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H OEAHIPEFRAFAOBS B FAN, KR UMNE AR T T 55 Rt 6 hFEBARA I T RATL, %
HEAE2C (FR) A37C (REALKBE) FHTHRBMIE. RBE>ANMNLT 6 hFRTHG A KB K,
FERREA . AR, BRABEN . BlilEEhfihiaE . SREY, BHEFHEFRA (C) 49 Z RN ER,
B37C5HTHEA48h, pHERZAA T 0.71; BERHFRAFA (G) W & Qs ith et h 23%, L&
OiENFHR 717 UML, 37 C EHTHEAESIGTH BB EMRN 1653 cm?; HHEFIEAE (C) HLELE
WA F5, EAREAALEGEEENH 2.63U/mL, 37C 54 T3H4AS5dORHH)MBERRHN 755 cm?. B X
NAEKBENERBEBREARRY 0. ARERLAFRTAARGBE ARG ELFOFRE, ERTLE
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Heterogeneity of Spoilage Potential of Meat-borne Bacillus

ZHANG Hui, LIU Silu, CHEN Shanshan, XU Xinglian, WANG Huhu'

(State Key Laboratory of Meat Quality Control and Cultured Meat Development, Nanjing Agricultural University,
Nanjing 210095, China)

Abstract: In order to assessing the heterogeneity of Bacillus sp. isolates spoilage potential, six Bacillus sp. isolates isolated
from spoiled low-temperature sausages were used to investigate the heterogeneity of their spoilage properties at 20 °C
(room temperature) and 37 °C (optimum growth temperature). The growth curve, acid production capacity, gas production
capacity, protease activity, lipase activity, and amylase activity of six strains of Bacillus sp. were measured in the
experiment. The results revealed that Bacillus cereus (C) had the greatest capacity for producing acid and that after 48 hours
at 37 °C, the pH in the culture medium dropped by 0.71 relative to the blank control group. Following a 5-day culture at
37 °C, Bacillus amyloliquefaciens (G) displayed the greatest protease and amylase activities, with a maximum protease
activity of 7.17 U/mL and a decomposition circle area of starch agar of 16.53 cm?”. Bacillus cereus (C) exhibited the least
comprehensive spoiling ability, as evidenced by its protease activity of 2.63 U/mL and the decomposition circle area of
starch agar of 7.55 cm?® after 5 days of culture at 37 °C. Furthermore, it was discovered that the growth temperature
significantly impacted the spoilage potential of the strains. In summary, there was great heterogeneity in the spoilage

characteristics of Bacillus sp.. When examining its spoilage traits, it is important to consider this heterogeneity.

Key words: meat products; Bacillus sp.; spoilage potential; protease; lipase; amylase
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At O A BRE A Tl HE RIS R TRIE, o T 4ok

ZEAUATBEAE A B i P WA RS W, Tz
HWAFETHEAZEE ST . BN ST ZEAUT B ot
SRR L2, R EFHUAT R TEAS | 2B BB
BRI, W 5EIE BH ZE AT PR PR i v 4 I A D
Pz —o ZEHAEN XSk o i I B 121 T PR A
SN, KB ZE AT B AR =B v T 0 SR R
SR 20% ZEAT, SR Sk JE WG B R 9 R B R
R FEAED 4B TR SR AR P T 1 IR B &
BRAL EZEFAT PR ) BUB RE T fci o [RIBSE, ZRHIAT B
I EA BRI PTIEPEN O, ARG B LGS PRAR X L
K, IS ELEIE IR T bk 250, &
S S U WEBB 450 53R T RE 2R FEAF
PRZEAR IR B S v i 3, A sy 4000 3 — 2R T
AN TR0 VA A PR IR i 4 e M SR S 2R AT
PRI A5 DR =2 ) 1) S BG , P 3 I 2R AT PR 2 3K
PSS B4 P . H ATED X 2R AT R s
TEBH R R PR il s v B D g Bt 1 TS L B, L
= X T P TR AT A [R]  R =2 TE JE TSCE fE S
PERIBFSE . ASWFTEINR, S HTAS IR ZEAAT PR TR JE I
PEREMI2E 52, JEF R AT R HEBI Fa ZE AT PR S Y AR 1Y
LA

TERUEITS YL Z 5, A A as UL IR e s
FER . PR RSN, 3R AR ) Z2 P P TR B
AT FRVERS R . S TR R 2T R 7E N
A JEE DL ) SR SRR, AR PR S IMOREAE, At
FEAUIRZL 6 MRIRIEE ZEFEAT B 0 7 BR . /<. S VULt
SEREE, SRS ST IR 2T R X B R
PR ILA
1 MRERZE
1.1 MRS

IS HT Y 6 PRZFHIAT PR e iRl R ]
FIA TR 2 A thl T AR AP b3, 3 A
(1R, BAR W2 1; LB #3755, LB Wiz, XK
T i) AN A R4 . P Big . 7~
KGR SS90 15 S AR R ARA BR A A T
figE I FILRRSEF R RAF; B 2040,
BERE N AT E 2GR BR A W5 TC
IKETE, 95% LB YT i3 ve M E LR AT
BRAAF]

#1 6 RABFREGR

Table 1 Information of 6 strains of Bacillus

i BT 4 e
C Bacillus cereus UERE AT P
D Bacillus safensis PR AT
K Bacillus altitudinis e LU AT R
E Bacillus safensis YRR AT I
G Bacillus amyloliquefaciens ffVE R ST I
J Bacillus licheniformis A ZEFRAT TR

BIO 1l Adcance4 Sterile GARD =42 445
PHEHL S Telstar 2\ 7); Scan1200 H sh5E 40 H %11
AL 15 [H Interscience 4 H); DRP-9162 7 Hy #ufE
IRIEFEAE IRRE SE RN ES A TR F]; SQL1010C
SrEVE SIZEIR K A HAS Yamato A Al; IR iEIR
7%  32[H Scilogex 2\ Fl; Testo 205 H#EZL pH i1
TEE Testo 2\ F]; M2e BFRMY  SEE MD 4\ F]; PD500
AL PEE PRIMASCI 2\ H] s MUL-9000 % 41
gk FREg  EE Milli-Q A F].

1.2 XWFHE

1.2.1 BEMRGETE B 6 BRTE—80 C ¥R URIRATF I ZF
FFEA T a0 N TR, PR R O VE LB 5
FEBUB - FRIZR, 76 361 °C 1557 24 h J5 ¥ AT
PEPEA LB Pz, T 36+1 °C 353% 24 h, 58 45—
YRR %5 B 200 L § E5 RIS A 2811 LB A
%, F 36x1 °C B55%E 24 h, 58S asf, & -
1.2.2 FEAGFrE

1.2.2.1 AKpZRME B 0.2 mL {SIL R REER =
5mL 1 LB 7T, 43 ACAE 20 °C Fil 37 °C il
A F R SR 24 h, & 3 h BUBEDI ZE 600 nm | A4 1%
FREE

1.2.2.2 FEERRESIIAE  HX 0.5 mL & 1bJ5 (9 B 422
APz 5 mL @Y LB R, BCE T 20 °C F137 C T
Br %, 76568 0. 6. 12, 24, 36, 48 h HUF:, 8000xg &5
L 5 min, B 35 & pH, 45 5 LU 3800 s AR 59
LB Az 2s A 4H B3 pH BB v 25 I3 Ak iy B
i pH BUEFER.

1.2.23 7RAeSIE 2% CHEN 45U kit
FirERsh, 7Epk A8 P A 5 mL /9 LB Rz I
A Durham %, 322 # 5 W BT £ 1IE Durham % N J&S,
¥, B 0.8 mL Witk )5 B RN D 22 KA s i B 38538
B, AR ZE % = BT A B AR T 37 C
IREEHIEFE, 555 12, 24, 36, 48 F1 72 h JilF Durham
B RS R

1.2.3  JEsTl

1.2.3.1 R FABGNE 002 AR 00 A, P g = P
PR{GB/T 23527-2009 & A fiff il 771 ) o HR AL A4 dm Ak
R E R -

WAL S B W 8500xg BS.0> 5 min, iFEIK
HBER . FESEEEINA 0.1 mL B AR, 25 H
HAEEINMA 0.2 mL =& LRE W, T 40+£0.2 °C 1Y
R T E 10 min 5 FHAEMIS R 6, 75 54,
TE 680 nm MIEWOGRE . HWESR BRI RET 2,
5 R 5O 2Z B HIE A0 Y=0.0053X—
0.0024, U5 JE R*>0.99, UG FEEERAT . AREARMER
LT B B, B o U/mL.

[ AAR 200 45 ¥ T 7 308 A X TR Vs e F L B
SEH ARG PR BB S # (cooked-chicken juice agar,
CJA) 5230 H 1Y 3 i BEl RIS, i e 2 1 IS 0 58
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2024 4F 10 A

55, FLEBEPARHIAZS2 ELEGBELEYE 5" J7
%5 CIA S S TR (1938 A B AR (raw-
chicken juice agar, RJA) B0kt

FLA BN A - 43 0 B 15% B AR A 5 R
LB B FREARRE IR 3, 43P K e Ja L 1:9 B9 LR
S, BIATCREEF IR LS ZU B e AR o

CIA: JF2HI 5 XS A 5 0.1 mol/L BfiRth 2%
YR (PBS, pH6.2) LA 1:40(W/V) I L5132 (6000> g,
3 min); 22T R AR IR S AR 3% BT
WFCHHRA, KT EIA TC R 7 ML S A
TR -

BOR AT PR S WL T 20 2LA5 B g P Al Fn
CJA I, 535058 F 20 °C 137 °C FH53%. £ 24 h
WSS SR P 7 A T AT A R T i
1.2.3.2 JBWFEEFE J1NE  BOEILIE I, 18
R ALY E R TE A 10 pl BV, 1A B At
R R AR P R R 3R, TR SRR
FVRA A B O s A e B . e BRI At
B, B UEE48 BT 37 °C B53% 48 h, I 525 H4H X
b, Mg ARk
1.2.3.3 JEMEREJIE =75 DONG 521 g 28
FEATBETEA G 1 09071k, BUR AL R 5 wL s
TEM BEAEFAR I, 43 BCE T 20 °C #1137 °C %
Feo B 24 h BUPE, FH A GRS (O, WSO SR T4
A KAF AN 53 B il
1.3 HELIE

ISR ] Microsoft office 24 BT 4 5%
H, AR EE 3 WK, SRAPEP I EH R 22 B UFR
s A7 BE T ARCR ) Image J 3043517115 H IBM
SPSS Statistics 2 #EATGEIT/0HT, RA I/ DB 3 255K
M 5625 (LSD) A6 56 AN [7) Ak B 4H 2 6] B4 i 35 1 7k S
(P<0.05), 2K Origin2019b 1EE
2 HBRESH
2.1 EAYHMH
2.1.1 ARKhg IE 1 T OSSR A0 B A KR
WA AR 220 . SHEO AR 2 11, 6 MREEFUATRIAYAE
KR AR, EP IR, MR 2 AT R
(C) MY & ZEAUAT B (D) A= K R e, FERG 5756

A 0.7+ —=—C
-e-D

0.6 - —a—K
-+-E

0.5+ ——G
- -]

04+

0.3} [

OD600 nm

02r
0.1F

0.6+
0.5+
0.4+
03F
02+
0.1+

OD600 nm

6 I6 1I2 1‘8 2‘4
IRFA] (h)
20 C(A)FI 37 CB)ZAMT 6 BRZFAFT R
AR (n=3)
Growth curves of 6 strains of Bacillus in 20 °C (A) and
37 C (B) (n=3)

1

Fig.1

3 h ZEATHEARTECA R TAE 20 °C 3EFRIEEE TR, Hy
AZFHIFT IR (1) AR R HUREE, 5 12 h ZE A BEART
OV H OD {H#HIG; 78 37 C Fi3R1RE R, U2
FREE (B) 4B K R 2, 24 h AR K2k Tt
e,

WAL ZEHOAF B (C) 1 A RAB I 5 ir A ST 45 51
—EPAE 37 °C BRFRARME R, BT 2 h AL TS,
TE 6 h ZiAv i ARG e, AP AE LB Bigstih
T 52 12 ' e B, WA 2 FOAT R g AR A B AR 2
FEAT TR SR, T8 I A 2P AT B A S SR A A= KRB
AR LEIE—E.

2.1.2 FERR ARG H DIARIF SR R 25 ] S B Rk
pH M2 (BEAR BRI~ IRAE ST, £ 2 R 3 R T
TEARFIRE T 6 ¥R 48 h NEUZIRIE L. ARG B3
PESIHT, 7E 20 °C 1535 48 h, BERE SRR (C) L 5
LZEFRAT S (KD |« V4R 2R I8 (B ) R A ZFHOAT IR

K2 20 °C KM 6 bR IRAE
Table 2 Acid production capacity 6 strains of Bacillus in 20 C

pH FREE (5% M4 pHARLL)

Wkkgm
6h 12h 24h 30h 36 h 48h
BERE AT (C) 0.13+0.02¢ 0.42+0.03° 0.77+0.03" 0.69+0.05" 0.74+0.04° 0.78+0.03°
AR ST (D) 0.48+0.03° 0.390.02° 0.45+0.03¢ 0.47+0.04¢ 0.58+0.02" 0.64+0.05"
e LL AT (KO 0.26+0.01° 0.39+0.02° 0.58+0.04° 0.62+0.06° 0.73+0.06° 0.76+0.04°
VPR ZEHAT I (E) 0.22+0.02° 0.35+0.02° 0.77+0.03° 0.69+0.02° 0.72+0.05° 0.77+0.02°
fHTE R AT (G) 0.49+0.01° 0.35+0.02° 0.42+0.03¢ 0.48+0.04° 0.47+0.04° 0.51+0.08°
HACFFIAF I () 0.10£0.02° 0.10£0.04° 0.900.03° 0.86+0.04° 0.73+0.06 0.78+0.03°

E: RIS R FRAN R/ ING P12 [ — 35 R (AL AN R B Ak pH A 1] 22 Sk G 17 1 3 7K F- (P<0.05), n=55 K3l
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3 37 C KT 6 BRI RRAET
Table 3  Acid production capacity 6 strains of Bacillus in 37 °C

pH FFEfE (5% 241 pHAH L)

kg
6h 12h 24h 30h 36h 48h
B2 AR IR (C) 0.79+0.03" 0.67+0.04° 0.70+0.02° 0.7240.03° 0.75+0.04° 0.71+0.03°
YRR (D) 0.23+0.01¢ 0.26+0.03¢ 0.44+0.07¢ 0.47+0.05¢ 0.40+0.05° 0.47+0.04"
o L ZEHAT 2R (KD 0.25+0.03¢ 0.32+0.03¢ 0.54+0.05" 0.52+0.03° 0.5120.02° 0.53+0.05"
YRR AR IR (E) 0.66£0.01° 0.66+0.05" 0.44+0.08° 0.68+0.05° 0.66=0.10° 0.51+0.20
RTER HHEFT R (G) 0.51+0.03° 0.45+0.03° 0.51+£0.07"* 0.46+0.06° 0.54+0.03° 0.45+0.05"
HACF T () 0.80+0.02° 0.74+0.05° 0.65+0.06" 0.60+0.06° 0.56£0.11° 0.36+0.08°

(1) Y pH ZB 4k b 2875 T HoAth 2 BREA (P<0.05), Hirr
WEAE ZEAEAT A (C) A A ZEAIAT B () pH #8258 A T
B 0.78; 7 37 °C i, F53RE 48 h MUMEAE ZEAIAT B
(C)pH I FEEAS k25 5 T Hofth, 5 #R TR (P<0.05), Ky
0.71. ARYELA_ESHT, B 2EAF B8 (C) =ik Be
A 5 RRPA .

TEARFNREET 6 FRZFHIATBE i = IR B 1) 51
NGEA—F AR SR TR, A Eiia B AR AT BRI
FEMRRE ST 6 MREE TEAE K R b M S e T e e iR
F pH 2UR1 T B, B RIT-EARR pH 72— DX R 1Y
UM R . e fessE S A g AH R 1 7
FEBRFRZEAEAT IR, [RIRE R I ZEFAT AR R G B v h s 3%
L) pH T RE, HEFEERS FNEESEC PR &
o K e AR b pH AR FRBHAS HH AL B S5 28, At AT 43
Hrik e 4 B A K a B B pH 19 3hn] B2 bk
PN A Tl A T A T B e R =4y, ik
ARUHT= VRN T BRI N IO BRDEAE, M A IE4i R 2
KRB AIAEXT A RE o
2.1.3 R0 i 2 R, T B AR Durham P9
IR A [RIETAR S B IR R AU NEE, AT LI 2
6 BRZFHIAT RTERE IRl AR v e S = A4

| | |
i ]
C D R G

B

B

K
K2 6 BREFFUAT )™ RE S

Fig.2 Gas production capacity of 6 strains of Bacillus

2.2 [EMEEEM

ZEFOAT B AR 09 2 B2 (2 T, 51
B B WO TS AR SR BORAAS B . FLBY B
B . RS A BTSSR — AR R 9 7 v D
HEEBHG . AR AFRIR], AT2RE S 2L
FFBEXT 26 PRSI RE ST
221 HEAWE K 3R T 6 MRAEMAF 1S (A
70 WA A ST SR M s 2 11, Sl e p i
TEPEBUE AT AR AL HIWT 6 BRI U IRE ST . fi
VEWS ZEFOAT IR (G) FE B (1935 1 558, 4 7.17 U/mL,
VORREZFFEAT I (D) B AR U BRS AH b T AL BRI, R

0.75 U/mL, HA4y 4 #RE MR ARG 7F 2.16~3.32 U/
mL Z[a], ARG 45 TR nT U] 25 10 0 S e K 2R
FFEE(G) BYEE S I RE T Bt o SR, WAy He
Wt 6 R ZEAIAT X S A I A3 R RE T . IR, TR
B, B LR R AARIA A AR B IR IS5 AR,
LIHIWAS R BRI 2 TR B I G 1225

8-
=~Tr
2 6l
XE6
o5t
= 4}
§ 3F be
a 5L
: H
1F c
oL W R
C D K E G
[l = ke

B3 6 PREFAUAT B B0 S 1 T 1
Fig.3 Protease activity of 6 strains of Bacillus
TE: TR SR PG AR P TR [R) SR 43 ) 2 B 25 1 2
(P<0.05),n=3

K 4 o T 315358 5 d ARFEIFRRFE 20 °C F1 37 °C
MV T ZEFLUY BRI o el T AL B V& T A
M LUAEL, PABRRRTEZLAS BR[04 gl BAR R/
T S5 R PR3 AR F HE T PSR S o FLY B S
SRR FLAS, B AT RS [R] o BRI 2L 2R
o fi BE I AE e i 2 25 57 (P<0.05) . 7E 20 C 4%
BT, S R T RR /B 7 TR RR 11 BU AR S5 R 1) 2 A DE Y
ZEMIFT I (G), S 17.36, F3-firt Pl T AR/ 9% 1 ALY Lo
B R Z /MR FRTER ZFHIAT IR (G) | v Ll 2T
PR(K)  VYoAa 2T B (D) . VAR ZEAIAT LR (E) | B4
ZEAEATEE(C) o 7E 37 °C 54, S el i B B 7% 1t
A P AR B R0 02 e LU ZEFEAT IR (KD, i 9.64, 453 fiff
PE T RSy 1 7% TE L) B AL P R 38/ IR Ay v LU 2R FELT
P (K) | fRVER 2T (G) . Yo 2 faAT e (D) | v
@ ZEHIUATEE (B) « BEREZFHIAT A (C) o lad lh B3 it
Pl T R 55 B 9 T L) LU AL RIS, AT AKX 6 AR BRAR 11
AR I THET . EFLSBE AT T, i
TEBYZEAATRR (G ) BB H i A B L G P . NGA-
LIMAT &5 B2V ZEifF g v AS T 2RI, R BURTERY
ZEFRAT PR 35 153 B 01 B8 U A ZE AT TRURTIESASE 2
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Aol G0 E B R ZEFAT 1 . Mo A ZEFAT I . A sihy
& ST AT S L 2T AT RS UGS 11, 54K 5
2 st 4L
%@
5‘@ 10F éﬁ’ C D K E__G J
7 el LA
0 . 6 BRmHRLRSS
J Fig.6 Result of lipase test
B ol 223 PEMEE B 7RIS TIE 20 °C 137 C &4
= TSR 5 d T, 6 BRZEHUFT 1™ 2 (R 530t B T
2 st MR AT VR A5 S W P WL A
2 2 X AU, LT R ARSI EE . SHEN
'O . - AU TS E I 25 FUAT T AT 3 B B M 4 e i
z i Iy FEASIREG I 6 bk TR B D, W RE 2R U
sy (C) . VhHE HEHIFFE (D) . 5 L ZEAIFF I (KD | sl
0 e ZEFUFFI (G) FIMLASFFFT I (13X 5 MREFIAT T e
bR SR T R MHEE ST . TE 20 °C 4HE T, SN 2R
B4 20 “CAFI 37 CB) KL FIEFURBIE THUMRIE AT (G) 95 R B UR: e, I % T 2.30 em?, Biil]
L TR AR LLAE E 20 °C RIERERIREE T, 5 k7 By I 0 Bk b e i

Fig.4 Ratio of decomposition circle area to colony area of skim
milk powder agar plate in 20 °C (A) and 37 °C (B)

T A3 VB T AR5 9 T AR U A =2 8] A A [R) 40 1) 3 (.
B 5 (P<0.05), n=3.

HIAFPR 58, FR AR R R0y 2R AT oA 1 2R S
J1°M 2.55+0.02 U/mL.

CJA Y FEZLEFE ST MBS RS, 7T LUH
TPPA PR S Y P B B e . 1
AT 6 MEZEHIFTEETE CIA A5l r= A G e an
Kl 5 FioR. @8R noR, TEE B AERKIEE 37 C T,
Zid 10 d 1538, AR E CIA BIZFHIAT IR S
ARl . Sl T, ARG CIA BB RSN
o 12.5 mg/mL. MXSRBENIZ)E, HIRY TR
TP, AN LA ZARE Jk) R A SRR A CIA
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