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B4 6.6~7.0mg /L, Z%.0.3~0.5mg /Lo lus sp. »10° CFU /g) A B /K P= 1 50 B il k) 15 fek e
1.2 SSIRARIEYEDH FHEIT R D75 . LL Y,05 MR R A & A

SER AR 1 PR 2 Bk 3 VIR 4 IR 5 AR 0.01% . FARHERDR IR AT R N 40% B R K
Bh6 1 ZF AU S = A 001.0 g/kgs #959, HIBORLAR 2.0 ram HOMURL, W F S ¥ — 20 TUK
2.0g/kg3.0 g/kg 4.0 g/kg F1 5.0 g/kg BT SRR B IR LS EIE BRI S 7 BR 41 1
KL S AR P AT E AR I EREFDEEN  SRIE 2. £ 3 NE 4.
BRBOEA . BT R IR 1. 2 EFE (Bacil-

F1 EMERAESEK

Tab.1 Composition of the basal diet %
B4 Ingredients JRE 540 Content
& B Peruvian fish meal 27.0
Z. ] Extracted soybean meal 20.0
6424 Peanut meal 28.0
/NZE#K % Wheat gluten 14.4
R 38 Shrimp meal 5.0
& Fish oil 3.0
F R 4E4 R C* Vitamin C 0.1
{5 4 4 P Vitamin premix 0.5
VB4 Mineral premix 2.0

FaERELEE C 150 mg (Vo /kg.

b kg BASEAFE S Vp 5.08 Ve 5.0 Vi 4.0 2 Vg2 0.01 g- Vi 4.0 2 VE 4.0 2, VA 5.0 g Viz 4.8 g5 Vigs 20.0 g5 Z 45 10.0 g> Vi
0.6g- "2 1.5¢ LA 200.0 g- £F4E 3% 622.99 g.

€100 g IR EW P& : Ca HLPO,) »* HyO 12.287 g FLEZ 5 47.424 g, NaH,PO,*2H,0 4.203 g, K80, 16.383, FeS0O,*7 H,O 1.078 g, 11
#5 3.826 g: MgS0,*7 HyO 4.419 g- MnSO,*H,0 0.033 g> CuSO; * 5 HyO 0.022 g5 CoCly*6 HyO 0.043 g, KIO, 0.002 g> NaCl 3.233 g, KCl
6.575g.

Note: 2Stay V,: 150 mg V) /kg.

b Containing as unit /1 kg vitamin mixture: thiamine 5.0 g riboflavin 5.0 g pyridoxine 4.0 g vitamin By 0.01 g> menadione 4.0 g- tocopherol ac-
etate 4.0 g, vitamin A 5.0 g; vitamin D; 4.8 g, nicotinic acid 20.0 g- Ca-pantothenate 10.0 g biotin 0.6 g- folic acid 1.5 g: inositol 200.0 g, cellu-
lose 622.99 g.

¢ Containing as unit /100 g mineral mixture: Ca H,POy) , H,O 12.287 g. calcium lactate 47.424 g, NaH,PO, 2H,0 4.203 g, K;80, 16.383, FeS-
04 7 H0 1.078 g ferric citrate 3.826 g: MgSO,*7 H,O 4.419 g MnSO,*H,0 0.033 g, CuSO,*5 H,0 0.022 g, CoCly*6 H,0O 0.043 g KIO,
0.002 g>NaCl 3.233 g, KCl 6.575 g.

F2 FRARFATERMESARERANK

Tab.2 Bacillus sp.addition and composition of the experimental diets %
HiJb Composition ’EﬁHﬂr 1 ’EﬁHﬂr 2 ’EﬁHﬂr 3 ’EﬁHﬂr 4 ’EﬁHﬂr 5 ’EﬁHﬂr 6
Diet 1 ©) Diet 2 (1) Diet 3 Q) Diet 4 3) Diet 5 4) Diet 6 5)
/K43 Moisture 9.40 8.50 8.70 9.50 9.50 9.20
HEH Crude protein 40.30 40.10 40.60 39.70 40.20 40.20
HHE Crude lipid 6.56 6.62 6.60 6.40 6.46 6.54
% Phosphorus 1.58 1.50 1.50 1.48 1.55 1.66

RSP RENFAFERNE, 247 g /ke.
Note: The values in brackets are Bacillus sp. addition with the unit of g /kg.
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Tab.3 Amino acid compositions of the experimental diets % of total amino acids

AR Ok | AR 2 1Akl 3 1AL 4 1%L 5 1%L 6

Amino acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6

JEE Threonine 1.43 1.47 1.44 1.43 1.46 1.49
HE L Valine 2.30 2.37 2.32 2.32 2.35 2.40
HEE % Methionine 0.93 1.00 0.95 0.94 0.96 0.98
R E R Isoleucine 1.95 2.01 1.98 1.96 2.00 2.02
5o E I Leucine 3.31 3.35 3.34 3.31 3.39 3.44
ENE ML Phenylalanine 2.07 2.16 2.13 2.13 2.18 2.21
TE L Lysine 2.55 2.58 2.58 2.44 2.56 2.59
HE % Histidine 0.96 0.94 0.94 0.86 0.89 0.90
AR Arginine 3.09 3.18 3.13 3.11 3.18 3.24
WFEE M Essential amino acids 18.59 19.06 18.81 18.50 18.97 19.27
T4 %% Aspartic acid 4.20 4.25 4.21 4.18 4.26 4.33
225 % Serine 1.39 1.48 1.46 1.43 1.50 1.53
B HAB Glutamic acid 6.45 6.58 6.51 6.45 6.64 6.72
JHE & Proline 1.88 1.95 1.90 1.89 1.93 1.99
HEM Glycine 2.60 2.63 2.62 2.6 2.66 2.71
WE Alanine 2.34 2.39 2.37 2.35 2.40 2.44
BB Cystine 0.18 0.18 0.17 0.18 0.18 0.18
I E % Tyrosine 1.01 0.98 1.03 1.07 1.04 1.11
ki 20.0 5 20.44 20.27 20.15 20.61 21.01

Non-essential amino acids

R4 KIERRIBERTEL H Y

Tab.4 Fatty acid compositions of the experimental diets % of total lipid
sl Tkl 1 kL2 Tk 3 Tkl 4 Tk 5 1%L 6

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Ciz.00 0.21 0.22 0.21 0.21 0.2 0.19
Cia.00 0.03 0.03 0.03 0.03 0.03 0.03
Cis.00 1.22 1.28 1.22 1.24 1.24 1.26
Cis.00 0.27 0.28 0.28 0.27 0.27 0.26
WRIIEHiER D) Saturates 1.73 1.81 1.74 1.75 1.74 1.74
Cis.01 0.27 0.28 0.26 0.28 0.27 0.28
Cig:.o1 1.46 1.53 1.57 1.47 1.5 1.55
BN G i B2
2 Monournsaturates 1.73 1.81 1.83 1.75 1.77 1.83
Cis.02 1.27 1.38 1.38 1.32 1.31 1.36
Cis.03 0.80 0.80 0.80 0.80 0.80 0.80
Cao.05 0.43 0.42 0.46 0.43 0.41 0.43
Cx.06 0.94 0.92 0.86 0.89 0.99 0.89
Z AMFIE BT + & B ARG b7 R
2 (PUFA + HUFA) 3.44 3.52 3.5 3.44 3.51 3.48
ST Total 6.90 7.14 7.07 6.94 7.02 7.05
¥ RN E BT BB : Coa.00~ Cua- 00> Cre:00~ Crge00s £ A BTG BT BR : Cg.01- Crgeon: & DNBFUAR I B + & RGBT B2 : Cus.02- Cis: 03~ Coo-05-

Ca2.06-
Note: SFA: Cy2.00> C14:00° Cie:00> Cis.00s MUFA: Cyg.01+ Cyg.01: PUFA+HUFA: Cy. 027 Ci8.03> Co0:05° Cp2:06 -
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1.3 EEMWKE

FEAF R R IR . RS ER 5 K
TR e . BRI AR 3 )k, B EE 5
FEHARIAE [F], 7EHAE 0.5 h J5 5 #1072 56 1 Bk AE A
P, FE 1 h EWEE SR, H BT Pk e, sh 3R
T AR SE FE A, 2T /K /N Y % I F R 4RI
T, 3R —20 CHKERIT. FHIEL 15 13
DA A HT
1.4 H@&DH

PRI 25 F ALPHA1-4 A% T B LA &
T, EEFCEAILKRE 20, IR R Kl
1%, KR = BT A Hitachi Model 835-50 7 #r 13, fig
i A GC-9A (SHINADZU: Japan) 5317, % H 43 %
ST, " RTINS BT, KA it 105 €
MTREEREITE.
1.5 HEXEEFEHTELAR

FHRIFMELE = 1 -2 x100%
ERFERELBLE = [1- (DxL)]

I5]
100 %
A A TR R RS &

a: AP IR RFN & &

B: kbR E R RN SR

b: B EREN SR
1.6 Hitoh

o G vk 3 R F SPSS 12.0 #AF AL 2, % 44

PAE R FE A Z 58 (ANOVA) , F 34T Duncan’ s
ZELEES AP ZE R BEME (P<0.05), 4
FLCPIE £ brEZE (X £SD) -

2 ZRE5H

2.1 THIRMEFRZMRIBELE

FEE S AT, o IR A e i R MR S %
SIHM L, AMFEREER (P>0.05). k3
HIRE TR R e, (BB T 50k SV L 6 17
EREEERIN (P<0.05), 5 H Ak H A 2
BEER (P>0.05 . BEA&AWE S 2T ER =
(A3 K, T 4 5 R B 1 RO 1) 3R LV AL 2R ¥ 4 B Tt
S5 T B AR 4 BRIV D0 2 F AT 1R 3.0 g /kg 1A R,
iR 3 HRMIE S B (P<0.05), % AL
KU RAL, B MR 2 F1EE 6 2 [AAFE7E
BEZH (P>0.05.

F5 BIXRETYREED HEEHMSRWIELE
Tab.5 Apparent digestibility coefficients of dry matter, crude protein. lipid and phosphorus of the test diets

n=3; X +SD; %

1A%l Diet T4 Dry matter M E B Crude protein A HET Lipid 1% Phosphorus
1 Conv) 74.35+0.12° 87.29+0.28° 87.94 +0.54%® 35.83+1.38°
2 74.79+0.18" 87.51+0.34%® 87.79+1.08® 35.87+1.40°
3 75.84+0.27° 88.06+0.19* 89.69+0.64° 38.90+2.59%
4 77.89+0.39° 89.01+0.269 88.16 +1.06® 44.17 +1.96°
5 75.53+0.5%° 88.12+0.35¢ 86.46 +0.55" 41.00 +2.26™
6 74.52+0.43" 87.49 +0.40% 87.48+1.65" 36.50+1.71°

E: PSS LR T EARE L FEREER <0.05.

Note: Values with different superseripts in the same columns are significantly different (’°<0.05).

2.2 REBMBRIWIHLE

HI%E 6 AT AN, 2 2 IR 00 2 LT A4 2 1 AR A i
554 R AR (e AR, BB AR 2F AT
A ERE, AERO RN ML RE T ETET
B TRl 4 4R 28 ER 0 B AR R 10 RS AL %
w, IF S HAR A 2 5 B3 (P<0.05) . #1F
BHA TR 2B R 00 R UL A R # R T 85% » 44 5
F IR B AR FRAH AR R T AR 75 2 2R B AT
E QIR

2.3 IBRIARRMIFIELE

B 7 AT, N8 7 TR (0 2 WLV 1k 26 1) A8 AL a3
SR 55 HE B B 2 WS A0 2R A AL, {8 AN R 17 B 1 91
R . B Cro0 7 Cigio0 /M FIKL 3 41
R NG TR 02 T 2 8y B v, TR R S P B
T Cug.o37 5 HE W7 BR 11 22 WLV 1b 2R B . 25 410 )
FA 00 16 B B8 T AL 2 AR R T 85% - BRI KL 2 41
A, 25 2H ) RE BT 8 3R WLYE 16 26 10 HE 1) I 4 = 2
i’ MUFA.PUFA + HUFA.SFA.
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Tab.6 Apparent digestibility coefficients of amino acids in different treatments n=3:X+SD: %
KW GIEER| kL2 kL3 kL 4 Gk R b
Amino acids Diet 1 Diet 2 Diet 3 Diet 4 Diet5 Diet 6

&R Threonine 88.82+0.0° 89.44+0.19° 89.71+0.08° 90.70+0.20° 89.41+0.20™ 89.09+0.25%
HE R Valine 89.41+0.22° 89.88+0.19% 90.11+0.17° 91.13+0.14° 90.36+0.40° 89.83+0.43%®
HE R Methionine 88.69+0.38" 89.51+0.20> 89.57+0.10° 90.71+0.15° 89.63+0.16° 89.49+0.56
5 AR Isoleucine 89.86+0.18* 90.25+0.21% 90.50+0.22> 91.60+0.27° 90.67+0.33> 89.98+0.39°
FEM Leucine 91.14+0.22* 91.20+0.19% 91.54+0.09* 92.45+0.16° 91.79+0.26° 91.21+0.19%®
KWEMR Phenylalanine  89.51+0.26° 89.92+0.19* 90.19+0.11* 91.34+0.15¢ 90.82+0.30¢ 90.31+0.07°
AR Lysine 92.46+0.39*° 92.23+0.18* 92.69+0.23" 93.23+0.27° 93.43+0.29* 92.63+0.31°
41 & % Histidine 92.27+0.51® 92.29+0.11> 92.89+0.35* 93.06+£0.16° 92.75+0.60* 90.84 +£0.35°
FEE 2 Arginine 93.72+0.28* 93.80+0.13* 93.98+0.09° 94.68+0.10° 94.34+0.19* 93.97+0.03°
WAEE 73
é:jfi%ﬁmmds 93.01+0.22* 93.11+0.13% 93.36+0.10> 94.04+0.12¢ 93.65+0.20° 93.15+0.03%
T4 &R Aspartic acid 90.72+0.19* 90.92+0.17% 91.20£0.10® 92.08+0.109 91.42+0.25° 91.00£0.25%
£ 5 B Serine 89.55+0.11* 90.32+0.15* 90.76+0.28° 91.32+0.24% 89.66+0.17° 89.62+0.15
HEM Glutamic acid 93.72+0.13* 93.92+0.13® 94.12+0.07% 94.70+0.099 94.24+0.20° 93.95+0.20%
JiZ # Proline 89.48+0.42° 89.84+0.22*° 90.00+0.14% 90.90+0.10° 90.71+0.37° 90.41+0.39™
HE R Glycine 85.04+0.17* 85.46+0.33® 85.92+0.09* 87.27+0.15 86.43+0.71° 85.52+0.32%
WS Alanine 89.17+0.15* 89.54+0.23® 89.85+0.11% 90.89+0.05¢ 90.05+0.34° 89.54+0.30%
PEE 2 Cystine 85.15+0.36* 86.33+0.59® 86.73+0.63" 87.79+0.44° 86.11+£0.35" 86.69+0.55
%% %1 Tyrosine 93.61+0.59*° 93.89+0.28° 94.13£0.16° 95.03%£0.41° 93.67+0.21*° 94.21+0.45
WA B 3
N 91.05+0.16* 91.41+0.17% 92.01+0.66° 92.42+0.06° 91.75+0.24* 91.40+0.22%

Non-essential amino acids

i FATHIE ERFEBARECAMEEREZR (P<0.05).
Note: Values with different superscripts in the same rows are significantly different (?<0.05).

x7 BLIGHERSEAEE M RME L E

Tab.7 Apparent digestibility coefficient of fatty acids of the different treatments 7 =3; X = SD: %

e 17 GIEER| kL2 kL3 kL 4 Gk R b

Fatty acid Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Ci2.00 91.57+0.64> 92.83+1.51® 91.55+1.53> 92.67+1.15> 88.60+1.19* 91.42+1.03P
Cia.00 88.35+1.20 87.83+1.93 88.61+1.05 88.13+2.73 86.35+3.62 88.32+1.31
Cis:.00 87.09+1.52% 89.25+2.24> 88.39+1.37% 86.72+0.74% 85.89+1.23* 86.52+0.49°
Cis.00 88.32+2.59 90.24+3.02 90.25+0.92 87.95+0.71 87.67+1.02 88.04+2.47
Cis.01 88.02+1.73 87.95+2.49 89.32+2.05 89.20+1.09 86.73+1.21 88.85+1.81
Ciz.on 91.90+0.55* 92.43+1.59% 94.08+0.67° 91.77+0.74* 91.07+1.31° 91.85+0.85°
Cig.02 91.49+0.52% 92.30£2.04®® 93.48+0.97° 91.95+1.56® 90.51+1.22* 91.83+1.03%»
Cig.03 91.76+2.10 88.84+1.75 92.08+2.85 91.96+3.85 90.31+3.86 90.75+3.96
Ca0.05 88.30+0.75* 89.45+1.39% 92,07+0.25° 90.81+1.44* 88.27+1.68 88.72+1.04%
Cx.06 85.96+2.61% 82.24+1.68 87.38+0.48"> 84.79+0.93% 84.27+1.17% 85.26+3.62%
SFA 88.41+0.46® 88.90+1.50° 89.95+0.66"> 88.64+0.95" 86.88+0.65° 87.99+1.48»
MUFA 91.29+0.68 91.66+1.58% 93.40+0.49* 91.36+0.50° 90.39+1.25% 91.39+0.95°
PUFA + HUFA 89.09+1.31% 88.46+1.13* 91.32+0.72> 89.43+1.23 87.97+0.87° 89.20+1.88»

i FATHIE ERFEBARECAMEEREZR (P<0.05).
Note: Values with different superscripts in the same rows are significantly different (?<0.05).
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B R B WA=, A AT RE R M AL ¢ Py R B
e B P B O 7 0 AT A L PR A0S 7 7
WIR oy R A . T IR 17 4l % S AE 57 5 4R
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6 [ B BRAR T 1R R O A 2

A, GARL 3 AR T I AL R B, (B 5 AR
AR, (X E AR 5. AR 6 fAE REVEE ST AR
MR RS R B AR a S 5 e AR L. A LE iR Iy
P2 ) A WL A R AE B AR AL 8] A AE SR P22 57 T A
Lefle Mg 2 e AN B . IX AT RE R R N IR T g AT E
R B T R e T AT LA, AT 5 EROAN [ A i
PR 2 18] B AL R A £ 22 55 ) AR IR 1) TR A R
52 B\ R B R B8 AN TR B L TR IR 1) i A R
DL R i R P 4 5 5 1 22 TR 3R A s e 18

AHIF R T R R 8 DA [F] 2 1) 2 AT 141 i
8 S0 B X T 49 5 ML 19 R PR A 1) 3R L9
M= B W S8 TR R A S I AN R 77 2 Y
ZF PR TR 5 0T S 59 o 0 T T T ) TR N B AR
AL RS0 of B9 A B A1 B4 R e U A k2B 5T
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Effects of Bacillus sp. bacteria on apparent digestibility coefficients of nutrients
for tiger shrimp Penaeus monodon

YU Ye-bing!'?, JIANG Shi-gui!, LIN Hei-zhao!, HUANG Jiang-hua'; WEN Wei-geng!; ZHOU Fa-lin!
(1.South China Sea Fisheries Research Institute; Chinese Academy of Fishery Sciences: Guangzhou 510300, China; 2.College of
Aqua-life Science and Technology> Shanghai Fisheries University Shanghai 200090, China’

Abstract: This study was conducted to determine the effects of different Bacillus sp. 10° CFU /g) levels on
apparent digestibility coefficients (ADCs) of dry mater (DM crude protein (CP); lipids phosphorus (P>
essential amino acids (EAAY ; nonessential amino acids (NEAA) and fatty acids for tiger shrimp (Penaeus
monodon) . Shrimps were at in outdoor concrete tanks, fed with 6 different diets supplemented with 0,1.0;
2.0,3.0,4.0 and 5.0 g Bacillus sp.per kg diet. Groups of 40 shrimp were used in each tank, and each diet
was fed in triplicate. ADCs were determined using 0.01% Y,0; as an indicator. Fecal matter was collected
for 20 d. ADCs of 6 diets were: DM, 74.35% — 77.89%: CP, 87.29% — 89.01% : lipid- 86.46% —
89.67%:P,35.83% —44.17%:; EAA, 93.01% —94.04% : NEAA, 91.05% — 92.42%; saturated fatty
acids; 86.88 % — 89.95 % ; monounsaturated fatty acids; 90.39% —93.40% ; and polyunsturated fatty acids
with highly unsaturated fatty acids, 87.97% —91.32% . ADC of CP. in control diet was higher than those in
diet 2, diet 5 and diet 6; lower than those in diet3 and diet4. ADCs of lipid and some fatty acids were the
highest when diet contained 2.0 g (probiotics) /kg basaldiet. ADCs of DM, CP, P, EAA and NEAA in con-
trol were lower than those of in other diets. ADCs of DM, CP; P, EAA and NEAA were increased as diets
contained 3acillus sp.ranging from 1.0 to 3.0 g /kg diet; and ADCs of diet4 were higher than those in oth-
er diets and the difference was significant (P <0.05). ADCs of DM, CP, P, EAA and NEAA were de-
creased while diets contained I3acillus sp.ranging from 3.0 to 5.0 g /kg diet. The results showed that ap-
propriate dietary Bacillus sp. applications could improve ADCs of DM CP; lipid: phosphorus; amino acids
for shrimps. [Journal of Fishery Sciences of China,2007,14 (6):919 —925]
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