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CFAARE S (Bacillus) B R RIS TEE - BAE LGRS NE R EP plfl T HE ARIRARRS - HEOR 241N IR
N E  EaERESERAINY) - At B ey hsE SR FE R R IR - BB E B - ik - MAEe -
HE P skl T2 BEsE2F Ui (Bacillus coagulans) » ff1F @& GBIV - 35Uk o7 5l 58 E R B IR
H AT S 10 BRI BEE IR - SMURFE SR T 81 90°C R 2k 30 43 88 SE R TR F 7 B ik > BEALL S B ik
168 rDNA #ZH B PP IHIAIUE - HRBEH 6 BRAT{DUY BEAS o fF B (5 B8 B ok B 2 B i B 8 S e e R T i ) I
% (MALDI-TOF MS) #E17 B A - FFME pH 2 B 2% fE8l 2 it 2 1% - 455REUR 5 Pk (4w R6 ~ R8 ~ R9 ~ S7 £
S10) FyfB2F fURE (Bacillus cereus) - 27 EYRE BRER ST R3 @I AL UG - HI pH 2 B 2% JEEE Z =214
R 0% o BEASEFAARES R3 R FREVAEF &S 1 mL A 1 x 10° cfu DLE « 45 L - &8 B R SR 2 Beks
SFIURRE R3 Al - MAESEP Rk TSR - BAFR S REEEMN 28T -

FRifE - BT FEIRE ~ EIR - IPRUETRE

R - BT FEIRE ~ EIR ~ IPRUETRE
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S ERG E A Y EAR R A e s Iy EIEE E R At - FIEGRGE N Y A 2 e i S YA e (A0
AGlz ~ ALERPIER I ) » [R(KR5E pH B A EEVEE - BARESEGHER S - IHESMEYHEE
(Hillman et al., 1994; Blottiere et al., 2003; Biagiet et al., 2006) - FLEEE mEE 2 HEHRE M ~ 68} ~ {bitdih ~ 45%% 1T
SEHLFH R BUE B A AV o it SRR LS 2 T ALk (poly lactic acid, PLA) - BN HAT LRI e AL BE AT - REZF
FH S Y S &80 A Wl 75 4E (Hofvendahl and Hahn-Hagerdal, 2000; John et al., 2007) » {H 278 FH B A 7 2 AL
Eon o MERARR S > FEFt g EEEES SRR EEYIRE - KL TERCE A RS S%ER
4Y)VE & (lignocellulose biomass) 1F fy4= FEFLEEHYFRE - REBGEZEVE SHBAELER 35 — 50%) ~ LR
(20 — 40%) BLAREZ (10 — 30%) (Saha, 2003) - —fFHAEYIEEE: NE MR EVE B4 E AN, - ME AR
Zorfg o HF R R EY A A RER R TUREEAIARKE (xylose) (Mussatto and Teixeira, 2010) o & i 4= 441 I L
Bl (phosphoketolase) U RS (S S5 B /KFEANE » EEAFE B2 BEM I e AL - HEERRE KL 60% (Patel et al.,
2006) = SZRAFEHT » BE4E S FAAR R AT 4 FHBERE THE (pentose phosphate) {UEHEEAE » JRF /i L 7 b I /K g 28 A 7 lig .
fis Bt T ELRCRAIEEIT 100% (Patel et al., 2006; Abdel- Banat et al., 2010 ; Lidan et al., 2013) * 534ME Don et al. (1986)
B 5F (2020) He5HEH - BEE T AR B S B I M v IR IFS B I bt E & RS A AR EDA E R > i
B R A B AR EE AE RIDUR AR AR RMAR SRR - RIIL - RS HHEREE SR AE SRR R R S E R IR
(RET BB - PR R B 4 T RIEHS -

il

) TTBIREET B g & ERBRPT s #s 2 2679 55 -
Q) TTEITREZ AT EERRATE T -
(3) #EEN/F2E > E-mail: fcliu@mail tlri.gov.tw °



TR E 58 (R B B R S AR VAT  BUEBMIR AT 149
M A

AFBNTHEEZ A EERATE RS R E SRS T SBREYZEH - EEE R

NS E R TR Y EE NELIERE) T 104-26 SEHEEROEES -

L.

II.
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BEAE F S R B R 0

PRI 10 BHAGEE4Y 80 kg BEHMITELALIE od S AAE (LD) H(E (S) DU 2 B B &4 (R) EEIR - I
2% Don et al. (1986) 81 Ye et al. (2013) J7/AE T EEAE SF AR R BRI 0B - s8R0 E WEAE R 3L 10 4HER B 2
FER S PR A PR IR S 4R AL 1 g FEEER | mL RS IRANA 9 mL 2 0.85% i < A H A K - B
BB TR 5 A HU 1 mL B 9 mL RAERSEIR (BCJ74HE > & 10 g glucose + 5 g peptone + 3 g maltose extract
+ 3 g yeast extract > JIZERE/KZE 1,000 mL » 3% pH = 6.8 ) » FCEF 37 CEFEFE 24 /N\IF » BY 100 uL ZRERFAERE
BEEAL (FE 54K » & 1 g glucose + 3 g yeast extract + 0.04 g bromocresol purple + 0.2 g L-cystein + 5 g peptone + 15
g agar + 1 mL Tween80 - fII AZEEE/KZE 1,000 mL » 3% pH = 7.0) » JLER 37 CHIERE 24 /NG R ZEFESIMI
L 10 R (RFP4maE R R1 — R10 81 S1 — S10 ) BAHEOERE 2 Eik (AR RE RS EA R EE
o WIE 1 RTR ) 0 (E R R BRSO AR B (R R

(A) (B)

Cow rumen fluid Swine feces
1. B4 S RS S 2 B AR A R AR o

Fig. 1. The candidate strains from cow rumen fluid and swine feces.
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R EERE 2% 10 (BB AR B MUK REESBR - BN 37°C REEHE 24 /NEF - BRI 457 C REEREAK 48 /NG HE
B HEREMIPEAET > L 90°C 30 73 #ENNESE BRI AV BIRR - MR R IR SR E RE R E A R A
A 3TCHIEFRLL 24 /NIf % - ZERH E W CIRTG R - (FREBPIEFRE IRV ER L -
CLFSeat o AR B (7 B8 B ik . 16S IDNA R H R 7% I FH DS

R EEAR 2 H R I mL I A9 mL R B > IMBENRITCHEERK S /NFEER  5RH
FastPure Bacteria DNA Isolation Mini Kit (DC102-01, Vazyme Biotech Comp., China) #& H{ %% B £k DNA » i 5%
5t PCR 5| T %t > Hii & 5| T (forward primer: 5~ AGAGTTTGATCCTGGCTCAG-3) Hil 7 & 5| T (reverse primer:
5’-GGTTACCTTGTTACGACTT-3") #:17 PCR |7 FE% i DNA 5 E¥ - PCR 7 FE (& {4 5% M4 (denaturation) 2 95°C
FZHE 30 #) ~ FE-&BL ¥ (annealing) 17+ 42°C [ FE 30 F) J2 AE £ (extension) 7 72°C SZ & 90 ) » H3ETT 30 RIGIR -
S EPREALY 1.5 kb 16S rDNA HIEEY) (Ye et al., 2013) « HEEHETT 16S tDNA RZHELF51 04T » 53 A5k &
Fk 16S rDNA Hé1iE ZE Y%L B> pGEM” - T Easy Vector Systems II (A1380, Promega Corp., USA) &% » FELL 42°C
BEAEIEN - REREEES Y 254 (IM109 Competent Cells, Promega Corp., USA ) tft » & 37°C B Al &
16 /N2 » EEEVYN 2RI E S 2 HRR o BEfERY LB 55851 (244620, Thermo Fisher Scientific Comp., Canada)
oo PR E BRI (R By 37°C 0 BFEIR 140 rpmy/min FE% > METREEE % F ] Plasmid DNA ZEEYZE4H PureLink™
HiPure Plasmid Miniprep Kit (K210002 Thermo Fisher Scientific Inc., Canada) fiiEU&E & DNA - i (HELFE K el 229
BHEAE CGErdbms - 278) Bh#Ef TR Btk 16S 1DNA fZHBEFFFIHVET @ FHRIE F1& & BRI B ey &R
FIFHZEE] NCBI 4G4 (it 2 AL &t » I TEER BIlR 16s iDNA B HEE Py 1T DUV EEE 34T » 8 & FiREIAH
A SRS -
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£ Cebeci and Gurakan (2003) Eil De Angeli et al. (2006) TR 72 » #E( TR BE B AR B A se - HRfE X%
BHEENS pH 2 81 2% R~ 5287 » FIRFSIEERIER 37T CRFERL 90 /78#1% » BIANEEER L > I



150

II.

IIL.

Iv.

TR E 58 (R B B R S AR VAT  BUEBMIR AT

BN 3TCHEFEM TRIE 48 /N - ST RSB R B S B S IRV S -
DR e B B G DA D st e 17 B i =X/ 5285 (MALDI-TOF MS, matrix assisted laser desorption/ionization-time of
flight mass spectrometer) 1T JE4S 2 PRI B {5 82 BT IR Bl A o

[ 7 5 E B FE A 16S rDNA % 1 % > 71 #H DU 73 #7141 » 55 — T3 J7 7% W] $% F§ MALDI-TOF MS (MALDI
Biotyper” CA System, Bruker Corp., USA) #1T » MALDI-TOF MS 4% o] 73 Wil AE V)4 & B E 19y T & > £
2,000 — 20,000 Da [t > FLIERAVE OB DZEEEE D KT - ZERE QTN EEER 52 2 MERE R
2 NERGENSE R H s EAE ML AR M - mIE R SR ] 2 fc#% (Dieckmann et al., 2008) -

B E RS ( ZHVEVA N B LSBT ) » BAFREL 1 pM STk B RN
AT BLURF E AR AEE B2 MHEE R - B oEEESH e R biiEk - 128 (71T ) 2 TOF (=]
& BRLESRELZ ERE - MIEERHYE  kEEEX/NIEREEIR - SHEA HHEEYE RS —235
&UE L (fingerprint) YRR - R YVIBE A BIEE B ORI B FE EE 3 - PR SE A Y) 5 77 8 7E (Dieckmann et al.,
2008; Wieser et al., 2012) °
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BEHHPRAFRE ] 2 4SRRI i 2R R

s (LR B b i BIEHL 10 MRE A= (IR Z Pk (R1 — R10 B S1 — S10) - 4E5h 884 18l
PR A SER R A AR AT B - 45 IREUR  REARE REE S EBE XA S REPETAIEE ST ik
R3~R5-~R6~R8~RYEZLS]~S6-~S7~S8~S10% - {f¢#& Don et al. (1986) CEAFEH » 5e4E TR E FE R IEN
ERERF R » BB 30 — 55°C » WS BT - MEAEORET O ERNERERE - Wit HEFRE
IREGEEHERR S HREESF R ER R - AR T5E
B TAR (BE B . 16S IDNA (B FE AR U S b7

AT B 5% 82 3 {0 BLAR SRS S BRI - 0 A PCR 141 1.5 kb 2 16S rDNA PCR EYJEE 2 [P (41
o HHEUE RS DNA 9347 &7k 16S tDNA #Z E e 51 > i LA E] NCBI 4k 1T & iz e 7 IR U PR -
SR EURR H A8 S B S TR 2 BRSSP AR R BE LR PR > 4R 5% 5 R3 - R6 ~ R8 ~ R9 ~ S7 Bl S10 3 6 #% » H B
s G SR AR B 2 AL 47 Il 72 98.84% ~ 97.74% ~ 98.64% ~ 97.88% ~ 99.10% Hi 98.45% ( £= 1) - [ ¥ Bacillus
badius ~ Bacillus shackletonii £ Bacillus camelliae Z£ Eifd 2 AHLLEE /T 84 — 91% - {{#8 Carlos et al. (2010) SZEk
fEL > DL 16S rDNA RZERE 5 T A YIE - PL T & (genus) | WYL - = HBEFPS 7 B 200 bps 7054k
WEREZEF] 81.7% » BE 7 BERJEE] 400 bps HIFETT 2 90% » HALKEAERE Gt i 6 - BRI - RiuliisEsy 6 PRIZEER
PRIERENESE] A5 % (Bacillus)
SR LT S e S T B

HEFITALIT B 4T 'S 4 PRELUE B FE S 3 2 MR B EPE - Bl B &S pH 2 B 2% BRI REER - &
BE 9N R BRI R - stERE BB EEE > SRR 2 For - IREFEHEE 2 S7 8 S10 - Hillk
REIEE » fFUERE S Y 80% » MR B B R B R3 - R6 ~ R8 B RO fifEEAE ) 55 » f7IER T 56.7 — 74.0% >
Horr R3 Bl R %5 2 HRIE/ER G 70% DAL - MHAEEEEL 7y - JH B 485 /2 R3 Bl R8 FikEFEEE(E 2 S10
&R E R 80% - Liong and Shah (2005) SIS H - F8ZEY) (AIFLEEARE ) 7Y pH 2 858 90 7 $#1& (R E R4y
60% ; A& 0.3% MEEIRERETE 7 — 8/NEHE » (HERA 57% « NI » BERAE IR R 2 (B - JHRE5E
CHEZERS pH 2 B 2% MEMRTEIRAUTE 9 /IR - B EREEh 80% MR S10 Btk - MFE A4S
T pH 2 B 2% HERE 7 fEIER SN 70% FYMEA R3 Bk o KL -t 2 Bk (S10 B R3) J&5 7 1 B S B (1
RS EF U R (R BE AR
LA MALDI-TOF MS 73 M7 B84 S FU AR B fig 128 B Ry B Fe A )

JRE SR 4 PR (R3 ~ R6 ~ R8 B R9) BLFHEEFL{H 2 #k (S7 B S10) - 4% NCBI #Z ik BLAST Lh¥ B AR
J& - #2451 MALDI-TOF MS #E—25 3 MR - 45 RIES R3 B AEAE SF IR (£ 3 ) M R6 ~ R8 -
R9 ~ S7 Bl S10 FE K HIEEESFIRE (Bacillus cereus) » HHTNAYIE BIE s EWIREE - N EAE BE SRR
{5 F (Stenfors-Arnesen et al., 2008) » {{¢#& van Veen et al. (2010) #152+5H, » MALDI-TOF & #8456 FH 7> 5 12 b R
AW ECE AR - FCERERTTES] 95.1 — 96.4% » R3 BEFRIE RERAS S U TR - HA 5 MR PRAIEY



258 MaE 151

FolARESF AR o (RIBRTI AT 7A 2 4558 BUREHS S URRE R3 R FRESTA 1 x 10° cfw/mL L |
AT B S BRI 2SN R ERIR IR PV & B MERETRURIIYIE AR ST -

% 1. DL Basic Local Alignment Search Tool EE¥)5 H 5% 32 (H EA4-J R R PR 16S tDNA #Z e 5 IAH IS
Table 1. Similarity analysis among 16S rDNA nucleotide sequences of bacteria strains from swine manure and rumen fluid
using Basic Local Alignment Search Tool

Sample no. Scientific name of similar strains’ Max score Total score Query cover Expect value Percent  Accession
identity length

R3 Bacillus coagulans 2,767 2,767 91% 0 98.84% 1,549
Bacillus badius 2,440 2,440 84% 0 97.22% 1,435
Bacillus shackletonii 2,416 2,416 88% 0 95.56% 1,503
R6 Bacillus coagulans 2,704 2,704 91% 0 97.74% 1,549
Bacillus badius 2,379 2,379 84% 0 96.04% 1,435
Bacillus shackletonii 2,361 2,361 88% 0 94.50% 1,503
R8 Bacillus coagulans 2,758 2,758 90% 0 98.64% 1,549
Bacillus badius 2,433 2,433 84% 0 97.01% 1,435
Bacillus shackletonii 2,420 2,420 88% 0 95.50% 1,503
R9 Bacillus coagulans 2,693 2,693 91% 0 97.88% 1,549
Bacillus badius 2,394 2,394 84% 0 96.55% 1,435
Bacillus shackletonii 2,385 2,385 91% 0 94.38% 1,549
S7 Bacillus coagulans 2,785 2,785 91% 0 99.10% 1,549
Bacillus badius 2,459 2,459 85% 0 97.50% 1,435
Bacillus shackletonii 2,435 2,435 89% 0 95.83% 1,503
S10 Bacillus coagulans 2,756 2,756 91% 0 98.45% 1,549
Bacillus badius 2,425 2,425 84% 0 96.73% 1,435
Bacillus shackletonii 2,372 2,372 88% 0 94.77% 1,503

" The three similar strains depended on meeting the highest levels of query cover, expect value (The lower the E-value, or the
closer it is to zero, the more "significant" the match is.) and percent identity.

* 2. BN RS I 2 BEE TR fUAR B B R R M B R R S R E
Table 2. Analysis of survival rate in acid and bile salt tolerance of bacillus coagulans candidate strains from cattle rumen
fluid and swine feces

pH 2.0 2% Bile salt

Bacterial strain no. 0 min 90 min 0 min 90 min

Total bacterial count cfu/mL

R3 x 10° cfu/mL 264.2£20.5 192.5 + 6.4 (72.9%)" 142.5+10.6 123.5+4.9 (86.7%)
R6 x 10° cfu/mL 156.0+8.5 88.5112.0 (56.7%) 400.5 £ 68.4 252.5+35.2 (63.0%)
R8 x 10° cfu/mL 484.0 £ 60.8 313.5£16.3 (64.8%) 368.0118.4 298.5+21.6 (81.1%)
R9 x 10° cfu/mL 132.5+12.6 98.0 £22.5 (74.0%) 49.5+12.3 32.5£6.9 (65.7%)
S7 x 10° cfu/mL 573.0%£22.9 461.0 £ 52.3 (80.4%) 341.5+£47.8 268.0 £ 29.6 (78.5%)
S10 x 10° cfu/ml 92.0% 145 77.5£17.9 (84.2%) 303.0+£45.7 251.5+26.2 (83.0%)
*Mean * SD.

A Survival rate, %.



152 TR E 58 (R B B R S AR VAT  BUEBMIR AT

3. L MALDI-TOF MS #5351 /-0 e 6 3 8 > s S e [ e ke R
Table 3. Identification of selected strains by MLDI-TOF mass spectrometry of Bacillus coagulans candidate strains from
cattle rumen fluid and swine feces

Analyte ID Organism Score” Value Organism Score Value
(best match) (second best match)
R3 Bacillus coagulans 1.830 Bacillus coagulans 1.726
R6 Bacillus cereus 2.142 Bacillus cereus 2.141
R8 Bacillus cereus 1.844 Bacillus weihen-stephanensis 1.763
R9 Bacillus cereus 2.038 Bacillus cereus 1.973
S7 Bacillus cereus 2.029 Bacillus cereus 1.935
S10 Bacillus cereus 2.080 Bacillus cereus 1.995

" Meaning of Score Values is more than or equal ( > ) to 2.3 highly probable species identification, is less than ( <) 2.3 and is
more than or equal ( >) to 2.0 secure genus identification, probable species identification, is less than ( <) 2.0 and is more

than or equal (>) to 1.7 probable genus identification, and is less than ( <) 1.7 not reliable identification.

s am
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Abstract

Bacillus belongs to gram-positive bacteria that can secret extracellular enzymes, form of spores to progress into
dormancy and less likely to receive impact from the external environment, which is also suitable a feed additive for livestock
and poultry. The objective of the study is to select and identify Bacillus coagulans with acid and bile salt-resistant and
sporulation ability from pig feces and cattle rumen fluid. The 10 candidate strains of Bacillus coagulans were selected by
screen culture agar and medium from pig feces and cattle rumen fluid, respectively. The strains were heated to 45°C for 24
hours to induce sporulation, and further heated up to 90°C for 30 minutes to kill non-sporulation of strains and 16S rDNA
nucleotides BLAST, in order to identify the DNA similar to Bacillus coagulans. Subsequently, 6 candidate strains of bacillus
coagulan were selected. Then treatment with pH 2 and 2% bile salt culture medium for confirming the acid and bile salt-
tolerance ability and use of MALDI-TOF MS were applied to identify microbial species. The results showed that 5 candidate
strains (R6, R8, R9, S7S and S10) belonged to Bacillus cereus and only R3 strain belonged to B. coagulans. In addition, the
B. coagulans sporulation ability of R3 exceeded 1 x 10° cfu/mL. In conclusion, the B. coagulans R3 isolated and identified
from cattle rumen fluid possessed the characteristics of acid and bile salt-resistant and sporulation ability, which had the

potential to be used as a feed additive in livestock ration.
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