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et al.,20006) °
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B4 ((REPRIRIIT B S TR - K 6 FIEORR4RSR BC1031 » CBC group ) BISEAS SFTRIRESAE ( (RETRIR
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1. SEReafEryAC AR

Table 1. The composition of the experimental diet

Trial diets

Ingredients, kg Control group CBC group BC group
Yellow corn, CP 7.5% 677.5 676.5 676.5
Soybean meal, CP 43.5% 190 190 190
Limestone (pulverized) 8 8 8
Dicalcium phosphate 16 16 16
Fish meal, CP 65% 50 50 50
Skim milk 20 20 20
Whey powder 20 20 20
Soybean oil 10 10 10
Choline-Cl, 50% 1 1 1
Salt (iodized) 5 5 5
Vitamin premix” 1 1 1
Mineral premix” 1.5 1.5 1.5
CBC 0 1 0
BC 0 0 1

Total 1,000 1,000 1,000

Calculated value
Crude protein, % 18.2 18.1 18.1
Metabolism energy, kcal/kg 3,217 3,210 3,210
Lysine, % 1.14 1.14 1.14
Analyzed value
Crude protein, % 18.1 18.3 18.4
Lysine, % 1.15 1.16 1.15
Calcium, % 1.16 1.17 1.17
Total phosphorus 0.75 0.75 0.75

* Supplied per kg of diet: Vitamin A, 6,000 IU; Vitamin D,, 800 IU; Vitamin E, 20 IU; Vitamin K;, 4 mg; Vitamin B,, 2 mg;
Vitamin B,, 4 mg; Vitamin B, 1 mg; Vitamin B,,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate, 16 mg; Folic acid, 0.6
mg; Biotin, 0.01 mg.

® Supplied the following minerals per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Zn, 120 mg; Se, 0.15 mg; I, 0.45 mg.

(i) [ kS B A i ERFEE E rLh T
MR L &R MMER 73 H768 (Sysmex XN-1000, Japan) JHI7E A FKEE - BEEEME A MEK ~ Eilg i o mEk - ik
Bk ~ BEAZBK R TP A K E 4L -
L 4851577
MBS 2 S TEE R > A SAS (2005) FYESEA TS - iR 4R14E =L (general linear model procedure,
GLM) #7877 5787 » Al AT B % 88380 HI7E 74 (Duncan’s multiple range test) 217 R FRAH SEHE{E I > 72 BREE M
S3HT 0 & P<0.05 RAFREEE > ] P<0.01 RAERMIEE -

e RN B

L BRGNS S U E R B AL 8 A R IRA &
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BREEA D CBC B¢ BC fafg AL FAEnVAS BB AE RAIBIRZ S8 » 4158 2 B 3 o » (FSE(ESE 21 B 28 KAY
REEE DASCE 3 Bl 4 AR SEX H IS E - BREAA N BC A P48 RS EE B35 H IS B S /AN 0 CBC 4H BT HR4H - T
HRAHELAAN CBC 4H - WAHRDZ AR - &5 RBUR - SRR BC SR45 S fUAR B mT P e 2L (P48 56 3 B 4 JHrY Y
B {F Sun et al. (1999) SERINEFHDIEER B3RS ATRER BC SE4S o Ui B A 72 AR 1 B c e AL (G
TEFH » AR CEEE AL FREHIISEE (Wu er al., 2018 5 SRk » 2021) -

FHANERIERE R - R e 12 3~ 4 Bl - SAAMITIEBEER - FREREVR  GRHIRI
CBC =( BC FA¥HR4H 2 [ » SN AT A0V RHR B & o IR ATRERIAN CBC B¢ BC ARt - AR
WA AP (Mavromichalis, 2010) - SRHBSCRAHSY - 255 3 IS - @RGSR I BC 4L EMNBEDR
0 CBC 4H B2 Ha4H - IR CBC 4H » WisHMG A #E =R - Ih4E RN A RE R BC 4HBE4E SR MR B A
PREE A e AR I E R BT S (B0 Rpk - 2021 ) > 1 BC J5R45 2F fEAR B AF 8 6 B (e 4 (56 i i (i R B P2 7
G M R EEVE IR {E (Riazi et al., 2012; 2016; Sander et al., 2013; Wu et al., 2018) » G M. luteus and L.
monocytogenes M e HERGE (EFEA{EH (Riazi et al., 2009; 2012) - FHFZILEE FEUR - BREDARID BC 4HEHET AL
F5 3 814 AV EELLIR SR 3 AR © LESIIRESRIN CBC SRt -

T2 ERERNIEES S R HEE AL AR AV B (n=48)

Table 2. Effects of supplemental Bacillus coagulans on body weight of weaning pigs

Trial Control group CBC group BC group
Items
Initial day, kg 7.82+0.87 7.66 £0.36 7.95+1.08
Day 7, kg 8.5110.94 8.04+0.54 8.3910.88
Day 14, kg 9.91+0.95 9.53+0.84 9.78 £0.70
Day 21, kg 11.80 £ 0.85 11.38£0.87° 12.32+1.33°
Day 28, kg 14.77 £ 0.85" 14.32£0.88" 15.63+1.52°

" Mean * SD. CBC group represented dietary supplementation of 1 x 10° cfu/kg commercial Bacillus coagulans. BC group
represented dietary supplementation of 1x 10° cfu/kg Bacillus coagulans.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

IL.

III.

B e S T B R S B T (PR T S By 2

B34 CBC = BC fFR S ERALIF RIS 2 - 1015 4 - SUBRS HE SR BRIIA F B165 R F - FEAD
SREHHAS - ISR - G - JUBET - A - ABASREAS R SUNISCHEEEER - ERER
13 CBC 5 BC » A R BFRIMTSY - Tl A BRI RS TIER T Q011) MUk & & -
BRI H > EALFRRE R - WEAFRE R RSN S » TR TR » (TR G R
T R TR T (3% F B4 DT FIEFTEL (Niekamp et al., 2007; Estienne et al., 2019) « fi4ts F 2 4825
(9 R T U RIRIEES - (i Dvorak (1981) SCBRFSH » 8 M ARER (8 (4 28 1 MU AT
EOESRE MR - AR PR E S E SRR 18% o RENT R EaE
TR (TEGEEEGRIEZEE 1990 ) « FBTEAEEFEE S - #1184 - CBC 82 BC 4IHL(HE » 5
Bl L4 vs 12vs. 14> fR B EBEREC TR 1.1 — 2.5 27 (Suh er al,, 2014) > SR EREEAE S
REFI M 011 EL(E 0.5 FLEABRITFAL BRI 153 BL4F -
BT e S T T BT (7 1 MR B S (BN S L i

BREEYRA CBC B¢ BC SR EHETL (P MR S AIER BB IR » 105 5 FT - SABRAIYG F S s Fl >
(A MUBRIR S A AR (1 MR T 53 ( TERIERR - TEBAATER - W PHEER + NI BREHUZER ) » 72 SRR S 22
5L o BT MBS CBC gl > 43 FIRS A BHIRAE 7.9% B BC 4. 7.0% » {EL 4 ERBLI A1 11,000 —
22,000mL > R R P ( 5 EE S S TR T > 2011 ) - SA4Mci: ( fEREDHREEREL (8 (/L) — A%
FT {1 76 - M 5018 Y 3% S92 (Quinomero ef al., 2009) » 184 /11 CBC 415 BC 41 N/L LLfE - 53
Bk 0.8 - 092 % 075 » BRI BC 4LIFA41 S0 ME 5085 54510 » EL IRAIEURAT CBC 4118 - ISR
5 BC JEk iR E & B LV (Fu et al., 2019) - FBITET B PLATRE SR BRI 58 R AT -
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3. eSS S R R AL A £ R IRV & (n=48)

Table 3. Effects of supplemental Bacillus coagulans on growth performance of weaning pigs

Trial Control group CBC group BC group
Items

Average daily gain, kg

Week 1 0.10£0.04" 0.05%0.03 0.06 +0.03
Week 2 0.20 £ 0.02 0.21 0.04 0.20%0.05
Week 3 0.27 £0.05° 0.26£0.07° 0.36£0.11°
Week 4 0.42 1 0.06 0.42+0.07° 0.47+0.12°
Overall 0.25%0.02 0.24 1 0.02 0.28 1 0.03
Average daily feed intake, kg

Week 1 0.19+0.01° 0.11 £0.03 0.11 £0.04
Week 2 0.40 £ 0.07 0.3510.07 0.36 £ 0.06
Week 3 0.59 0.08 0.55%0.09 0.6710.16
Week 4 0.91%0.09 0.86£0.10 0.9410.13
Overall 0.52 % 0.02 0.47 £ 0.02 0.5210.4
Feed conversion ratio (Feed/gain)

Week 1 1.93+0.12° 2.030.05 1.72£0.12
Week 2 2.01%0.13 2.08 +0.06 1.8110.13
Week 3 2.1940.18" 2.12+0.07° 1.85+0.08"
Week 4 2.1710.19 2.05%0.16 1.98+0.10
Overall 2.0810.11 1.96 1 0.07 1.89+0.08

" Mean  SD. CBC group and BC group were the same as in Table 2.
“® Means in the same row with different superscripts differ significantly (P < 0.05).

® 4. BRI IIEES R AR E HBE A AR 2 BT (n=48)

Table 4. Effects of supplemental Bacillus coagulans on blood biochemical parameter of weaning pigs

Trial Control group CBC group BC group
Items
Day |
Triglyceride, mg/dL 108.8 +37.4° 81.7£324 77.7%33.8
Total cholesterol, mg/dL 129.7 +28.1 136.3+34.7 1343 +47.1
Blood urea nitrogen, mg/dL 6.512.6 47%1.2 5724
Creatinine, mg/dL 1.0£0.3 1.1£0.2 1.0£0.1
Total protein, g/dL 48104 44104 43710.1
Albumin, g/dL 3.8+104 37102 37203
Globulin, g/dL 1.0+04 0.7£0.3 0.6%0.2
Day 28
Triglyceride, mg/dL 4731337 36.8%£5.2 4471 6.4
Total cholesterol, mg/dL 78.5+£23.9 78.5%11.5 852178
Blood urea nitrogen, mg/dL 10.8+1.7 9.8%11.7 10.2+1.7
Creatinine, mg/dL 1.1£0.1 1.31£0.1 1.1£0.1
Total protein, g/dL 43109 447105 46104
Albumin, g/dL 2.5%0.6 247%0.1 26102
Globulin, g/dL 1.8104 2.0%0.5 1.8%£0.3
Albumin/ Globulin 1.4 1.2 1.4

" Mean * SD. CBC group and BC group were the same as in Table 2.

According to the Livestock Application Manual for the Biomedical Industry (2011), the following blood characteristics of
pigs less than 3 months of age were observed per mg/dL: Triglyceride, 85 = 55 mg/dL; Total cholesterol, 119 + 43 mg/dL;
Blood urea nitrogen, 14.6 * 3.8 mg/dL; Creatinine, 1.0 £ 0.4 mg/dL; Total protein, 6.4 + 0.9 g/dL; Albumin, 4.4 + 0.8 g/dL;
Globulin, 2.02 + 0.18 g/dL.
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5. ERRN NSRS SF fO AR B AL (748 B [ ER R B B I BRAEEH 5 73 EER2 2 (n = 48)

Table 5. Effects of supplemental Bacillus coagulans on peripheral leukocyte count and proportion of weaning pigs

Trial Control group CBC group BC group
Items
Day 1
Total white blood cell count, cells/uL 11,508 £ 3,010 9,762 £ 3,600 10,820 + 3,504
Basophils, % 0910.5 20113 1.3£0.5
Eosinophils, % 02%0.1 0.3£0.1 0.3£0.1
Neutrophil, % 372+ 11.3 38.4+7.1 42.0%9.3
Lymphocytes, % 58.5+£10.1 56.2+6.7 53.1+£9.0
Monocytes, % 3113 3.1+1.1 33109
Day 28
White blood cell count, cells/uL 18,960 + 6,168 20,588 2,675 19,155 £ 4,596
Basophils, % 04%0.1 04%0.1 0.5£0.2
Eosinophils, % 0.7%0.1 1.1£0.5 09195
Neutrophil (N), % 424+89 45.0+10.9 40419.1
Lymphocytes (L), % 5271103 490+ 11.2 53.6%11.6
Monocytes, % 391419 46130 47126
N/L 0.80 0.92 0.75

" Mean * SD. CBC group and BC group were the same as in Table 2.

IV. BREDN SRS S fUIR BT B AL (P48 TR S ARy
EREER 0 CBC B¢ BC aFf@ BB AL 1R i #1) 7 RATFHE PHIELRZ 28 > WlE 1 Aok - BREEEIEEE ~ 7800 CBC
5 BC 41156 THIES 45 - 47l k5 25.0 ~ 18.8 £ 6.25% - BE/RERAAR N BC gl b B iR4H B R/ D THILL %4y
19% » FEFFIECERET CBC ERERIE IR/ THRELA 6.2% - [LFR SR ATREIN BC SEdt SF IR ERA B 4Efr (14405
(ERF SR REPIEPIEIEIR - ATRR 58 TREE 422 (Riazi e al., 2009; 2012; Sander et al., 2013) - A iEEERIEE
> ZAHBETE R 100% - 1 HA4HE TRFFE R EEAL | BUURZMIKEILR - 1R % AR TRHIIRE -
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I BEAREAN) 7T REHFSE TRIELR (EEINE = THRITEE 2 &)
Fig. 1. The diarrhea incidence of piglets during the first 7 days after weaning
Diarrhea incidence = (the number of diarrhea piglets/total number of piglets in the treatment) x 100%.

Diarrhea was defined as the piglet’s feces present watery appearance (=> diarrhea index no.2).
CBC group and BC group were the same as in Table 2.
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Abstract

In this experiment, Bacillus coagulans powder was yielded in a small-scale fermentor with fermentation process
including induction of sporulation, separation of BC pellet from the cultures and lyophilization. The viability of BC powder
products could reach 1 x 10" cfu/kg. A total of 48 head LD crossbred weaning piglets at age of 26-30 days were used in the
study, with experimental design as 4 piglets per pen and 4 pen (repeats) per each treatment (group) including the blank group
(basal diet as; as a control), commercial Bacillus coagulans group (with supplemental commercial Bacillus coagulans; CBC)
and Bacillus coagulans group (with supplemental Bacillus coagulans; BC), Bacillus were supplemented at 1 x 10° cfu/kg
feed for 4 weeks. The results showed that those with the BC diet had a better body weight gain at the 3rd and 4th week and
improved feed conversion rate at the 3rd week than those with the control or CBC diet. There were no significant differences
among the 3 groups control in blood biochemical parameters; leukocyte counts and proportion at the beginning and the
end day. In the incidence of diarrhea, BC supplementation reduced the incidence by 19% and 6.2% when compared with
the control and CBC group, respectively. In conclusion, the present results showed that dietary supplementation with BC

effectively improved weight gain and relieved diarrhea in weaning pigs.

Key words: Bacillus coagulans, Diarrhea incidence, Feed additives, Weaning pigs, Growth performance.
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