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Review of Identification and Control Technology of Alicyclobacillus spp.
in Fruit Juice

Wang Zhouli Cai Rui  Yue Tianli Zhang Jiangbo Yuan Yahong Fan Keyi
(College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract ; Alicyclobacillus spp. are non-pathogenic, thermo-acidophilic and spore-forming bacteria. Their
spores can not only survive the pasteurization procedure normally applied to fruit juices and beverages,
but also germinate and proliferate in acidic products. Since the first case of apple juice spoilage linked to
A. acidoterrestris in 1984 , Alicyclobacillus strains have recently received much attention in the pasteurized
fruit juice industry. This review was intended to provide an overview on the historical background and
general characteristics of the genus Alicyclobacillus. Their distribution in soil environments and juice
processing facilities were described. The impact of Alicyclobacillus on fruit juice/beverage industry would
be particularly discussed. The formation pathway of guaiacol was also addressed since the Alicyclobacillus-
related spoilage was characterized by the formation of a distinct medicinal or antiseptic off-odor attributed
to guaiacol, which at a low level can be detected by sensory means in fruit juices. The standardized test
methods and alternative detection techniques for Alicyclobacillus strains were summarized. In addition,
the Alicyclobacillus control approaches aimed at different stages of juice processing, mainly in relation to
fruit washing, juice sterilization and juice preservation were presented. Finally, possible directions for
future research on Alicyclobacillus were proposed.
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ORISR Tl S 10 52 5 S /K SR A =l
fRERRE A A S B, o DX 22 TR PR i e S B
FROSEUCECE W SRR o [RII, Bl [ P Tl 79
ZILR S A S v [ R 5 it e B 2 4 T R 5%
A, H A KR B T T b v e I Y P
R BRI IR R AT R R
[ 1l s N T A N e N R S T e ]
FIUC IR S ] 249 v 1 7K 2R A 7 o T Bt 52 5
B, N ERR ZF FAT T 1 D 51 3 A Jo o PR A 7 ™
R R 2 T R

AR PR R ZF FRAT 1 14 5 BRI s e 7y RS54
ST RGEEAS , F A NS00 28 AT 1 s Al i Y
BRI AR B 5 I T R iy oA RO, 1+HE
PR FR IR 2 FAT TR0 R Tl A 16 3 S AR Iy 554X
W= A AR, IS IR IR PRI 2 FAT B S 4
i 75 R ORI FE kR , A O DR B SR Tl PR A R L b
WK RS

1 ERBRZFATEET

SRR ZF AT T A — ST R LT 4K 7™ A% 5 L
PR REORPE AR . — T LA K
pH {HILH 2.0 ~6.0, iz pH{E N 3.5 ~4.5;
AT LAAE A A I B2 S L 20 ~70°C, dicidi A= 4 i B2
40 ~60°C TR AT LATEAIR pH A i 2%
PEN ARG 2 A, B A8 AR O 8 IR T AR
” [5]

1.1 ZHMHERDE

7E£ 1967 4F:, UCHINO %5* F H A ALt X (1 i
SRPPBARAT T3 MR AR AN, BRI R it
HPE EE Bacillus coagulans K1 B.  stearothermophilus T8
5, d e AR IR S A SRR R AT I 2R T
B. coagulans,1971 4, DARLAND %7 /3 5l 15 2 5]
B A ] 50 el R R R L I R el 0 T A AR
AR, BN b i) FZNRR N o-HCLils
J IR , AR 43 28 Ja M , ok 6 4 B 00 5 Ry Bacillus
B — R, w4 N B. acidocaldarius, 1981
4, HIPPCHEN %5 {5 3t 53 B8 T — VB R Tt 444
% DEINHARD 25" PEANBIFE I B 9 53— i
i B. acidoterrestris, 1983 4, PORALLA %51 /3 g5
T RN b 3B o-FR BERE R 7 R ) 4
WL,Z WA W44 B. cycloheptanicus , @ 15 16S
rRNA JPF I LEXT, B3R 3 #5312 485 1 Bacillus
5@ AL R A B S Y 22 R, HLCH S A RRAE
ENHEH o-FRIBITER, P, 75 1992 4, 3%
3 PRIETRIN R B Ry — e RERIR 25 4
¥4 J@ (Alicyclobacillus) "™

TESLJE B 20 Z24F 1L, “p 3 Bl A 48 il 2R L K
Ly 1T 55 B SRPREEFIR G 12t Hh 70 B R4S 1 IR PRIR 2
TR T I 40 TR . B W) 0 2K & Sulfobacillus J& 1Y
S. thermosulfidooxidans  subsp.
S. disulfidooxidans 25 4 74 /7 B ¥ BT H A 2L N
A. toleransF1 A. disulfidooxidans'"' . #11 B HT, %)@k
A 23 2 AN AR 2 A FE Rl B R
A. acidiphilus . A.
subsp.

thermotolerans  Fll

actdocaldarius . A.  acidocaldarius

acidocaldarius ., A.  acidocaldarius  subsp.
rittmannii A. acidoterrestris [ A. aeris (A. cellulosilyticus .
A.  consociatus, A.  contaminans ., A. cycloheptanicus
A. dauct A. disulfidooxidans | A. fastidiosus .
A. ferrooxydans,  A. herbarius .,  A. hesperidum
A. kakegawensis. A. macrosporangiidus, A.  pohliae
A. pomorum A. sacchari A. sendaiensis A. shizuokensis |

A. tolerans A. vulcanalis Alicyclobacillus genomic species
1 F1 Alicyclobacillus genomic species LB~ 168
rRNA FEEIRIEERER 25 A 12 8 R G0 A & el 1 Br
7Ro
1.2 FEHE

EFRR 27 AT B A r P T AU 3 T3 I A
(R 200 ML 285 R AIE L 40 AR B 32 S 26 107 (- PR IR
TR ) LA K 2 A i B o

JEA R 25 FR AT 18 1Y & FR R AR R 58 8 Dy 0.7 ~
U, KR 3 ~5 pm, I A Stk s A el A=
. Bk EILE O ER O, HEEE #iR L L E
CBHTINR , R A E W], T 80 i ~F 5
MR, EVE KN 2 ~ 5 mm T R T
A. sendaiensis “Jy 825 [CRAME T A, HoAth fp 15 ok 25 2%
FRBAME™ AR B35 o B 0 > PR PR B LA
T R B B R

JIE BAR 2 ST T2 o A 1 40 i b ) S R 2 A
I o-PRIRNG MR , 1 2 H DX T Bacillus J& 1) 3
BAEAE, A, acidocaldarius \A. acidocaldarius subsp.
acidocaldarius ., A.  acidoterrestris, A.  hesperidum |
Alicyclobacillus  genomic species 1. Alicyclobacillus
acidocaldarius  subsp.

genomic species 2, A.

rittmannii,  A. acidiphilus ., A. sendaiensis
A. disulfdooxidans
A. fastidiosus A. sacchari A. consociatus Fl A. dauci
FHEM A FESH o- B 2B NR;
A. cycloheptanicus . A. herbarius . A. kakegawensis Fl
A, shizuokensis S5 24 P 1) 41 JL RS Hh F S A -3 B
be Bg Wi omeUOS 5 46, A

A. contaminans, A. macrosporangiidus . A. pohliae

A. ferrooxydans A. aeris Fl1 A. consociatus %5 21 B 11

A. vulcanalis, A. tolerans .

pomorum
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AMAE P A ETH o-FRRIRITIR , (HAEARYE 16S rRNA
1 DNA BEREHG B 7.3 (14 35 ] e 81 o0 A S DA e a7
(AR GE K B 2 W1 3k 28 20 1 J T i B IR 24 F AT bR

0.02

95 yclob

J& e TR B R B IR 25 JR AT o s AL 4 — 4
AN AR & o-FRARAR T RR A TAR > 2

851 A. sendaiensis JCM 118177 (AB222247)
Ali illus

pecies 2 MIH 332 (AB060165)

docaldarit

Alicyclobacillus genomic species 1 DSM 11984 (AB059668)

docaldari

idocaldarius ATCC 270097 (AB042056)
iiDSM 112977 (AB089859)

subsp.

subsp. ril

A. vulcanalis DSM 161767 (AB222267)
A hesperidum DSM 124897 (AB059678)
A sacchari RB718T (AB264020)

A. acidiphilus TA-677 (AB059677)

A. dauci 4FT (AB916540)

A acidoterrestris ATCC 49025T (AB042057)
A fastidiosus S-TABT (AB264021)

A. ferrooxydans TC-34T (EU137838)

A. aeris ZJ-6T (FM179383)

A. contaminans 3-A1917 (AB264026)

A. pomorum 3AT (AB089840)

A. disulfidooxid:

DSM 120647 (AB089843)

DSM 162977 (AB222265)

DSM 4006T (AB042059)

giidus 5-A239-20-AT (AB264025)

K1

Fig. 1
JERIR ZF AT T o — > BB U BT 2
FUA BRI T AR R O W B BT
SRS, i £ RS EUE Doge M Do 1 (D FRRAE
FLE RRE T, R 90% 411 K0T 75 B st 8], T
FORAREIIEL) o 52008 PAER 2 AT 181 25 4T A
BIEERERZEINFE 1 P~ (Lh A, acidoterrestris “HH]) o
b R iR, A I R T e, DAL R
12077 SR B A ok % whR BN, pHL 8 A A Ak
XF ZE0L A AT TC 0 355 ) 5 A R B s R R T
gk S, B pH 9 Tt S D (B B W T

A cellulosilyticus Sueoka (AB622813)

A. herbarius CP-1T (AB042055)
A. kakegawensis 5-A83JT (AB264022)
100L— A shizuokensis 4-A336T (AB264024)

Bacillus subtilis IAM 12118T (AB042061)

JEFRIRZF ST B8 AR i ik 16S rRNA KL DN P8 R S8 74

Phylogenetic distance tree derived from comparison of 16S rRNA gene sequences of different Alicyclobacillus species

BT AT A RS 2R D S IE A
K, T8 2 B R HAE W 4 2R 0 i A e R P A e
Rt . M TR E LR AN R S IR
ZEFRLRT T R 22 St s e T A ) —
BERER , EE B AEARNR] 25T [l A AS [] B R 17 e 4
PEMAFTE —E W 22 5 — ORI, 72 7 55 2 4F T
A. acidocaldarius 3T 41 3% F A, acidoterrestris™"
FHEXS T2 W AR 2, TSR T FIUCRR Y ot v IR 2R 2
PR 2 AL A H A 38 . MALDONADO 457 %
IAE R ETE R4 B A, acidoterrestris 2 1fl

£ 1 EI@A. acidoterrestris FHRAHMEHNTERER
Tab.1 Main factors influencing heat resistance of A. acidoterrestris spores
SES SbHR AT AP S TS
HeanFraETE 1 (50 ©Brix, pH {H 2. 28) Dgyc = 17.4 min, Dy = 18. 1 min,
e ALFHIRE 82 86,92 .95C Doy = 7.6 min, Dgse. = 6.2 min 127]
- FHR TGS (5 °Brix,pH { 2.5 ~6.0) Dyyc—0(pH {8 2.5)
PHAE KPR 91°C Dy, = 10 min(pH 1} 6.0) [29]
AR EFEEHEFRHE(S ~60 °Brix,pH {H 2.5) Dg;c—0(5 °Brix) [29]
e AR 91°C Do = 20 min(60 °Brix)
Dos = 2.5 min( FiHf 46)
DSM 2498 F1 3 #4355 1 Daew, = 8.7 min( bk 70)
EE7S 511 (9 °Brix, pH {E 3. 15) Doee. = 3. 8 min( bk 145) [32]
Ab PR 5 :95°C
Dys = 2.7 min( F#: DSM 2498)
SERE MR & RS R (10 ©Brix, pH . Dosc = (27.8 £ 1.70) min (3R]
I 4.0) Dysc = (20.8 £1.27) min(#FF71) ,Dosc =11.1 = [33]
AEFREE :95°C 2.26( EZFEB R FHE)
W B A YRR A Wi JR 5 (pH {H 4. 0)
“HHE Qb PR .89°C Dygge = 13 min( CaCl, )

F M BHES F (5 mmol/L) ; CaCl, , MgCl, | BaCl, , MnCl, F11
SrCl,

Dy =10 min( FHAth)
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Bt AR PE B AR BN B R T P R 1997 4R,
YAMAZAKI 265" §F5% % B =4 42 )@ B T A ds i %t
A. acidoterrestris 248 BT A TC W35 R, {H 24 ]
BN IE R Ca® " Bif, FL2FALAY D () k3%
THe o
1.3 o

BN IR 2 FUAT 8 2R R T 3 AR LB
WETR TN A PE T, e WIIZ RS ML T R 55 g i B
w3 b B, RS %D NS
B KRR P ERT A acidocaldarius . [F]
I, IR PR 2 AT TR AL I AFAE T PR R pv: 1 0%
tho HIPPCHEN 46 7] FHWE R $A 14 1) 7335 5 13 BA
HpE S B I T S0 BRTA, b 23 BREO IR
PR ZF AT o AR S50 % W53 A A 23 ) DB 74 % 1+
[0 S o KPPy e B N I Dok o we e =
2T A. acidoterrestris A. herbarius 1 A. contaminans
SENG AR AT

1984 AETEAEE A A= IR P12 27 A 14 15 Ye
P FEORABE ST B W LR, Kt 5 I 1R 2
J37F R S A it b R R R 2 A TR Y 23 1 R
I Y % 2 SR T DR e 38 o 4 M B o v
NEFRIR ZF UM TR 09 70 A TS Je ol o V8 S TR B
20 BN CERR B INAY 3 A KRB 5 I AR T
BT ARG 1A 37 R IBURE 3BT T I PR 25 A B Y 20
i o SO TAEIFRE T 2 48 B4R Uy 100 A4,
PR L B IR ORI IFRER 5 R T
& 37 L e AN L i N4 /ANE g 81/ £ B SN R e ]
S RS VRIS AR K R R IR S Y
T DAL e A A 1T 5 . BFOT 4 SRR
TETA T SRE G AR I 2 1 5 PRI 25 AT 7T, H:
PRRHEJE A 10° ~10° CFU/ g, 76 J5URHAE Bt it 2% i
WAHVEIHRE, B T2 F W5 oK FEe T
FZE L BRI MM 2 30 SR T2 7 i At
FRYVESRIK W BEK SERTE T SRR ST 303
BIE 45 BRUGTR T AR I o AR 5236 % AF 5T AT At A S
TR 4 ML BE rh o B ARG TR e PR 21
FERR, Hor s ABRP SR R el R R R R EE T +
et AR IR DR S R A 7 AR e Sk
PRERI B A FHAK VR BEK ST SR T R
T TR AT SRR AR T RO LB A O
i BT T A, AR R DL AR P AR A R R
BEKANEHR ST TR 52 B 8 T A acidoterrestris™
ZHANG 25 IRy 8 = | JH S BRpept 17 IX &
TRAEAIR I Aol R Ao, %o 2 b DX DA SR 5] 380 e it 1)
BRIk 2 P M BE AT TSR AE 3 A, Hrh B R A TR
R 80 19. 0% , BAR R BRA k™ i b 43 210 1 A

EPRIRZF AT IR, I T e BRAS 1 16 B, 535k
68 Fior B I AR Aok A R Bl o X BT ST K A2
SRR NEFR R ZF AT T2 20 A 2R b 2
LA biEd

2 ERBRFAFENREE

2.1 XRHAITAAIR NG

FE Tl A B B RS B A5 14 90 ~ 95°C
FREL 15 s, 7= AL AT HI & 82 ~ 84°C  FJ5 1E
88 ~96°C FRFLEZ) 2 min, % 1.3 AT LA SE IR R P
vt (pH H/INF 4) vy DL W8 R sl i 2 i 40 7 , Bt
PR AL TR 55 TR RN FLIR AT T i A ks il . 2R
T EH T BE PR 27 AT 7 BE g 1R ST #A 9 AR 2k, 5 A0
1 I AR B AR A AN B H R 2K, JF HAK pH (B Y 2R
THEREE 23 g AR AR 4 10y 2B K A A 15 1
REPAIR ZF AT T 15 G0 391, Bl T o ) T A B R T
AN ARSI Fh AR ME e B TS G, PR SR AR
T~ FRAEAT R4 300 B 35 (B Ja A 18 W) A&
A B 2R A S R 7 it ) A [0 DL SR A T
FREZHEATAL S

RZFE NIRRT Bkt At AT
BT B AT GRS R R
THYORE 7 SRR KK IR, B B HOR Y %
HHESK Y AR P R BT IR ERR 2 F T B Y
T5YY, 1998 48 SEE A 24w AR P U s 1) — T £y
W A YW BT S AR, B A B2 /] R A3
KA BRI IR 2 AT BT e A, S SR TS
Yefge o, 2005 AR BRI I h 2 A T R AR R
A AR ETEN Y 68 A4k, Hrh g 45%
(I A Al R TE Y i F e 1Y 3 AR PN R B R ER IR
ZEAIAT B 75 G S kH 5 ) H8T, 33 % 1) 4 b 22 W 78 5 3
() 2 Az 1 RGP R 25 A0 AT 11 V5 e 5 PRl 2 3 3k, [
35% W MCERE A 52 3% TR R gkt
1996—2009 4, BT AR A= T Jig T — T AIAS 5 K A i
Wl SRR A T A0, W & 20 24
(1) 8 556 A [A] SRV g =2 A d v, B AR - AR
MRS FLARAE A TP AR N PR IR 2 AT i A, HLAE
RIRIZETY BRE S PR Rl 24% ~ 100% 7, 1
2011 48 G ORI E AR 1 36 [F 6k 2 BLIR M 2R AR
AT 180 Fofr B 1 FRAfy (0 7K SR W 4 VA ot L R B
6. 1% (AL ST TENG FRIR 2E FUAT R V5 e B, 2
SR, B BECN AL, B FHOC B A 2L 5 LA X
PYEEAS I3 BB ORE Tk 19 G PR BR 2 F0 KT 1R 75 etk
OLHATIR A M OB AR WA TF . RN, A 1Y
Kt e A A 45 R R W R PR IR 2 AT I &2k
ST YR 7= th I AR TR B A 0T e Tl R
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2.2 BRYREHTE

NEER IR AT 1 A 1) T2 A4 A A
B By WS, HLrb o Iy 3 AL 2,6- IRIR I A
2,6- AN, e IR s i U E 2 fs 7E X
3 FA R XBRY B f R R B R B R
2 A=Y 5 R 7 — L2875 R s ks
BT 2,4-T00KE 2, 4- T RORI A 2,4, 6- =K
Wy

OH OH OH

OCHjz Br Br Cl Cl

@ MAA®  b)26-HEE (026 —HEH
B2 RIS R
Fig.2  Structures of odor compounds

AR R — R A RRAL &8, T2 A7 A
TUME K 2SR S AT A A I
TR KU, {E3C Rl 49y 37 R 0 v B
AR A EN S AR R EG  ZR ™ < 7 TR0 A
R AR B B R B AR A, FLAE K B
{HJ2 1 we/L, 75 12% MRS T 4 0. 03 mg/L,
fEF F M A W b o 0.02 mg/L, 1997 4E,
PETTIPHER 2 4RI T 4% 711 3 8 A AR R IR
SRt b B B A WRLE B K 248 2 pe/Ls M)
H#1,2000 4F, ORR 25 (i PR A A T 1 R 95 15 o 3
S R A B AR R B 2. 32 pe/Ls R,
2006 4, SIEGMUND %% i {38 1 7635 R0 b dr gl
AR T8 B A ) 5 SR 50 B B0 31 A 0. 57 g/ L A0
2 we/ Lo V5 YL NS PR R 2E FAT B 10 S v A B A 5
JoR A 3 FE— M £ 10 ~ 200 pg/L Z ], 3% 8
SRR FREE A R R K BAR L TE
S b AR T 4 95 Y i S I v T LR R A
VARSI P — L% A D R IR 2 F AT 3 75 2, HUJG AR
SRR T

i D)2 2 — R A AL B I T 1)
A W 2R R W R R . FEKA
2,6- TIRIEm A 2, 6- G B B SRR R (0 2
0.5 ng/L" 1 6. 2 ng/L7" TiAESR sp e AT B
S350 0.5 ng/L #1130 ng/L5* L X T HEFRER 2 AUAT
TG AT BTSRRI 2 R 5 B Y e e
ATRLAENL 95 (ng/L) |, %0 5 BB AR A
AT 75 e B2 125, (EL 2 A7 8 o Py o 1 7 oy
GED

A2 NS PR IR 2 AT B S A= i
HUREIEAT T IR ARFFT. 2000 4F, WALLS %1744
BEFRM A, acidoterrestris Fll A, acidocaldarius 40 i B
PEAZRIE H, FIEE A acidoterrestris 15 Y )

MR EREE A KR O, & BUIR PR 2E F AT B
TR M. A W T 7 A R R o 1Y B
1, 2 # @ 11 SIRI ( Safety Information Resouces,
Inc. )MSDS Index %#i /% ( http : // hazard. com/msds/
index. php) JE4T T #5 B, XA BRI 25 A AT 1 i 7
ALY S B B A AT TR B, Ik 2 (SR
AL LD, (LD, \LCsy 73 5l 7 i IR B ) | 2F
BEOC R CPAEBOCHRE) B, 3o 2k 51k
(LDy ) A8 K BLETIE O ~ 1 me/kg b5 1 ~
50 mg/kg F§l B .51 ~ 500 mg/kg H 4 FH . 501 ~
5000 mg/kg fIk 7 1 K T 5 000 mg/kg 5K Fr B
(GB 15193.3—2014) , M4 EEPEY) BT X 73 4591,
BR T 2,4- 0K A AR EAN , HABAC ) B
AREEREME . RIS, 25 P B SR 19 H 1
A, BIVEE0E 115 3447 RE R IR 2 FEAT 1 1O A0ORE, XA
PRI f AN 237 A U
x2 BERBRFATEAERYRNSESIELE

Tab.2 Acute toxicity data of chemical substances related

to off-flavor produced by Alicyclobacillus spp.

Ry SR Bebigdr R F
KRB EFES LDy, 900 mg/kg
ANEL WkES LD 170 mg/kg
/NE A LCs 7570 mg/m®
®"Y TS LD 1250 mg/kg
WRIAm :
RF Fe ik LDs, 4 600 mg/kg
KR e LD, 900 mg/kg
b mpil+ LD, 1 500 mg/kg
N IR LDs, 725 mg/kg
2,6- R KE TR LDs,  =2000 mg/kg
. KB JI T 55F LDs, 390 mg/kg
2,6- KM
JINER 1 i LD, 2120 mg/kg
KREL TS LDs 1730 mg/kg
- KR BEES LDy 430 mg/kg
2,4-Z KB
/J\E?L I:‘ H& ]AD5() 1 276 mg/kg
AN BTG LDy 153 mg/kg
246 S KRB EEES LDs 276 mg/kg
oA N R LDs, 820 mg/kg
/NE iR LDs, 282 mg/kg
2,4-Z Rl
KE 1 iz LDs, 50 mg/kg

E AT, O 0B R b B8 7™ 2E BRI K B 19 78 bk A
herbarius Kl
aigle, £ X 26 @ % H,
A. acidoterrestris J& fx £ 1 A1 B KR By 7= 4=
BRI VL B I R AR AT T R
WE5E . SCHR b aE AT DLy A g A 1Y i PR 25 AT
H A
A. hesperidum'®’ , FUR 3 T B§ FF MR 25 7 AT 1 48
P A R A R HL T S 8D AR AN M . SR TT R

A. acidoterrestris . A.  acidiphilus . A.

A. hesperidum subsp.

acidoterrestis, A.  cycloheptanicus  Fll
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38 A S T A B AR T BB kB T
TAHAEAMEERNME AR K, 1999 4,
FLODIN 2 4 78 7 W Ak A W 8 % B R S Ulva
lactuca ™ Y50 28R Ty A= B A — S AR 475 2003 4,
JENSEN 208 JOR A Rt B3 1R E 2,6-—
TRIEE A2 ,6- S KB Y A, acidoterrestis , I AAT]
AR AR B R TEA TR, S 4h, &t EAb
FA K 2R B — 2 W & AL E Y, SRR &R
BRAE AR I & — 2R &, U A FR BN
Wy 2k & AE IR ER PR 85 T IR A7 A B, 99. 7% 11 A
BIAR B S HE AL BRI BT A= IR, A B K 19 Y
A A AT BRAE AR P T ) 7 A

3 FRRERFAFESIREERER

3.1 EWRHE

TESRTT OB A 2 0 A ] A e AR
WER R AR EZREZ — R T
Alicyclobacillus J& Bk , H i it 18 1) REGZ 7 A AT A
Wy B4 T AR W) iR 1 $5 B. magaterium . B, subtilis |
Streptomyces setonii 3 FAth & % %€ H Streptomyces |
Paecilomyces variotii , Rhodotorula rubra , Sporotrichum
thermophile . Pseudomonas acidovorans #1 Rahnella
aquatilis 55 . X EETRBRACH A= BUA 6 A B 1Y FT 1A
FEASEE R R 3 Ry R, A
REAEEAR I -

FLYE 1978 4, CRAWFORD 25 %% B i T +
WY JLER Bacillus F1 1 ¥f Streptomyces ] L)@ i3 3F
SR SN i B R A Sy A B A 1y A AR A ik
(K3) X WL IR ARIE . 354 ,1999 4F,
CHOW %5 URfFg R B 1 Ak 43 89 T - HERE it o 1 i
BRIA Streptomyces sp. DT o a] DL i JF A AR R [
IO A B IR PP Al DAy F N AR 13, I A FE R v, KOG
EERFEIET T 0TS, e rb 7 0 R AR I P 4 )
R EFHE 3 AN 1524 ( Open reading frame , ORF) |
43500 vde B (602 bp) .vde C(1 424 bp) A1 vde D
(239 bp) ,2000 4%, JENSEN %51 ) A5 40 56/ 58 193 =
WR AR R O 5 38 g A W5 b 3 B B T WE YR T Rahnella
aquatilis , 12 T T = T I o K TR 25 5 g A= 3 P AR
(4 ~9C) B35 6 d J5 ] LArE4: 50 ~ 190 ng/mL Ay
AR , (HAEGS N 7 B 1 i fs Al (1 28 73 vh AR i
A 3 A B By 7 A DRV DT A 5 g AR )
HP A e e JE A T3 7 A ) AR 0 T e e X R
PR AN K, 2003 4E, ALVAREZ-RODRIGUEZ
ST B ZE 7 A ) AR B S B — S
ZE0 7 AN PR AR 1) 32 S B DR R RO AR AR
B R M RE SR T 1 oA, R0 B AR ) 55 AR A

[ A=, b A 4 8 AR I BF 14 R 220K T 1 Bl
B P13 BRI TR A 20 BRARE 2R TE , IF 0 Se ik
FR77 A B R By BE ) #EAT T8, BE ST R B 1 Ak
B. subtilis f1 3 #F i & ( Streptomyces sp. A3,
Streptomyces sp. A5 Fll Streptomyces sp. A13) A] LLF|
FHAR R A B AR 13, DR I 240 T 0T 7 e IR 1) % e
ViR B ZE b i ) AR 7 AR i 2 225U . 2007
4F,DHAR %7 #F 5% % B ¥k Nocardia sp. NRRL
5646 1 AT LA job % 75 F R 1Y) 3 A 5 1k 7 A AR
7y, [ o0 HG e (0 7 B R IR B EA T 1 o g alif, &
GEVEH TIZEER S AR B, AR TR R 2
WA, BRI 2 7 B IR A Y 23 ), A
BRAKZER . 534, 1981 4F, POMETTO 46 ff 5¢
KINTE Streptomyces setonii 75Vi2 B IAEH T &5 R
AT LA R A AT B AR Wy, 38 ek i — 25 1 i HY A
FHATQIA: AT UL A A L2 9, i JL S 9y ik —
AR AR O & 0 iR (18 4) 7z A&
v, ARy H H b g — A [ ) o

COOH

—_—
+ CO,
OCH; OCH;
OH

OH
FER A AIARE
K3 Bk B. megaterium D2d Fil Streptomyces 179 H 5 EL
R AR AR
Fig.3 Catabolism of vanillic acid by B. megaterium D2d
and Streptomyces strain 179

COOH

HOOC/\k,

— — —

QOCHS OCH, Q\OH s COOH
oH oH oH

EHEER AR ILEB T & 0 R

B4 S setotlii 7SVi2 A HRIGAC R
Fig.4 Pathway of vanillic acid catabolism in S. setotlii 75Vi2
1983 4, LEFEBVRE 25 XAk 28 oK g8 A
PR AEAE R Y AT T 3R R BLX ST
T 2 F 3 A48 ( Streptomyces . Aspergillus  Fl
Penicillium) , FiA Streptomyces sp. ] DL IESLAL N
AR, M S w4 (1815) .

CHO COOH
OCH, OCH, OCH,
OH OH OH
EERE EER AEIA

5 Streptomyces sp. {UHHr o 1 A iU QA (193842
Fig.5 Pathways of vanillin metabolism to guaiacol by
Streptomyces sp.

BT BRI A R R IR = 2 — A
W e 1 2 Fob 40 v R0 3L A Q™ A A B R L A e A
JELZRERSE , i L4y o 20k i i e A A BRI L LS
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P 1 S B A . TEA RS T Rhodotorula
rubra i A0 M RERE BT BRIR S 10 0 75 1R , AR5 AR
A AR A R0 5L 2AS R 5 T A L SO E 1 PR B
T, R. rubra W] LUK BT RRER 5% AL Dy 3- TP AR k- 4- 5 i
WO (1B 6) s PTBRIR 245 W 1Y e b5 % CoA |
ATP I NAD* (¥ % B, 3% f1° C A% il 36 4k R
HYO N E S5 T W8 2 & R i 54 1k, [ i
VH-" CAZ il JEAR T B A R A Ak ok A B AR T 1 2ot
FE D,0 H IR T8 R A ER S, 45 R
BT A B R 7% S A A2 B R SOy T g —A> v
IR N N o g o8| Sporotrichum thermophile
A AT DK BT BRR % A6 Ry B B, (HUAS [) 22 A S ]
BUIR B ST IR RN A B 4- AR BB R By, 15 48
SR A1 A e B e A 1 D N
(K 7) AEMEE ™ it U H ARG 1t 4- 2 A ]
AWy o7 — T KR B TR YA R RUBA, R
A g LA R A B R T

(i:OOH

{’ COOH

i
N N
) —
Y OCH, 7 OCH;

O OH OH
Fol B0 EER A

i l

#CHa COOH
é\OCH3 ©\OH
it OH
-HEERE-4-BEELE BILRE
B 6 R rubra {RISTFERIR 2= @ OIAE: 3-F & H-4-5 5L
AR LR BRI R

Fig.6  Pathways of ferulic acid metabolism to guaiacol ,

OCH,

3-methoxy-4-hydroxystyrene and protocatechuic

acid by R. rubra

COOH
# CH, COOH
— — —

OCH; OCH; OCH; OCH;
OH OH OH OH

MR 4-ZERAAE  BER PN
K7 S. thermophile H1 BT BRR A 542
Fig.7 Proposed pathway of ferulic acid metabolism by
S. thermophile
XF LA E AR AT R4S , T LA )
AR A BT B T 1) — M 72, L 24045 3 kiR
1 : BT BRLIR — 75 FE PR — W AR , P BRIR —4- M T
BIRB —>FHR — RN, LR —4- 4 @)
R FHESFHER->BEIARM (B 8), X3
AR BRI A B ER A R 2 5 RO, 1
W B R R AE N B R B ) AR o ST —A

AR, B TR I T B A, dee o
AR AR A P 8 R Y i R AT TR AR R LT 5T
3 X P RSO B SE , AT AR AR MR 2 25 T fiE
4 A el o AR S5 2 ) A A AR B IR P 1)
(9, M3E 3505 A ) - BORAT Mg A AR SCE A, AT L
SEG 1 AR/ FHALER, I AT LA AR TR 4L
AR Gl Py EA T B, DA A e 5E 4 BT —
PV AR R (HECE H AT, A S AR B AR i
HORE T A BIETE AR 2D, 330 X A 00 AR P s 42 i 3 26
TR BN AR T AR

COOH
7 =t CHO
= x
[ - —
7 >NocH, OCH, 7 NOCH,
OH OH OH
P ERER 4-Z.4F AR HFEE
\ A /
—_—
¥ SOCH, OCH;4
OH
FER RBIAE

B8 TR A A AR m Y AR
Fig.8 Microbial production pathways of guaiacol

VE D 2R i 7 il b H B R AR B0 PR ), BE 3
PR 2R 7 A A AR M 1) ik A2 BT30S B
A AR IE 2 2 T8 5 0 AR ) b AR B A R
AT J3 Ay FHE DU AR 45 1Y, 2012 4, WITTHUHN
S TR I AT T R A I R B LR 1 B B 2
TR B A B 75 L T P A i b, O e b AR
A. acidoterresiris FB2 2y i 10° CFU/mL, 7 45°C
SRR T d, B0 24 b JBORE BT SORH v ROHOAH
T ARSI A it v 78 6 AR P ) A o e A R A IR
FIFZRER TN 8. B)G KA. acidoterrestris FB2 H
AT A6 7 5 M 7 B 0 A AT B R Wy, HL A 2R L
T B A 77 A A By 1 T B B AL acidoterrestris
FB2 NREF I BRIR 7 A A BRIy, Hoak AR e 9
FiR e 2S8R AR HE RS A 3, R THAE L™ AR
AR B A R, AN A R B SR .

AL E W IT I BN LA A, acidoterrestris ( DSM
3923 ) AL T, X5 g BR IR ZF AT B AR
IR AIHEAT 1A, 38 5 A 20 M 2 4t S 2
JH e 4 25 - BT 45 & HPLC 1 LC — MS A6 H AR Xf
Rl A5 7 ) SR DG Bl AT TR AT, ST A R R
B :A. acidoterrestris V] L) A1) i 75 B R A0 A B P2 A
AR (HAREAC A LS By BT 20 R | T 2 R 1R
R TE NAD (P) ™ (R i) 7 55 1 3t S0 1Y
VEFIT ,A. acidoterrestris ( DSM 3923 ) 5% 7 21 i 44
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COOH
('

\/ -
OCH, N\

C
])\OCH3
OH

OH
R EREE AR
CHO COOH
- , ~
i - |

OCH; # % OCH; # NOCH,
OH OH OH
EERE EER AR

I 12
K9 A. acidoterrestris FB2 Hr @A A By i) 7= Ak 142
Fig.9 Pathway of guaiacol production by

A. acidoterrestris FB2

CH,OH

éﬁ@*

éﬁ@ﬂﬁfﬁ@

éﬁ%

AR BT, A Ao A R O R il P A AR AR R S
A s o N L A i N S S A i N
NADPH 4K #i () 7 5 0 iF J5 Bl 4% 4k o & 5 B,
A. acidoterreslris( DSM 3923) H {1 7 5 1R i B2 Fili 2 3F
SABUBNER , A SN, AN T B 4 Bl DR 7 I e A
@Az JEH IR AT (H R R B R TR ALRUE,
ATP BB IR R A VE I TE B ™ A&
Zank 10 FiR .
3.2 HAMER
TERLRE &, KRBT R 7 = i AT AT AR
i o, T A R A A A T 2 ) T, 3k AR A 3
PR KN E T AR R A B OK By, 1967 4,
FIDDLER 257" 5 32 $A 45 70 4 M 325 36F B 300 1) 247

COOH

éﬁ@ﬂ%é\ﬁﬁ ERBBAE
NADP NADPH OCH, NAD(P) NAD(PH OCH; OCH;

éﬁ@z ff@d?k%

Kl 10 A. acidoterrestris DSM 3923 %% 1k 75 ¥ iR 1 7 B 15 A A B A 1y ) A i 42

Fig. 10 Proposed formation pathway of guaiacol from vanillic acid and vanillin in A. acidoterrestris DSM 3923

fREIEAT T RGBS, IETERE AR Py R 2] T
BIARME . 1990 4, FAIX %57 B 5% % B2 w5 AL B0
J AR Sk P2 2 B4 R 5 v A B K 52010
4FBREBU 257" 15 A J5t 2 4 S it 7 49y v o 6 00
BT AOIARE . 1999 45, MAYER 2517 X 455
HAE XU P AT T 20T, SRR F) 28 Bl ik &
Wy, e B AT 9 & A 1. 67 ~ 16. 90 mg/kg
(6], LBl HLRELRE (9 Th 5 , AR AR I 10 A i 3
PEm5 o RIS ZEAG A B FF i i o o 2 20 i e
(O AL RV B ) S L R, S A
Ha@@%%%%ﬁ%l@ﬁ%%%%@%%, R HABA
AR ST E AR 1 P T T 43 A B A 9, ¢
LAFRGARANR PRHR A T2, 33 28 55 B ) o 2 5% 18 Hb
T A AT
3.3 JLEBRELXIER
TEHT K FEANBE S @ QAR B fE e AR H
B A T LA P A KUK 2RO 4. 2012 4,
MAGEROY 4" BIF5¢ % BV 21 i v 7 01 K 1 1y 7
A Rt T LS R 0 S B, % R4 T T
JL % W 48 fr B OJE ¥ % B ( Catechol-O-

NH,
N
O, NH. HO
-0. 2
\[‘)\/\?Jr/\(_f‘\‘\)\\( + Q —
o HC & % NN S
OH OH OH

S-MH-L-F AR ILE®
B RULAE A

methyltransferase, CTOMT) , H 75 % S-f i -L-H i &
FRPEAEHT B  anl&l 11 FoR . LS B 4B 07 F AL 74 il
I ARAE T AW, (R EAE fOA  Hh A iRE
1981 4F:, VESER 4™ Fil FiJ 62 5 40 Jfd b 25 105 76 L%
H¥) Candida tropicalis " % PR T % ., 2000 4,
DHAR %[82] X} Streptomyces griseus Hf}) CTOMT #£47
T2l X ERGE AR A pH {E AT R | SR R
T SIS RO R IEAT TIRARRITST , iX
U 22 Tl A 240 T P ) VA

R H AT, I8 PRI ZF AT w4 G ™ AR ) AR iy
(0 B8 A BEAS BT, U 530 A oA AR A%, WPt
FER 25 P R A S BARTE L BEE A o i —
PIRE

4 EABRFAFEREREHSMRNTE

4.1 RRIRERZFAMTE T A

1] P 5 o FIR T o0 Aol P X R R R 2 FAT 1
ARSI , R 22 2 3R I B 2R i A 7 R R 45 4 (TFU)
il H AR B2 (JFIA) i 10 PR 0 1
AN I R T A 7 R A AG T Py 5 TR SR 2 L B AR

NH,
'
O
N, NH:
Yk/\s/\Q/ \2\\( 2 N
! e‘*"! -._% N\/N OCH;
OH OH OH

S-RE-L-m LR R A

IRV BIAR B 1 & k12

Fig. 11  Predicted pathway for synthesis of guaiacol from catechol
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i B S5 04 7 TR A AR — R B 28 5, B 12 (T, A
Sl PERIRE AL, WA FK B TE A R A
B J& MABE AT REARE TS5 9 (v ZUfE 100 CFU/mL LA
) RE TR BT 19, ELANBERE 0. 45 wm S8R5 I8 1R
it s C 28 PREE AT BEHJEE 75 ¢ (B £ 100 CFU/mL LA
) ERRTR AT 1, HANRERE 0. 45 pum JE IR L JEAY
R ) S B [ D vt v T SR K SR BBy A7 BR 2w R i
BRI A AL AR S 07 1 o BRSO EOR iz
TR R 09 A2 7 Sty 152 55 v (EL S Rl s
JTBATAE TAR R FERHR B BT, — I 23 ~5 d
ARESATAE R, A BE 2 B AR S PR 2R 7 p k)
JEPRIR 2 SR T R4 T S I I A 72K
it

|
(80£1)°C7K#510 min
J AKRER lg;'smﬂu J CHFE R
PRI PE(0.45 pm) BERIEIR((45+1)°C.2d) KA T YSGFIR
JEMANYSGPAREFREE  YSGTARLE FIR((45£1)°C.5d)
BEFR((45£1)°C.5 d) FEFR((45£1)°C 5 d) s
wE wE

P12 GRS AR BRI A A
Fig. 12 Process for detection of thermo-acidophilic

bacteria

4.2 BRINERZF AT E RIS

JE PR ZF AT T A DA I — B SR AR T
Mp AR TAE# S 5T B3RS ol AR
#5571, RZ BEHIF A B & 57 T 2RI PR R 25
PO BRI 3 , ARG B e W B A L SR A
P BE 2SN A% O 1 93 T AR W R IR, DL
ik LA Rk O iR B G TS A
I R v~ S ARSI &5 , 3 26 7 32k i O Ay 6L B 57 g
A A 7 v BE R ER ZE AT T R A 5 4 i 42 1
IR SRS SEA

(1) FiHK ey ik

TRt EDR AR B ASHI 38 A B S AR 2 8] ) S
PR A RON SEBLH AR 00, A TR PR R
TR R R LS ) A TR A
TR R . A 5288 = B 5 T B LK Y
A, acidoterrestris JFHT I , 38 32 % P8 22 K H ALY 2K
o R4S T R PR Alicyclobacillus 22 5 BT
18 I A HE ST S J 7 Alicyclobacillus 1) ELISA 5
53, LSFR A 10° CFU/mL, FiIR 6 ~7 ™ i
J& W5 1A BN SOKs 4 P 9% 43 15 5 ELISA (PCR Al
Real-time PCR #0455, A 2047 7 17 F I 15F [R], 71K

KM BRI 10 ~ 10° CFU/mL,, LI 2515 %) g7
—FPEE TR A BRI A S ELISA J5 s, T A5
WegiE B H B A, acidoterrestris ; [a] 5 36 43 51 XF
Sprague-Dawley K B A1 H A< K H- [ fe i 47 fe g, LA
ARG R PLIA AZ 0 M T 51X AL acidoterrestris
AR 0 ELISA M 5,2 A g 57 i Oy vk H
K PR 44 4 10° CFU/mL, 2016 4F, MAST 270 1)
A. acidoterrestris ZF 0 R PU R X o T 4T g, ST
T A. acidoterrestris ZE{E 1) ELISA #8610 75 35 , HAG M
REE R 2.1 x10° ~3.8 x 10" ZE4f/mL, X Fh 5 12
AT TR

RERR U, BREIER S22 125 7T T TSR R IR PR IR
ZEAAT TR R A N, A 00 3 R PR L A A L 45 2R AT
S o R EEXEAS ]RSSBT RS YL Bk, PR
PR IO A Fr TP Sitm. kS
AN T REVEROR A B 1Y 70 B B BRI 254, et
— 0P A DU AR R A

(2) Fk PRI v

TR Y 16S TRNA FA7E T YL A (R BL K v, & m]
DATE & FIRh 097K 7 B IO BE PR IR 2 A i . 72001
KA 7 vk v, T 16S rRNA 3 51 1) i BF 2 2 41
FE PCR P A6 0 J7 ik 0F 50 4 £ 1996 4F,
YAMAZAKI 2™ 1 168 tRNA ) V2 ~ V4 [X [ )5 51]
NI, T AL acidoterrestris 11 [ 5% 5 PCR
( Reverse transcription-PCR , RT-PCR) #&: il {A& 25 , HoA%
MR 10° CFU/mL SEFRE L, 23 15 h 53R R 4k,
#E7 1 RT-PCR 5 32 6 ) 52 #5551 2 CFU/mL,
2005 4f:,CONNOR 2§ #8577 3£ F 16S tRNA 71
53 BT B Real-time PCR PR A6 I J7 3%, X
Alicyclobacillus spp. FIF I R &E -k 100 CFU/mL, £
TNIFE] S b PRA 3 55 U4 1Y AR I — ] L PR
AR BB R 3G 0, © Z H H T 5
e 0 o A, 2011 4F, CHEN 46 L) 168
rRNA J351 gt , 3 T T 6 455140, adg 5159 F3
B3 RFNER T BIP, b iif NS4 FIP 34 5]
¥ LoopF F LoopB, SEFL T A. acidoterrestris 1R
A, HAG M BR Ay 2. 25 x 10" CFU/mL, 46 7 B
2 h, Fhb ELERY L N PR ZF A TR 20 B B )
TS L), 32 TR B S AR E 1, T
e AR PRI 2R W) S LR ) 6 ) S B R
2004 4, LUO %" ST SHC (R4 A HE K] (she) 257
TR Alicyclobacillus spp. B Real-time PCR #5;
MR ZR IZTTEETE 3 ~5 h PRI AT SEH A i b ik 22
/NT 10 CFU/mL 9 H AR B A

A BERLY 1 2 25 DNA (RAPD) 43 Hr k4L
J& PCA J3Hrid: W ZE i Y, X A5 B FTAE 6 h s
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A. acidoterrestris 5 H AW 8 PR 2 04T 1 X 40 HF, H.
LRI S AL G5 WAk oF B A5 2R I O 2 — 3
MR HE DR T HE NS BR IR 2 LA 51 200 P 55 H
rRNA 45 4 3% — JFUF, 2003 4, THELEN 26 {fi fij
VIT-Alicyclobacillus F:M7K FHAR T R NG ERIR 2T
B EBMIME A 1 CFU/mL, A. acidoterrestris S FoAB AT NG
PR 25 AT T AT BAS ] A B8, 8 5 516 Y Rl B
FITE M X T o

(3) iAo ik

PR B OC TG BT LS BE AR P 40 g vh A 1
EZNII 1A NS NS DN e 2 U
TIRSE L., Itk BA RS S e, A FE 4L
FE " ZFR BZEOR S Zoege it o i Jr s M &
AT LI AT DA 7 IR R R 2R AT
A ) T T A R A — TR AR AR A R
A o-FRRARIIIR , 3 A8 IR 3h 0615 B A I 3% 7
PRt T ATRERMKHR . 2005 4F, LIN 48 RAET 8 #k
Alicyclobacillus spp. WIZLANGIE , ZINENTHIFE BCIX
£ 800 ~ 1500 em ™' Za], Fid it 32 Lo 3 AT 5L B 1
NEFRIRZEAIFF IR0 % 5] . 2009 45, GRASSO %7 ff
FH B 7K P U8 B H AN 28 B A7 3 08, S0°C 451 F
TERS ML BUIRHE I 5L vh 15 97 36 ~ 48 h, A Il i
BRIV A SO LA, , 3R 278 i 20 B i A
ESr 7 3E T Alicyclobacillus spp. % 51 73 Hr (456
TEASTRY , 50U 0 295 R 2 WY A A Y L AP L T AR B )
H AR B 1 10 HE A 2R Sk 100% . AH AL b, 2015 4,
AL-HOLY %" 2T S0 it 55 S5 043 30 e 28 2l
SR REFE Z UG O kA S BT
Bacillus 5 Alicyclobacillus J& [8] #1 J& P A [6] Fh 1Y X
g o TR ABIETE A B IR 58 T I 2080 35 M &
JEIE XS NG 0 R 2 60 A 1 2R AT A I A ) A7, FT —
NIR 5540 590 73 A 45 5 S i LDA A 53] 4 74
IR RO AT Alicyclobacillus R R] 73245 , 1
W% 86. 7% ; M A 4% Raman Sti¥% i 57 /) LDA H|
AR T X6 AN [ B Alicyclobacillus 1) %5 5] 1 8 % Oy
850, (95991011

S L LL AN GG 43 B i A I PR A, (H 23X
TR B ARAT AL T e B B, it B 37— > 3 58 3%
) LR RS P LA DX 3 IR 3 AR 432 1) i PR 246
FF

(4) RAE LRSI

RGN RlES SrSTRul i -Y £ /PNeS
WEBE 72 90 5 B ity b AR B R M AL o0 1) PR B E
A 5 — A E A g T A TR, BT S e
AR AN S A DA s by b g 2 T s 20 4 o 7 £, T
JERE R AR RS A5 D, PRI, T8 B i BT U

P IR A2 RN N A AR A I 45 T AT
ARG A

2010 4, GOBBI " SR I L 457 42 I A AL )
PRGBS I R TR RGN N LR A
A. acidoterrestrisfll A. acidocaldarius WIRET 4G T 11
AR TR, 25 R ARG SR 24 h J5, L1 &
A AR R Alicyclobacillus spp. BIFFTE , IR0 45 R
W R WK 1 B HOR T T IR PRI ZF AT T 1A
A7, CAGNASSO 251505k A, acidoterrestris [,
TR AR BE T8 T i — 2D B PEAG A A, 15 s 1
LB AR X AG F vE AR P B bR B A R Dy
10° CFU/mL, ifi % 35 S 3 of i B bR 1 4 0 KR Sy
10° CFU/mL, 3 i ffi fee /1N — 7 [ V3 3 7. 14 5 2 1T LA
HE B 00 FE S o AL acidoterrestris B W .
CONCINA 45" i35 1y 5 5 7T L XS 35 Y A
Alicyclobacillus spp. B R ML JRBR PORHEA T 5 10112 T
AR B AR A TR e D 10 CRU/mlL, HH)7E 1 f
FIEIT 100% , 2013 4F, SCHR[ 107 ] 438, NST3320
T H, S AT ARSI A PRI 2 FLAT B TS G AN [ B
FRIH ] AN BE A R TR A 2015 4 VRl A
FIF Fox —4000 #IH, 5046 I 25 5 = 43 43 A Al
WU PR IR 2 FAF TR 75 S 19 oK BBk 5 Rt
YOBE, TEHRE -5 8075 GRS 1] 0 A ) ) 4 2
KT 79% , HAE LUIE F OB & Dy B il 1 57 19 48
THRT R LA, S ORHRE AL T A X
ZAh, F W% B AT ER X 43 1E R P R
AT R T R B A R RN o AN SR A AT
FER B o L SR I M Gy A B A
AT LAXE A, acidoterrestris 15 34 ()3 F 3 47 A 20R
3, BB 8 1A 1 B /N TR JEE A 200 CFU/mL™
4.3 RiE=mien

JEPRIR ZF A B A WA i AR .2, 6-
TR 2,6- IROREYSE 3 Fh, AT BB 2 H
FERH Y, IR B ERIRE (2 pe/L) BIAT 25
SRTT A RAN TR ) R, PRI A6z 0 771k 1) R 8
SRR . EET, SRR M 09I o3 A O vk A
1 ARG R BORORE A AR

(1) 3 ALY ik

AAIRETE H, 0, Fil E AL 12 5 Tl LA
T A IS A 0 1 DU 3R A B A Iy, 3 e AR ) 2 1 T VR
8 470 nm T A AR A S0 A AR By Y PR
SEPE BOE BRI ST IR, H AR Kyokuto il
2 PR W AR 1R AG Y B B B A i
F o X Gl — U IR T RORT — S
A SO it R 2 3R] G RE U it Hh Y
AT S B A 1y 04 N B IR 2 60 AT 71 T A, o
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FE S IO BE 5 A0 A 9y 1) A o IR ' B 1l 2R A B
e, AT STELN A AR I A E AT s Ak
il 35 T A RUR B & S 8 i FE i (mg/ L Z050) 1Y
R, R, FE 3G SR 3 i AR AR B R, R PR R
LR A DN P A5 S 1 B ] PV A R R A A AE s
WA BIARE , 207 35 % FH T IR PR 2F T i ™
AR O BE 1 PR R0 PG

(2) 355 ik

IR A TE AT GC — MS %2 A B A o A
H A F G 5 5. 2000 4F, ORR 251> Fi| ] SPME —
GC — MS ¥k A.  acidoterrestris 15 4L I3 H T [
AR . FERE & I AGE & NaCl DL % & 1
BT B HOT Y, 7E 60°C ZEHL 60 min , 5 240115
BIARB R BB 2. 23 peg/Lo AL, 38 & HIX Fh
A1 F 1) SPME — GC — MS A& . BET 2% 55 R i,
2004 4F, ZIERLER 25" 7] FF T5 243 [ 1 il 4 B 32 42
IR T i A A AR B, I % 28 Bk (DVB/CAR/
PDMS 2 c¢m il CAR/PDMS 1 cm) JinEhfp2s ZEEURT
[ AR HEAT T A, Ao 45 R 45 BH . HL 0. 5 mL 3
Itk 4.5 mL FEA7H B, FF A 2.5 g Na, SO,
7E 60°C £ {4 F 1H I8 B 10 min, 3%l DVB/CAR/
PDMS % B3k (50/30 um) 60°C R £ 5 30 min, ftJ5
#E47 GC — MS il , HTHE AT K 8°C/min, 7E 1L 5%
FF @A A 9 LOD A1 LOQ 4371 4 0.29 ne/L F
1.06 pug/L.2005 4%, GOCMEN 25 46 I 4% i B4 iR 4
TR B V5 ™ HE 27K R A R T, K B FE 40°C i i
15 minfii T 25 4% % 35 ) F #7, FI 50/30 pm DVB/
Carboxen/PDMS [ #7425 B =k #E 40°C 2B 30 min;
AN B HLEE T GC — O il GC — MS K I 4 S FRIR 4
PR TR 75 G (R A8 VT () A A AR 3 .2 ,6-DBP J% 2,6-
DCP FRCR , A B 3R 2 Fke il 75 i Jor 3R A5 1 e
Vi e 1 FREA K T FID G v Fir 4R A5 1 % Rz U i
U BE, Ak GC = O Rl vk nf S8l X & 24 56 i
P 53 e PR . A ST A g7 T HPLC X
AR ER A A 5 i, R AT Hh BR (LOD) i
R (LOQ) 4343124 0. 10 mg/L 1 0. 35 mg/L 7, 5
R ALY B EE A H, HPLC T GC — MS ¥: A %
RO B R, DR P AU R A ) AR 1 P A

5 BERERZFFAFEESTE

TEH AR RAT 1 1 15 5 op , ZOR G ERIR 2 AT
BN H 828 R R 25 JRAT B T e il i AR B
BN AR A R A VIR o BEXER
THAE = PP IR PR IR 28 AT 1 T T 3R AN R, BT fe T Y
PR T7 AL AR, s — b 7 1 07 vk 14 6 AR N 5
RSP A = I RN AS o WA B BICR T

A7 A — JBeR AR D < A B T R SR SR — s i — i
P A A I B MR T
T/ 1 I8 — 5 0/ i T — B PR T — R 4 — LU RE
11— )7 B/ R WA T - IR IR — A7 —
JAIE — B PR T/ 2 — CRIERCR 3 ) R 6T 0 4
B2 IR AR I A R 5 — AN ik
PR L3RG JRURLR , X T BRI 2 et iR
AR R BB (AR ) BR 1l AR A IRk 95
AT 20 4745 [ 20 R A R A IR R IR 2 A AT R
(0 B M TS R IR T 82 o0 A FE R TN 3%
Sirb o ARIEIX R AR A PR BT RAF ARG DL, BR
BURBE Er2 (AUN) 8 7R A 7 g R A 5%
BEPSTRLE AN 3 BTN, EARTE S SAZ iy A R
FORTE A=A By BEER A AT RETS AR AR 2 4AT
T, 1EL H R B 42 1 vk B R IR e
AT OB B R B BOR B TT 50) LSRRI 2857 i B
JB§ 3 AR
£3 RTMIZRPERRFEFENXBIEH S
Tab.3 Recommended critical control points for

Alicyclobacillus spp. at various stages of juice processing

7 T P
T 7 B
Eiwﬁﬂgﬁ,@ffm%*@ﬁﬁxmm3%m
3z i
SR E SR A7 R 22 Ah ke 1y (b
b EE
At Il ) F L
ke it T P 3 2 LB SR 5
TR AR LA A
AR g e HeTH A v s K
Y T/ VAR R 5 A i
T 6, 3 FF PG £ 5 A R
B A TR A5 I i) B R i
Ve 4 TR
TG 25 6 45 4 28 S DAL 3
S L 1A
AR e T 20

VRAT PRI IORL A IR

. ST FHBC AL A I o 5 B K B A A
JHC

fr
BRI s T A P TH s M SR
B AR TR 2
W TR
Y fkiE EEEAET 20°C

5.1 JRA RIS it E Rl

HT T PR 2 AT R IR T L, 2R el v g 2R
SEARER Dy R A5 A i 20 R ZF AT T Y L 83, T —
B BB JEORRUE A AR (8], 225385 200 Tl 7 P AR
MELBR , L, X JERER A RN TH UL B 3
BT W5 RN — 2. HATA TSR
— SRS EH RN TR DR RORER , RS R |
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A AR A LR

(1) R

PR e —Fhom A AL, AR B ROK T 1TH
BE , [FIUL B Dolb (s s iz Ak 7 I B 7D
AT LA R AS KR i P 8 B 5 S50 T R 2 F AT A
ST 2000 41, ORR 48 F 58 4 B 25 U SR R
R IR T 200 mg/L 5, X A, acidoterrestris f
e TC ] B8 TR AR 5 2 0k B2 4 3 1 000 mg/L
N, AT DA A 2 A B AT 6 NG, (HX
Fr i W FEAE ] T3 R AR I, 2R BT R 1 2.4
AN (4 FEE ) 10 min) o 2009 4,
PODOLAK 25" s 352 F0 4 A, acidoterrestris 271 [
SRR TASBW A b, BT R A RN B A
[Fi) o e YA 32 ) U SR IR B A T A R AL B, 45 SRR B - B
IR AN TR S T (200 ~ 2 000 mg/L) 4%
MG (1 ~ 2 min) |, AR FIAL 2 B 5 5 U
FREN TV B2 0 2 000 mey/ L il 2 2y 90°C 4544 Ak B
IFE] Ry 2 min B 0T B 4 2 6 1Y) 25 R A% B o, 2 A
B R T 2,32 8RN S%. 2013 4F, DOS ANJOS
Ll NO) o SN T A, acidoterrestris 7642 FEAEG T BF
PGS E R B S RS TR B, -5 48 1 R TR B
XoF PRI 8 8 TR ASCR , 435 R 3 B AS 5 80 R @ e 36 T %of
200 i P O AT R ) B i T SR S S AR T, YR AR BN
A. acidoterrestris H{E 1)/ MR H] BB E (MIC)
3 600 mg/T., ¥ i Ay dme /A0 i) o 0 94 1) 2 A
AEFE 10 min 5 ANEEH JE 0 AR S £ 0 3R 1Y 2R A
ARG T 1.74 1.31 Fi1 1. 57 DECED%, 1M 2009
4F FRIEDRICH 26" 458 T 76 Brilisk i B A e %
S AL R R AN AN AR FIA ]
I A NG P R 2 AT 18 25 A0 A ) R £ BR A
o

(2) “&H MR

AR MR E AR, 2 B PR B AN
4 JCTE B S0 B R, 58 [ A M2 LR
(FDA) F 1998 4 28 Fui/F il A — A AL S TR
FIBR AR Ve 2004 45, LEE " 252 T s
ZEAE N K E R P R E R R A, acidoterrestris
TERL % IR, 45 5 .80 mg/L 1120 mg/L —
SEAL AL TR S min I, 7K P R P ) 2 46 R 2 4G U
FRELE (/T 0.7 lg CFU/mL) ; 258 — S AL &0
TR M, 120 mg/L i e B R AL BE 1 min J5,
C ARSI A 2 25 A6 9 A7 72 (K BR 2 2 1g CFU/ml)
ELIHGER 3 AF 58 A7 AE 1R[] AR < 30 53 )2 T T R 4
SR R P ) ZF AR B, S PR gk B TR SR R AR T
frI25 {1 3745 18 . 2009 4F, FRIEDRICH 467 {ii ]
TS AR A ST 1 R i 4 T 194 IS B IR 2 A T 2

FEAT AL 3, % B 5T i vk EE 100 mg/L 403 10 min
J& ARG R T B 250 B TR 4.5 F1 3.3
ARG, T AR O AR I 3R A 2 S BR
RORAN B . AP AE 5 T S b f s Ak
e 5 P M AR G BRS A PR SR 3%
A. acidoterrestris E L RE R, g5 R FT W . —E S
A PR 1 BRSO S, 24 A SRS i o 2 9k
FE R 200 mg/L., 4 3% #5 K S 200 r/min 5}, &b FH
20 min Ji7 AT LA A SRR R I 2

(3) AL

o S ST 2 VRS B TSR TR B A R S
MR TEROR , AR B AT P U 3L HORL
Ft I ARHAK K il B R B A R i A
TR A& Z R 1995 42, 3k 3™
FH TR SR a4 A SR A TR 2 A I R R AR
T, DR B 2R B 0 /8 R 2R A i g AR, F
FE T RE BRI E] e BE REE pH (BRI AL X o 4 Ak
AAIKNEIR R, 45 R H] - 10% 1o S8 A0 S0A RO
AR D H (D FoR1ERE RIRE T, AR5 90%
AN EITHT R ) Sy 12. 04 min, n {E (% R0
113, Q0 fB (FEREAR 10°C 1 T i 18] 55 48 i) %
$0) g 2.43, H pH HBAR A BASCR BGE, TG HLY)
HofH A I TG 585 0. 2000 472, ORR 467 43
ol] AN [ B 1 e 4 T U Ak B0 2 e 2 AP SR 3R i
M) A. acidoterrestris 5 1, 2413 5L & i = 40 B0
29 I, AT LI R I B 0 25 46, TR PR BRI T 5
NECRAH 2% 1 FACE A BE B L BR R R KR
T ) 2598

(4) HLf oK

H A 7K 2 AN S SR 2 B /K 28 F ik JS i A g
(7=, w] oy R L AR PR AR K S
AIHHEFREEM . BRI pH H—B/NT
2.7, JEAE R AN AHE, HAE R &l fe b o it
AT B, 7 — R EE B IR T o4 R A
H P L iR KON KR TERIBPE , 55 A B B #d
JE R K, HHAR B R 2O IR, FoA %
A JOER A LA R A R T A T
2014 4F , TORLAK""* BIF 5 & B ik Hi e 8 %o /K 7
1 A, acidoterrestris ZEEANFE 1 min J5, 250 & T
F A, T S I A A4 2 5 min B, ZF AR
TR TS MR M E TR R 7ER
25 (50 ©/min) Zb 3 3 min 5, ZEAOECRFE T 4 4
B,

S sl Wi - T S D TTRIE R A A
TR WEIR =54 =Bl kh i 46 LR 55 X IR AR 2 H AT
A KPR A HRIE . 25 R M Y ot vk iy
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1200 mg/LE}, 4 B2 10 min J5, K B W+ IF 5
A. acidoterrestris ZF B FRAL T 1. 53 NEE 2L,
AR T3 2R, 5% B 1 2R DAY 28 F oK B 2 s b
BEIER = 4MXT A, acidoterrestris Zf {70 1. 3 7% KRR,
R o A BT e 2 129% B KV TR R AR A Rl R
W R . 2013 4, DOS ANJOS 45" 4l T %
FREL FNIT A LR A, acidoterrestris 2 Y B /N
il it R 3 539 g 500 mg/L Al 2 000 mg/L, 4 &
Rt/ B R P Y 2 A8, 4B B 10 min )5 ZEER
RN R JE 0 R A L 2 Y 2 R S |
BT 183 1. 71 A1 1. 79 ANEit gk, hiid s L FR 1Y
ARKBRSG 5 R 2.03.2.97 Fl 2. 63 MR

O H R, 75 T B0 IR PR 2 A IR 2 AR
KT, F 28 PRI BE R A AR KB (H
Xof H IS KAV A DL AT BB 0 438 o 53 4b, 35 3k A7
TE R 1 e R 7 8 70 X 7 U i 8 2R A A 2K
RORARYF i — BAE T8 S el i e b 22 iy, o
REGFRRKRREAR o 3K A R T 7K SRR T 5 W A — L
i HL AT PR B AR R 0, T 4 T 40 R 24 2 T
A E WA, H R S REEH , A 5K
R by, 025ty T B KPR e AR ) g
| 3 25 el A P 2 B 2R T, AR R SR BT LA
J5 1o)X AU LA T IR, i BRAE BB AR U 1) A T
YERT, TR T AR RCR . T R — [0) 5, ik
e B AR AL BRI AR P i LR P i sl AR U T el I R
TR A AL SN ) B FE T BE 4 3th i0E A TR TR
L DR R AR RICR
5.2 JERGRERAIEINERZF AT E RS

KRR, B ERAR T R ATl i 20 KA
THFEIT I TEZA T AR R i WA e BE T %
P AFLIBRAT AR AT AR LAFE ), 10 T AR 2008 2 1
TR 2L BT, S ST N AT LAAATE T ok . PRI,
KEWFFITIRE T IF R BB R A W EOR , Bl el A
A A KNG PRI 2 P AT TR, [] Fof S dp R B
AR B AE SR LB ARG L IR . BT,
FHT BEF IR ZE AT T A ) B K BOR 2550 e s
e BB SRR AR #A S5 S AR B AR eI v
LA BRI o TR K R S A R IR s
5.2.1 ARfLgeiniii

(1) P PITE

P R ) R TR AL AR 2B ™ AR i A ARV E
DA AT ) s = N =y S S i B S T o
— FRI 5 SRR WA b AR A i 52 B R
AT, 2009 4F, YUAN 452 42 T 74 g 0 3
Wt wh A acidoterrestris & 32 0B & KAE A, 45
R IR A D) 23 %) e R A 3BT ) P S 4, 2% KRGCR

B W 1 5 5 7E D)) %6 300 W45 4R, AL # 30 min A]
ZHE 60% 4, 1 4k 38 60 min J5, BAER ML T
80% ; [RIIAEE IO 3E 1 8 7 iR Ak BRE 7 SR 3 1) i
JETCAFIFZ I, 2010 45, WANG 2 fif 5y 1
W AEAN [R) D 238 Ak B [B] R X632 5 - o iR PR R 2570
FFEE BRI ROCR KR TR 8l T 280, DUARRT 3 07 22
TR E RECN B A8 AR % 4 T Weibull 4315 pRi %5
Loglogistic f& %1 & 1E ) Gompertz J7 F I XUAH £k P
BRI LA 850, 45 R R 1. 600 W 75 Uk /E
30 min, 3¢ H 4 th AL acidoterrestris BB IR T
4.56 NEE G, M Weibull 43417 bR BRI U 2 P AR
RIRE B 4 M 40L& M A5 B X AL acidiphilus ( DSM
14558) #1 A. acidoterrestris( DSM 3922 ) % 2 #R 1 1I3R
Ktz

(2) T

FACIHE TR S AR, AR BRSO ( 32 2 A2 IR 2
JRLRSE) B A5 1 P 9 25 5L . 2010 4F, GIULIANI %>
HEL T I AL BRI 5 S A, acidoterrestris ZF 4]
(49 27 IAE FH SRk 72 it v g 77 803 ) A8 ARV E L 45
BRI THE N 900 W B3y 2 450 MHz B, 4b 3§
5 min ] 4757 7 55 T ) ZE ALV B R B 2 B
F H 3 1 5 B 200 X7 R A5 R RO S5
WL D38 KA P TA) A G 5 [R] IRp sk Az I 5 4% it o S
F A BRI RN IR AR A TR bR, 15 sl I 4k 2% g
KBTI, JE AR R A S T, Xt W]
TR AN R M 73 725 59 ) 1R

(3) S soR

F4%i (radio frequency ) 240 R L 2y 3 kHz ~
300 MHz [ HL G , & REZE & B DR &S, PR
BB A F 25— E A BT P AR AV I DR iR 7 1
FEFNEE S , DT K L BB % 1k FABE , 35 B A H
272 SR B T S KRB A [ A
wn P AR B (B AT N 2R i s . AR
TR IR AL T S50 % 98 B B, (H B AR Sy — T Y
IR, A E 1 RE 8 R FRR SO 5 A4 T A i
AR SR AL, TE B A T U S AR B 1 1
RS o 2015 45 RTEUE ™ 2558 T S AL 3G
MRkt v iR BRI 25 FAT T ZF AL R KA 4 SR 3R
HH S5 451 A BT 2760 114 % KSR B i 5 AL Gk
(7K, H S5 =BG A W i 2 5 7E .

(4) BICAB: Ak

WA A — R I % . 5 Bk 3 FhE
FE Ao v L IR AT T AN (), DR i A =
VR iy %) LA A2 L P A0 R NS, DTG Ak 42
e Bk, BREAT — RIS A, BRCABH N ERGA ]
AP A H 2 FLASONE , DA TS Gl 2 40 4 e ke 222, 4 e
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R/ I S U A w1 &%
ST TR R pH R H R b B R R]
IMPARBUFI AT 2L B ) & 1T, WO Ao 3 2R
e Al acidoterrestris "8 3R 40 M A 3 KRR, 45 B &
B BB TR R AR A R TR R R R
PR G H biE pH H I AR A KT b
A AT PR ) 5 e A 1 SE 3 RS 80 (B
GRS PN E SR ES A =E T )
A TR 25 PF R EE 70°C \pH {E 3. 5 (LK 250 V
i 5 3 10 em FATVEMEEDE Y& 7 10 °Brix, 7E1% 5%
BT RILL100% 35 KIEH T F 1 A, acidoterrestris ; i)
IF AE IR B4 T BRI RART SR T it B i 52 ), 285
R IRIPEIRTT I & UL AR AR (AN pH B B GR
o ol B2 &) YO0 W Pk k. 2009 4,
UEMURA %5 (U] T — £ 13 38 528 L
MRS, IR TRKE TP R
A. acidoterrestris ZE48,, W77 45 5 2% B3 MR 0 44 &
GE Y R TR SOR R TARGEIAA TR ORI TR By,
AR BE AR 2 T2 g m# Y 30 £, A Bl 2010
4F BAYSAL %) 1 i — & W AS W IN A R Ge 0 4
T A, acidoterrestris ZFEAIUEFT 2R K AL, 7E HE
JEASEE 50 V/em B 90°C 454K, 40 # 10 min J5 2
Ll LA GE RS R i 4 DB
5.2.2 FEHCREHAR

(1) FE IR AR AR

R R — MR AT RE BT B R R, TR
Bl Dol s i I 2 S AN y S 2k, S bR
PRPAS AT, 1] 43 S F I v iple A g 5 A2k, T
Hovpke K 74 Y 2 A 5 A . 2013 4,
BAYSAL %5 55 1 A [ul 5 ShLk s i b 3 ] T
ST A SN R RIS o A, acidoterresiris
BRI R IR S AT B ) 2 R, IF LU X ¥ 07
ZE IR E R BN BT EAE R 5¢ T Weibull 3417 R %K
F R A AL L5 ROR , 25 R R ] A SR SR
A 131 mW/ em® IS RO BT, R T P 2R
T R 5.5 NBCER L, SR i 2E AR
T 2 AN EE S, A LT Weibull 4341 BREL, W42k
PER R RE ST 47 UL 5 FE D 5 ADR XS AL acidoterrestris
U A KL, 2014 4 LEE % BT y 4
LR FIG T 1T AL acidoterrestris ZF ALY 5%
RAEH, G5 R IUBE A ) 2 138 I A TR8OR 5 B
SREHTE 10 kGy & T, 2R 5o 4 ML
YL, HAR B AL 1S R 7K 3 B2 A pH (34 T
UL 5 80 A ) R L PR R B
052 B — 5 B RE I, G vp 5 B (B R B 0 2 (RS A 3
T, T £ 0 J3E DU S U/ N

(2) g ik

e s A ] 12 2 A A v s 349 J5 R g i K s 2
Fofr o 1o Hs 349 J5 1) v R X YR AR £l R B 1, DA %
T 3 RS 7 A 118 i 0 5 ) R e 4 5 4 IR
A=) 20 B ) 235 A8 AT 38 B R R H Y, 2007 4,
BEVILACQUA %" SR e R 45 5 b 38 % 7 3% 3 o
M) A. acidoterrestris AT A K , 45 R B8 R FACR B
A W R , 33X AT BB BT A [ T Pk 19 43
BN IA] , HLAN R AR T A i 1D TR 20 A AN ), 53
HOF e B B AT PEANR] o WSS T BATE S 2219 7
— B AR T IR A5 R, O B R LB IR
AN T 2 R0 v s 4 o Ak B S A0 [ I, 1
SR i X BT, v X B A 2% 3 AT A IV B
FEPERRA Y o MR TR A R PR AR (0 ~
200 MPa,0 ~ 10 ms) FIAEECR (0 ~ 1 lg CFU/mL) 75
K AL TR ) B (T 200 MPa) (IRfIAJBE G (R T
10 min ) , PRI A AR I BE 98 (3 ~ 5 1g CFU/mlL)
2003 4, ALPAS %™ 252 1 K FE UG 97 % g
T SR AT AL acidoterrestris B % KK
R ER R T ) 09T i KA PR ] A3 1
20 M 1) B B AR, 72 ) 350 MPa i S0°C 2%
T AL BE 20 min J5 , &0 BT b 8 55 40 A Y s /b
BT 4 SRR ZE, 2005 4, BUZRUL 2 ff
FRH] Weibull A AT DLAR G-Hh 35000 AN [m] s 7 i
FET EEKEXEFRIE T A, acidoterrestris & 37 4
MR TSR . 2012 4, VERCAMMEN 4511 3% 2
TSR] Hs g pH{ERIRLEE T e K H X 2 v M e
Wi A, acidoterrestris ZEAAY A & A3 KAERT , 45
RBRTEARE PR A R pH (A2 T AL 10 min,
e K s R R R v R A 2R A R, R R 2
AR e 2 A H 2 TR = T iR 60°C | pH
B 4.2 25 T AP 10 min J5, &K HO6 & AT
8 2460 3 B H B I 1) A R RO, 2 R BRI T
3.5 NEE S, MR, 2012 4, SILVA 251 75
600 MPa,65°C [ #f 7K He 2% 14 T X 4 5 11 &b 2
10 min, FE5h 5 A, acidoterrestris ZEH = TR T
2.5 NGRS, 2013 4F, SOKOLOWSKA 281 ¢
200 MPa, S0°C 75 # 7k JE 4 FF F 4% 3 5 7F o 1
A. acidoterrestris S AL 30 ~ 45 min, ZFHIEE /DT
3 ~4 YL, 2013 4F  HARTYANI 261 5% |y,
TFEHBRVEN T 5 K He A BT SR b JBT 4 5% 1
S5 R W RTE 28 d AN [ P, SRR pHE  EE
FHE RN 5 TC 225724

(3) Rl A — A Ak

i A AR T B — R B A AR ROR
P25, DARRAN TCBE 19 R AR Uit A 0] — S Ak A
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JABA B, 2009 4F, BAE 454 AR 10
SERI P AL acidoterrestris TR SR K, FHEE T IR
JE sy FNAL BN B B ERCR R0, 45251 R TE
65°C 100 bar 4bFH 40 min K 7E 70°C .80 bar 4b #
30 min (A AREE ZEALEC R B AT R LR, OF HLRE I
Fit AR AR RS SR 1 it B TS A AT

AL GEAR R R AT H HRIAAL T 5250 2= 0HE
W B, SARTE B A £ b Tl R MU, 35 2
TERCRVHAN SR AL bk —2 5835, 0 I R k1S
FEXAS ] 2B A AL B 48, B LA DL AEAL 58 AR T
BRI E A B HARTF I 1 I 5 ZEAR
Fmf(a], HAE RS BB  TEALCE
W7 T B KR BINE ST o
5.3 RAUEWMRSBP BRI SEREBFRITER

=l

5.3.1 KRR

(1) Nisin

Nisin [ Lactococcus lactis supsp. lactis F=H:, &
— P RIR R R AR BTE R, AT LA RO A K R
P 5 1S A S ) 2 IR PR B o 4% Nisin T
PEH AE PRI P FUAT W O IRE IR 2, P 9T N A B4R
HAE S/ N TR R BE X A0 470 A 1 53 i) B AR T 3
Jyp AR S A . 1999 45, KOMITOPOULOU
SR FAE 80 ~ 95°C B I 4 15 T Nisin AT
A. acidoterrestris{it] D (B I5 /) 40% 5 76 25°C 414 °F ,
HOREER R 25 AT 181 25 f de /MW T R EE O S TU/mL,
2000 4F, YAMAZAKI 25 57 & 3124 pH {5 3. 4
B, Nisin %f A, acidoterrestris & FE A 40 ML A1 259 49 5%
NI B M B B R 1,56 ~ 50 TU/mL #100.78 ~
12. 5 TU/mL; X4 pH {H N 4. 2 I}, Nisin X H 8 FR R 20
it B 2 AR AR e N TR E 3 0 25 ~ 100 TU/mL, M3
IR EE R ] DU G pH (BT, Nisin B HRCR
TG, HZFE HGE SR 400 Nisin 55 RUR% [W] ), VR
I R BAE R AL SR T T, 2 Nisin S0 5K
T 600 TU/mL BMITCMITERCR , (BAERG AR &
Ak B, 25 ~ 50 TU/mL fY Nisin B A] 4170 41
A. acidoterrestris ZF R AR 4G, 3K A BB (TP R E TH
T L R 55 Nisin 8565 O I RIS T RT3
R TR P i Z2 B2 5 5 Nisin 0] GE4 P
IR SCHR( 147 J4i3H T Baranyi & Roberts i
RUFN Logistic BB 351 ] LIAIG &4 Nisin 1% 511
FoER IR A, acidoterrestris FRAEC LR, T fr &2
IR A] DU T BO S I Nisin k4G 51
A. acidoterrestris ZEALAIHTIIE

(2) ZIRFEME R

FIHT,BR 1 Nisin DLAR, HOE R0 2 IR0 T

O 1 R 2 AR TR Y 45 A B, 2002 4,
OITA 45" 38 T7E 5 ~ 10 pg/mL J5 ik 9k 27K P
LB T REMNERFL LA K a-thionins Fl
B-thionins A LA 55 35 3 b A, acidoterrestris 1Y) 4=
Koy M2 3N A 20 we/mL B, /N R TR B
o-thionins 22 IR AT LA 4% 11T FK R G iR 57T
HZ i Y AR, B BT & 30% S 54T I Ok
W, BOREZE . AR enterocin AS —48 Tk
Enterococcus faecalis A —48 — 32, SN R E N
2.5 wg/mL i, FT LU & g BRI 25 FE A 1 A SR
PRAE 60 ~90 d, LT ] 14 50 5 Ry A s TR
M 2E A 26, 2005 45, MINAMIKAWA
SEUYUE o BN EARMNLY Bk R B BT
Staphylococcus warneri RB4 [ warnericin RB4 X} 1% +
TR PN PRI 2 F0 AT B A I 4 T, 98 ) HAE 2R
TR ARBHT W A ) [ Y R Rl S, 2008 4, DE
CARVALHO 2510 2222 7 Sl Y F Streptococcus bovis
HCS 4N R bovicin HCS X 45 37 FEFNRR M R K
H1 A, acidoterrestris FISZI , 45 5 BN iZ N B &= 0 E
40 25 10 0 e B SR T AR L LR AR TR
80 ~95CHY D {EIS/N T7% ~95% o ABIEFE A A
Bifidobacterium animalis subsp. animalis CICC 6165
HARE T — R AN R bificin C6165, & Al KL AR
KB T AT H B A, acidoterrestris
FEAN RN ZE L, FE SR b ] DL 10 25 1 Y 44
BRI, (LRI 2R ARG IR s bificin C6165 174
PRATLIE AR 740 5 A0 RS, TR S LR 25, S04
JEEE S EIG N, A0 N 2 R, )i Of Tl 5 e
JCHTARY) Tipid 114545, BELLE M BETE B, AT 5 25 4
JIZET; AU AN bificin C6165 25 FHURTT (A
BOGRE IR T Vi B R B G S X SR i BT
A

(3) V4 il ol 1 2 P Al 26

VTR S — R R AR BT T, & S 5
I P i RE , S EON AT, AR T 3R R
[ . 2006 47, CONTE 45" 4 7 B il [ 7 T K
TR R SR 0 Tt T B 1 32T P B R
A. acidoterrestrisiE 37 4 ML FN 27 6L A B S8 A4 30 il 7
Jil. 2014 48, BEVILACQUA %™ B 5t & B 141 il
XHEEFEFE T A, acidoterrestris 5 37 40 MY 1A B /NP A
BUi i E N 0. 1 ~ 6 mg/L, T T 2 4 H fe /NI T
JREE e B N 0. 1 ~ 3 mg/ L Fifi 35 75 11 45 0 791 4 9
T 2 R RCR At B S iR A /N0 T R R
T EH 24 h JE 2 ECEREAL T 1 1g CFU/mL,
[Fi) Bsf, A TN, P TR 48 2 1 il 2 R DR AR TR
B KA, I AR Ok A DG IX 2 T 1 B P T
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WP GE . 2016 4, DOS ANJOS 4110 %42 |
AR IR [ il R 95 85 (1 T IS B IR 2 FL A T ) 400 AT
VER a5 R B R AR INE H BT A acidoterrestris B
NPIVER R MR JEE D 0. 98 g/ mL, 1 3 45 8 11 A ) S
NIRRT BT M E D 62,5 g/ mL; 2SR DN e/ M
il o R R BE Y 4 A5, 5% 24 h 5 IR PRR 2 f A T
AR A RS RAIR 1 4 808 2 30 5 o P AR 2 119 2 e
TR BRI, A X 2 i 040 S P S H
KRS PETCOE , (EE AT AT AR 55 ok i 1 A0 15 T 0
(L

(4) HEP IR RAR LY 5L 5 )

R T S B B AR 0 R A 5T, Hy LA
T LA A LA G WL, T H A 2L
SyUNE HL AR T Y A SRS S )T
TR RBOR | 3 Sy 5 1) 7% B PIL A 3 4 455 L N
B IR 20 R R 2 1 3 R 1 vsl /b L A A BT
HESS AN R S 2 R B A B SR A H
HT A AR B 2 IR 2 R T 410 7 B2 A% K T 5
FEIE B RAAE B R A0l B A ER B R B
i) Antonio Bevilacqua “ 3 it il #Y o 24 ¥R il 5T v
J¥ 4 150 ~200 mg/L IR, AP ] DL i) 1% 7 2 o
A. acidoterrestris ZE (L[ B &, H. pH i #4100 i) 5%
SR AR R, T B A A AT A A
FERE B ] £, 80 mg/L T 7 My .40 mg/L A 43 B
40 mg/ LT # M 5 20 mg/L A EEAR 4S5 & #R AT LA
HIZEfmEE R .

SRS B, oAt — 2R I8 T RE ) 1) K
SRFEH AL G W) RS PRI ZF AT TR LA — s By
HIVEH o T 16 PR R 2F 0T 1R A8 20 8 % 1 b oA 2R
K:,2002 4F, OITA 45 J5 227 1 207 e ] 01 |
XN R 6 SRR IMERR AL R IR B TR
LTSRN A, acidoterrestris 2= BTN, 45
R EAT R/ N R TR kAR 50 ~ 1 000 mg/T.
Z I8, T AX L i T3k S AR £L A 4 T TP i 5
SR 5 FHE T 3k 6 22 P 2 ) JB X IS B 25 FLAFF B ) 410
I AT B2 2% 25 2 Wy W o oy W) A A 45 2R, O B
S At & A N E XA K, 2004 4,
TAKAHASHI % 3 1 26 Flie 42 e it 9 Fi
PRI HISOR , R IHXT A, acidoterrestris 1) f
NI R B W E N 7.8 ~ 250 mg/L, 2008 4F,
BEVILACQUA 21" % IS 74 (9 5 SR W AE #2 o55
PALTRS A acidoterrestris Z 1 1) 7% KEOCR , HwfE:
VIR Sk B4 1. 4 o/, 2009 4F , DUDA-CHODAK
%UG”%%@T 15 Fheh s L Bu ) % A, acidoterrestris
ARSI, G551 7R R AR MR ROR B0, 24
JniE Ay 10% I, 55 5% 60 h J5 , 4O B0 /b 1 80% , 4

e TR CH ORGSR , BT I A
[k 50% ~70% , 2013 4, RUIZ %" B985 T 6
FAMH R IIXT A, acidoterrestris BT B 1, Horp
B EAABUT B S0 B SO 10 T S8R B 5 5 R AR )
YkSL5r B, AT S 4 43 0 o/ N T R R e A1 o
2015 4F,MOLVA %" it 5y B0 Y 45265 b 4 U0 1)
WS 0.23% .0.45% 0.9% 1. 8% 1 3. 6%
¥59% 336 h i, SERITH A, acidoterrestris 18 37 4l
fsraE b T 3,14 3.55 3.8 4.1 4. 63 1g CFU/mL, T
0. 9% 1) 4 K7 B2 By B mT i ol 25 # 1) A 4G, 2016
4, PISKERNIK %' /] 17 2 i i i A 1 i i
SEICIPR SR v 0 R PR 25 A T AT 4, B
1%} A, acidoterrestris % £ 1t B /NI 7 ot B 4k )& 4y
515 7.8 pg/mL I 3.9 g/ mls U ik g /10
Tl S e RE 1Y 4 AR IS PR R B R AR R ) 2R A AR
TF AR T AERL TSR 2R, ROR B T RE,
X AT RE AR I 5 5 R B R B g R AR T R
AVAS
5.3.2 fkrE G b

TEAR 27 BT 770 v, 2R PR R A R L LR R
Tt R ORE Tl v Je 28 FH Y 2 #2008
4, WALKER 45" 2542 T AN [R] vik JE 1 2% Y AR 493 0
AR BRI SP2R T AL acidoterrestris (R R,
SERRYITE 30°CIREET , 24 2 Fh B 5 700 i 5 Jn o
0.1 mg/mL B}, HXJ 10" CFU/mL 9 A. acidoterrestris
AR B 1 A T 24 %S R 1S 3 0.5 mg/mLL
S, AT DA 7 40 i e Ol 10° CFU/mL, 2013 4F,
KAWASE 25 S FR R I S 45 R 0 26 R 04 iR
&, Aok B9 R/IME 10 ~ 200 wm Z 7] 3 24 5814
HES N 50 mg/ T Ab PR Y 24 B IR IWORL N , 78 45°C 35
F228 d )5, HFEIH ) A, acidoterrestris {13 KRK
SRAHYG T 2 AU B 119 R 2 A0 F ) 2R TP R AN AN A HY IR
UKL .

6 it

PR R b A S B Y e 2 1, IR FR IR
SRR O A 30 ZARR IS BEE TR R
BT i 52 Gy AR R A% [ 2 i T R
TE NRFRRRZF AAT 1 1 T 534 o ZEAE LR LA D7 1
AT TR -

(1) FE X IE AR 2 AT 1 75 SR 00 32 224k o
TIPSR BRI LA™ iy G i 1) 47
VA A 4 FE A IR BRI AT BT 1 75 etk
DA, 1075 ZA L T TR LR s 21 SO0 B R TR
ARPHEFIBETE , LA SR T B B AR 7l P 3R
PR 2 FUAT B 5 AR B A T XU A



%10

FJEF A SRt b BRI 2 AT B U S 1 5 ot

237

(2) BLE A BRI AR 25 ST 1™ P AU LA
BIARE 3,0 HIE U A 1 1028 (b Al 7
(R B AR WP LG [N P2 A B A 1 119 7 2, LA
WP IRHLBA 15 2 — R 9T [, AR IR THA
A RIS HAR i A Ae , 208 ARy o fie
PRI 17 A, 5 B — P TR IE

(3) BB BT X B R 28 AT T (A6 7 3k AT
FARZS AHBUAE[E P 51 5 Mol A= 7= o T AR

SO RE o BUAT DR I T i dn el 6 [ B 52 5
AR N AR Fp A B n]  SEBUE ) HIO E BA
WVEH, B BHIE AR R85 1 SR ]

(4) NEPRBRZFFRAT B4 il (DU AR R 0 2R T
INTARM o BT 2RI UER B2 i B 2% 1 4 ll
BRI FRAR R A LABL 2 058 O FE Al A P 1 7 vk 5 2R
S PRAE A VISR R T ™ i ) 22 4 B o, B
BB I T R B AT TR R S

Z % x #t

Yangling: Northwest

Yangling :

Agricultural and Biological Chemistry, 1967, 31(7) :

1996 as

International Journal of

International Journal of Systematic and Evolutionary

L EJERL SRR A IR RRR 2F JEAT B e B R M 0 i S R A B AR BETE [ D ] i PHALARMBHE R, 2014.
WANG Zhouli. Immunomagnetic separation and rapid detection of Allcyclobacillus spp. in apple juice [ D ].
A&F University, 2014. (in Chinese)
2 EFE AR R R IR PR R BOR[ D] ik PHILRAMBHER Y., 2011,
WANG Juntang. Control technology of Alicyclobacillus in the processing of apple juice concentrate production[ D ].
Northwest A&F University, 2011. (in Chinese)
30 R XGRS, G A, 5. R 1 AR PR R 28 JE AT B P e A A A AR I Z AR [T ] R AL A4k, 2012, 43(6) -
139 —146.
YUAN Yahong, LIU Xiaoke, YUE Tianli, et al. Optimization of soluble whole-cell protein extraction from Alicylobacillus
acidoterrestris[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(6) ; 139 —146. (in Chinese)
4 WANGZL, CAIR, YUAN Y H, et al. An immunomagnetic separation-real-time PCR system for the detection of Alicyclobacillus
acidoterrestris in fruit products[ J]. International Journal of Food Microbiology, 2014, 175 30 - 35.

5 YOKOTA A, FUJII T, GOTO K. Alicyclobacillus ; thermophilic acidophilic bacillif M]. New York; Springer, 2007.

6 UCHINO F, DOI S. Acido-thermophilic bacteria from thermal waters[ J].
817 - 822.

7 DARLAND G, BROCKT T D. Bacillus acidocaldarius sp. nov. an acidophilic thermophilicspore-forming bacterium[ J]. Journal of
General Microbiology, 1971, 67(1): 9 -15.

8 HIPPCHEN B, ROLL A, PORALLA K. Occurrence in soil of thermo-acidophilic bacilli possessing w-cyclohexane fatty acids and
hopanoids[ J]. Archives of Microbiology, 1981, 129(1): 53 - 55.

9 DEINHARD G, BLANZ P, PORALLA K, et al. Bacillus acidoterrestris sp. nov. , a new thermotolerant acidophile isolated from
different soils[ J]. Systematic and Applied Microbiology, 1987, 10(1) : 47 - 53.

10 PORALLA K, KONIG W A. The occurrence of w-cycloheptane fatty acids in a thermo-acidophilichacillus[ J]. Fems Microbiology
Letters, 1983, 16(2 -3): 303 -306.

11 WISOTZKEY J D, JR J P, FOX G E,et al. Comparative sequence analyses on the 16S rRNA (rDNA) of Bacillus acidocaldarius ,
Bacillus acidoterrestris, and Bacillus cycloheptanicus and proposal for creation of a new genus, Alicyclobacillus gen. nov[]].
International Journal of Systematic Bacteriology, 1992, 42(2) . 263 -269.

12 KARAVAIKO G I, BOGDANOVA T I, TOUROVA T P, et al. Reclassification of ‘ Sulfobacillus thermosulfidooxidans subsp.
thermotolerans’ strain K1 as Alicyclobacillus tolerans sp. mnov and Sulfobacillus disulfidooxidans Dufresne et al.
Alicyclobacillus disulfidooxidans comb. nov. , and emended description of the genus Alicyclobacillus[ ] ].

Systematic and Evolutionary Microbiology, 2005, 55(2) : 941 —947.

13 DSMZ-German Collection of Microorganisms and Cell Cultures. Prokaryotic Nomenclature Up-to-Date [ EB/OL]. [ 2016 — 02 —
06]. https: // www. dsmz. de/bacterial-diversity/ prokaryotic-nomenclature-up-to-date/ prokari-otic-nomenclature-up-to-date. html.

14 NAKANO C, TAKAHASHI N, TANAKA N, et al. Alicyclobacillus dauci sp. nov. a slightly thermophilic, acidophilic bacterium
isolated from a spoiled mixed vegetable and fruit juiceproduct [ J].

Microbiology 2015, 65(2): 716 —722.

15 JENSEN N. Alicyclobacillus in Australial J]. Food Australia, 2000, 52(7) : 282 —285.

16 SMIT Y, CAMERON M, VENTER P, et al. Alicyclobacillus spoilage and isolation—a review[ J]. Food Microbiology, 2011,
28(3): 331 —349.

17 WALLS I, CHUYATE R. Spoilage of fruit juice by Alicyclobacillus acidoterrestris[ J]. Food Australia, 2000, 52(7) : 286 —288.

18 TSURUOKA N, ISONO Y, SHIDA O, et al. Alicyclobacillus sendaiensis sp. nov. , a novel acidophilic, slightly thermophilic
species isolated from soil in Sendai, Japan[J]. International Journal of Systematic and Evolutionary Microbiology, 2003, 53(4) .
1081 —1084.

19

GOTO K, MOCHIDA K, KATO Y, et al. Proposal of six species of moderately thermophilic, acidophilic, endospore-forming

bacteria: Alicyclobacillus contaminans sp. nov. , Alicyclobacillus fastidiosus sp. mnov. , Alicyclobacillus kakegawensis sp. nov. ,


http://dx.doi.org/10.6041/j.issn.1000-1298.2012.06.026

238 VSN A1 R S S ¢ 20164

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Alicyclobacillusm acrosporangiidus sp. mnov. , Alicyclobacillus sacchari sp. nov. and Alicyclobacillus shlzuokensis sp. Nov[]].
International Journal of Systematic and Evolutionary Microbiology, 2007,57(6) ; 1276 —1285.

GOTO K, MATSUBARA H, MOCHIDA K, et al. Alicyclobacillus herbarius sp. nov., a novel bacteriumcontaining omega-
cycloheptane fatty acids, isolated from herbal tea[ J]. International Journal of Systematic and Evolutionary Microbiology,2002,
52(1): 109 —113.

GLAESER S P, FALSEN E, MARTIN K, et al. Alicyclobacillus consociatus sp. nov. , isolated from ahuman clinical specimen
[J]. International Journal of Systematic and Evolutionary Microbiology, 2013, 63(10) : 3623 —-3627.

GOTO K, MOCHIDA K, ASAHARA M, et al. Alicyclobacillus pomorum sp. nov. , a novelthermo-acidophilic, endospore-forming
bacterium that does not possess omega-alicyclic fattyacids, and emended description of the genus Alicyclobacillus[ J]. International
Journal of Systematic and Evolutionary Microbiology, 2003, 53(5) : 1537 - 1544.

GUO X, YOU X Y, LIU L J, et al. Alicyclobacillus aeris sp. nov. , a novel ferrous-andsulfur- oxidizing bacterium isolated from a
copper mine[ J]. International Journal of Systematicand Evolutionary Microbiology, 2009, 59(10) ; 2415 —2420.
GROENEWALD W, GOUWS P A, WITTHUHN R C. Thermal inactivation of Alicyclobacillus acidoterrestris spores isolated from a
fruit processing plant and grape juice concentrate in South Africal J]. African Journal of Microbiology Research,2013, 11(11):
128 - 136.

LOPEZ M D, GARCIA P, MUNOZ-CUEVAS M, et al. Thermal inactivation of Alicyclobacillus acidoterrestris spores under
conditions simulating industrial heating processes of tangerine vesicles and its use in time temperature integrators[ J]. European
Food Research and Technology, 2011, 232(5) . 821 —827.

BAHCECI K S, ACAR J. Modeling the combined effects of pH, temperature and ascorbicacid concentration on the heat resistance
of Alicyclobacillus acidoterrestis| J]. International Journal of Food Microbiology, 2007, 120(3) :266 —273.

MALDONADO M C, BELFIORE C, NAVARRO A R. Temperature, soluble solids and pH effect on Alicyclobacillus acidoterresiris
viability in lemon juice concentrate[ J]. Journal of Industrial Microbiology and Biotechnology, 2008, 35(2) ; 141 - 144.
MURAKAMI M, TEDZUKA H, YAMAZAKI K. Thermal resistance of Alicyclobacillus acidoterrestris spores in different buffers
and pH[ J]. Food Microbiology, 1998, 15(6) : 577 —582.

SILVA F M, GIBBS P, VIEIRA M C, et al. Thermal inactivation of Alicyclobacillus acidoterrestris spores under different
temperature, soluble solids and pH conditions for the design of fruit processes[J]. International Journal of Food Microbiology,
1999, 51(2 -3) .95 -103.

PALOP A, ALVAREZ I, RASO J, et al. Heat resistance of Alicyclobacillus acidocaldarius in water, various buffers, and orange
juice[ J]. Journal of Food Protection, 2000, 63(10) ; 1377 - 1380.

YAMAZAKI K, KAWAI Y, INOUE N, et al. Influence of sporulation medium and divalent ions on the heat resistance of
Alicyclobacillus acidoterrestris spores[ J]. Letters in Applied Microbiology, 1997, 25(2) : 153 —156.

EIROA M N U, JUNQUEIRA V C A, SCHMIDT F L. Alicyclobacillus in orange juice: occurrence and heat resistance of spores
[J]. Journal of Food Protection, 1999, 62(8) . 883 —886.

CEVIZ G, TULEK Y, CON A H. Thermal resistance of Alicyclobacillus acidoterrestris spores in different heating media[ J].
International Journal of Food Science and Technology, 2009,44(9) . 1770 - 1777.

RS , 22 XIRUTL. BRI AR MR Alicyclobacillus 73 A MR GEAR T[], WUEM=#ilz, 2004, 31(3) : 50 -54.
CHEN Zhiwei, JIANG Chengying, LIU Shuangjiang. Survey on and phylogeny of Alicyclobacillus species in hot springs of Southern
China’s Guangdong and Yunnan Provinces[ J]. Microbiology, 2004, 31(3): 50 —=54. (in Chinese)

WANG Y, YUE T, YUAN Y, et al. Isolation and identification of thermo-acidophilic bacteria from orchards in China[J].
Journal of Food Protection, 2010, 73(2) : 390 —394.

ZHANG J B, YUE T L, YUAN Y H. Alicyclobacillus contamination in the production line of kiwi products in China[ J]. Plos
One, 2013, 8(7) :e67704.

5 A BT, O, 45 BRPY 4 R T g IR T AR A 0 M€ [T ] AOLBREE AR, 2013, 44(7) « 187 -193.

YUE Tianli, GENG Yuli, YUAN Yahong, et al. Isolation and identification of Alicyclobacillus from Shaanxi apple libraries[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(7); 187 —193. (in Chinese)

WISSE C A, PARISH M E. Isolation and enumeration of sporeforming, thermoacidophilic, rod-shaped bacteria from citrus
processing environments[ J |. Dairy Food and Environmental Sanitation, 1998 ,18: 504 —509.

WRIEBR, /R, A 2, 45 WA S 2R A 7 i AR v R PRI 2 AT TR ) 0 2 B2 S [T ). B4l , 2004, 44(6)
816 -819.

CHEN Shiqgiong, HU Xiaosong, SHI Weini, et al. Isolation and identification Alicyclobacillus from concentrated apple juice
processing[ J]. Acta Microbiologica Sinica, 2004, 44(6) : 816 —819. (in Chinese)

CHANG S S. Guaiacol producing Alicyclobacillus spp. ; differentiation, detection, and control[ D]. Washington: Washington
State University, 2008.

WM. AR SR AR 7 e O R T AR BT 1) 2 88 S SR AR PR ARSI D ] i« PUALARAMRBIER 2, 2007.
HU Yichun. Tsolation, identification and ultrasonic sterilization of thermo-acidiphic bacteria( TAB) in the processing of apple

juice concetrate( AJC) production[ D]. Yangling: Northwest A&F University, 2007. (in Chinese)


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.07.033

5510 4] FJEF A SRt b BRI 2 AT B U S 1 5 ot 239

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

MATSUBARA H, GOTO K, MATSUMURA T, et al. Alicyclobacillus acidiphilus sp. nov. , a novelthermo-acidophilic, omega-
alicyclic fatty acid-containing bacterium isolated from acidic beverages[ J]. International Journal of Systematic and Evolutionary
Microbiology, 2002, 52(5) : 1681 —1685.

SPLITTSTOESSER D F, CHUREY J J, LEE C Y. Growth-characteristics of aciduric sporeforming bacill iisolated from fruit juices
[J]. Journal of Food Protection, 1994, 57(12) : 1080 — 1083.

YAMAZAKI K, TEDUKA H, SHINANO H. Isolation and identification of Alicyclobacillus acidoterrestris from acidic beverages
[J]. Bioscience Biotechnology and Biochemistry, 1996, 60(3) ; 543 —545.

GOUWS P A, GIE L, PRETORIUS A, et al. Isolation and identification of Alicyclobacillus acidocaldarius by 16S rDNA from
mango juice and concentrate[ J]. International Journal of Food Science and Technology, 2005, 40(7) : 789 —792.

PETTIPHER G L, OSMUNDSON M E. Methods for the detection, enumeration and identification of Alicyclobacillus acidoterrestris
[J]. Food Australia, 2000, 57(7) : 293 —295.

WALLS I, CHUYATE R. Alicyclobacillus: historical perspective and preliminary characterization study[ J]. Dairy, Food and
Environmental Sanitation,1998, 18(8) : 499 —503.

HOWARD I. ACB Workshop October 2005—review[ C] // European Quality Control System( EQCS) Workshop, 2006.

OTEIZA J M, ARES G, SANT’ANA A S, et al. Use of a multivariate approach to assess the incidence of Alicyclobacillus spp. in
concentrate fruit juices marketed in Argentina; results of a 14-year survey[ J]. International Journal of Food Microbiology, 2011,
151(2) . 229 -234.

DANYLUK M D, FRIEDRICH L M, JOUQUAND C, et al. Prevalence, concentration, spoilage, andmitigation of Alicyclobacillus
spp. in tropical and subtropical fruit juice concentrates[ J]. Food Microbiology, 2011, 28(3) ; 472 -477.

CHANG S S, KANG D H. Alicyclobacillus spp. in the fruit juice industry: history, characteristics, and current isolation/
detection procedures[ J]. Critical Reviews in Microbiology, 2004, 30(2) : 55 —74.

STEYN C E, CAMERON M, WITTHUHN R C. Occurrence of Alicyclobacillus in the fruit processing environment—a review| J | .
International Journal of Food Microbiology, 2011, 147(1) . 1 -11.

PETTIPHER G L, OSMUNDSON M E, MURPHY J M. Methods for the detection and enumeration of Alicyclobacillus
acidoterrestris and investigation of growth and production of taint in fruit juice and fruit juice-containing drinks[J]. Letters in
Applied Microbiology, 1997, 24(3) . 185 - 189.

ORR R V, BEUCHAT L R. Efficacy of disinfectants in killing spores of Alicyclobacillus acidoterrestris and performance of media
for supporting colony development by survivors[ J ]. Journal of Food Protection, 2000, 63(8): 1117 —1122.

SIEGMUND B, POLLINGER-ZIERLER B. Odor thresholds of microbially induced off-flavor compounds in apple juice[ J]. Journal
of Agricultural and Food Chemistry, 2006, 54(16) ; 5984 —5989.

WHITFIELD F B, LAST J H, SHAW K J, et al. 2,6-Dibromophenol: the cause of an iodoform-like off-flavour in some Australian
crustaceal J ]. Journal of the Science of Food and Agriculture, 1988, 46(1); 29 —42.

YOUNG W F, HORTH H, CRANE R, et al. Taste and odour threshold concentrations of potential potable water contaminants
[J]. Water Research, 1996, 30(2) : 331 —340.

JENSEN N, WHITFIELD F B. Role of Alicyclobacillus acidoterrestris in the development of adisinfectant taint in shelf-stable fruit
juice[ J]. Letters in Applied Microbiology, 2003, 36(1): 9 —14.

GOTO K, NISHIBORI A, WASADA Y, et al. Identification of thermo-acidophilic bacteria isolated from the soil of several
Japanese fruit orchards[ J]. Letters in Applied Microbiology,2008 , 46(3) :289 —294.

OSOPALE B A, WITTHUHN C R, ALBERTYN J, et al. Culture dependent and independent genomic identification of
Alicyclobacillus species in contaminated commercial fruit juices[ J]. Food Microbiology, 2016, 56:21 —28.

GOCMEN D, ELSTON A, WILLIAMS T, et al. Identification of medicinal off-flavours generated by Alicyclobacillus species in
orange juice using GC-olfactometry and GC —MS[J]. Letters in Applied Microbiology, 2005, 40(3) . 172 - 177.

FLODIN C, WHITFIELD F B. 4-hydroxybenzoic acid: a likely precursor of 2,4, 6-tribromophenol in Ulva lactuca [ J].
Phytochemistry, 1999, 51(2) . 249 - 255.

MICHALOWICZ J, DUDA W, STUFKA-OLCZYK J. Transformation of phenol, catechol, guaiacol and syringol exposed to
sodium hypochlorite[ J]. Chemosphere, 2007, 66(4) : 657 —663.

CRAWFORD R L, OLSON P P. Microbial catabolism of vanillate: decarboxylation to guaiacol[ J]. Applied and Environmental
Microbiology, 1978, 36(4) : 539 —543.

CHOW K T, POPE M K, DAVIES J. Characterization of a vanillic acid non-oxidative decarboxylation gene cluster from
Streptomyces sp. D7[J]. Microbiology, 1999, 145(9) ; 2393 - 2403.

ALVAREZ-RODRIGUEZ M L, BELLOCH C, VILLA M, et al. Degradation of vanillic acid and production of guaiacol by
microorganisms isolated from cork samples[ J]. Fems Microbiology Letters, 2003, 220(1) :49 - 55.

DHAR A, LEE K S, DHAR K, et al. Nocardia sp. vanillic acid decarboxylase[J]. Enzyme and Microbial Technology, 2007,
41(3). 271 -277.

POMETTO IIT A L, SUTHERLAND J B, CRAWFORD D L. Streptomyces setonii: catabolism of vanillicacid via guaiacol and
catechol[ J]. Canadian Journal of Microbiology, 1981, 27(6) ; 636 —638.



240 VSN A1 R S S ¢ 20164

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

LEFEBVRE A, RIBOULET J M, BOIDRON J N, et al. The incidence of micro-organisms on cork andtheir effect on the olfactive
alterations of wine[ J]. Sciences des Aliments, 1983, 3(2) . 265 —278.

HUANG Z X, DOSTAL L, ROSAZZA ] P N. Mechanisms of ferulic acid conversions to vanillic acid and guaiacol by Rhodotorula
rubra[ J]. Journal of Biological Chemistry, 1993, 268(32) : 23954 —23958.

TOPAKAS E, KALOGERIS E, KEKOS D, et al. Bioconversion of ferulic acid into vanillic acid by the thermophilic fungus
Sporotrichum thermophile[ J]. LWT—Food Science and Technology, 2003, 36(6) : 561 —565.

KARMAKAR B, VOHRA R M, NANDANWAR H,et al. Rapid degradation of ferulic acid via 4-vinylguaiacol and vanillin by a
newly isolated strain of Bacillus coagulans[ J]. Journal of Biotechnology, 2000, 80(3) : 195 —202.

RAHOUTI M, SEIGLE-MURANDI F, STEIMAN R, et al. Metabolism of ferulic acid by Paecilomyces variotii and Pestalotia
palmarum[ J]. Applied and Environmental Microbiology, 1989, 55(9) : 2391 —2398.

WITTHUHN R C, VAN DER MERWE E, VENTER P, et al. Guaiacol production from ferulic acid, vanillin and vanillic acid by
Alicyclobacillus acidoterrestris| J]. International Journal of Food Microbiology, 2012, 157(1); 113 —117.

CAI Rui, YUAN Yahong, WANG Zhouli, et al. Precursors and metabolic pathway for guaiacol production by Alicyclobacillus
acidoterrestris[ J |. International Journal of Food Microbiology, 2015, 214 48 —53.

FIDDLER W, PARKER W E, WASSERMAN A E, et al. Thermal decomposition of ferulic acid[ J]. Journal of Agricultural and
Food Chemistry, 1967,15(5) ; 757 - 761.

FAIX O, FORTMANN I, BREMER J, et al. Thermal degradation products of wood[ J]. Holz als Roh- und Werkstoff, 1990,
48(7 -8): 351 -354.

BREBU M, VASILE C. Thermal degradation of lignin—a review [ J]. Cellulose Chemistry and Technology, 2010, 44 (9) .
353 -363.

MAYER F, CZERNY M, GROSCH W. Influence of provenance and roast degree on the composition of potent odorants in Arabica
coffees[ J|. European Food Research and Technology, 1999, 209(3 -4) ; 242 —250.

MAGEROY M H, TIEMAN D M, FLOYSTAD A, et al. A Solanum lycopersicucatechol-O-methyltransferase involved in synthesis
of the flavor molecule guaiacol[ J]. The Plant Journal, 2012, 69(6) ; 1043 - 1051.

VESER J, MARTIN R, THOMAS H. Immunocytochemical demonstration of catechol-o-methyl-transferase in Candida tropicalis
[J]. Journal of General Microbiology, 1981, 126(1) :97 —101.

DHAR K, ROSAZZA J P N. Purification and characterization of Streptomyces griseus catechol-O-methyltransferase[ J]. Applied
and Environmental Microbiology, 2000, 66(11) . 4877 —4882.

HENCZKA M, DJAS M, Filipek K. Optimisation of a direct plating method for the detection and enumeration of Alicyclobacillus
acidoterrestris spores| J]. Journal of Microbiological Methods, 2013, 92(1): 1 -8.

WANG Z L, YUETL, YUAN Y H, et al. Development of polyclonal antibody-based indirectenzyme-linked immunosorbent assay
for the detection of Alicyclobacillus strains in apple juice[ J]. Journal of Food Science, 2012, 77(11) ;M643 — M649.

LI J, HUANG R, XIA K, et al. Double antibodies sandwich enzyme-linked immunosorbent assay for the detection of
Alicyclobacillus acidoterrestris in apple juice concentrate[ J]. Food Control, 2014, 40 172 - 176.

LI J, XIA K, YU C. Detection of Alicyclobacillus acidoterrestris in apple juice concentrate byenzyme-linked immunosorbent assay
[J]. Food Control, 2013, 30(1): 251 —254.

MAST S, DIETRICH R, DIDIER A, et al. Development of a polyclonal antibody-based sandwich enzyme-linked immunosorbent
assay for the detection of spores of Alicyclobacillus acidoterrestris in various fruit juices[ J]. Journal of Agricultural and Food
Chemistry, 2016, 64(2) . 497 —504.

YAMAZAKI K, TEDUKA H, INOUE N, et al. Specific primers for detection of Alicyclobacillus acidoterrestris by RT — PCR[ J].
Letters in Applied Microbiology, 1996, 23(5) . 350 —354.

CONNOR CJ, LUO H L, GARDENER B B M, et al. Development of a real-time PCR-based system targeting the 16S rRNA gene
sequence for rapid detection of Alicyclobacillus spp. in juice products[J]. International Journal of Food Microbiology, 2005,
99(3) . 229 -235.

CHEN J, MA X, YUAN Y, et al. Sensitive and rapid detection of Alicyclobacillus acidoterrestris using loop-mediated isothermal
amplification[ J ]. Journal of the Science of Food and Agriculture, 2011, 91(6) ; 1070 — 1074.

LUO H, YOUSEF A E, WANG H H. A real-time polymerase chain reaction-based method for rapid and specific detection of
spoilage Alicyclobacillus spp. in apple juice[ J]. Letters in Applied Microbiology, 2004, 39(4) . 376 —382.

THELEN K, SNAIDR J, BEIMFOHR C. Specific rapid detection of Alicyclobacilus by fluorescently-labeled gene probes in fruit
juices[ J]. Fruit Processing Journal for the Fruit Processing and Juice Producing European and Overseas Industry, 2003, 13(6) .
416 -418.

BEEKES M, LASCH P, NAUMANN D. Analytical applications of Fourier transform-infrared ( FT — IR) spectroscopy in
microbiology and prion research[ J]. Veterinary Microbiology, 2007, 123(4) : 305 -319.

NAUMANN D. FT-infrared and FT-raman spectroscopy in biomedical research[J]. Applied Spectroscopy Reviews, 2001, 36(2 -3) .
239 -298.

T SRR P BRI AT S B MRS RS E D] i PALRMBHR Y, 2011.



5510 4] FJEF A SRt b BRI 2 AT B U S 1 5 ot 241

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112
113

114

115

116

117

118

WANG Jun. Immunomagnetic separation of Alicyclobacillus species in apple juice and ildentification by vibrational spectroscopy
[D]. Yangling: Northwest A&F University, 2011. (in Chinese)
LIN M, AL-HOLY M, CHANG S S, et al. Rapid discrimination of Alicyclobacillus strains in apple juice by Fourier transform
infrared spectroscopy[ J]. International Journal of Food Microbiology,2005, 105(3) : 369 - 376.
GRASSO E M, YOUSEF A E, DE LAMO CASTELLVI S, et al. Rapid detection and differentiation of Alicyclobacillus species in
fruit juice using hydrophobic grid membranes and attenuated total reflectance infrared microspectroscopy [ J ]. Journal of
Agricultural and Food Chemistry, 2009, 57(22) ; 10670 — 10674.
AL-HOLY M A, LIN M, ALHAJ O A, et al. Discrimination between Bacillus and Alicyclobacillus isolates in apple juice by
Fourier transform infrared spectroscopy and multivariate analysis[ J]. Journal of Food Science, 2015, 80(2) ; M399 — M404.
Wang J, Yue T, Yuan Y,et al. Discrimination of Alicyclobacillus strains using nitrocellulose membrane filter and attenuated total
reflectance Fourier transform infrared spectroscopy[ J]. Journal of Food Science, 2011, 76(2) : M137 - M142.
T R A, R A BT AR T ZT AN 4 I B R 2 AT IR ] 2R M [T ] Otk 5O,
2015, 35(11) . 3073 -3077.
WANG Ruonan, YUE Tianli, YUAN Yahong, et al. Differentiation and identification of alicyclobacillus strains by Fourier
transform near-infrared spectroscopy[ J]. Spectroscopy and Spectral Analysis, 2015, 35(11) : 3073 —3077. (in Chinese)
A, B4 2R, 5. 25T FT - NIR BRI S 0k ite [T ] Stiea 5064, 2010, 30(11) : 2945 —2949.
YUE Tianli, WANG Jun, YUAN Yahong, et al. Rapid identification of microorganisms based on Fourier transform near infrared
spectroscopy[ J]. Spectroscopy and Spectral Analysis, 2010, 30(11) ; 2945 —2949. (iin Chinese)
WANG H, HU Z, LONG F, et al. Early detection of Zygosaccharomyces rouxii-spawned spoilagein apple juice by electronic nose
combined with chemometrics[ J]. International Journal of Food Microbiology, 2016, 217 68 - 78.
R AR M, . 1 TSR SRR 1] 4O BUREIR, 2013, 44(11) ; 160  167.
WANG Jun, CUI Shaoqing, CHEN Xinwei, et al. Advanced technology and new application in electronic nose[ J ]. Transactions
of the Chinese Society for Agricultural Machinery, 2013, 44(11) : 160 —167. (in Chinese)
GOBBI E, FALASCONI M, CONCINA I, et al. Electronic nose and Alicyclobacillus spp. spoilage of fruit juices: an emerging
diagnostic tool[ J]. Food Control, 2010, 21(10) ; 1374 - 1382.
CAGNASSO S, FALASCONI M, PREVIDI M P, et al. Rapid screening of Alicyclobacillus acidoterrestris spoilage of fruit juices
by electronic nose: a confirmation study[ J]. Journal of Sensors, 2010(2010) : 1 -9.
CONCINA I, BORNSEK M, BACCELLIERE S, et al. Alicyclobacillus spp. detection in soft drinks by electronic nose[ J]. Food
Research International, 2010, 43(8) . 2108 -2114.
HARTYANI P, DALMADI I, KNORR D. Electronic nose investigation of Alicyclobacillus acidoterrestris inoculated apple and
orange juice treated by high hydrostatic pressure[ J]. Food Control, 2013, 32(1) : 262 - 269.
VR, 0, B, SF TR SR P UORH R OISR IR [ ). R AR, 2015, 15(2) « 193 -200.
XU Can, LI Erhu, WANG Lufeng, et al. Detection of Alicyclobacillus acidoterrestris spoilage of mixed fruit juice beverage by
electronic nose[ J]. Journal of Chinese Institute of Food Science and Technology, 2015, 15(2) : 193 —200. (in Chinese)
HUANG X C, GUO C F, YUAN Y H, et al. Detection of medicinal off-flavor in apple juice with artificial sensing system and
comparison with test panel evaluation and GC —MS[J]. Food Control, 2015, 51, 270 -277.
NIWA M. Control of hazardous bacteria in acid beverages by using a guaiacol detection kit[ J]. Fruit Processing, 2005, 15
388 -392.
ZIERLER B, SIEGMUND B, PFANNHAUSER W. Determination of off-flavour compounds in apple juice caused by
microorganisms using headspace solid phase microextraction-gas chromatography-mass spectrometry[ J]. Analytica Chimica Acta,
2004, 520(1 -2): 3 -11.
AIJN (European Juice Association). Alicyclobacillus best practice guideline[ R]. Brussels; European Fruit Juice Association, 2008.
BEUCHAT L R, PETTIGREW C A, TREMBLAY M E, et al. Lethality of chlorine, chlorine dioxide, and a commercial fruit
and vegetable sanitizer to vegetative cells and spores of Bacillus cereus and spores of Bacillus thuringiensis[ J]. Journal of Food
Protection, 2004, 67(8) . 1702 - 1708.
B 2R, R B, SR, A B T 4 Rl R R AR X LR AR R OR IR LR [T ] R ERE TR AR, 2014,
31(2): 115 -117.
QUE Shaohui, SONG Jinwu, WU Qingping, et al. Observation on germicidal efficacy of four disinfectants used in food industry
against Listeria monocytogenes| J]. Chinese Journal of Disinfection, 2014, 31(2): 115 —117. (in Chinese)
PODOLAK R, ELLIOTT P H, TAYLOR B J, et al. Destruction of Alicyclobacillus acidoterrestris spores in apple juice on
stainless steel surfaces by chemical disinfectants[ J]. Journal of Food Protection, 2009, 72(3): 510 - 514.
DOS ANJOS M M, DA SILVA A A, DE PASCOLI I C, et al. Antibacterial activity of papain and bromelain on Alicyclobacillus
spp. [J]. International Journal of Food Microbiology, 2016,216. 121 - 126.
FRIEDRICH L M, GOODRICH-SCHNEIDER R, PARISH M E, et al. Mitigation of Alicyclobacillus spp. spores on food contact
surfaces with aqueous chlorine dioxide and hypochlorite[ J]. Food Microbiology, 2009, 26(8) : 936 —941.
LEE S Y, GRAY P M, DOUGHERTY R H, et al. The use of chlorine dioxide to control Alicyclobacillus acidoterrestris spores in


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.11.029

242 YA I R S 2016 4
aqueous suspension and on apples[ J]. International Journal of Food Microbiology, 2004, 92(2): 121 - 127.

119  CAI Rui, YUAN Yahong, WANG Zhouli, et al. Reduction of Alicyclobacillus acidoterrestris spores on apples by chlorine dioxide
in combination with ultrasound or shaker[ J]. Food and Bioprocess Technology, 2015, 8(12) : 2409 —2417.

120 FKICHR , XE AT DA SO AR AR AR IR S8 sE [T ). R R de s, 1995, 12(1) : 6 - 10.

ZHANG Wenfu, LIU Yujing. Experimental study on bactericidal efficacy of ultrasonic used for cleaning[ J]. Chinese Journal of
Disinfection, 1995, 12(1): 6 —10. (in Chinese)

121 W AR PURT , e 3, 45 Dl P i A /KO0 R R R TR ACR BB 2 [T]. ARl TR 2441, 2014, 30(3) + 223 -230.
YE Zhangying, QI Fanyu, PEI Luowei, et al. Disinfection effect and kinetics of slightly acidic electrolyzed water for white
shrimp[ J]. Transactions of the CSAE, 2014, 30(3) : 223 —=230. (in Chinese)

122 5K R RIAT 2, 5. TP PSRRI AN DS n AR T S LT ] Aol TR, 2013, 29(22) : 277 -283.
ZHANG Houcheng, ZHU Yuchan, REN Zhandong, et al. Sterilizing effect and mechanism of neutral electrolyzed oxidizing water
on cabbage[ J]. Transactions of the CSAE, 2013, 29(22); 277 —283. (in Chinese)

123  TORLAK E. Inactivation of Alicyclobacillus acidoterrestris spores in aqueous suspension and on apples by neutral electrolyzed
water[ J]. International Journal of Food Microbiology, 2014, 185: 69 —72.

124 YUAN Y, HUY, YUET, et al. Effect of ultrasonic treatments on thermoacidophilic Alicyclobacillus acidoterresiris in apple juice
[J]. Journal of Food Processing and Preservation, 2009, 33(3) ; 370 —383.

125 WANG J, HU X, WANG Z. Kinetics models for the inactivation of Alicyclobacillus acidiphilus DSM14558" and Alicyclobacillus
acidoterrestris DSM 39227 in apple juice by ultrasound[ J]. International Journal of Food Microbiology, 2010, 139(3); 177 - 181.

126  GIULIANI R, BEVILACQUA A, CORBO M R, et al. Use of microwave processing to reduce the initial contamination by
Alicyclobacillus acidoterrestris in a cream of asparagus and effect of the treatment on the lipid fraction[ J]. Innovative Food
Science and Emerging Technologies, 2010, 11(2) ; 328 —334.

127 WANG Y, WANG T D, TANG J, et al. Sterilization of food stuffs using radio frequency heating[ J]. Journal of Food Science,
2003, 68(2) : 539 -544.

128 XUBLL, BB, FEARTER ™ WA I T s LT ] AU, 2010, 41(8) : 115 -120.

LIU Yanhong, YANG Baoling, MAO Zhihuai. Radio frequency technology and its application in agro-product and food
processing[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(8); 115 —120. (in Chinese)

129 FEmMH. WM BRI T REARVITE D], B PUILRMRH R, 2012.

WANG Yunyang. Study on radio frequency drying protocol of Macadamia Nuts[ D]. Yangling: Northwest A&F University,
2012. (in Chinese)

130 SRILHE. BRpepl e Il Gk rg R T AR U0 o3 A M ST RIS [ D). % PEALRMEBHER Y, 2015.

ZHANG Jiangbo. Identification and analysis of Alicyclobacillus from the production chain of kiwi fruit and their control by radio
frequency[ D]. Yangling: Northwest A&F University, 2015. (in Chinese)

131 BRHES  pufesss, THEAR. AR WE BRI FA G A B 2 FLASONE T ] B 5 AR IR 2441, 2008, 27(3) = 79 - 82.
GENG Jingzhang, QIU Nongxue, DING Huihuang. Electroporation effect of ohmic heating on Alicyclobacillus acidoterrestris in
apple juice[ J]. Journal of Food Science and Biotechnology, 2008, 27(3) : 79 —82. (in Chinese)

132 BRHSES. WOCHBRANEROGHSE SR T Hh g R R R BR A9 % KA I SE L D] 822 BRPYITFE R 2, 2006.

GENG Jingzhang. Sterilizing effect of ohmic heating on Alicyclobacillus acidoterrestris in apple juice[ D]. Xi’ an; Shaanxi Normal
University, 2006. (in Chinese)

133 BRHICEE  Puesss. RRAB IR W BRI AR O AR KA FIRESEL T ] Bl 2007, 28(11) : 298 - 301.

GENG Jingzhang, QIU Nongxue. Germicidal effects of ohmic heating on Alicyclobacillus acidoterrestris in apple juice[ J]. Food
Science, 2007, 28(11): 298 —301. (in Chinese)

134 UEMURA K, KOBAYASHI I, INOUE T. Inactivation of Alicyclobacillus acidoterrestris in orange juice by high electric field
alternating current[ J ]. Food Science and Technology Research, 2009, 15(3); 211 -216.

135 BAYSAL A H, ICIER F. Inactivation kinetics of Alicyclobacillus acidoterrestris spores in orange juice by ohmic heating: effects of
voltage gradient and temperature on inactivation[ J ]. Journal of Food Protection, 2010, 73(2) : 299 —304.

136 BAYSAL A H, MOLVA C, UNLUTURK S. UV-C light inactivation and modeling kinetics of Alicyclobacillus acidoterrestris
spores in white grape and apple juices[ J]. International Journal of Food Microbiology, 2013, 166(3) : 494 —498.

137 LEE SY, PARK S H, KANG D H. Inactivation of Alicyclobacillus acidoterresiris spores in apple and orange juice concentrates
by gamma irradiation[ J]. Journal of Food Protection, 2014, 77(2) ; 339 —344.

138 BEVILACQUA A, CIBELLI F, CORBO M R, et al. Effects of high-pressure homogenization on the survival of Alicyclobacillus
acidoterrestris in a laboratory medium[ J]. Letters in Applied Microbiology, 2007, 45(4) ; 382 -386.

139  BEVILACQUA A, CORBO M R, SINIGAGLIA M. High-pressure homogenisation and benzoate to control Alicyclobacillus
acidoterrestris ; a possible way? [ J]. International Journal of Food Science and Technology, 2012, 47(4) . 879 - 883.

140 ALPAS H, ALMA L, BOZOGLU F. Inactivation of Alicyclobacillus acidoterrestris vegetative cells in model system, apple, orange
and tomato juices by high hydrostatic pressure[ J]. World Journal of Microbiology and Biotechnology, 2003, 19(6) : 619 —623.

141 BUZRUL S, ALPAS H, BOZOGLU F. Use of Weibull frequency distribution model to describe the inactivation of Alicyclobacillus



5510 4] FJEF A SRt b BRI 2 AT B U S 1 5 ot 243

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

acidoterrestris by high pressure at different temperatures[ J]. Food Research International, 2005, 38(2): 151 - 157.
VERCAMMEN A, VIVIJS B, LURQUIN I, et al. Germination and inactivation of Bacillus coagulans and Alicyclobacillus
acidoterrestris spores by high hydrostatic pressure treatment in buffer and tomato sauce [ J]. International Journal of Food
Microbiology, 2012, 152(3) . 162 - 167.

SOKOLOWSKA B, SKAPSKA S, FONBERG-BROCZEK M, et al. Factors influencing the inactivation of Alicyclobacillus
acidoterrestris spores exposed to high hydrostatic pressure in apple juice[ J]. High Pressure Research, 2013, 33(1): 73 -82.
BAE Y Y, LEE HJ, KIM S A, et al. Inactivation of Alicyclobacillus acidoterrestris spores in apple juice by supercritical carbon
dioxide[ J]. International Journal of Food Microbiology, 2009, 136(1) : 95 - 100.

KOMITOPOULOU E, BOZIARIS I S, DAVIES E A, et al. Alicyclobacillus acidoterrestris in fruit juices and its control by nisin
[J]. International Journal of Food Science and Technology, 1999, 34(1) . 81 —85.

YAMAZAKI K, MURAKAMI M, KAWAI Y, et al. Use of nisin for inhibition of Alicyclobacillus acidoterrestris in acidic drinks
[J]. Food Microbiology, 2000, 17(3) : 315 —320.

PENA W E L, DE MASSAGUER P R, ZUNIGA A D G, et al. Modeling the growth limit of Alicyclobacillus acidoterrestris
CRA7152 in apple juice: effect of pH, brix, temperature and nisin concentration [ J ]. Journal of Food Processing and
Preservation, 2011, 35(4) . 509 -517.

OITA S, KOHYAMA N. Antibacterial effect of grape polyphenols against thermoacidophilic bacteria Alicyclobacillus
acidoterrestris[ J]. Journal of the Japanese Society for Food Science and Technology—Nippon Shokuhin Kagaku Kogaku Kaishi,
2002, 49(8) . 555 -558.

MINAMIKAWA M, KAWAI Y, INOUE N, et al. Purification and characterization of warnericin RB4, anti-Alicyclobacillus
bacteriocin, produced by Staphylococcus warneri RB4[ J]. Current Microbiology, 2005, 51(1); 22 -26.

DE CARVALHO A A T, VANETTI M C D, MANTOVANI H C. Bovicin HC5 reduces thermal resistance of Alicyclobacillus
acidoterrestris in acidic mango pulp[ J]. Journal of Applied Microbiology, 2008, 104(6) : 1685 —1691.

PEIJ J, YUAN Y H, YUE T L. Primary characterization of bacteriocin paracin C-A novel bacteriocin produced by Lactobacillus
paracasei J]. Food Control, 2013, 34(1): 168 —176.

PEIJ J, YUE T L, YUAN Y H. Control of Alicyclobacillus acidoterrestris in fruit juices by a newly discovered bacteriocin[ J].
World Journal of Microbiology and Biotechnology, 2014, 30(3) . 855 - 863.

YUE T L, PEI J J, YUAN Y H. Purification and characterization of anti-Alicyclobacillus bacteriocin produced by Lactobacillus
rhamnosus[ J]. Journal of Food Protection, 2013, 76(9) : 1575 - 1581.

CONTE A, SINIGAGLIA M, DEL NOBILE M A. Antimicrobial effectiveness of lysozyme immobilized on polyvinylalcohol-based
film against Alicyclobacillus acidoterrestris[ J]. Journal of Food Protection, 2006, 69(4) : 861 —865.

BEVILACQUA A, CIUFFREDA E, SINIGAGLIA M, et al. Effects of lysozyme on Alicyclobacillus acidoterrestris under laboratory
conditions[ J]. International Journal of Food Science and Technology, 2014, 49(1) ; 224 —229.

. AP R IR SR D] REat AR AA, 2014,

BEVILACQUA A, CORBO M R, SINIGAGLIA M. Combined effects of low pH and cinnamaldehyde on the inhibition of
Alicyclobacillus acidoterrestris spores in a laboratory medium[ J]. Journal of Food Processing and Preservation, 2008, 32(5) :
839 -852.

BEVILACQUA A, CORBO M R, SINIGAGLIA M. Combining eugenol and cinnamaldehyde to control the growth of
Alicyclobacillus acidoterrestris[ J]. Food Control, 2010, 21(2); 172 - 177.

TAKAHASHI T, KOKUBO R, SAKAINO M. Antimicrobial activities of eucalyptus leaf extracts and flavonoids from Eucalyptus
maculata[ J]. Letters in Applied Microbiology, 2004, 39(1) : 60 —64.

BEVILACQUA A, SINIGAGLIA M, CORBO M R. Alicyclobacillus acidoterrestris: new methods for inhibiting spore germination
[J]. International Journal of Food Microbiology, 2008, 125(2) ; 103 -110.

DUDA-CHODAK A, TARKO T, GAJNY J, et al. Effect of different herbs on Alicyclobacillus acidoterrestris cultures [ J].
Electronic Journal of Polish Agricultural Universities, 2009, 12(4) . 19 -23.

RUIZ S P, DOS ANJOS M M, CARRARA V S, et al. Evaluation of the antibacterial activity of piperaceae extracts and nisin on
Alicyclobacillus acidoterrestris[ J]. Journal of Food Science, 2013, 78(11) ; M1772 — M1777.

MOLVA C, BAYSAL A H. Evaluation of bioactivity of pomegranate fruit extract against Alicyclobacillus acidoterrestris DSM 3922
vegetative cells and spores in apple juice[ J]. LWT—Food Science and Technology, 2015, 62(2) : 989 —995.

PISKERNIK S, KLANCNIK A, DEMSAR L, et al. Control of Alicyclobacillus spp. vegetative cells and spores in apple juice
with rosemary extracts[ J]. Food Control, 2016, 60; 205 -214.

WALKER M, PHILLIPS C A. The effect of preservatives on Alicyclobacillus acidoterrestris and Propionibacterium cyclohexanicum
in fruit juice[ J]. Food Control, 2008, 19(10) ; 974 - 981.

KAWASE K'Y F, LUCHESE R H, COELHO G L. Micronized benzoic acid decreases the concentration necessary to preserve
acidic beverages against Alicyclobacillus[ J]. Journal of Applied Microbiology, 2013, 115(2) ; 466 —474.



