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B ZEIATE (Bacillus subtilis), 5 As
1.433, v [ 385 3 0 A= 4 o D DR A8 B Hh 0 (CGM-
CC) s H RGN, AL B B AW A /) R 4G (5
Brali ), KT RS Ak 2 a0 T 5 Ik I R R 5 e B
RE NG (TSA-YE) 3 52 58 b st R E R A PR
O a] AR L R ERHE A BRA R (8
WAl ), BRI AE W B AR A IR D B R A (T
ali) , Kt 4 Rk 2% 0 T s DPA (2, 6- Tk BE — 4R
%) ,99% , LBl T A LR B0 A BRZA ] il
fEmLE (P1), V8 % F B8 48 B 25 (1 ) 52 5 A BRA
Al ALER (b Al ), BT L F R A R
Gl
1.2 UHFE5EE

AL204 RBUH 5 ROF, i —FE R 24085 (-
) A FR S 7] ;DSX-280B v IR K b it
U EEIT 4 ;HPP—-600 MPa/SL # m JE K 15 3
B WP KRN B0 A R A ] s TGL-10B 7 55
DL, B ER2EAUES T, UV-9000S % 45 4]
WA, TR A FR A A CyFlow
Cube 8 Ji=UAHMIAX, H A SYSMEX ( £y #% 35 B¢ ) bk
A 254t ;Spectrum Two HYfi B 025 $ 21 AR S 54X,
4 B R BRI AT BRAA F
1.3 Ak
13,1 MG EFF R 2R FB R 2 R A A R 2 7
FEUR TR R As 1.433, R4 Fan S50 J7 2 547 —
SEE, KA B SRR B A (3 ARRL ) a4 A
T O 2 K B AR 25 90 A T R 8 R B e B R Ok
o EE RIS R AT E R R SR A T (37 °C) R
1A, HTCHR 78K BE ik B0, BB WSS &
JFRIR I EE LR BRIEAT 3 Wk, FEEAM Ok
B F R A 2R AR 298 1.5%10° CFU/mL,90 d
it FIOFEAFAE 4 °CF (AR B 2Rk 2 & 108
CFU/mL(ODgon=1.0),30 d B FH5g 58,
1.3.2  HPTS 254 NaCl Ab B A AT B 2F 7 B

TR0 TR 2R DU R S B A 121 CHY = R

K, KR W E 30 mL ZF R IF 8 (4 CF
PRI 6 h) BELLE B0 A B8 IR, A 30
mL 800 BN 15% ,25% A1) NaCl %
IEFEN L), BB BE TR R KB A

J& , RRALFR . FE HPTS ZbBEGN , #% 45F 20 min,
600 MPa, 4bH i & Ky 25 °CH1 75 °C, PEAT 4 W45
PRl

1.3.3 Al BEAT 1R ZF 968 9 7 it 40 MR P8 Zhang
S IR R Ty VR IC SR AR IS I 2R, IR IRCR
WA FEGARE B 2R I R O E )
(GB 4789.2-2016)1I% [t 25 3 | 140 1 7 B 50,
1.3.4  AHEFFRZEAUEW T DPA S RiileE B
B0 (9 000 t/min . 15 min) J5 EI1E K 2 mL, @ i
0.22 pum 7K AHJE RS E AT FAL B, LAAE 356 FH v RO
AH LT VL AR S A AR 5 A DG SCHRUSRS AR 18 0, A
K BEE N 272 nm, DPA (2,6-NLBE —FRIR )Y
LR B4 iF (8] 29 49 4 min,

1.3.5 Ui 40 M 00 20 96 N RS aE A e R A B
FF B 25 40 1 VB4 5 0 (9 000 t/min 15 min ), B 2
mL JIA 0.75 L 4 20 wmol BLALIEEE (PT) Y
F, IEAE 2R T B P 15 min, 8 A 20404
3 590 K6 00 R 1) SO (FSC) N 1] 03 (SSC) LA
R iEIE FL2, TEMOR Ot 488 nm 55144 T, it
FEMEBERRIC I AR AE 615 nm Ab % H 20 585k | 7
AR B

1.3.6  FTIR Jti%#r  FTIR % 3% 43 #r W1 Nag
SRR A R I AR 0 B S e T )% B 1 6007~
1 700 ecm™, I 24T T B 550, WLER I AL A%
BiR AR d ATE A N N 7 o = N T R S o
A 5 & . R Origin 2019 387 1
3 300~2 800 ecm™ g 47,1 700~1 600 cm™ & [
HE A 1300~900 cm™ £LAME R HF |

1.3.7 Gitoadr "4y EZ T 3R, R
FH Origin 2018 F1 SPSS 24 #F 47401124 5 ¥,
K H Excel 2019 THE 4, DL P<0.05 i 35 Pk 22
SRR

2 HERMOH
2.1 HPTS & & NaCl A B #HEFRTHF A
B 5 i

W1 FiR, 78 25 °CF 600 MPa £ ] 20 min
B, 7 15% ,25% F1i00 G860 1 25 96 77 05 i (47
o 7.95,7.91 A1 7.95 lg (CFUmL)%A #5555
TCFEACEAE L X 2R LTI A IR FE AT H 254k
BRI 75 CH, ZF 70 2% 75 bl 25 SUA0 vk B 1Y



258 hoE g

ol

2024 R 124

AR AR L . 7E 600 MPa 75 “CHIl 15% 58 fk A4k 21
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oL B A LR A5 0T = RN = R KB ) . XS AR
MG WD IAR 1M Liu 555
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CHIE M T 45 0.1%F1 0.3%1) e—PL Ab 7
5, R EALE 550 MPa .75 C45 4 0.3%[7) e~PL
XoF 2 6 3% VB i HPTS F1 e—PL By [R) 4 J [
T ZRFAA G Hh e, 3G IN T 2 6 v 2 L
S BRENT , AABA R B AR AR X HPTS &b B 27 1
KAG WS e e- R RA —3
2.2 HPTS 44 NaCl 3t 2 7 DPA ittt iE B 5 1
WK 2 iR, 78 600 MPa 25 CAbBE R | Bl 75
BN A 3, DPA 1) B il B AN Tk /b | FLRE
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Fig.1 Spore inactivation of different concentrations

of HPTS combined with sodium chloride
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N NI S5 Ny NI (EW R N N 5 - A
RGN A LA H 600 MPa 25 C45 & S Ak a
Al LAREA DPA R . 7E 600 MPa 75 CAb 3
T, FAbEN IR R 0 A L DPA B BE 2 AR 4k,
15% 5 2 i S A 40 DPA B & 5 31 ok, 1
B R R0 91.9% . SR, Bl 2 S A0 Bk 3 2 —
ATt DPA R R A B 8 & R IK . DPA R
5 ZE A% O 1 K Ak B 2 96 1 % B P B A
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—H

T B B SR 5 K B, 425 HPTS Ab B4 A 52
MR T AR, BRI A R
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HPTS 5 &L gL A Ab B &0 T, DPA I Rl ]
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Fig.2 DPA leakage rate of Bacillus subtilis spores
treated with HPTS and sodium chloride
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ARBRE 2R PN Bl aE e AR T R ARk B
Wi, AEnE AL, B X8R RS (N
20.4% ; X Ui 1E 600 MPa-75 C& 4T, &
15% A BRI, 38 2o 4G I 2F F61 1) 2 D b T2 e A%
ZEA PR, X I P X e Al B (S B T e

(57.0% ) , vt FF I Bsf 2 90 2 450 B B A K, P 3 i
PEAS o B . 28 F 600 MPa-75 C& M4 R, i

T 15% S ALAN X 25 96 P9 B 25 #4 A5 fL AR B KT 25%
MR AE ALl X 5 BT EEE AT, Ak,
Mathys 2525 1 HPTS &b B 2> 451 4 25 #6119 P4 JiE %)
GERY SR, EALEN S HPTS 45 4t 2 % 28 61 1) 19
FEE 3 AN RT3 0, JF 23k DPA B9 RS, DPA
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Fig.3 Effects of HTPS combined with different concentrations of NaCl on the endometrial permeability of Bacillus subtilis
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G DR SRR, A O RS A Ak B S G B o I
WS A7 RTS8 Ak, R4 8 S B A B G S EE )
JBT RN S B S5 AL AL 05V T, 7 v A0 e e AR A
A TR GG R ZE AT B R B VR R AT TS, O
SR PRV HEL 725 0 21 A1 Y 1 3 6 25 0 18 53 64T T 43
Bro @5RERM, 4 pH EFEMIRE 1 B, HPTS (550
MPa—75 °C) 4546 B4 ZF i 2% AR ] i 35 4 ik

FECFRACE R Z W T 6.25 M EUE K CFU/
mlL; [Al B 26 PR ) A A0 % AR b K R W It
KA

WE 4 s, AST] A Ak B A% A X6 A A B 25
LI 1A 3% = A T B R S, R AT 0 17 iR
KT ZREARIAE A 15% AL RS54 HPTS (600
MPa—75 °C) kb $H 2 1) 0z Wi e 7y i 20 58 B v T L
4 o AR BRI A, DR FP AR E 23 At AR AR
WA o7 AR ARG B0 o SRy 1 B ) A0y AT R 2 A
PILLAM G R AR I i AR A, 8 R X e L it AR 4 21
HMGTE I Bk, R AL B B TR AR U
(A TR o A Ak B M 3 oA T DL, DT B A b T
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2.4.2 HPTS %54 NaCl &b 5 Al w0 b B 28 21 4k
ik B A (3 000~2 800 cm™) AN 5 fT
7N, HPTS 25 A & Ak #h b B1ET 5 Al 55 FF 5 28 f 7E
3 000~2 800 cm™ 1) - AL LLAMEIEE L #E 600
MPa 1 75 CHY 15% A AL 4L 20 min J5 , 15
S W 0 . Wang SEPINFSY & B4 TR AE 3 000~
2800 em™ X IRk, 2 B 40 it 55 mT 68 b T s i
iz i) C=H e sl 22 203K, B0 O &
SRR . A T ASRIOESL T 2 927~2 916 cm ™
Ak, o 7 240 it B g 1 R - CH,, B 68 A1 B4 5% A i
i s, —CH, W WS04 1 437 7% 2 B 41 i v R—-
CH,—CH,—R~ 4 3 B o A XUZ 85 IR 4 7 )2 1 3
DU RGP 28 HPTS Ab B Wi g 0 437
P 2 P51 Sk B 7 T Ok il A, ™ ik 1) 8 I TR
TG 521291 i 25 S P R 2 1% 154 o sk B0 40, i kot
IF Y —CH, W WA e o7 ¥ % A= T e AE 9 H HPTS 45
G 15%H LI LSS G 25%AALR N R I s, 5
2 AU T 2 855~2 849 em™ Ab, EAC K T4
SE 2 BT RE AT NG 17 R —CH, A9 X AR 4R R 3l &%

— Wi E — 600 MPa-75 C

—— 600 MPa-75 C-15%% 4L —— 600 MPa~75 “C-25%% 1k
600 MPa—75 “C—1fd Fl 5 fL B
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ol ‘mEECHRSASEREYTL
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Survival number of colonies/(lg CFU/mL)
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B 4 HPTS 454 NaCl X 2F 71 8 B i 25 #5 4T Sh S i
E R 0E
Fig4 Effect of HPTS combined with sodium chloride

on Fourier transform infrared spectra of spores

2.4.3 HPTS 454 NaCl &b B 5 RS 5T 3 24 4 21 41
i — B S %0& (1 300~950 em™) 7E 1 300~950
em™ Kb e B AR 4 2T AP Sl Fe ik DNA BB 28

WO EE — B A

Survival number of colonies/(lg CFU/mL)

RRW, 2 HPTS FIAALBIAL RS | e o7 ' e AR
WA AE Ak ,600 MPa 75 C 45 & 15% & Ak £l Ak 2
T, 5 e AR R A B IR0 1) R R R B R
PR SRR AR W AL 06 35 S R | 159% S Ak 4k Ak LS i
i 1) R RN R R AE B A8 AT 1) I 3l i B A
B TR 2 A8 N B2 A AR b B 187 . 600 MPa 75

CHEA 15%FACMAEBET |, 25 0 Py B 3 28 K A -
CH, W9 SO FR IR Bl , 5 S5ORS #0 R A28 6 P9 B i)
B R T 43 B K FEAE TR L3S K, DTN 38 25 10
PRI 2548, T 25% it ALl Ak e 204 R T O 5F
H BE A -CHy-CH, F A2 & PRI 1 55 7 HPTS 4b 3
XiF ZE AR N B A 005, = R R SEUOF Y T HPTS 454
R e 2 R X RG HFF A A R, A 550
MPa .75 CF , 5 KW e— B & B A L, 7
0.1%H) e— 512 R b PR | W S 1) k% 07 1)
g, B - IR 0 U in 5 in 2] 0.3% , %
WS U ) A7 A% R 2 9 PN A 45 T T . SR Ak Ak
AR AL HPTS Ab BT 28 761 N B 453403 1) 52 il s 35 5
e- M AR —FL,

0.001
—— 600 MPa-75 C

— Wl
— 600 MPa~75 C-15%% b fl— 600 MPa-75 C-25% A L4
— 600 MPa-75 C-1f A5 fL4h

0.000
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St % B B9 % 1
Fig.5 Effect of HPTS combined with sodium chloride
on second—order Fourier derivative spectrogram

of endomycospora
AR SRR, 1080 em™ BFIT AW i I 7% P=0
{9 S5 X ok A6k B A 4 Ak 2 o i 6 BTk ,600
MPa, 75 “CH il 75 S8 AL 50 B2 19 550, A% 1R 5 ik 1



WO B B S

W24 % 4121 JE #

Tk

R I P AR A

261

WU AR I R A, 11559 T HPTS Ab BEXT 2£ 46 DNA
BT 2RI 43, T 600 MPa, 75 CZ54 15% A ALHN
b BN A B R B 2 A R 4 T 1 P=0 KRR 45
P sh feiit, Xt 2R 9 DNA k- 242 19 B8 2 1) 1 3K e
Ko XFECE AT G I Ak g Ak 1S 2846 1 300~
950 cm™ ZLAMGIE L, 3R B 2 0 9 A R W o AR E 1
R MG (AR 254 & AR A8 M, Graf S5
5% 1 HPTS 25 4 R 6 Al B FF B 2F 46 10 R KAVE T,
fE 550 MPa-75 C41F T 454G 1R (pH=1) L 35 | W
WU o7 B Tl AR TR RO Tl B8 By, IR S U i EE
%, Sk ahuk BE A8 Ak X HPTS AL B F 25 £ P4 4% IR
PR S pH EA — 30, Sk E AL
AT T 2R DNA BB 2R R Fae v
2.4.4 HPTS 254 NaCl 4b B 5 i 50 FT 18 2 .41 4k
ek i S HE (1 700~1 600 ecm™) kR T A
(1700~1 600 em™) 13 T4 E B g H1-C=0 By
YRS, 55 H R T HREEHAE K, E T BiR,
TEIZIE BN A TR W 0 ) 5 4 5/ HPTS 45
0.0010
— W ——600 MPa-75 °C

—— 600 MPa-75 C-15%54 1L ——600 MPa~75 C-25%5 fL4h
| — 600 MPa-75 C—{t Fl 5 fL 4

3
g
£
=
S 0.0005 -
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2 ZEYIR
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Fig.6 Effect of HPTS combined with sodium chloride
on Fourier transform second derivative spectra of spore

nucleic acids

2.4.5  HPTS 454G S Ak 4 Ak BT Ab ROAT B 25 9 Ik
Je T B R A5 s R B AR 6 2T 4
G AT 2R A B A AS, SR B S8
1 Gaussian % 25 8 BULA 15 21 T W i g™ 45 1
WA 8 firyR . 4% U 5 4 1 BT — G5 #4 %) I 119 5%

Survival number of colonies/(lg CFU/mL)

WG RE

B AL B R, B R A AR S B R
Wrzd 551 IR T 1660 em™ BT, #5 Mk
SR T X6 IO ) TR S I A7 R AR A AR BB,
SR Bt 25 S Ak AR VR B, 5 % AL L i
s 1T FR R A T B4 00, 159% S Ak 400 14 06 TG AR Ik #) B
R, WA D £ 7 A A W AT ) 4 A R A
TR, L YR ) — I, 15% AT R
PR 90 45 K0 10 52 ) d5e K. 5 2 A4S W e 06 £z
T 1 638~1 618 em™ &b, (RFEBERE 147 8 H Y B-
Pr& 250 HPTS 45 & S ¥ fs, W TR
I B O B, R A e 1 0 T RIS AIE 1 7 P A9 4R
shim B A AR, 25 b Rl S A AR R
FUMRATR AT, 0 WSO 1) R AR B R 1A 1 4k 3h i
J¥ B W8N CHPTS 5 15% 5 A0 045 4 %HRS BT
R0 B T 25 A A AR SR A B SRR T, i AR A AR
1k B 4 1) 55 HPTS 4k B & H B2 7 &8 i il
W e — R LA T 2R B T A T

0.001 - 33 —— 600 MPa=75 C

——600 MPa-75 C-15% %L —— 600 MPa~75 “C-25% A fL4
——600 MPa~75 C-1fl Fl5d L4l

0.000
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-0.002 " 1 . 1 2 1 " 1 R ]
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B 7 HPTS#&& NaClWFHREARMEM TR
“HESECLIEEN M
Fig.7 Effect of HPTS combined with sodium chloride

on Fourier transform second derivative spectra

of spore proteins

RN A U 7 B AR T RS R A O
1 650~1 660 cm™ 183 a-12HE45H ,1 610~1 640
em™ A1 1 690~1 700 em™ F /R B-Hr & 451,
1 660~ 1690 cm™ F/R B-F 4514 ,1 640~1 650
em™ R TN G 25 R0 X 45 Ab 38 ZE AR



o W 2024 455 12 1)

262 hOE B o A
040 -
035 0.20 -
0.30 |
0.15
g 025t
B g ©
R £ =
NE 020F ® 5
Xz RE
= QE
0.15 F = 2
=
0.10
0.05 | 1684
1600 1620 1640 1660 1680 1700 1600 1620 1640 1660 1680 1700
Wave number/cm™ Wave number/cm™
(a)600 MPa~75 C-25% A AL 41 (h)600 MPa~75 °C~1f Fi 5 Ak 4k
020 -
0.15F
52 R 2
Rz X Z 010
%é =
16
0.05
2 ')
0.00 A 2N
0 = o0 P - 00 1600 1620 1640 1660 1680 1700
e o

Wave number/cm™
(c)F IR H
020

0.15F

% 't B
Absorbance

BN T, IR R AR S R
BRI,

HE TG RRE R E T A BIRE
KRR RE M ] L2 22 A A 3R R R, AL R T
S KB AR TR L SR o

Wave number/cm™

(d)600 MPa-75 C-15%5A k4

1700

WAL
Wave number/cm™
(e)600 MPa-75 °C
E8 ARLEBMN#HEMEFBAEARME | TMEGHME

Fig.8 Fitting curves of Bacillus subtilis spore protein amide I bands under different treatments
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Table 1 Effects of different concentrations of sodium chloride combined with 600 MPa and 75 “C on secondary structure
of Bacillus subtilis spore protein
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Effect of High Pressure Hot Sterilization Combined with Sodium Chloride on Spores

Liu Yichang, Wang Mengze, Liu Minan, Liu Dunhua, Chen Xiang, Zhang Zhong"
(College of Food Science and Engineering, Ningxia University, Yinchuan 750021 )

Abstract Pickled food may contain spore pathogenic bacteria and spoilage bacteria, high pressure thermal sterilization
(HPTS) can kill these spores, and sodium chloride in pickled food may improve its bactericidal effect. The bactericidal
effect of high pressure thermal sterilization (600 MPa, 75 °C) combined with sodium chloride (15%, 25%, saturated
sodium chloride solution) on Bacillus subtilis spores was studied. After treatment, the leakage rate of 2, 6-dipyridinolinic
acid (DPA) and the damage of the intima of the spores were measured. The changes of spore intima, protein secondary
structure and nucleic acid stability were analyzed by Fourier transform infrared spectroscopy (FTIR). The results showed
that the combined treatment of 600 MPa, 75 C and 15% sodium chloride had the best inactivation effect on Bacillus
subtilis spore [543 1g (CFU/mL)], and the DPA leakage rate of spore under this condition was 92%. HPTS combined
with 15% sodium chloride had the greatest damage to the intima, protein secondary structure and nucleic acid stability.
Under the conditions of 600 MPa, 75 °C binding concentration of 25% and saturated sodium chloride, the kill amount of
treated spores was about [3.48 lg (CFU/mL)| and [3.08 Ig (CFU/mL)]|, and the leakage rate of DPA was 82% and 63%,
respectively. Compared with 15% sodium chloride, the inner membrane permeability of the spore was reduced, the a-—
helix ratio of the secondary structure of the spore protein increased significantly, and the secondary structure of the pro-
tein was more orderly. Studies have shown that 25% and saturated sodium chloride unexpectedly protected Bacillus sub-
tilis spores and reduced the damage of the spore intima, proteins and nucleic acids caused by HPTS treatment.

Keywords sodium chloride; high pressure thermal sterilization; Bacillus subtilis; Fourier transform infrared spec-

troscopy; spores



