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NILATEENT (P>0.05) ijamgj 35 Y1 MY Bacillus sp. nauTssaszaulwidvausoaalsinmaaasaasonls
(il (quadratic, P<0.01) Snvian13Ls3u Bacillus sp. wa mamasssaulwihdusmansainsinmnsaldwlidududodon
wasBeton uraiumsazaunselususiialowh 3 uaslow 9 (quadratic, P<0.01) s2umansaludusdie Tawwrn
6 (linear, P<0.01) lwiitaln
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Abstract

The Present study investigated the effect of multi-strain Bacillus species supplementation as direct feed in drinking
water, on productive performance, carcass characteristics, meat quality, cholesterol, and fatty acids in meat of broiler
chickens. Two hundred and forty one day-old Ross broiler chicks (120 male and 120 female) were randomly allotted

to three treatments and four replications per treatment on the basis of body weight in a completely randomized design.
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Treatments were drinking water supplemented with 0% (control), 1, and 2 g/l multi-strain Bacillus Species. Experimental
diets were fed in two phases: starter (d 0-21) and finisher (d 22-35). Supplementation of increasing levels of
multi-strain Bacillus species had no effect on productive performance, carcass characteristics, meat quality, and
economic benefit return (P>0.05). At d 35, birds supplemented with increasing levels of multi-strain Bacillus species
showed decrease in cholesterol content in meat. (quadratic, P<0.01). Moreover, supplementation of supplementing 2

level of Bacillus sp. increased (quadratic, P< 0.01) increasing of MUFA, PUFA omega-3 and omega-9 enrich in meat

and increasing of omega-6 (linear, P<0.01).

Keywords: Bacillus sp., Water, Chicken meat, Fatty acid, Performance.
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3 fo ﬂfejmvl,mf‘:aﬁvlﬁ%fuﬁmzamm%w Bacillus sp. WEuT
550U 1 waz 2 NSUA0AAT AudeL MInasesitlslniie
NN9N3¢N Ross 308 818 1 1% 913% 240 62 (VWK 120
@ uaz el 120 @) gUNgNInanaIinuIn 20 67
dovhnenansy Fmimsasdlidielunenamwa 2.0 x
3.0 was mMolulssFeusuudannsiansugsuas
qmﬁgﬁmmmwwmﬁauLLa:’L"ﬁi:ﬂmmMmngm 35

Ju uazliarsuuuidnfaseaiian (ad libitum) lasld

onslidlaEensd 2 2oz A szzusn (1 919 21 Tu)
HlUsGuneny (crude protein) 23 1WasTud LazWAIIH
1°§3Jiziﬂ“ﬁﬂﬁ(metabolizable energy) 3,200 ﬁ‘[mmaa’%@ia
Alansu wasszoaas (22 89 35 Yu) JlUsduneu 20
Wofifud uaswisrmldsslomnild 3,200 Alaunsaiaa
AlanSuaudiuuzsitues NRC (1994) ™ AINanedil
Famsbtiuuuiduiaasaaar ufunisldige
Bacillus sp. wamﬁ@mazmﬂﬁwﬁ’n%gﬂ fisznaudie
Bacillus licheniformis, Bacillus polymyxa Was Bacillus
subtilis Thaa: 1.0 x 10° (colony forming unit: cfu) WAz
\udeauasy 1 Alansuiaduasluindumsvlniled
1°Eﬁmzmﬂmﬂs:uuﬁwmyiuquﬁ%%’mm:ﬁwmmms
fadiwosyd swnavzdy Tandawsny3

2. ANIIOWTNIINAAVDILNLILD
MITAFNIIOULMINRALTIANIANG 35 T

w9t 2 529 Ao 0 89 21 Tu waz 22 89 35 Tu lapazlw

pmIarannagaiuf aatufinUsunmemnsianld i
witnvaslile wazdruanlisuasaatismimanas ui
fummiaNIsausINae e Uanansinldiads
@874 (average daily feed intake: ADFI) #1310 ADFI #1
27N [ﬂ%mmmmsﬁﬁuﬁ”’amw/(a‘hmu‘lﬁxﬁm’m%’uﬁ
Lgm)] ﬁﬁ%ﬁﬂ@l"sﬁﬁu%uméﬂ (average body weight gain:
BWG) BWG #131n [(ﬁ’mﬁné’aq@ﬁwy-ﬁmﬁﬂé”sﬁuﬁu)/
$wanld] SanmaedwidulaniodeTu (average daily
gain: ADG) %1310 [BWG/(a‘hmuerixﬁ‘i'm'mﬁ'uﬁLgm)]
warUszANTAWANIlEe1%NT (feed conversion ratio: FCR
(feed/ gain)) %¥131n [ADFI/ADG] ANATVBY Zhao et al.
(2003)" FINEII RS AT MR EITon (viability) %1
1 [Ewnlifimds x 100y winlAGudu] uasdmi
UILRNTAWNIINE® (productive index: Pl)) #1310 [(86131
MIREITEN X TN AR X 100)/(FCR x 31%47%
ufitaes)] mu3tas Khaksefdi et al. (2005) 2 dwInh
mwmammumammgﬁ% (economic benefit return) fla

A UFNBIMIIGaM (feed cost per gain: FCG) w1ann
FCG = (FCR x feed cost x BWG) ¥afnannniznsdada
(salable bird return: SBR) #1370 SBR= (price of live
chicken (40 THB) x BW) ﬁﬂiqﬂ%@iﬂ@h (net profits return
per bird: NPR) #1311 NPR = (SBR — FCG) ULazda3&1%
wamammmiamsm“qu (return of investment: ROI) ¥
270 ROI= (NPR /FCG) x 100 anu3Tuasutaiiuyl uas
Atk (2558)
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v uduaIndauds (cutting percentage) e33D
289 Hossain et al. (2012)% ﬁaﬁﬁwmﬁ'@qmmmf‘zaim
Sasnanudunse-ansasiitantinanlufl 45 uifl uaznas
FuSnmn@i 24 52109 auAEues Zhou et al. (2010)"° T2
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maduaun 24 119 Ao ANwEing (ightness: L*), &
L@d (redness: a*) LAY s (yellowness: b*) aNAD
284 Ao et al. (2011)* Lmz’?@ﬁ']ﬂ’nummin‘lun"]s@wﬁw
(water holding capacity) fa drip loss, boiling loss, trawling
loss W& roasting loss @3T8 Liu et al. (2012)° 21N
Fethailaanuarmsniusu Weaniiediamzimysanm
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(GLM) lanlfuunviu Y=m+tre Lwa Y, unu CREATL
N ﬂﬂ&lﬂqi"fl(ﬂaaﬁ“ﬂ i=1,2 3 sﬁ']'ﬂ js LN@ j=1,2,3,4
los m fie mmamw (common mean) &% t fla Bndna
maandumimaaa (treatment effect) ﬁ i ija i =NNILRIY
Bacillus sp. & Twiéw 0, 1, 2 nSudedas uaze, fio
mmﬂm@maau (153} LﬂTEIUW]EI?JF]'J']NLL@]TW]'N@]'TLQREJ
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(HSD) a¥3%284 Steel and Torrie (1992)® uaziiasnzh
LLWJI‘II&J“JJE]G"]TE]Q@ (trend analysis) ¢28 Orthogonal poly-
nomial laglflsunsn R-Studio 8.3 aw3tvas R core
team (2013)7 fnuadedduiltlunmasoud
P<0.05 8z P<0.01
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1. n13@3N Bacillus sp. nanluinasde
anssauznsHanvaslitiie
HAMTLE3Y Bacillus sp. Wawlwindudada
aussnusmInaaveslilitar 3 929 Ao 739878 0 921 7%
129818 22 9 35 Th UATT4 0 19 35 Ju wudmaasu
Bacillus sp. WaNT1 3 S5dUfe 326U 0, 1 waz 2 nFude
fasliTnadeiminlieds swinladdsds 1w
pIRiuInee Sanmaesaiiuladesde Tulium
msﬁuvl,éf@iaéf’;@iaﬁunummmmamswﬁmf‘za 1 Alansu
SAIMIADITEN ATINTANY Uas Guls=anTnwms
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Afsharmanesh et al. (2013)% LaTALEINUNINARDIVD
Huang et al. (2012)* Hu et al. (2012)*" uaz Tan et al.
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andlu lnileaaifgndosiunnzanuadon’ nsanmn
a¥statiusuunguiminiiiosnn lideifsdugnnnd
asinuiunse fonunniAnlldodunnuesuauas
nduasodeliiie® wHkanmasssasaiiaslale
uaaslAlRnAMNLAnaIiuad e lnemayneaiduas
@hm'&‘m:ijmjmﬁmaaa LAINNIIFILNG WL
suTInuzmMIndalassanlugieiy 0-35 Tu yoslrvitad
let5u Bacillus sp. Wauluinaufiszdy 1 uas
2 ﬂ%'mia'7?1@1iﬁﬂs:?m%mwmﬂ“ﬁam’ﬁgaﬂ'j'mfojumqu
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ez 391.65) FaaUszEnsawmsltenisuasduil
Uszanmwmandadudd i dn i aussnuzmnda
vasliiile isgammnssulasinaedofufingiu fide
ﬁaﬁaﬁumgumiﬁwmammm msuaaveslniods
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211117 MIgady wazdszintaiwmislddszlooives
owslasmaiy Aanssuludldussimniewlailung
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U3 BnB MW INa e Aadas LN T wIBINNAEN
Aonavasltlusluladndlu Tidie” wazmsdunuitly
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Table 1 Effect of multi-strain Bacillus sp. supplementation in drinking water on productive performance

Multi-strain Bacillus sp. supplementation level (g/l)

Productive performance SEM
Control 1 2

0-21 day
BWG (g/bird) 764.50+42.54 753.56+14.49 725.03+32.69 10.70
FI (g/bird) 990.79477.05 959.21+16.49 901.31+81.67 32.69
ADFI (g/bird/day) 47.18+3.67 45.68+0.79 42.92+3.89 1.04
ADG (g/bird/day) 36.41+£2.03 35.03+0.63 34.53+1.56 0.51
FCR (Feed /Gain) 1.30£0.03 1.30£0.02 1.24+0.06 0.01
Viability (%) 100.00 100.00 100.00 -
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Table 1 Effect of multi-strain Bacillus sp. supplementation in drinking water on productive performance (continue)

195

Multi-strain Bacillus sp. supplementation level (g/l)

Productive performance SEM
Control 1 2

Productive index: PI 281.03+10.57 268.65+8.67 278.10+2.62 2.68
22-35 day
BWG (g/bird) 838.72+13.07 835.98+33.48 842.66+20.36 7.95
FI (g/bird) 1,636.48+1,553.63 1,553.63+62.30 1,524.60+149.56 32.38
ADFI (g/bird/day) 116.86+3.25 110.97+4.45 108.90+£10.68 2.31
ADG (g/bird/day) 60.19+1.45 59.71+2.39 60.19+1.45 0.61
FCR (Feed/Gain) 1.95+0.07 1.86+0.02 1.81+0.13 0.03
Viability (%) 91.11£3.40 88.89+3.85 91.11£3.40 1.28
Productive index: PI 279.68+2.52 285.33+6.32 340.57+26.83 5.33
0-35 day
BWG (g/bird) 1,603.23+52.65 1,571.54+44.90 1,567.69+32.23 14.69
FI (g/bird) 2,451.87+54.33 2,337.84+98.58 2,250.92+128.24 32.84
ADFI (g/bird/day) 70.05+1.55 66.80+2.82 64.31+3.66 0.94
ADG (g/bird/day) 46.87+1.50 45.97+1.28 45.86+0.92 0.42
FCR (Feed /Gain) 1.50+0.02 1.45+0.02 1.40+0.06 0.01
Viability (%) 91.11£3.40 88.89+3.85 91.11£3.40 1.28
Productive index: PI 278.94+4.13 282.58+8.07 291.65+22.68 4.70

Table 2 Effect of multi-strain Bacillus sp. supplementation in drinking water on carcass and cutting percentage

Carcass percentage and cutting

Multi-strain Bacillus sp. supplementation level (g/l)

SEM
percentage (%) Control 1 2

Thai carcass percentage 83.1913.21 81.31+£1.85 80.37+1.48 0.77
Carcass percentage 74.87+1.00 74.341+1.54 73.0910.08 0.46
Chilled carcass percentage 72.68+1.04 72.17+1.25 70.95+1.14 0.28
Breast 26.87+1.66 27.02+1.06 28.46+2.15 0.56
Fillets 5.19+0.26 4.99+0.27 5.68+0.46 0.11
Wing 12.23+0.27 12.56+0.03 12.95+0.52 0.11
Thigh 17.86+0.68 17.91+0.42 18.18+0.96 0.24
Drum stick 12.50+0.49 13.43+0.40 13.37+0.46 0.15
Head 3.19£0.19 3.24+0.16 3.33+0.14 0.15
Neck 4.380.37 4.500.50 4.78+0.68 0.05
Shank 4.6810.05 4.91+0.18 5.00+0.04 0.06
Skeletal bone 23.59+0.90 24.87+2.51 23.07+1.06 0.55
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Table 3 Effect of multi-strain Bacillus sp. supplementation in drinking water on meat quality

Multi-strain Bacillus sp. supplementation level (g/l)

Meat quality SEM
Control 1 2

pH 45 min. 5.53+0.10 5.85+0.04 5.71x0.18 0.05
pH 24 h 5.47+0.21 5.52+0.10 5.49+0.16 0.05
Color at 24 hour after chilled storage at 4 °C
L* (lightness) 54.83+1.55 53.90+1.59 54.41+1.89 0.56
a* (redness) 0.67+0.23 0.47+0.13 0.47+0.26 0.07
b* (yellowness) 13.34+0.75 13.35+1.87 13.28+1.06 0.44
Water holding capacity (%)
Drip loss 5.52+0.90 4.44+0.98 4.57+4.50 0.27
Cooking Loss 22.88+0.73 19.93+1.36 21.46x0.56 0.33
Trawling Loss 9.08+2.07 5.25+2.02 6.72+2.07 0.68
Roasting Loss 33.24+2.05 32.08+1.17 33.96+1.69 0.56

v [
2. N13L&3N Bacillus sp. uanlwifaaa
U U
anumzbmmmzqmmwLﬁaﬂaalmﬁa
NANIILEIN Bacillus sp. WaNlwindueda
¢ = & ¢ & 6o @ \ A
WasiFudannuazitasidudsuwaindaussvadlntite wu
71 NMILEIN Bacillus sp. 114 3 32@UAa 13261 0, 1 e 2
e 4 a v A P ¢ & & ¢ = e
nSusafaTluinadanalasiSudainuazit oS Euwaan
&% (P>0.05) 940131 2 IMNMINANDIATIRFILNALA
3M3LE3N Bacillus sp. wanluiinaulidnadaininaas
Trvite d9tinde Luaainadadnyuean Sigaanaadny
NANNINARBIUBILUILAZAIE (2557)° YinInaaas
wiuluslulefndnnuuafiSenguuaadnluaimsiniite
wuin lufnasdanisiANintne wasidudanuas
oS TuaTuaIua9g (P>0.05) Talvuan1inaaasln
WWINILABAN WAL Cengiz et al. (2015)*° Aivn1Inaaas
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Table 4 Effect of multi-strain Bacillus sp. supplementation in drinking water on fatty acid composition in meat

Fatty acid composition in meat

Multi-strain Bacillus sp. supplementation level (g/l)

Trend analysis***

SEM

(9/100 g total fat) Control 2 L Q

Cholesterol 68.67%+2.12 60.99%+1.89 63.65°+1.97 0.67 * *
Monounsaturated fatty acid 0.97%+0.03 1.08%+0.03 0.90°+0.03 0.01 * e
Palmitoleic acid 0.10°+0.003 0.12°+0.004 0.13"+0.004 0.001 o NS
Veccenic acid 0.05"+0.002 0.05%+0.002 0.04°+0.001 0.0004 ** **
Oleic acid 0.82°+0.03 0.91%+0.03 0.74°+0.02 0.01 ** w*
Polyunsaturated fatty acid 0.49+0.02 0.52+0.02 0.51£0.02 0.01 NS NS
Linoleic acid 0.43°+0.01 0.47°+0.01 0.48°+0.01 0.005 * NS
Eleostearic acid 0.02"+0.001 0.02"+0.001 0.01°+0.001 0.0002 o **
Eicosatrienoic acid 0.04*+0.001 0.04%+0.001 0.03°+0.001 0.0003 e w*
Saturated fatty acid 0.78°+0.02 0.80°+0.02 0.71°+0.02 0.01 * *
Myristic acid 0.02:0.001 0.02:+0.001 0.02:+0.001 0.0002 NS NS
Palmitic acid 0.56+0.02 0.55+0.02 0.52+0.02 0.01 NS NS
Stearic acid 0.18%+0.01 0.21"+0.01 0.16°+0.01 0.002 ** o
Heneicosanoic acid 0.01+0.001 0.010.001 0.01+0.001 0.0002 NS NS
Omega 3 fatty acid 0.02"+0.001 0.02"+0.001 0.01%+0.001 0.0002 o *x
Omega 6 fatty acid 0.47°+0.01 0.50%+0.02 0.50%+0.02 0.005 * NS
Omega 9 fatty acid 0.82°+0.03 0.91%+0.03 0.74°+0.02 0.01 o o

NS= not significantly (P>0.05),

aand b

Aand B

with in row, mean with symbol no common superscript differ significantly (P<0.05),

with in row, mean with symbol no common superscript differ significantly (P<0.01),

"with in row, mean with symbol no common superscript differ significantly (P<0.05),

" with in row, mean with symbol no common superscript differ significantly (P<0.01),

*** L = Linear and Q = Quadratic
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Table 5 Effect of multi-strain Bacillus sp. supplementation in drinking water on economic benefit return

Multi-strain Bacillus sp. supplementation level (g/l)

Economic benefit return SEM

Control 1 2
Feed cost per gain (THB/bird) 43.28+0.02 41.004£0.02 39.48+0.06 0.01
Salable bird return (THB/bird) 57.70+5.42 55.55+4.92 56.41+4.82 3.34
Net profits return per bird (THB/bird) 14.42+1.49 14.55+1.58 16.93+1.67 1.58
Return of investment (%) 33.31+4.35 35.48+5.12 42.88+4.89 2.67
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