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(TERFELEHE SR, |1 750021)

O FRESSEEOSKIMAY, SR RERAMay . &5 T FERA 100 CLLEF SRR KA
2R, (F IR A AL B 4 oK RS £l (8 R R . R BITEBURIELE PR KEEI 71, AR 5 ANANIA
AR AR (B 80 "CHAALEE . 100 mg/L Nisin 4. 500 mg/L Nisin 4. 80 ‘C454 100 mg/L Nisin 4. 80 °C
454 500 mg/L Nisin AbE) X ZFARGRCKICR, BETOIHRN TRBENI . RAPBOH B 2Rk, 236t LA
i RGH A AT Nisin P [F AR IR 2 PR HA A0 B 15 Rl 200 2 FROFF 18 27 A0 38 . P BLIRC B 1k o RO P A B P S i VE AT T TF
Flo BEFUKIL: Bl 80 “CHAL AN M A Nisin #0054 KM, (H2 80 CHUbHL Y Nisin 455 I Ao % 248 4= 4%
KAYEH . 80 ‘C454 500 mg/L Nisin 408 20 min J&5, FHHAFTEIRE T4 1.4 1g (CFU/mL). 80 C454 500 mg/L Nisin A&
H 20 min 5, ZFRUBIFRVOCMIRE EEBFI (P<0.05), RUIZEMA BRI RIEE N EHA AT ZE N
VIR R f K, BLOLR BN A 5 35 BRAIG (P< 0.05) . 80 “C 44 Nisin ALFE 5, 27 A IEIEIE M B E BN (P< 0.05),
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Al SR —FRIRAEDE DU, WO e A R BT
BETE K, B s i H AR s YA R E o AR [ 2 S0 ¥F Nisin
VE & BB FRITE Z R S, AR GB2760 (£ 4
RINFAME F TAEARAE Y X IR B 223K, Nisin /£ 6
i R B RS IR A 500 mg/L o Nisin 2= EEE F T4 o fis
[IZRTH, i Rl R A2, Marta 52T 78 3% B
Nisin BB 25 95 H A IR 2 BT 127 8 77 40 B AN 27 A 1) A=
KB H HIE 70~80 CHlBEWE K KA fh I 4 B 7R 4K,
BN ZE AR IS I 22 T R IR . A SO v
Nisin 454, RAPHIHEGE. POemiRis. otk
A A AR 8 7 RIS R . RO mIREE . G
FEAE S P IESEE P, BFFT T Nisin P [ BRI B 1 b B
X Ak B B 2 AR R R R BRI TR . AR SCE
BT SEA ) A AR AL, DA ARG A K 2 0 BT 75 ViR
WoR R K FRRICR, AR ER A —E ISR
HA— RN E
1 MRI5EZE
1.1 RS

WS ZEHIAT I (Bacillus subtilis) , 1 [E @ RAEY
FE AR B0 (CGMCC) , %5 As 1.433; E973
R, REMREAOFEAA s RS (ofra) , RE
R RA ) 1, 6- = F I, 3, 5-C =4
(1,6-Diphenyl-1,3,5-hexatriene, DPH) , _¥#FfIH; T 4E4k
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BB BR AT Nisin (Or#rat) , Bilghlh T A4k
B M ARAR; BULPLE (Propidium lodide, PD
bR B EERHLAIR AT, TSA-YE 8575, b EER
BHEH R A
12 NEE5RE

DSX-280B ZY =k K Eia, g H 22T a8
LRH 54 E 74, FiE—ER2EAERH IR AR 722
BRI WA e, Rilgsh AR AR AR TGL-10B
BEOHL, HiBZZREAE) B EEAASRKE
B, FWEEEBERDIET s F-7000 RGN, H
AKHMAHMRAT; CyFlow Cube 8 WAL, HA
SYSMEX (Ai#xERD Hhalett.

13 77 &
1.3.1 3L egmes

TRZF A KA AR S FR B R R 7R 0 . BTl E 7 Bl g
B IR%E 33 g INANBRERER 0.153 8 g, Z&1H/K 1000 mL, pH
fHH 7.0, In#GE W 3 IR, 7 23550E W, 121 C KB 15 min,
LB
132 HEFIMHEG FIOAEAEE B &

R ZEAIAT R (As 1.433) W FIEE R B g 55 97 3
WG R e 2 S R R A KR R A B, 7
37 CHiFE 7d, Pedk&E0 3% (9000 r/min, 15 min) ,
BB B KL 1.5%10° CFU/mL K47, fE4 C
TRz,

1.3.3 DPH ( 1,6-Diphenyl-1,3,5-hexatriene ) & %]

PAPUSRIR A/ EVA 77, FRHR A 2107 mol/L i) DPH
it %W 4 CE ARSI, MHARTH 0.02 mol/L
R RS (pH BN 6.8 it 24 TR s 22 T e EL R ),
1.3.4 DPH 7t o i I

DPH Hric 2R P35 2 2 B 5 I S 1 i AT T
lft. B8 mL ZEMIBTFR, B0 (4°C, 9000 r/min,
15min) , H PBS ¥k 1 IKJE&E L (4°C, 9000 r/min,
15min) #F B3, A 8 mL #KE A 3x10° mol/L ] DPH
W, 7650 C N E 30 min; FFH] PBS PRk 2 1k, B0
JE AR BIFMEIE B PBS b, i B AR IR A
1x10°~1x10" CFU/mL.

1.3.5 FIaEF k6 454 Nisin 432

Hbrid Ja R a8, S0k BiEBUE, 25
A 100 F1 500 mg/L Nisin ¥ 7%, fE 80 ‘C F4b#H 20 min.
RIALEEZH: 80 'C. 100 mg/L Nisin. 500 mg/L Nisin. 80 C
454 100 mg/L Nisin. 80 ‘C#54 500 mg/L Nisin iff B34
25°C; XTHE4: ASh0 Nisin, 25 C.

500 mg/L & E K &SR INFAREF Nisin [FE5 KRN
i, 100 mg/L &S5 AMNINEM, BIRMAINE. @
70~80 CIRFERLRENE A KT LU E TR, (HEXT4H
PR A AR R KR Al e B B s R, RIS Nisin 25
BACEE, TIHATE 80°C A N REME KT 4H B 29t~ A= R KAE
1.3.6 FIEFRKAARIRE AN T

POCMIRE R E, B Voss ZPI 3k,
360 nm FUR HE KA 430 nm REHEK T, SRR S &S
4255 10 nm, W 5E 7K V258 08 B AN EE B8O i B v R

el P, HEARN

p=tw =Gl (1
1, +GI,
1
G = (2)
IHH

S Ty S it 2 RS i 85 ' el [ Sy 2 B 77 i B W23 £ 2
FEHRSE, Ty NS o RS i 85 6 5l 20 391 oy 2 BRI ZKF O
AR B E, G AEMHE IR T, Ly kS ds fl
A Y6 Bl 20591 A 7K ST R0 5 L7 T B IS ) ¢ R s Ly
SRl s TR i s 't ) R 7K S [ B 75 R e e B
DR PN, WK, R M.
13.7 AEF50AFH 09tk

W AP 5 (1 T AR VRO TR RRRE, IR 1 mL FRE
T, FH TSA-YE B3B3 AR B4R P EIN 1 mL
MREHITIN 15~20 mL TSA-YE }i3%dk, £ 37 CFHF
24~48h, BHTIHEOET ARG HFIRIE, 1HEARA

FRAEKRE =1gN (3)

Ao N ORI AL FE S B 75 5
1.3.8 FIREFREAZALG N T

HRAh 3/ PR B 2F AT 1 2 8V, 7E 600 nm T
TS WG AR, O R R F R AG T 2R P R K R
T BT 0 R 2 A B R R A
1.3.9 AKX e BUEmIAL 2 5 J0AF H F Fa R i E

B A BT 5 AR B 2 FRLRT B SF AR, R R
WK FE Y 10°~107 CFU/mL. {§H PI Juft )5, FHR =4
FEASCRS I BT R S e (Forward Scatter, FS) il my it
Jt (Side Scatter, SS) . ¥WOGiHIE FL2 Al FL3P, %4
K4 J5 ] FCS Express Version 3.0 34 (De Novo
software, Canada) Z)#f7.
1.3.10 “ito#r

e 2/ b B 3 Ik, Fidimit SPSS 17.0 #H474)
HT, LA P<0.05 Fon 22 51 53, R Origin 2018 #AHER.

2 FEREDR

2.1 #ALEE Nisin AR HE SFAATE SF R R RIER
w1 fos, SREATFTAEFLFIXT AL, B fE
F 80 °C #AbBEBY Nisin AbER AR TCIZNT 2487 A2 2% KAE FH o
g & Nisin GBS K ZEHH, 80 C454A 100 mg/L Nisin 4k
P20 min 7, ZFAAAEIKE TR T 0.51g (CFU/mL) ,
80 C 454 500 mg/L Nisin 4LFF 20 min 5, ZFHITEHIKE
TREREER K, TR T4 1.41g (CFU/mL) , 3 H Nisin
WRPEBR =y, R 2 R B R KA PR . R RE AR 0
FELTAR I 7= A — S8 R, [FJRS Nisin AEfS1E T 2E 7 P L
G4 Nisin X 27 1 4 IR e vl e A2 AE VR AR, 23k
RN BEE N, KT HENZERNE, 58O
PHETRBE, MR K. Rk, DUF R LR R
W%, KA emIRIE. oee kLA
Xof SRR G R IR RO FEE A N 27 P G 3
HEATRIEE, R T 240 P9 JBE IR 20 1 B odlods P I AR 1 2 15
SEHMARKWEEFRFZ —.
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CK  80°C 100mgL"'500mgL*80C+  80C+
Nisin Nisin 100 mg-L'500 mg-L!

TG AL
Surviving spores concentration/lg(CFU-mL™")

w
(=}

Nisin Nisin
Ab P Treatment
W EARF A MAR BEEER (P<0.05) , TH.

Note: There were significant differences among the treatments marked with
different letters (P < 0.05), the same below.

B 1 ##46 Nisin 223462 3 JAF ) 475 F JRL A %oh
Fig.1 Effects of heat treatment combined with Nisin on surviving
spores rate of Bacillus subtilis

22 ALEE Nisin QB HEFRITFEFHRZRLL
(EEI A A

VEN—FICHBUR I EREE, DPH & H T3 7R
VIR s, AL TR FEW, AN
DU, B AR 1) SR o A 0 e R B AR ARAE, E
MR I ARV 3, SO IMIR B, R a1t
22300 Pk S Nisin ALFE S, HFEIFRTOLmiR
FEnE 2. MEIFRRTLAE H, 80 CH b EL Nisin ALFEHR
REAS I8 N ZE 7 Py IS () sh 4, {H 80 °C. 100 mg/L Nisin
180 ‘C 454 100 mg/L Nisin ARFEA], 56wk %A &
FZR (P>0.05) . 500 mg/L Nisin ALFA 80 CLE4
500 mg/L Nisin 2B /5, ZOGIREE T FEFRER K, HN
FHA)A AT R 2R (P>0.05) o Nisin 1] B2 FH 25 70 Y i,
SIS mIREE, L Nisin IREEME, X 2EAEIFR
FOCIIR LT, 2P A BIR A MEERGR. T 80 ‘CIHY
FRARFRXS S P B RE IR /)N, 500 mg/L KPR Nisin X}
BT MR LIS K T 80 C AL FEXT 27 1l
BRI R G R FEE PR 5 o

05

o o o
(3] 2 =

PN IR
Fluorescence polarization

o

0.0

CK 80 ‘C 100mgL'500mgL" 80°C+ 80 C+
Nisin Nisin 100 mg-L"500 mg-L"!
Nisin Nisin

AL EE Treatment
B2 #44E Nisin &AL F0ATE FREF AL
MRV AR
Fig.2 Effects of heat treatment combined with Nisin on
fluorescence polarization of Bacillus subtilis
spores suspension
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ZFAN YRS SR N BOEE B DA,
BRI B R SR AN T A B RS L, 2
TN AR TR RE RO, TR FERRAIRI 2, #4454 Nisin
WHE, FRBIFROLEEAR I 3. ARG, 3
FOBIFRIBO G P T P (P<0.05) o Nisin HUHANEE ),
E BV Ot A B R T M 80 C Ak B
(P<0.05) , J H Nisin WSk, WOGRE TR,
80 “C45# 500 mg/L Nisin AFE )5, WCRE(E FREFERER K.
Nisin BeBS1EFH T2, TERLRIR Y BOE & ffLIE,
SEEFRN VIR

< o < S o
o w .Js n =
T
®

% 56 ) 45 Absorbance value

e

CK 80 C 100mgL"'500mgL'80 C+ 80C+
Nisin Nisin 100 mg-L'500 mg-L*!
Nisin Nisin

4b ¥ Treatment

B3 #AsE4A Nisin A Fxb4E 3 3 047 8 F o 805 %
BHEAL GG #o8
Fig.3 Effects of heat treatment combined with Nisin on
absorbance value of Bacillus subtilis spores suspension

24 FALEE Nisin QB EHEFEATEFERAERIE
RS

HE— 25 R P U R4l B AT 78 28 70 9 BB A 1 . 24
JEESZ BIERAIN, P RefSIE i 52 401 i 4H i Mgk \ 2 48 i N
i, 254 DNA Ja Rk HamZIr o . i & Nisin 402
JEIZEFA PT Hett, JR4UBRARR IS Ranpd 4, AT
HE 2R F R bR e e A R 7 B4 2 ML BRI M2 BH
PEDXIR, X REEF AR AR, 2P AR e, Todi
it H DNA JEikdh P Yeta, oAk ARTE M1
BIPEXCa. d R R AL S, SR IRIE BB, PL #Eid
S F AN EE NN, 5270 DNA 456, KA
F e, A B BRI R IEX AN Ml
Bt S A M2 BHPEX 8RS 3. 80 CAbEE)s, BRI b
Et 34.78%. 100 mg/L Nisin A3 5, PAMEX I & EE 35.45%,
500 mg/L Nisin Zb#E )5, BHMEXIR G 62.74%. 80 CH5&
100 mg/L Nisin ZbFRJ5, BHME XK &5 EE 64.51%, 80 ‘CLEH
500 mg/L Nisin Z4bH )5, BHPEDXI 5 EE 81.18%. 455K,
e Nisin A0FE, 2{EZFATA MR, G ImZE N ER
JEIFEME . ML AR B Nisin FRIEF, #4454 Nisin AbHE
J&, DA PN IR IE M R N (P<0.05) , Nisin Wk,
ZEFEL PN REE I TR . L 2R N B B2 A, Nisin X
1 PN A FH AT e A2 3 B 1 N R PR AR A ) 32 2
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e. Fluorescence counts treated with
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f. Fluorescence counts treated with
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Note: M1 is the negative area with low fluorescence intensity, M2 is the positive area with high fluorescence intensity.
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Fig.4 Effects of heat treatment combined with Nisin on the permeability of inner membrane of Bacillus subtilis spores
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3 4

1)K AN R A 3 7772 CEk 80 °C 100 mg/L Nisin,
500 mg/L Nisin. 80°C454 100 mg/L Nisin. 80°C&5i&
500 mg/L Nisin) XJ ZE {2 0F Wb AT AL ], PR i1 5ss
R, HMER 80 CHKLIEEL Nisin ALHRH VLN 21
PR KA. 80 ‘C 454 500 mg/L Nisin 4b# 20 min J5
TEAAEIEIR B T PR FR K

2) KA [R] Ak R (1) 2 8 9 G AR R FE 4 AT

W, SxtiEA i, B 80°C. ANEIRIE R Nisin. iHE
ZEENAIMREE Nisin ACFE 5, e miE 5 5% N %

(P<0.05) , {H 500 mg/L #JE ) Nisin XJ 2 {27 W0
WIREEf R, FFm AT 80 C AR AL FE X 2 10 P R RIS

30 2 BRI IR ' P A B P B 3 1 43 T
I, ASTR) AL B 5 W BEAR 2 PR (P<0.05) , I H. Nisin
WEEMRE, WOGEA PR, 80 C454 500 mg/L
Nisin b5, WOGREEE TR RN, A HL b B EY
Nisin BA/ER, #4454 Nisin AHL5, 280 P4 558 & 1

BN (P<0.05) , Nisin REHE, ZEMNEIEENE
R o

CR AT, SR P A OGS A R R P ) DG
ghK, ARIGET 0 2FE N R R 5T, XK Nisin A1 80 C
AL HR P 3 45 A A B AT RO R SR N I K o BB
BRI, DK 57 58 5y d ik o £ 9 N B 2 AR O
Bl 2 A% O K S B IIG N, ZE AR A R KRR,
80 C#45& Nisin AL AL REA ROR K EFA, NIRUE R %
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Effects of heat combining with Nisin treatment on the sterilization of
Bacillus subtilis spores

Chen Le, Zhang Zhongx, Guo Jiajun, Shen Jin, Chen Xiang, Shang Binling
(School of Food and Wine, Ningxia University, Yinchuan 750021, China))

Abstract: Bacterial spores are the most difficult microorganisms to be inactivated, which can cause food spoilage and
poisoning in food production. High-temperature treatment above 100 ‘C is often used to inactivate bacterial spores in food,
but the heat treatment at high temperature inevitably affects the nutrition and sensory quality of products. In this study, a
lower-temperature heat treatment combined with Nisin on bacterial spores was proposed to explore the inactivation effects and
mechanism, in order to find a feasible way to inactivate bacterial spores with lower-temperature. A plate-counting method,
fluorescence polarization method, spectrophotometry and flow cytometry were used to determine the survival rate,
fluorescence polarization degree, the absorbance value and inner membrane permeability of the spore samples. The results
showed that: 1) The 80 °C treatment or Nisin alone cannot inactivate bacterial spores, but the 80°C heat treatment combined
with Nisin can effectively inactivate bacterial spores. After treated at 80 ‘C with 500 mg/L Nisin for 20 min, the survival
concentration of bacterial spores decreased by about 1.4 lg (CFU/mL). 2) The fluorescent probe DPH was used to mark the
inner membrane of bacterial spores, and further to analyze the fluidity of bacterial spores in the inner membrane. The results
showed that the heat treatment combined with Nisin can significantly improve the fluidity of the inner membrane. Nisin can
directly affect the degree of fluorescence polarization in the inner membrane. With higher Nisin concentration, the influence of
Nisin on the degree of fluorescence polarization of inner membrane was stronger, whereas, the influence was smaller in the
heat treatment at 80 °C. The effects of 500 mg/L Nisin on the bacterial spores were much stronger than that of heat at 80 C.
3) The content release of spore was closely related to the inner membrane permeability of bacterial spores, and the absorbance
value of spore suspension was often used to estimate the release of spore’s content. The higher release degree of spore’s
content caused more significant decrease of the absorbance value of spore suspension. After 80°C thermal treatment combined
with Nisin, the absorbance value of spore suspension was significantly lower than that of thermal or Nisin treatment alone.
After the treatment with 80 ‘C heat and 500 mg/L Nisin for 20 min, the absorbance value of spore suspension was the lowest.
4) The spores treated with heat combined with Nisin were stained with PI (Propidium Iodide), whereas, the changes of inner
membrane permeability were studied by flow cytometry. The 80°C thermal treatment combined with Nisin can significantly
increase the permeability of inner membrane. Compared with heat or Nisin used alone, the permeability of inner membrane
increased significantly after thermal treatment combined with Nisin. The higher Nisin concentration caused the higher
permeability of inner membrane. It was found that Nisin had significant effects on the fluidity and permeability of inner
membrane for the spore, where the 80 ‘C thermal treatment combined with different concentrations of Nisin had synergistic
effect to improve the permeability of inner membrane. With the increase in the permeability of inner membrane, water was
easier to enter the core of bacterial spores, which reduced the heat resistance of bacterial spores. The 80 “C thermal treatment
combined with 500 mg/L Nisin can effectively inactivate bacterial spores, while the addition of Nisin greatly reduced the
temperature required for inactivation of bacterial spore. The findings can contribute to reduce the damages of thermal
sterilization on the nutritional and sensory quality in food production.

Keywords: heat resistance; sterilization; inner membrane; membrane fluidity; membrane permeability; Nisin; spores
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