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PSP AR Rk B E R E BUA T ] e T S Z B RRIY) - HRARDUR - il - Ieg - K TR
TERME o ARBTE DARRIE S M5 2 A S SRS TLRI 211-1 (Bacillus subtilis TLRI 211-1) FRAIGAGaHE S > e
HHWHEER - BREERMRE(MEZ 2 - H&Eﬁﬁ@/EHE/E/}TEZH%%E?@F% TLRI 211-1 f5381% > IR
% 1 x 10° CFU/mL = LL 1 i ROSS 308 [ A% 192 €& » S ECH B4R (0%) ~ ARHIFG B2 045 % TLRI 211-1 B

+ 0.3% S ARG S PRAR A 0.1% » 40 4 08 (1) » i 12 & - Et%&z%ﬁﬂ 5 o GERBUR - BRI
%i@fai TLRI 211-1 0.1% 407 #EEITE - A FERCR KB RG SR = i B IRAH R R4 (P < 0.05) © Bl RN 52
SF O B R A B R bR - SRR AREIRRR - (HRS B EREES (P < 0.05) - BMHMEMRA(ERE ?Ed@ﬁ%
R — BRI AT G  PIBRRLERRLES « HLBLBRIRNG & v- SRR BEERR I SO MRBRE 72 R - &% EATHL - SRR
FHECZF AR E] TLRI 211-1 B¥CE | x 10° CFU/kg » A4S H A EEY H R AR EERCE lﬁtﬂf’ﬁ%ﬁﬁ%’&%ﬁi{%ﬁﬁ%
A EE IR -

R - OAHE ~ REESF R - A RMRE -

i

AT AR L EE A e e B R B R — B2 FIBUE - BRERAE 2006 FEEEMREARRPIAR - EITE
WV BT B 600 - ] 2019 AERE(E O TEATREFTATN S (FFERISER RS - 2019) - 384 - a2
TR Fo e P i 2 0P RDAR DY) - B S E Rl s & 0 EF LA B4 (Houshmand er al., 2012) » Z34: 5
WMABIREE (Lactobacillus sp.) ~ B IEAREE (Bifidobacterium sp.) N H{EIRE & (Bacillus sp.) AI{E ﬁf,ﬁi[ﬂ,ﬁjjﬂfmj
HRERTT  WIREEIIREN FT BB ER - WA ERS B A 2R - BB R DR S aie B m R A - M
FILLPTERE (Goldin, 1998)

AL IERNZ B EE 2 mAE ALY » 0 b2 F AR E BRI A E AR R R AT R
FERITEE » IR AL E A EEERIFR (Cartman et al., 2008; Chaiyawan et al., 2010) o fE & SEHUFEE (Bacillus subtilis)
IR B REEDA P Ot ST & 2GRN - HEA RDER -~ il - mithe - VRPN E A Y0RE - N
FAEE AR T B S R SR FIE S h R BN a e IR R R - TS E N AR R - SHRIE AR EY)
RSB - fem IR IhRE - WREIbUREE ] o (BERAE REFHEAEEEF (Rajput e al., 2013) -

A G R R IS S S AR B ) I B il B B (Fritts e al., 2000) ~ 355 ) alRHE 22 (Teo and Tan, 2006) ° f5
B R B RO AR B R P A R fUAR B PBO6 FH &M MM T (Teo and Tan, 2004) ; AS4MAEREUR - fliEEF
FEFRE PB6 7 R ACHE A% B EAIHI/EH (Teo and Tan, 2005) » Sif °] 5% 1A% 26 H FL A5 & /& % B (Teo and Tan, 2006;
2007) «
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AT BATRIRIIYIZ IR - SRR - RINR - 82Uk TR SRR (Yang o al,, 2009
Sen f al., 2012) - FTEE T B O EAERBT (LU TRIHEHIN ) BB 5RER 2 5 ST E TLRI 211-1
P > LR R A R RS © AU PRSI RS TR TLRI 211-1 BRI e o IR B P
Bt AR B (LI 2 -

= Py
MBS E
L AR AR B R B
DI E &l PS5 e A 2 2 AL B 2R fUAR B (Bacillus subtilis) » $CETESE ~ MY E0R (S0°C ) R EEFIRE S IH
A% o BEEUREE SE AR E R TLRI 211-1 B2fE)7> TSB 553K (Tryptic Soy Broth, Merck”) » WU E i 37°C B &5
A 24 /NEE1R > SREEER Ry 1 x 10° CFU/mL -
1L ARy Bl pR
YR E R P E Y IR K E AN A (4R 108-35 ) W e sl AT e daH ST - DL 1
FIih (ROSS 308 5% ) EIASE 192 8 (BE 42+ 1 ¢ ) HEREIE (Z2E4) - B ERRIIN S 570
R 0.1% ~ 0.3% Z0pH RS S SFUAEES 0.1% 21 ( Z254E5F » The Best Nutrition Technology Co. Ltd., Taiwan, R.O.C. )
(EEPRIESEL | x 10° CFU/g ) » A8 4 54 > SEEE 12 & > AN SBRE 35 B4R » 6k R AUKES BT
0] - ECROERIIR S R AT (0 — 21 FI ) RS (22 — 35 I ) B SHEBRAK NRC (1994) B0
Bic - Aifk AOAC (2000) 73HiHEEE ~ §5 S S E - fRECT0FR 1 -

ECQNY 2 15

Table 1. The composition of experimental basal diets

Ingredients, % 1 — 21 days of age 22 — 35 days of age
Yellow corn, grain 55.17 62.95
Full-fat soybean meal, CP 38% 5.75 6.87
Soybean meal, CP 43% 27.26 19.57
Fish meal, CP 60% 7.00 7.00
Soybean oil 2.00 1.00
Dicalcium phosphate 0.92 0.71
Limestone, pulverized 1.16 1.03
Salts 0.30 0.30
DL-Methionine 0.14 0.18
L-Lysine 0.10 0.19
Vitamin premix’ 0.10 0.10
Mineral premix’ 0.10 0.10
Total 100.00 100.00
Calculated value
Crude protein, % 23.00 21.00
ME, kcal/kg 3,150.00 3,120.00
Calcium, % 0.96 0.87
Available phosphorus, % 0.48 0.43
Analyzed value, %
Crude protein 23.12 21.22
Calcium 0.95 0.89
Total phosphorus 0.68 0.63

' Supplied per kilogram of diet: vitamin A, 3,000 IU; vitamin D;, 400 IU; vitamin E, 10 IU; vitamin K,, 1 mg; vitamin B,, 3.6
mg; vitamin B,, 5.4 mg; vitamin By, 7.0 mg; Ca-pantothenate, 20.0 mg; nia-cin, 70 mg; biotin, 0.3 mg; folic acid, 1.1 mg;
and vitamin B,,, 0.02 mg.

* Supplied per kilogram of diet: Cu (CuSO, * 5H,0, 25.45% Cu), 8 mg; Fe (FeSO, * 7H,0, 20.09% Fe), 80 mg; Mn
(MnSO, * H,0, 32.49% Mn), 60 mg; Zn (ZnO, 80.35% Zn), 40 mg; and Se (Na,Se0;, 45.7% Se), 0.15 mg.
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1. Bt ilE = H
() AEEMR - BEESRITY 0~ 21 K 35 HERHETIEE » Wt 21 & 35 HERIFECREE MEEIE TR > WEtHE
W E  fEpRHER « B KA FERER (Production efficiency factor, PEF) (Rehman et al., 2017) » PEF =
B (%) mEOERE (kg) / (B2 HER (d) x BRHEHAZ ) x 100 -
(i) FpE  ReliHR s St U DETR#ERINENEE -
(i) FERSMEAR ¢ SBRAEREY > SPRHAHE 8 & » AR NEBMRETESINERESER > WERTULME -
Rk ~ BERE ~ RS — WP B GE (/NG + Kig ) FFE > ST REIREE 2 EEH 0t
ERSENE « HE&NERE - MIREREEA R EReE -
Z52% (Dressing, %) = [EHSE / §8E x 100 °
HEHEEE (%) = HEHEEE / B85 x 100 »
HeasBEH (%) = FEsEH / fGE x 100 -
(v) MORAEACEMEAR - PRelEnss s S 4H 2L 8 E M AR - AR HEFEREFIRREUMK 6 mL > FFE 1/)\
BH% BB L% - DL 3,000 x g > By 10 4388 » HUMUEHRAFR -20°C fFite o LUK A {L53 #7168 (Hitachi 7150,
Japan) 57 #7111 75 1P 22 48 7E (48 (total protein, TP) ~ |4 & [ (albumin, ALB) ~ Bk & [ (globulin, GLO) ~ R &
4 (blood urea nitrogen, BUN) ~ LT (creatinine, CREA) ~ FR[i% (uric acid, UA) & =% H Hfs (triglycerides,
TG) 7 & » DU Sk Ml BB IR i (glutamate oxaloacetate transaminase, GOT) ~ N MaESEE RS (glutamic
phosphate transaminase, GPT) - fig 45 E& 1 (alkaline phosphatase, ALP) ~ y- ZERZEEEZ NS (y-glutamyltransferase,
v-GT) K& EERR (creatine kinase, CK) 7 &M -
IV. &t ot

SERPTIERS 2 ER - FIFHGET 0T £4¢ (SAS, 2002) » DL—A% 4R M A2 7 (general linear model procedure,
GLM) #7870 » B AEEN » HUYIEE 2 28 % (Tukey honestly significant difference test) EE# &%4H
PE AR BN EREENEST R P<0.05 -

FEREEET

L AEEMEE

FMRRIIM R AR EH AN AE RMEEZZE  WR 2R - HE 1 — 21 Hi > R4AMERBREE X
BB R 2R P A R 2 L (HAE S ZE AR B TLRI 211-1 7700 0.1% 4H PO ZE s i 25 BE 2 = i B IE4H (P < 0.05) -
& 22 — 35 Hiie - MiEZFAIARE TLRI 211-1 7570 0.1% Jz 0.3% 4H » #5544 B8 fe el i R B2 = R B IR 2H.
(P <0.05) - sBaefl (1 — 35 HER ) #Ur > FEEZFfEARE TLRI 211-1 74500 0.1% % 0.3% 407 HE B8 K )ik {22
FHEENEIELH (P < 0.05) » H RS 2EAUAREE] TLRI 211-1 700 0.1% 4H7F Akt 2 g2 (8 7 6 P fil S 2 fuAs
0.1% & » 1A ERCRERIEE = EIE4E (P < 0.05) -

TS AR R a0 s B B AF an AR AR (Jeong and Kim, 2014; Latorre et al., 2014) » A S E AT RHII T
8% > DR AR pH {E K2 BRE RS (Nakano and Zuber, 1998; Shivaramaiah et al., 2011) » DIREE SRR RO GapR}
35 H#S A A ZE T 2= 8 (Knap ef al., 2011; Aliakbarpour et al., 2012; Gadde et al., 2017) - {Hr 5 ¥4 FEREHE
B (Santoso et al., 1995; Jeong and Kim, 2014) » [ Lee et al. (2010) DR [EfG S SRR B EMOETT 3 A6
'l > FHUEAE S ER OIS IIASE - A BN IR 2P AR E TLRI 211-1 0.1 J% 0.3% 4H4: R S 8IE &
Hagh - 7B R AH AR 4H BRI K PR B B 2 » SR TLRI211-1 EEZRNIIA BN A AR -

fE RS L AR 10° — 10° CFU/kg RIEMERS I8 35 2E B S8 - M B A ZEA: EMEBE (Teo and Tan,
2007; Zhang et al., 2012) ; {H Lee ez al. (2010) 54 » fl@ R aafk S 2f fffE 1.5 x 10° CFU/g R e 22k (55 1 —
22 K ) WM EE o PREEFEARE BTG 0 WIS EEIEAE R - DIAEREIYIIGE E R L (Rajput et al., 2013) > [fi]
N EIFERER G P AR R R 22 22 - RIRE B R Z DIREME A - EE=IRIIE » REEEHE LRI -
AEERGE BT - BT E AR TLRI 211-1 > SHEEEDR 1 x 10° CFU/mL » R0 0.1% HAEEHE P ETAT s
I AZEA MR > JRBIEHER DI S 2FfOAEES TLRI 211-1 BE%0E 1 x 10° CFU/Kg » A3 H AHEAE B MER -

Leser et al. (2008) f51ti 5 2 fUAR AL R 18 P AV R RAMT RO R R S ET - SRk B 2 AR G 43 WA o R 22 e L
Mo E - BN S R R A EE I B - A ER e AL R A AR B v S A R AR T R aitRE A
B
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2. ERRASIIRE SRR TLRI 211-1 HNEEE RIHIRZ &
Table 2. Effects of dietary supplementation of Bacillus subtillis TLRI 211-1on growth performance of broilers

TLRI 211-1' (%)

Items Control com’ SEM
0.1 0.3
1to21d
Weight gain, g/bird 727° 796" 746% 770* 6.67
Feed intake, g/bird 1,310 1,290 1,288 1,401 29.8
Feed conversion ratio, feed intake/weight gain 1.81 1.61 1.72 1.83 0.043
22to35d
Weight gain, g/bird 1,250 1,478 1,462 1,356" 17.9
Feed intake, g/bird 1,665 1,742 1,688 1,670 19.9
Feed conversion ratio, feed intake/weight gain 1.34° 1.18° 1.15° 1.23* 0.014
1to35d
Weight gain, g/bird 1,977° 2,274 2,208" 2,126™ 20.6
Feed intake, g/bird 2,975 3,033 2,965 3,073 253
Feed conversion ratio, feed intake/weight gain 1.51° 1.33° 1.34" 1.45® 0.012
Survival rate, % 93.7 93.7 93.7 93.7 1.6
PEF’ 353° 458" 443* 395% 12.1
ab,c

Means in the same row with different superscripts differ significantly (P < 0.05).

" Production efficiency factor, PEF = (Survival rate (%) x BW (kg)) / (age (d) x feed conversion ratio) x 100.
' Newly isolated Bacillus subtillis strain-TLRI 211-1.

> COM = commercial Bacillus subtillis product.

1L FERe iR
BRI IORE T oF AR B 3 0 N RE R G MR Z S B0 3 » SEREER - 8af8 PR h0 TLRI 211-1 45 (0.1% ~
0.3%) ke FHE4H (0.1%) - 1£ & g B BE = i BHIGAE (P < 0.05) - M %IR58 B LIRS S 258 fUAR B pm B 4H (TLRI
211-1 jpa2EEtR ) BEE @ H R (P < 0.05) » KR R0 TLRI 211-1 0.1% SHAH$HRE AR B R (HY EHRAE (P <
0.05) AL FEEF MR R B G EER ~ LB - BT RS — b B E - RS FSERAET -

3. RIS SRR TLRI 211-1 WH AR 2

Table 3. Effects of dictary supplementation of Bacillus subtillis TLRI 211-1 on carcass characteristics of broilers

TLRI 211-1' (%)

Items Control com’ SEM
0.1 0.3
Carcass weight, g 1,734° 1,980° 1,956" 1,896° 15.97
------------------- as percentage of live BW ------mcocmeeeeeee
Dressing’ 84.7 84.5 84.7 84.3 0.14
Heart 0.64 0.64 0.66 0.64 0.008
Liver 2.63 2.48 2.63 2.67 0.043
Abdominal fat 1.10° 0.91° 0.93* 0.95% 0.024
Proventriculus and gizzard 3.24 3.18 3.21 3.34 0.044
Intestine 7.04° 7.58° 7.60° 7.62° 0.11

“® Means in the same row with different superscripts are significantly different (P < 0.05).
' Newly isolated Bacillus subtillis strain-TLRI 211-1.

® Dressing = [(carcass weight / body weight] x 100.

* COM = commercial Bacillus subtillis product.

PIAGUER I TLRL 211-1 0.1% B o] 205 e €0 B K B G B > (BB s2 RAE A2 5 - [EEL Molnér ef al.
Q011) FAEEIRHR ARG E 2 AR B 2.27 x 10° CFU/g » AIEEE 42 H e AEERE RS 4SS AE (L - Santoso e al. (2001)
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A AREEDRERIT 10 — 20 g iR FAURE IS BRE - WD IEEHENT - #EEAE AR B EEEEY)
(] PR A (B B I R B R A > IRIBL Rk D A SRR A > B B B IS A 2 R AR N T A2 = SS9 MR
T FL P AR B T ARG Th B R i 2 S B AR R » TSR E R KA ENR o R FEE AR 0 A
BEIISRERUEE (Mahmoud et al., 2017) » AsABgTh S AR R o] g RN LEATE > e ERERER
HYREEMIGELLE -

IV. MR MR

BAJKEN AN TLRI 211-1 0.1% 40 o i PE RS I BR S = 7Y 240 (P < 0.05) » ALK H 488 18 RIKER R
- AL IEAH BEE = P BRI TLRI 211-1 0.1% 2H 2 0.3% 4H (P < 0.05) (£ 4) Gk E AR SR
528 RFE MR P SE R T S RS DR BE - AR ~ v- SRR R b R AL BRIl < B T ~ IRE
&~ PUERNT - =FeH 2 &2 (P> 0.05) °

BRI S R TR G ~ PIRFRRREI NG ~ v- BRI G K AR B IR I 43 1) o BBt B FIL A 2 SR R P Fia A
(H% > 1997 ) - MiF PR R IR B E R E B AR h o] 285 A 2 BIE » TLRI 211-1 SRR HERL R 52
HH G885 %  MHRATEEEEZ - BUR TLRI 211-1 R E S A T 0 AT R s EE A -

&M /K s e B I S o R B EELE Y (8% 0 1997 ) - Mahmoud et al. (2017) 5 H A%
BRI B AR > OIS INZE A RR RS S A &8 VB B3R > T oY B8 BRI « Al Rer sk
HEHUKE > (HEHE  BEEERS  tJReMIKo Ry o BEunh4aEQERERE > MEAEH KIRE
HIRREIVA AR (2, -

Hi LR e T e B AR TR VSR - e 4 RIS AR S & [F20 8 VS (Scholz-Ahrens ef al., 2016) » Guo
et al. (2020) DAFEELZEARE PB6 NI A A ZEEIE T2 S s SR B B - 8 B R P i e BB S 1 - A
atB® TLRI211-1 0.1% 4HOTRENBG B = » MRl iaEE A B IIEE R -

T4 ERENIIME SRR TLRI 211-1 B 5 AR B E 22

Table 4. Effects of dietary supplementation of Bacillus subtillis TLRI 211-1 on serum biochemical characteristicsof broilers

TLRI 211-17 (%)

Items' Control coM’ SEM
0.1 0.3
GOT, U/L 240 256 225 241 7.8
GPT, U/L 2.19 225 2.00 2.13 0.077
ALP, U/L 10,286" 13,140 10,917 9,299 282
y-GT, U/L 21.4 19.6 20.4 23.9 0.89
TP, g/dL 3.59* 3.01° 2.88" 3.40" 0.11
ALB, g/dL 1.73 1.65 1.51 1.66 0.04
GLO, g/dL 1.86° 1.45° 1.36° 1.74% 0.077
CREA, mg/dL 0.15 0.14 0.13 0.16 0.008
BUN, mg/dL 0.42 0.45 0.38 0.28 0.08
UA, mg/dL 4.47 4.50 4.20 4.79 0.23
TG, mg/dL 44.7 35.9 35.0 42.0 2.51
CK, U/L 5234 4,181 4,661 4,813 322

“® Means in the same row with different superscripts are significantly different (P < 0.05) .

' GOT = glutamate oxaloacetate transaminase; GPT = glutamic phosphate transaminase; ALP = alkaline phosphatase; y-GT
= y-glutamyl transferase; TP = total protein; ALB = albumin; GLO = globulin; BUN = blood urea nitrogen; CREA =
creatinine; UA = uric acid; TG = triglycerides; CK = creatine kinase.

* Newly isolated Bacillus subtillis strain-TLRI 211.

> COM = commercial Bacillus subtillis product.

A

BRI B Bf G 2 AR TLRI 211-1 B 0.1% - AJBHBE = 2E S AGIE E  lRHEfeR R AR e -



297 BRI IIAE S 2R AR B TLRI 211-1 B 5 AR ERERE « BRRIEINRIMRE B E 28

o

ik

B2 FH Aol L o AR B A B B SR AR AT - BN PT B B 2R fUAR B TLRI 211-1 B A 2 43

ZENRK

EUKI ~ SRR ~ PSR - 1997 « REEIRMURA(LE - Ikt - 2T -

T EEEZEE - 2019 - B HIEEMME AR - 230 > FERE -

Aliakbarpour, H. R., M. Chamani, G. Rahimi, A. A. Sadeghi, and D. Qujeq. 2012. The Bacillus subtilis and lactic acid
bacteria probiotics influences intestinal mucin gene expression, histomorphology and growth performance in broilers.
Asian-Aust. J. Anim. Sci. 25: 1285-1293.

Association of Official Agricultural Chemists. 2000. Official methods of analysis. 14th ed. Washington, D. C.: Association of
Official Analytical Chemists.

Cartman, S. T., R. M. L. Ragione, and M. J. Woodward. 2008. Bacillus subtilis spores germinate in the chicken
gastrointestinal tract. Appl. Environ. Microb. 74: 5254-5258.

Chaiyawan, N., P. Taveeteptaikul, B. Wannissorn, S. Ruengsomwong, P. Klungsupya, W. Buaban, and P. Itsaranuwat. 2010.
Characterization and probiotic properties of Bacillus strains isolated from broiler. Thai J. Vet. Med. 40: 207-214.

Fritts, C. A., J. H. Kersey, M. A. Motl, E. C. Kroger, F. Yan, J. Si, Q. Jiang, M. M. Campos, A. L. Waldroup, and P. W.
Waldroup. 2000. Bacillus subtilis C-3102 (Calsporin) improves live performance and microbiological status of broiler
chickens. J. Appl. Poult. Res. 9: 149-155.

Gadde, U., S. T. Oh, Y. S. Lee, E. Davis, N. Zimmerman, T. Rehberger, and H. S. Lillehoj. 2017. The effects of direct-
fed microbial supplementation, as an alternative to antibiotics, on growth performance, intestinal immune status, and
epithelial barrier gene expression in broiler chickens. Probiotics Antimicrob. Proteins 9: 397-405.

Goldin, B. R. 1998. Health benefits of probiotics. Br. J. Nutr. 80: 203-207.

Guo, S., J. Xv, Y. Li, Y. Bi, Y. Hou, and B. Ding. 2020. Interactive effects of dietary vitamin K3 and Bacillus subtilis PB6 on
the growth performance and tibia quality of broiler chickens with sex separate rearing. Animal. 14: 1610-1618.

Houshmand, M., K. Azhar, 1. Zulkifli, M. H. Bejo, and A. Kamyab. 2012. Effects of nonantibiotic feed additives on
performance, immunity and intestinal morphology of broilers fed different levels of protein. S. Afr. J. Anim. Sci. 42: 22-
32.

Jeong, J. S. and 1. H. Kim. 2014. Effect of Bacillus subtilis C-3102 spores as a probiotic feed supplement on growth
performance, noxious gas emission, and intestinal microflora in broilers. Poult. Sci. 93: 3097-3103.

Knap, L., A. B. Kehlet, M. Bennedsen, G. F. Mathis, C. L. Hofacre, B. S. Lumpkins, M. M. Jensen, M. Raun, and A. Lay.
2011. Bacillus subtilis (DSM17299) significantly reduces Salmonella in broilers. Poult. Sci. 90: 1690-1694.

Latorre, J. D., X. Hernandez-Velasco, G. Kallapura, A. Menconi, N. R. Pumford, M. J. Morgan, S. L. Layton, L. R. Bielke,
B. M. Hargis, and G. Téllez. 2014. Evaluation of germination, distribution, and persistence of Bacillus subtilis spores
through the gastrointestinal tract of chickens. Poult. Sci. 93: 1793-1800.

Lee, K. W, S. H. Lee, H. S. Lillehoj, G. X. Li, S. I. Jang, U. S. Babu, M. S. Park, D. K. Kim, E. P. Lillehoj, A. P. Neumann, T.
G. Rehberger, and G. R. Siragusa. 2010. Effects of direct-fed microbials on growth performance, gut morphometry, and
immune characteristics in broiler chickens. Poult. Sci. 89: 203-216.

Leser, T. D., A. Knarreborg, and J. Worm. 2008. Germination and outgrowth of Bacillus subtilis and Bacillus licheniformis
spores in the gastrointestinal tract of pigs. J. Appl. Microbiol. 104: 1025-1033.

Mahmoud, K. Z., B. S. Obeidat, M. Z. Al-Sadi, and Sh. R. Hatahet. 2017. Effect of Bacillus subtilis supplementation and
dietary crude protein level on growth performance and intestinal morphological changes of meat type chicken. Livest.
Sci. 195: 99-104.

Molnar, A. K., B. Podmaniczky, P. Kiirti, I. Tenk, R. Glavits, G. Y. Virag, and Z. S. Szabo. 2011. Effect of different
concentrations of Bacillus subtilis on growth performance, carcase quality, gut microflora and immune response of
broiler chickens. Br. Poult. Sci. 52: 658-665.

Nakano, M. M. and P. Zuber. 1998. Anaerobic growth of a “strict aerobe” (Bacillus subtilis). Annu. Rev. Microbiol. 52: 165-
190.

National Research Council. 1994. Nutrient Requirement of Poultry. 9th ed. National Academy Press, Washington, D. C.,



e BCHE IEE e Subr MR 298

USA.

Rajput, I. R, L. Y. Li, X. Xin, B. B. Wu, Z. L. Juan, Z. W. Cui, D. Y. Yu, and W. F. Li. 2013. Effect of Saccharomyces
boulardii and Bacillus subtilis B10 on intestinal ultrastructure modulation and mucosal immunity development
mechanism in broiler chickens. Poult. Sci. 92: 956-965.

Rehman, Z. U., N. Chand, and R. U. Khan. 2017. The effect of vitamin E, l-carnitine, and ginger on production traits,
immune response, and antioxidant status in two broiler strains exposed to chronic heat stress. Environ. Sci. Pollut. R.
24:26851-26857.

Santoso, U., K. Tanaka, and S. Ohtani. 1995. Effect of dried Bacillus subtilis culture on growth, body composition and
hepatic lipogenic enzyme activity in female broiler chicks. Brit. J. Nutr. 74: 523-529.

Santoso, U., K. Tanaka, S. Ohaniand, and M. Saksida. 2001. Effect of fermented product from Bacillus subtilis on feed
efficiency, lipid accumulation and ammonia production in broiler chicks. Asian-Aust. J. Anim. Sci. 14: 333-337.

SAS. 2002. SAS User’s Guide. Statistical Institute, Inc., Cary. N.C.

Scholz-Ahrens, K. E., B. Adolphi, F. Rochat, D. V. Barclay, M. de Vrese, Y. Agil, and J. Schrezenmeir. 2016. Effects of
probiotics, prebiotics, and synbiotics on mineral metabolism in ovariectomized rats - impact of bacterial mass, intestinal
absorptive area and reduction of bone turn-over. NFS J. 3: 41-50.

Sen, S., S. L. Ingale, Y. W. Kim, J. S. Kim, K. H. Kim, J. D. Lohakare, E. K. Kim, H. S. Kim, M. H. Ryu, I. K. Kwon, and
B. J. Chae. 2012. Effect of supplementation of Bacillus subtilis LS 1-2 to broiler diets on growth performance, nutrient
retention, caecal microbiology and small intestinal morphology. Res. Vet. Sci. 93: 264-268.

Shivaramaiah, S., N. R. Pumford, M. J. Morgan, R. E. Wolfenden, A. D. Wolfenden, A. Torres-Rodriguez, B. M. Hargis, and
G. Téllez. 2011. Evaluation of Bacillus species as potential candidates for direct-fed microbials in commercial poultry.
Poult. Sci. 90: 1574-1580.

Teo, A. Y. and H. M. Tan. 2004. The effect of CloSTAT on pathogenic and beneficial bacteria in broilers. XXII World Poult.
Congr., Istanbul, Turkey. World's Poult. Sci. Assoc., Beekburgen, the Netherlands. 174.

Teo, A. Y. and H. M. Tan. 2005. Inhibition of Clostridium perfringens by a novel strain of Bacillus subtilis isolated from the
gastrointestinal tracts of healthy chickens. Appl. Environ. Microbiol. 71: 4185-4190.

Teo, A. Y. and H. M. Tan. 2006. Effect of Bacillus subtilis PB6 (CloSTAT) on broilers infected with a pathogenic strain of
Escherichia coli. J. Appl. Poult. Res. 15: 229-235.

Teo, A. Y. and H. M. Tan. 2007. Evaluation of the performance and intestinal gut microflora of broilers fed on corn-soy diets
supplemented with Bacillus subtilis PB6 (CloSTAT). J. Appl. Poult. Res. 16: 296-303.

Yang, Y., P. [ji, and M. Choct. 2009. Dietary modulation of gut microflora in broiler chickens: a review of the role of six
kinds of alternatives to in-feed antibiotics. Worlds Poult. Sci. J. 65: 97-114.

Zhang, Z. F., T. X. Zhou, X. Ao, and 1. H. Kim. 2012. Effects of B-glucan and Bacillus subtilis on growth performance, blood
profiles, relative organ weight and meat quality in broilers fed maize-soybean meal based diets. Livest. Sci. 150: 419-
424,



299 Taiwan Livestock Res. 54(4) : 292-299, 2021
DOI : 10.6991/JTLR.202112_54(4).0008

Effects of dietary supplementation of Bacillus subtilis
TLRI 211-1 on growth performance, carcass, and blood

characteristics of broilers

Tsung-Yu Lee ® Ren-Bao Liaw @ Chia-Hui Wang ® Bor-Ling Shih )
Geng-Jen Fen ¥ and Yih-Fwu Lin @®

Received: Jul. 12, 2021; Accepted: Jan. 18, 2022

Abstract

Bacillus subtilis is a feed additive that can be supplied to livestock and poultry according to the Taiwan Feed Control
Act law. B. subtilis features characteristics of rapid growth, acid resistance, alkali resistance, heat resistance, and endospore
formation. In this study, B. subtilis TLRI 211-1, isolated from activated sludge, was added to the diet to explore the effects
on the growth performance, carcass, and blood characteristics of broilers. After culture, the number of B. subtilis TLRI 211-
1 was adjusted to 1 x 10° CFU/mL. A total of 192 day-old broilers were allocated to four groups, including: control group
(0%), B. subtilis TLRI 211-1 solution 0.1%, 0.3% supplementation groups, and commercial B. subtilis 0.1% supplementation
group. Each group had 4 replicates (pens) and each replicate had 12 birds. The experiment was conducted for 5 weeks.During
the experimental period, growth performance, carcass and blood characteristics were measured. The results showed that the
weight gain, production efficiency and slaughter weight of the feed supplemented with TLRI 211-1 bacterial solution 0.1%
were significantly higher than those of the control group and the commercial bacteria group (P < 0.05). The abdominal fat of
birds fed with B. subtilis was significantly lower, but the intestinal weight was significantly higher than those of the control
group (P < 0.05). There was no significant difference in the blood biochemical inflammation index enzymes - GOT, GPT,
CK, and y-GT among all groups. In summary, dietary supplementation of 1 x 10° CFU/kg B. subtilis TLRI 211-1 can increase
the weight gain and production efficiency of white broilers. Thus, B. subtilis TLRI 211-1 strain can be used as a probiotic
feed additive to promote chicken growth performance.
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