crude lipid/ Gross energy/ Total phosphorus/
& % % % (MJ/kg) %
[ ok (& 2 1) White fish meal ( Russia) 90.28 65.19 5.84 19.61 2.77
VE 2 & S (LR

MR A L f sy (R ) 90. 62 65.99 5.95 18.65 3.15
Low-temperature steam dried brown fish meal (Peru)
EH7 B K TRk

90. 73 71.65 6.60 20.31 2.40
Domestic flame dried fish meal 2
HECTE K TR ()

91.46 73.40 5.16 20.97 3.02
Imported flame dried fish meal (Peru)
T Z%4t ¥y Miscellaneous fish meal 87.90 53.36 8.15 19.75 3.71
I EREE (4 Spray-dried blood cells 85.68 95.62 0.41 22.89 0.62
HET- 14 Drying blood meal 90. 15 95.13 0.53 24. 40 0.74
¥y Chicken meal 90. 26 70. 36 12.58 27.08 5.38
A& ¥y Meat and bone meal 95.02 47.17 8.28 15.79 6.09
P4 %; Meat meal 89.23 70.71 12.86 25.64 4. 65
% £ ¥y Fermented feather meal 93.86 87.90 1.93 23.79 1.18
JK fi# ¥ 4y Hydrolyzed feather meal 90. 44 89.20 2.35 25. 56 1.04
4> iR 45 Shrimp meal 91.39 74. 64 1.61 21.93 1.04

1.3 HERE

B MR 1 5 T b Ui SR 2 A, AR kAR R
1.5 hJi , I R v WO 6 IRTE H o i 264, 4
AN H ISR ) 2 A A ] — AR AR B
F 20 CTkA PR HEE" EEE R LB
(T 10 g) KR T2 #r
1.4 $EHRNERAE

AR R K A AE i 60 CHET IS, BFIE b B
i 40 G, 0 L e A R A A i I T
£ AOAC (1995 ) U7 1 75 1, B K 20 & bR
JH 105 °C I 4 00 5 5 KL 19 53 SR T L
ICE Ak (KT8400 £ )5t | 3 2 Hrd) I & 5 HLAg
i SR PR G R U (L 2T S s 70 ) 7 5 i
R AP R AL (SE - 1C) I s 3 R
P ik BB BRI 5E s 2L iR
KRR B 3T ( H 37 L —8800) 1l 5E 5 42 & &
KA R A S B T R R A (ICP-MS
7500 - CX) I 5E o
1.5 RIEUEHITEAR

AT Y B R R (% ) =
(1-5/F,) x100;
TR PR (5T HLAG I LR B S B RE Y
TR (% ) =[1 - (F/S,) %

(S,/F,) ] x100,

KrpeS, AR &S (% ) F, 2EE
R B R (% ) 5 S, S Rk B8 3R A 1 i
(% = MI/kg) ; F, AP RS SR 1 & & (%
8 MI/kg) .

(SRUINER SN R 7/ D W iR e = D1 i [ N = S
MR B I B Y F T A R R A
D, =D, +[(D;—Dy) x(0.7xX,/0.3 xX;) "™,

Ao Dy I Dot b 35 SR a3 1 2RO T
0F (% ) s Dy R I fal b} i 538 5 o3 i 2R W TH
F (% ) s Dy Sy BEAilARDRL b 5 5 o3 1Y 2 WL TH
E (% ) 5 Wy S4B 55 1m) R} b SR Al A e} 1) 2 o
(g) s Wr N HGRT R 5 (2) 5 X, AR
BER RSB IR B & i (% B MI/kg) 5 X, ik
Tk BB SR W i (% B MI/kg)

1.6 HIFEABS5SEITHH

a5 R UL = bn i 22 KR, R ] SPSS
16. 0ZE i 14 % B4 26 47 5 R R 5 22 43 #r (one-
way ANOVA) , Y4 51 [H 28 7 22 43 #r b 38 1) 22 57 I
Z (P <0.05) 0, 4K Levene test YE47 7 22571
K, #5 7 25 HA 55 1k, 1k H] Duncan [Q 35 #F 47
ZHE BT
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JoT CRLER 1 5T KL AR D5 R RSB 2 LV Ak R DL
2 # B 24, % 13 Fhalh Py v AR IR IR WL AL

JLGN Xt X6 13 B S M e G R ECR B T RIS,

x4 NWMEIEX 13 #HziP AR ERN TR EEA R BB S EMEBRIELE
Table 4 Apparent digestibility of dry matter, crude protein, crude lipid, gross energy and total phosphorus in
thirteen animal feed ingredients for white shrimp Litopenaeus vannamei (n =3) %
o0 JE Ak AR HE AR FHE el B
Test ingredients Dry matter Crude protein Crude lipid Gross energy Total phosphorus
£ 5
Efﬁ}“&?%ﬁ) ) 76.91 £0.59° 03.51 £0.79* 94.88 £0.78* 95.12 +3.09* 76.47 +1.01°
White fish meal (Russia)
fRIRZEIR Ly (R )
Low-temperature steam dried 75.27£0.91°  93.57+1.24* 91.85£2.19% 86.64 £2.69" 74.22 +0.34*
brown fish meal ( Peru)
o T I Al
@FEE*JH**& ! 70.33 £1.88%  87.07+0.91° 89.48 £2.01° 85.89+1.81° 70.45 +0.99®
Domestic flame dried fish meal
‘# ) e, ’ﬁﬁ NIAS ‘\\@
LDEK?X%*&(@E) 75.59 =0. 66" 91.62 £0.47* 95.62 +1.52* 93.94 +1.71* 72.87 +0. 78"
Imported flame dried fish meal ( Peru)
T Z 4 Miscellaneous fish meal 63.88 +1.82° 84.95+1.59° 82.93+0.11° 66.55+3.25° 63.45 +1.14°
HMEREE 94 Spray-dried blood cells 62.65 +1.62° 77.46 £1.47%  74.63 £2.05° 79.78 £2.03° 39.11 +0.43"
LT 1L ¥ Drying blood meal 58.97 +1.35" 77.43 £1.48% 52.44 +1.50" 73.63 +1.44% 38.39 +1.94"
¥ A1 #3 Chicken meal 71.07 £1.65%  77.45+1.54% 86.35+0.65™ 72.24 £2.29° 65.21 +0.69"
A& % Meat and bone meal 68.70 £1.13° 74.26 +1.87°  82.50 £0.59¢ 84.61 £2.10" 64.79 +0.88"
A% Meat meal 72.72 £1.29%  80.99 £1.75° 84.77x1.06™ 80.50 £0.85° 65.75 +1.06"
% ) B4 Fermented feather meal — 59.87 +1.26" 67.75+1.64"  68.04 £2.56° 46.38 £2.10" 46.94 £1.94°
JK %3 & ¥ Hydrolyzed feather meal  58.11 =1.37° 64.17 £1.70"  66.85+0.61° 43.00+1.85" 50.90 +1.88°
41} ¥ Shrimp meal 70.91 £1.68%  78.17 +£1.10° 86.67 £1.09™ 72.04 +1.76* 58.67 +0.85¢

[ 51 B4l JA AR AN ] 3 B3R 28 5 B35 (P <0.05)

Values in the same column with different letter superscripts are significantly different (P <0.05).

2.1 FTYRERWENLE
F AR FE 1 B T I f008 1) 1 49 I 2 UL T
245 5k 76.91% F1 75. 59% |, [5: 5K IR 78 1R 4L
R (75.27% ) TR EEZEF (P >0.05) b, 8 3%
o AL AS TR FE R (P <0.05) 5 )™ Bk T4 fa
B R PR L PRLR R A MR R ) T A 5 3R U b R
(70.33% ~72.72% ) B E M2 R (P >0.05);
R ik 51 by L K i P B R L T I R 1 T o 3R
WIH AL (58.11% ~59.87% ) i A% T HAth 45 1]
BHEEH(P <0.05)
2.2 MHEARRWHELER

ARy AR 8 5L ok Rtk O B K TR
M E A B FRUIE L3 (91.62% ~93.51% ) i
F i T HAD AR R (P <0.05) 5 ILER 2 1B
BET A X RS | PR E R R 4 R 1 R AR 1 R

WAL 2% (74.26% ~78.17% ) Jo it M 2 &
(P>0.05) ; [ 6 43 FH K ik 51 6 8 19 40 2 (1 5
T AR I3 53R 67.75% F1 64.17% , B F LT
HoAh 45 1R R P <0.05) o
2.3 fHAEEAA R E

F AR FE 1 B T I f00K 1) KL 105 2 WA T
{6243 5 94. 88% F 95. 62% |, Wi 3 25 T HiAth 4%
AL EHCP <0.05) 5 X5 PR K | TR A 4 b 1) A
N R AR (84.77% ~86.67% ) 5 [E " H K
T Ry, T 4% R R0 R (82, 50% ~
89.48% ) LI E M2 7 (P >0.05) ; BEff H E 8
K A P B 09 AR i 3% 003 Ak % 4 5 ok
68.04% F 66. 85% , W % & F #t T 1 ¥
(52.44% ) (P <0.05) ,
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Apparent Digestibility of Nutrients in Thirteen Animal Feed Ingredients for
White Shrimp Litopenaeus vannamei

WANG Wenjuan CHI Shuyan® TAN Beiping DONG Xiaohui YANG Qihui LIU Hongyu YANG Junjiang
( Laboratory of Animal Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract; Apparent digestibility of nutrients in thirteen animal feed ingredients was determined for white
shrimp Litopenaeus vannamei in this experiment. The thirteen animal feed ingredients included white fish meal
(Russia) , low-temperature steam dried brown fish meal ( Peru), domestic flame dried fish meal, imported
flame dried fish meal (Peru) , miscellaneous fish meal, spray-dried blood cells, drying blood meal, chicken
meal, meat and bone meal, meat meal, fermented feather meal, hydrolyzed feather meal, and shrimp meal.
Trial diets used with yttrium oxide (Y,0,) as an indicator, and consisted of 70% basal diet and 30% test in-
gredients. One thousand two hundred and sixty shrimp with an initial average body weight of (13.0 +£0.1) g
were randomly divided into 14 groups with 3 replicates per group and 30 shrimp per replicate. After one week
feeding with trial diets, the fecal samples were collected by siphon, then the apparent digestibility of dry mat-
ter, crude protein, crude lipid, gross energy, total phosphorous and amino acids was determined. The results
showed as follows: apparent digestibility of dry matter, crude protein, crude lipid, gross energy, total phos-
phorous and amino acids in thirteen animal feed ingredients were 58.11% to 76.91% , 64.17% to 93.57% ,
52.44% 10 95.62% , 43.00% t0 95.21% , 39.11% to 76.47% , and 63.48% to 94.06% , respectively.
The apparent digestibility of amino acids had a positive correlation with apparent digestibility of crude protein
for feed ingredients. The apparent digestibility of crude protein in white fish meal, low-temperature steam dried
brown fish meal and imported flame dried fish meal was significant higher than that in other feed ingredients
(P <0.05) ; the apparent digestibility of crude lipid in fermented feather meal, hydrolyzed feather meal and
drying blood meal was significantly lower than that in other feed ingredients ( P <0.05) ; the apparent digesti-
bility of gross energy in white fish meal and imported flame dried fish meal was significantly higher than that in
other feed ingredients ( P <0.05) ; the apparent digestibility of total phosphorus in white fish meal, low-tem-
perature steam dried brown fish meal, domestic flame dried fish meal and imported flame dried fish meal was
significantly higher than that in spray-dried blood cells and drying blood meal ( P <0.05). In the thirteen feed
ingredients, the highest apparent digestibility of dry matter, gross energy and total phosphorus was found in
white fish meal; the lowest apparent digestibility of dry matter, crude protein and gross energy was found in
hydrolyzed feather meal; the lowest apparent digestibility of crude lipid was found in drying blood meal. In
conclusion, different sources and qualities of fish meal lead to different apparent digestibility of nutrients. The
chicken meal, meat and bone meal, meat meal and shrimp meal were high quality protein sources for L. van-
namei, and they can be used to instead of part of fish meal in actual feed production. While, because of the
different produce processes of feather meal and blood meal, the nutrient composition is different among the
products, and that lead to the different apparent digestibility. So, the nutrient composition of these feed ingre-
dients should be evaluated before formulating diets. [ Chinese Journal of Animal Nutrition, 2012, 24(12) .
2402-2414 ]

Key words: white shrimp Litopenaeus vannamei; feed ingredient; nutrient; apparent digestibility
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