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Abstract:[Objective] A 28-day experiment was conducted to investigate the effects of Bacillus lichen-
i formis and Bacillus coagulans on growth performance, nutrient metabolism and antioxidant capacity of
Litopenaeus vannamei. [Method]) L. vannamei were randomly allocated to 3 groups,those in the control
group were fed with a basal diet wrapped with albumen,and those in the experimental groups were fed with
basal diets supplemented with B. coagulans (10° CFU/g) and B. licheniformis (10° CFU/g) ,respective-
ly. Samples were taken on the 7th,14th,21st and 28th days of the experiment. The contents of total protein
(TP) ,total cholesterol (TC),triglyceride (TG) and nitric oxide (NO) and the activities of glutamine syn-
thetase (GS), malic dehydrogenase ( MDH), lipase (LPS), hexokinase ( HK), glutathione peroxidase
(GSH-Px) ,catalase (CAT),superoxide dismutase (SOD) ,nitric oxide synthetase (NOS) and total antioxi-
dant (T-AOC) were measured. At the end of the experiment,the growth performance and muscle nutrients
of L. wannamei were measured. [Result] (1) Compared with the control group,the final weight increased
significantly and the feed conversion ratio decreased (P<C0. 05) in the two experiment groups. B. licheni-
formis and B. coagulans increased the contents of crude protein,muscle glycogen and total amino acids in
muscle (P<C0. 05). The contents of TP, TC and TG in serum of B. coagulans group changed to varying de-
grees (P<C0. 05),with significant difference in TG content of B. licheni formis group (P<C0.05). (2) The
activity of GS reached the maximum on the 14th day in the B. coagulans group,and the differences were
significant compared with the other two groups (P<C0. 05). The activities of HK in two experiment groups
were the highest on the 21st day and significantly different from the control group (P<C0. 05). The activity
of MDH in the B. coagulans group was the highest on the 21st day and significantly different from the
control group (P<C0. 05). The activities of LPS in two experiment groups were highest on the 7th day,
which were significantly different from the control group (P<C0. 05),but there was no significant differ-
ence between B. coagulans group and B. licheni formis group (P=>0.05). (3) The activity of T-AOC was
the highest in B. coagulans group (55.21 U/ml) on the 7th day and in B. licheniformis group (45. 08
U/mL) on the 14th day with significant differences with the control group (P<C0. 05). The activity of CAT
in the two experiment groups reached the highest on the 21st day, and the activity of SOD reached the
highest on the 7th day. They were significantly higher than the control group (P<C0. 05),but there was no
significant difference between B. coagulans group and B. licheni formis group (P=>0.05). The activity of
GSH-Px in B. coagulans group reached the highest level on the 28th day (957. 30 U/mL) ,while that in B.
licheni formis group reached the highest level on the 21st day (932, 25 U/mL),and they were significant
than that in the control group (P<C0. 05). The activity of NOS and the content of NO in B. coagulans
group reached the highest levels on the 14th day,and they were significantly higher than that in the control
group (P<C0.05). The content of NO in B. licheni formis group reached the highest level on the 28th day,
and it was significantly higher than in the control group (P<Z0. 05). [Conclusion) Adding B. licheni formis
and B. coagulans in diet could improve the growth performance,nutrient metabolism level,oxygen metabo-
lism and antioxidant capacity of L. wvannamei.
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8 A A 1 BB AN AL A A AL AR 1 A 0 il B
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LA RL Ry ML A T X I 4y R DR CRL AR 150 ~
250 pm) , BT 5 FEAR AR ) TR PR w0t L
BIRKFWE 1 FiR.

FE0A o A ) RO ORE B 0
(CGMCO) 11 & 45 2F f AT B L M A 2F f AT 1 >R 8
FERTHE TR GE AR 10,0 g, 4 WY 3.0 g,
NaCl 5.0 g, 7487k 1.0 L,pH 7. O3F b3 K15 3%,
81 T W20 T & R ik 10" CFU/mL, ¥ K [ 19 T
43 T R T 34950 W B S el DR R ST R IR
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WR3E FH 0 B ) RE R TR 35K 10° CFU/g) .4 °C
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Table 1 Ingredients and nutrient levels of basal diets (dry basis) g/kg
Nutrient ingredients Content Nutrient ingredients Content
#15E H Fi Crude protein =460 i & 2 Lysine =25
BB Crude fat =40 E % Total phosphorus =9
B 4T 4k Crude fiber <80 7K 4y Moisture <120
HLIK 43 Crude ash <170

1.2 AEIHVHFEERE
2018-12-17—2019-01-14, 7F 1l 75 48 ¥ M 7 AL 1
GV TE R X R IR T A BR A ] L) A2 [l i AT Ry 9
28 d P XFURFRAE AR . 2 O A% — S H 350 1 fg i
JUEREE F BF () B 4R i & (IBW) SR (2.2 £ 0. 1)
g/ B TEFRFAA (80 cm X 60 cm X 70 cm, FFH KK 2y
300 Ly g% 1 JH SRS REHLAr A 3 4. B4 3 A4~
BLEAER 100 BIF, X B8 4L M TCAT AT I A
25 H 1 V0 E 2 A Y R e s R A AR AT T AR
WEA 10° CFU/ g BE4S 2R A 1A &8 1 IR 2= b
PR 1l 30 ) ok MK ZF AP WA R & A 10°
CEU/ g A< 2 AT 1\ 28 2 11 R A 28 A 3 1) 3 50 1)
Hbo R 56 el IR Ok MR IR R B Y 806 ~ 100,

BFRAF 5 AR ME (0600, 10: 00, 14: 00, 18 00,
22:00) , A4 24 H KA HRAE IR S 45 1 214 O 8 4
M, AR AR B 10:00 #K 1R, 4K
A EKIRY 3026, KR 4ERFTE 28~29 °CLpH Ny
8.0~8. 5, Eh BN 35% ~36%:. K A | (7. 5+
0.5) mg/L.KMESEEEMT 0.5 mg/L,

1.3 3EtRE T

L3.1 ARAEMAHAFEE 28 dHHRMILE LS
WG AFE 1 dL R A E AR A o, T A
K (Weight gain rate, WGR) | $5 %€ 4 K & (Specific
growth rate, SGR) J i ¥l & %{ (Feed coefficient
rate, FCR) , 4 i B % & (Survival rate, SR), i} &
N WGR= CR ¥ T i — 90 ¥4 T 50D /91 44k
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JFitE <100 % ; SGR= (In 7 ¥ {4 Jfi 5 — In ) 5 14 5
) /I REX 100 % ; FCR =/ R} 45 A/ (& F Mk
W — W0 A T R 5 SR = (2R % IR R 8/ W0 16
T 4 HR R 450 X 100 %%,

1.3.2 MAERRS>IAF 28 d BN 56 45 R
Ja oA 1 AL BRSSP R AL R 20 3K 50 X
RAEFHNRA L, —20 COLRAF T 5 W E I
M. K E R 105 CHET 34 (GB/T 6435 —
1986) 1 7 , ML 2 1 % &= R I EL IR 2 Ak (GB/T
5009. 5—2016) il & . ¥ Ag Wi & 2 R & 05 il
$£3: (GB/T 5009. 6 —2016) 5 o KK 43 % 1R H
550 °C AL (GB/T 5009. 4—2016) % . ZIEAE
B (RAQR AR H 2R N R %2 R
ARWAR) B R HAE®R A 34 Hr L (GB
5009. 124—2016) W 5 . LA It & 1 >R FH e o K
A=) TRERE G BT 0 0

1.3.3 miFAfisr KBRS 7.14,21 A
28 KR 1.0 mL — ¥Rk VE S 2% IUOKTER o JE R £
0.2 mL Iy (B4~ E I 6 B UAFIMAE I8 A B — 1
FESD BT 4 °CF 5000 r/min B0 10 min, BU F
=80 CIRAFAI . R M at i il A= W) TRE A 5T
TR R ) s A 28 K3 5 X R i v R R R
(TP) i JH [ EE CTO AH i =R (TG # #
1.3.4 #HKMALEBEN RHABEEKEY
AR B T A ) A 7,14, 21,28 K IV B

A A S BRI A B (GS) L 3E R i AU (MDHD |
Jig i il (LPS) | & H 3 CHEO 1976 4
1.3.5 WA AMALBEENE KHMEERE
Yy TREBIE ST P 70 & D 2 56 7,14, 21, 28 R
FE LB BB E AL RE S (T-AOC) . — &AL & (NO) &
B EH K Ak ) i (GSH-Px) | i & Ak & il
(CAT) @A kW) B AL B (SOD) . — H AL A &
(NOS) 3% 1
1.4 HEFITHSH

T 50 T A5 B0 Y R O P B AR IR (n =
3) s X B4 #E AT SPSS 19. 0 B[R K 5 22 43 BT (one-
way ANOVA) Fl Duncan F 55047, A P<<0. 05 fE
Ry 2 5 ) i 2 PEIKF

2 AR5

2.1 HMAREHFINLAEMNIFERK. FARFBY

=AU

Hi 3% 2 A0 iR 5 1) 3 4 OF Y RS R N
100 % . F MR 56 25 RS , BE 4G 25 f00 AT 11 41 R i AC 25
F6LFT BAT 4L T B 2 OR A 5T i 34 3 o R AL (P <
0. 05) . fl ek 2 £ 1 i 25 A% T X5 B ZH (P <C0. 05) 5 |l
A ZE L FF T 4106 TR R E A KOR Y 3 T R
Y1 (P<C0. 05) ; 45 2F #60FF 1 41 70 Hb A< 2F #00 FF 18 401
Xif MR 2R R T i L R R AR KRR R R B
Tl E#EH(P>0.05),

F2 SmARESFNLNESFEREEMERFAOZW=3)

Table 2 Effects of dietary probiotics supplementation on growth performance and feed

utilization of Litopenaeus vannamei (n=3)

215 WIR AR/ (g« BD KRR/ (g B™D WER/ %
Groups 1IBW FBW WGR
% B4 Control group 2.1940.05 a 4.60+0.26 a 110.0440.17 a
VeSS HMAFHE 4 B. coagulans group 2.2140.05 a 5.3640.08 b 142.5340.02 ab
WA ZE AT IE 4H B, licheni formis group 2.16+0.06 a 5.5540.08 b 156.9440.10 b
2157 TR e KR/ (% d D) R 2/ Y
Groups FCR SGR SR
*f 820 Control group 1.9340.02 a 2.64+0.28 a 1004+0. 00 a
BEE AT 4 B. coagulans group 1.50£0.04 b 3.1640.02 ab 100+0. 00 a
WA ZEMIATFE 40 B, licheni formis group 1.434+0.01 b 3.37+0.14 b 100£0. 00 a

R BVEAR G A /NG 7R ROR 22 57 B 3% (P<<0.05), FER,

Note: Values in the same column with different small letter superscripts are significantly different (P<C0. 05). The same as below.

2.2 IMAEBWHFIXLAEISERALAE F K5 00
BELERNEIE
1 3 R, BE LS 2 f AT T 4 A b A ZF A AT R
LR LR 1 R A R L U i Rl = e
SERYEES T RA (P<<0.05); 545 4 WA A
X U I 3 R A b R P B A I R Y
B T A (P<C0. 05) Mg I & /& 5 X B4

JC B 22 5 (P>>0. 05) 5 Mo A 2 764 147 41 KL R 105 &
0 S T AL (P<<0. 05) , 5845 2 4T 14 41
ol 2 25 (P>>0.05) M K 43 & & 5 0 R4 )
SiF AT A B TIC 0 25 5 (P>0. 05) , IR 2 I
TR G W T 4 2R AT 41 (P <<0. 05) ., &
JOR ] 5 kS AR R A 2E AT B AL (P<C0. 05),
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R3 HAEHAMAKENFANAE TR S ILEFEXERHZIEG=23)

Table 3 Effects of dietary probiotics supplementation on body nutrition components and serum biochemical
items of Litopenaeus vannamei (n=3)
” Ko/ HEH/ HLAR T/ K5y / SR SR S/
A5 —1 —1 —1 —1 —1
Groups (g-kg™" (g kgD (g+kg™H) (g+ kg™ ) (g kg™ ")
) Moisture Crude protein Crude lipid Ash Delicious amino acids
%f H4 Control group 761.4£0.05a 210.7£0.14 a 12.540.03 a 15.4£0.04 a 87.8+0.08 a
BELE F AT 4 B. coagulans group 745.34+0.01 a 226.3+0.35b 11.4-+0.03 ab 17.0+0.01 b 89.740.03 b
WK F WAL B, licheni formis group 746.9+0.02 a 226.040.25b 10.7+0.04 b 16.4+0.02 ab 98.440.04 ¢
0 LA I/ wBER/ Y il =g/
A5 -1 -1 -1 -1
Groups (mgeg 1) (g« L1 (mmol « L) (mmol « L)
) Muscle glycogen  Total protein Total cholesterol Triglyceride
X &4 Control group 1.90+£0.04 a 2.584+0.29 a 2.46+0.01 a 0.404+0.02 a
BESE HIFT B 4L B. coagulans group 2.54+0.13b  3.41+0.17 b 2.85+0.03 b 0.49+0.01 b
i AK EHIFF R 2H B. licheni formis group 2.304+0.05b  2.97+0.16 ab  2.43+0.01 a 0.5040.03 b

2.3 B4 X L0 E 3 AR E 5 R A X B TR

T4 59 % 1

B R 565 14 REELS ZF AT 4 GS G PE i
1 T BECZEL R0 Ml A 2 R AT T 41 (P <Z0. 05)  Fb Xt
HRAH 3 T3 1. 4 f% AR 2R A AF B 4l GS 1E M 7E
B2 Kipm . HESEFMFHALE EXR
(P>0.05) . BE4E 28 £ 41 T 2H A0 M A 25 96 4T 1 4
HK &M A 21 R8s, B2 & T X4
(P<C0.05), 1M 3 P 4H =2 [A) JC i 3% 25 % (P=>0. 05) ,

BELS ZFMAT IR 4l MDH 38 M58 21 Rkl B m
T BE AL RN M A 25 96 B 4 (P <<0. 05) , T b 4K 25
FEAT PR 4L 5 % B Z [A) G (. 35 25 5 (P>>0. 05) . #E
S5 ZFARFT TR 2 R b A 2 6L FT TR AL I3 LPS 3 PR
TESE 7 KB 3 B W3 m T X B (P<C0. 05) 1M
BELE ZF 100 FF T 410 Ml K ZEAOFF R 4l E B £ R
(P>0.05) ; B[R] A 4E 4, 2 AN IR B 4 LPS 36 HE 1y
R B ALK

B3 40 CK; T3 %k 45 2 AT 8 41 B.coagulans group; T #i 4R 2 4T & 41 B. licheniformis group
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Fig. 1 Effect of probiotics on serum nutrient metabolism of Litopenaeus vannamei
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Fig. 2 Effect of probiotics on serum antioxidant capacity of Litopenaeus vannamei
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