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Effects of Probiotics as an Alternative for Antibiotics on Growth
Performance, Nutrient Digestibility, Noxious Gas Emission and
Fecal Microbial Population in Growing Piglets

Kim, Jong-Duk - Chung, Heung-Woo - Shim, Kum-Seob -
Park, Seung-Young - Ju, Jong—Cheol - Song, Jae-Jun - Lee, Kyung-Ho -
Park, Joong—-Kook - Park, Do-Yun - Kim, Chang-Hyun

This study was conducted to determine the effect of probiotics as an alternative for
antibiotics on growth performance, nutrient digestibility, noxious gas emission and
fecal microbial population in growing piglets. A total of 96 piglets (22.5£1.3kg
average body weight) were allotted to 3 different treatment groups and replicated
4 times with 8 piglets per replicate in randomized complete block design.
Treatments were T1) (Control, basal diet+0.2% antibiotics), T2) 0.2% probiotics
complex and T3) 0.3% Bacillus probiotics. During the whole experiment period,
there were no differences (p>0.05) in average daily gain (ADG), average daily
feed intake (ADFI) and feed efficiency. However, digestibility of dry matter, crude
protein, ether extract, nitrogen free extract and crude ash were showed higher in
probiotics groups (T2 and T3) than those of control. In noxious gas emission,
ammonia, amine, hydrogen sulfidle and mercaptan were significantly (p<0.05)
reduced in T2 and T3 treatments compared to those in control. Moisture content of
feces was not significantly different among treatments. The colony forming units
(CFU) of total bacteria, E. coli and thermoduric bacteria in feces were significantly
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different among treatments. The CFU of total bacteria, E. coli and thermoduric
bacteria in T3 treatment were reduced by feeding probiotics B. From this study,
we suggest that probiotics A and B are likely able to improve the growth
performance and nutrients digestibility, reduce noxious gas emission and change
the fecal microbial composition in growing piglets.

Key words : probiotics, growth performance, nutrient digestibility, noxious gas

emission, fecal microbial population
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HZol THAAME 7HSALE Yol AHEE 4 A= FAA Y] TR/l dis] 4273
AL glen, 20063 F-E JA8FE4E A5
AR B|ALo| A A A AR o] ZHAst
oM E FAAE thAstd AFEH
|EAS Letr] g A7 &ds] e ‘E}(Wenk, 2000; 2002). o] 21§+ &2l
B-glucan(Jung, 2004; Ha 5, 2006; & 5, 2008), A Al(Ahn 5, 2002; & =, 2002; &
2009), 28 5, 1999; 3k 2000), F7]12HKim 5, 2005; 5= 5, 2009), kA L 2 EFZ
=2 (H 5, 2003; Abuel 5, 2006) 5°] U™, olo] #AZ AFT} WM E HZo] &
3] A= ot

AaAlE AHgste PAEY TR/ bt 29 Aol Bt fral vdES] 4%
< SAsta, A /\].gg] kel et *g")f‘% golatA st FES AFES £, Als
Ry = AT FHY ot a, AL AskE
&, §iH| Coﬂ a3 9}12“1, &9 ‘Q’%é’ﬂ, XA 5 Foll gt A FEe HEHo=E
o]-&3kaL SITHEh 2000, 2 T, 2004; & 5, 2009).

ATAE AtEl H7tste] Fostd WU E colid] 71 HAEo0] SA4EH Aks
A e, o2& HElEote] 5 FrbsiH, B ATkl SrE ol AU pHe| WIS
fresty, A=A Aike] ZXIETHE, 2000).

Smith®} Jones(1963)= AN fribds St A3 A i 71 A8k fikt
T7F SVt BARAER AR RS0 NAHALH, YL o]&Eo] SUIHATL ST
Collington 5(1988)2 Ay A7} o|fFA=9] A7 A5 5 &S NAT ek ol 2} lactase
o] &S =193l 3T Newman 5(1988)2 Lactobacillus faecium-2- lysine= +H] 3}

F4=9 AFES MAAIH stleH, A7gE Ao A
Lactobacilluse H3HH Z59] ST 7 thal st Han 5(1982) S. faecium<
F74 - BlFEdA 7oA A% F8=9 B9 FAE Ao AdEA H7bT 2Tl

0

e off I
~
L

r>

>
>
i
m,
:|:‘,
2
)
e
2
ol
o
o
ok
o, J}n
)
o
i
T o @

9

to

f



YA A BTAE AR Y, GFL 0§, ek AT 2 Bl VAR ol MAE 9% 529

)
ol
ol
£
~
[0
S
)
Ho
i
lo
o,
_{
9%
9
X
N
N
=
%,
i
32
K
S
=
il
1:011
o
rlo
N
N,
N,
o0
3
N
fo
N
S
N
N
=
2
i

o A zd
gov, zuud A3 2 A2EAEE FIHActT Sk

Han 5(1984)2 o|f-AL=ol Clostridium butyricums F3F Ao A dFSAFL 17%,

AR EEL 3.8% MAEReH, AE v dFHFL 15.8%, FA wjdHFe A otar 3t
Atk E3 Noh 5(1995)8 HISEo FAHT & FH A F AR

pud [€)
agol A2 27%9} 8.8% ML, AEBH Ao WAEFE 247 12.6%} 42% HATrhi
Ak A B AFA Aol Jahd dHo R APSAFL 3-15%, AR ES
o

ofste] =AU &73

AN717] ek FskYh 5] AW BAA vid=e] e Aske] Al ol

2%,
HAL &8} B 5o BT} e ATAE Bestel o)F AEA Folstge W 1% 4

A4, Gk o) &F, BAS Felvhs, B 25 WaE Bt

2007 102 1L 5-E 10¢ 2997HA] 28Ut A AL R&AGFFAA AFA A S
A AT A W (LandracexLarge WhitexDuroc) AH=(22.5kg)S 34 2] 49HE-9 penTd
8FA F 96FE TAISHAAL AT Axte} el Y3k A5 Fol7] fste] AA
ANBEs AT BEE 1 H(FA 28HE, AAM 3 29k )08 FEsAT A=

T A 609H S Adste] 3UH] dHIALYG F 28U%E AFES AAEH AT

Al AP FE B T12 FANZRTZA A A Q] CSP(chlortetracycline sulfamethazine
penicillin) 9} F 2] €l (Colistin)S Z+2} 0.1%2 F743F 2g]FolH, T2 T3y Aol A Al
A 02% FH7FelH, T3 A7 FFAA N AFABE 0.3% H7stAth Al@el 34
& 129 AT AAE Lactobacillus acidophilus 1.0x10" CFU/g, Bacillus subtilis 1.0x10" CFU/g,
Saccharomyces cerevisiae 1.0x10" CFU/g®] £ Bty Aloln], T32] HFABE F=7
N B2 Bacillus subtilis natto 1.0x10" CFU/ge] #2 &+ A A A o] T},

A= Aol AREEE AbE o] wietE B RS Table 194 Be vhe} 2o A=A}
o] pen size= 841M(7FEXAE=2.9x29m)o]al, v}=e] 1/3-& Ze}2E Lakslot)o] L 2/3E
ZAYEQ slurry EAFEA pend 874 TASIAH AlRE 7HF AMRE =W 3 I8 A
AE Fol71E o] &dt A AHESF sten, £ AsaTF7|E ARl He T AU

=

Stk 2T 7] @ LEE AFAC] Azxdel s 2AsA.
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Table 1. Formula and chemical composition of basal diet

Ingredients Content(%o) Chemical composition” Content(%o)
Comn 44.30 ME 3,265 kcal
Wheat 3.50 Moisture, % 13.47
Wheat bran 2.00 Crude protein, % 17.70
Rice meal 3.00 Crude fat, % 7.38
Soybean meal 24.50 Crude fiber, % 2.90
Salt 0.12 Crude ash, % 5.15
Molasses 5.00 Ca, % 0.80
Tallow 3.87 Available P, % 0.54
Tricalcium phosphorous 0.75
Dehulled soybean meal 4.00
Limestone 0.66
Mineral premix" 2.00
Vitamin premixz) 1.00
Others 5.30

R Supplied per kilogram of diet : Vit A, 10,000IU; Vit D3, 2,000 IU; Vit E, 42IU; Vit K, 5mg; Vit B2,
9.6mg; Vit B6, 2.45 mg; niacin, 49mg; biotin, 0.05mg.

2 Supplied per kilogram of diet: Cu, 140mg; Fe, 179mg; Zn, 179mg; Mn, 12.5mg; Co, 0.25mg; Se, 0.4mg.

? Calculated values.

A= AEAdAE SATF 2 AARLTES AIRNAIY, AA7AAF 25(149), 4—’_?(28
Aol AT AFRAH LS W =Gt FFo g AL ZYste] Aakeke]
B, IGEAFL EF7)C15A HAANF AEA)E ol&ste] FHSAT AR PR
A7 29 Al Ee Zq o g ro] AAksg

APArL 59 A31EL I E(Cr0;, chromic oxide)S ©]83F HHSAHW(GEH 5, 2003)o.2
g wiAEt ol 39 Bt 217 250 Zb7h £-8 pooling3t 3;;‘_ 2o o] &3t
3 sample> <=3+ drying ovenoll 2] 60Tl Al 72A17F AZAIZ] & Wiley mill
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£ 354317 Sl HNO39} HCIZ A2 E 3} ICP-OES(VISTA-MPX, Varian, USA)E ©]
ot AU LY 2852 v A ot RO E T
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o{NH;), °}(R-NH,), &3}54(H,S) 2 A EHCH,-SH) 7125 &332 A8 =l

HjAE 23 =S 50g : 75SmLE £33 B s PAzHE o A -R7](12x15%x8em)o] B

o5 EAF WY Aol A Basiloh 98 7]= 75 0] BoldtE s sty $15h
H

T AAH AFY 7S e F HdHo|ZE I35t

7bs 2 94T A7 A T 7FAFF 7)(Gastee GV-1008, Japan)E o] &3dte] 7pAE
7ol ZE AAReRE LHE7]e] 7ol Fast] 183 FAAI F HA ] 34
d w59 FAE AT Yot} ol e oA 6417 Bk & SAE S
dotrs gAY 2447 o S7gsAh

nAE BEXE BE AFHE AT 4R 02 AFIPA, viEE SRS LF9EHA &
A AR AF 2 FaEFol dBste] 2143 APAR o]F5t 0.85% NaCl FAujA=
A FHE AA T $ S 107 84S ST FAf(total bacteria counts) 2t T
(E. coli)y 3L Zt TA NS AFEsEE o, WE A E A thermoduric bacteria)= 3] 2] Y

zt GA

< 60CollA] 307 X8 g3 3| MR o] T, HEHEAS o
A AL petri film(3M aerobic count plates / E. coli, USA) B8] A& A3l o, 3
5C incubatorol] A 48413+ vl e £ A H =S AFskith

B AFEE SAS(1999)4 GLM procedureE ©]-8-3te] #AHEAS AAISAL, 948 A
]2 Duncan’s multiple range test®l] 2] 95% oo 2 3T
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FAAE A St A=l AFAE Delst] Fg 2= Table 2014 B uheh 2
o A= desAE, AARAFAE 2 AR TES A dE2FA T1H A2 T29 T3
e fFoF 1 zpol7t Ilong A A7 Thseteh BT A(T2)2k DP"‘*@;HN
(T3)= FAA A TRt 25 3o, dd AFABED SFATAA)7}F o
Ze =z vEET

Han 5(1982), Collington 5:(1988), Newman 5(1988)2] Al@ ol M= AitA7} F-x 2o H]
stod 2= 2 A=Y SAES SRR St B Ald 22 diA A dAH
gl o]fAE B A=A AAe HrF A N EadE Ueillte Bde o
TA37} B E A HPollman 5, 1980; Cho 5, 1992; Kyriakis 5, 1999; & 5, 2009). T3t
Lactobacillus casei 2 Bacillus spp.= A& 7§7]' FAHE Wl olfFA=EY S JNAA
Z1thal 31 2 W(Cho 5. 1992; Adami$} Cavazzoni, 1999), & 5(2009)S Tk A=



532 259 -AFS- 44158 731 SAF o4 ER e 4R

A A A A2 Fo3 A Lactobacillus casei A7} TFE ABHA| EHT} o] fA=2] A
23S IAIZIT AL ST

Table 2. Effect of probiotics on the growth performance of growing piglets

Item Tl T2 T3 SEM"
Initial weight, kg 223 22.8 22.8 1.33
Final weight, kg 39.3 41.7 40.7 2.73
ADG”, g 606 674 638 82.7
ADFI3”, g 1,356 1,512 1,468 106.3
Feed/Gain 2.26 227 2.34 0.26

T1 = antibiotic 0.2%, T2 = probiotics A 0.2%, T3 =probiotics B 0.3%.
" Standard error of mean.

? ADG=average daily gain.

? ADFl=average daily feed intake.

E Ao\ M= Lactobacillus acidophilus, Bacillus subtilis, Saccharomyces cerevisiae®] &
AT A(T2)7F DY AT AT3) Bacillus subtilus nattoR. T /d7o] o] FAg Aoz 3
Hol T2 A7 EFAAA= A=olA A AAR Hrlste] gostode £&
02 AAHAJY. GFEAIB A F2 0| &3= ATAA = LactobacillusZs, BacillusZ:, Saccha-
romyces%s 5°] oM, o]lE A= SAHAEA AAAA, 23R, YA FH, A} @
A, a7k A Selle a3 oy 7o AL dM s duE ade JEdY
A gka QU E gdd T Rue EJATAE o835 AlF((AH §, 2001; 3 T, 2002;
2} 5, 2004; & 5, 2007)9M e dIFEA Fo] SIS T St HATAIE L A
Art a37F Rk st 2 A9 Aot dAsAth

er e

Al

2. FkL &£5E

279 AFAE A NAAZ A= AR Hrlske] F
2o3}8-2 Table 304 H+= viel 2o A&, 29l ZA0 2 23Ho
Al FA7HT2 2 T3)7F GAA H7FHTHEY 28H80] E%o
o S TAN(T3) THoll= FHA =o)7) A Th
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Table 3. Effect of probiotics on the nutrient digestibility of growing piglets

Nutrients digestibility" Tl T2 T3 SEM”
Dry matter, % 77.7° 81.3" 80.9" 1.80
Crude protein, % 73.1° 77.7 76.8" 232
Ether extract, % 77.0° 82.3" 81.2° 2.36
Nitrogen free extract, % 85.5" 88.0° 87.1° 1.20
Crude ash, % 50.1° 62.1° 61.8" 547

T1 = antibiotic 0.2%, T2 = probiotics A 0.2%, T3 =probiotics B 0.3%.
" Twelve piglets were used from data.
? Standard error of mean.

® Means within the same row with different superscripts are significantly different(p<0.05).

520099 olfFAE AlFdAe BHATE L astE] FH AdERIT U
ERFA] o}, 4 5(2004) o]FAbE At AdAl 7t AE, 2eAE, 22
23ES A AT st B AR e A BT oY AdntE Rue Al
o] % A 2AdA ALete ARTe =59 FY vAE dFS olFa e U
oA F= ALatr] wEoln, Al aRE A b HA 7Y o]t HZ7Tt
o] Fe3altia 3PTHZ 5, 2004; & 5, 2009). Wt Aol ave FEI F$7I3H
o] asla, o] e SAE o]F o HGEY TE a7} w& Ao JAAG

B Aol A 28Y7E FAYA AR AHAE A=o] FAINAS W A= FUA 23
2 EFATA(T2)S GIAATA(T) BF FAA AgTFHRT}E &hskgo] w%hom, oy

st ARt ko] A= A el FFS IRl AeE ATEAh
3. %6]]7]—./:_9] vl gk vl A8 3kak

A ARl gt =AW S BE AR5 Hste deE B W feivks
2 o HAL e E AT St a7t B S A 23 Table 49
Al B ke 2o

HA GEUOK(NH:) B oFI(R-NHy) 7F=9] Hl Lol AA] A 2]74(THE T A A
AYT(T2 E T3)9] 7k A o] A A thp<0.05). A 2T FolA= T3A 2T
Bacillus subtilus natto®] A7} Th2 g7 Rt R yo} & ojql 7} dAlgFo] FQlo
W, 24T e AYTEG I3hFAHS)9 BWEH(CH-SH) 7k A &Fo] A itk
(p<0.05).
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Table 4. Effect of probiotics on noxious gas emission in feces and diarrhea score of
growing piglets

Noxious gas emission" T1 T2 T3 SEM”
NH;, ppm 5.3° 1.9° 0.9 2.11
R-NH,, ppm 32.1° 18.3° 8.0° 10.56
H,S, ppm 64.6° 58.5" 109.4° 24.17
CH,-SH, ppm 50.0° 10.0° 31.1° 17.81
Moisture, % 71.1 723 70.6 1.42

T1 = antibiotic 0.2%, T2 = probiotics A 0.2%, T3 =probiotics B 0.3%.
" Twelve piglets were used from data.
? Standard error of mean.

**¢ Means within the same row with different superscripts are significantly different(p<0.05).

A W Fal7ba s of o] FAEL GRYo}, ofdl 5 oA G i, WY T
#F313HE Aol AtKOto &, 2003). T 5(2002)3 & 5(2007) HISED SAEANAM B
FATA 77 izl vis) dRyotet FEeart foHoR Fasval St
2 =
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], E3] gryole] At FEletdth T3 Visek(1978)S ATFAl H7MA R UolE
A8 ureaseE FHISHE G WAES WHAS JA|Gte] farte] GRS A
kil ATk 3 5(2003) SA N EFATA HIHA GERYotRte 3taa ek
Fa7 FREATa stk B AR E EFATA(T2)= dEYol, ofvl, dshga ]
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Za7b FElete] ol Aot FARE AES Rtk webA EdATAl Hke EARY
a7k 53] dEUYol Y oopnl yha MRS FAATE A3t AATh
ko 2] 7o) S &2 2o} QAT Lactobacillus
9} Bacillusv= D73 RIS dFolA FAToZA S-S Ho] ZS 3 A7+ 7]
TS oz AEo HAALE FHAAIZITHCho 5, 1992; Bonomi, 1992; Zani 5, 1998)
%21}, Quinterno Moreno 5(1996)3 & 5(2009)2 AALX|G=ol] Zo]7} gltkal s}
Y sIF AHRE HAFUTH

53] o] AFoME HFATAL It og ofIAE TtE Fae AAETGE=
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EAtel] &7h Ese] GuUo} Ahat FA W FEGYT B FEFF] WL BS
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ANE F 35 =82S AFE B FHT E colir R WA EA 5 43 2
#% Table 5914 He i} 2o WA 2755 T1, T2 2 T3 A7 22 59.9x107,
17.5x10" 2 13.9x10'2 F2F Bt T2 2 T3 AT A e 2 FF57} 24
H A THp<0.05). TS T1, T2 2 T3 HFT7F 242 21.1x10° /g 12.7x10° /g 2 2.8x10°/
g2 A T3 A2 77F FAA AgFEG tdd57F A Achp<0.05). ¢+ JEH A=
T1, T2 2 T3 A& F7}F 22 2.7x10°, 1.5%10° 2 68.4x10° =X T39 Bacillus subtilus natto X3
A A2 77t =L THp<0.05).

Table 5. Effect of probiotics on the fecal microbial composition of growing piglets

Kinds of Bacteria Count media T1 T2 T3 SEM?
Total bacteria, CFU"/g aerobic count plates | 59.9°<10" | 17.5°x10" | 13.9°x10’ 23.46
E. coli, CFU/g E. coli 21L.1%10° | 147°x10° | 2.8°x10° 9.08
Thermoduric bacteria, CFU/g | aerobic count plates 2.7°x10° 1.5°10° | 68.4°x10° 33.20

T1 = antibiotic 0.2%, T2 = probiotics A 0.2%, T3 =probiotics B 0.3%.
Y Colony forming unit.
? Standard error of mean.

*® Means within the same row with different superscripts are significantly different(p<0.05).
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A S8 98 Bde AAE AR Ao, FAAY WAEAE st FA
Al WAA =R AFEAE ol&star Aot FAAS AT 5 e YFAR o]&H <=

gk mAEEo] ZkFofofste =
WA, pHOlA 9] M, =2 o)k v =0l
A A B bacteriocin 5N nisine HZ AHES 2l q e gl ofol A
FES HAASHE 7P gy dH Edolth A Akt ol A FE3 nisin T
22 agFdtE g ote] MEuhs ghysiy, wheuj el HetaS W 2ylAlg
A2 dRY ol S EQux B E T Callaway, 1997). £3] Bacillus 42 T
St F7F9] peptideAd] FAEHS FHlot H2 M99 g aHE 7FA 3L QlT}. Bacteriocin
o]1} bacteriocin-like substances(BLS)E AJAVe}= Bacillus 2.2 B. subtilis, B. coagulans,
B. cereus, B. thuringiensis, B. megaterium 5| e+ R 1E0o] ltiJack 5, 1995; Tagg 5,
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1976). ujghr] B oﬂ?oﬂ/\ﬂli T39| Bacillus subtilus natto BT AE FAA 73l vl =2
AAA TR TID A H7btol vlal 453 Holwton, HIE thxT9 F93<
ol AR T29] HAATA H7bF= A Aot FARE 2371 doal ]
ok Bacillus 49 52 IAE F4%t dxgu, Al FFoly HAtdE =& A4
< 2t Q7] wiitel T3 A 77F & ATl Hls) €53 WEd 249 71 =7] W
Folt} 53], A Aol EAFATFC B subtilis natto7} oldths Bz} glo]
(Hosoi &, 1999), 4713t Aol A dAE FAdstal AEF & Ae 7heAo] v dd
= AT

36 ol

N.®H 2

AEAE AE ARl BA1Se] AES) AR, dUL ol 8E, ol 2
2 SARES vinalel GAA AR TR 8] Asel A
B AIge A3 (LandracexLarge WhitexDuroc) AF=(22.5kg) 9655 Autste] 28Uzt
AP AABIAT. 2 AlES 338 49hE-9] GaR s X2 T1 A2+ A, T2 74
g7e FFAA N BFATA 02% H7F, T3 A7e FIAA dIATA 03%E 3
71ttt Ao A SAE, L AARAAT 2 AARLTES APt #Fo 3 Aol
7 ek 2y A E, Z‘&‘?Hél, ZA g 2359 A5E2 Azt fejdo] AN
o, 53] iﬂ"ﬂ? A} Bacillus subtillis natto 8T A) 7} thZF2 A A A T+H1t 4238
0] =T = B9 fFarke M s dEYOKNH;), ©FI(R-NHy), 3b54
A EHCH,- SH)«] A FAA ARG AdA H7HE Aol =AM 7

Aol A7 AT 2y o] FRFFS Aol §H< Aolvt fldth =&
W E, g 2 HEAdTS Azt oAl Zolzt ATk & T H e
= AA H7bell ofste] Zastion, WEAd A = T3 277 & AR o
Bokth ks AdAE A AEdE Fog JJr A= AW B4S Ndska =
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