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Abstract: Alicyclobacillus has the character of high tolefance to acid and heat and the ability of producing spore, which can germinate and

propagate in the fruit juice and then make the products sme use corruption. In this study, the isolated strain XC-6 and standard strain

DSM 3922 obtained from the German bacterial collection ter were inoculated equally into 6 kinds of fruit juices, respectively. FOX 4000

electronic nose combined with principal'‘component analysis . was uSed for the analysis of inoculated samples and normal samples. The results
showed that the electronic nose could identify the contaminated samples quickly and effectively from 6 kinds of fruit juices and’ the cumulative
variance contribution rates of the first principal component were more than 95%. GC-MS analysis showed that the prints of volatile compounds

between inoculated samples and normal samples-were different. The difference of some typical substances content could be used to identify

contaminated samples and no amples by electronic nose. Adjacent ethoxy phenol and guaiacol, the characteristic metabolites of
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LA R0, 84 A EFREE 5 O AR BRIk
A5 Tt PZE R H B ST 10 CFU/MmL, [Rlitkg
N FIE TS G R DU A AS DU i PR R ZE T B 1)
TR R R T R R R e ) el A E R A
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J e ek e B I, BRI 2 AT B i e
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BUFORE R TUCEE, SpBrist st SRRt g R
% ZF AT B A DRI R T AT RE . H ATR
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Table 1 Beverage ingredients of 6 kincM commercial fruit juice beverages

%5 4 FR & pH TR (VA 100 mL ) Akt
"& sk, e, AAHE, R dRiihns) (FLER.
Eafi: 10g BEh: A3g; FARBR. BT AL EES. HRIR. R SEH
| KEMrK LR AR 410 KA 6.5 g, £ 67 mgey S INRIR. BARAS B ELES . BT R AT
A3kt RN WA ED: 1.0pug. B 3lmg.  APEE4N. FEH (SXARAR). 2RE.

5: 34 mg. FRRGE T RS, RERGE T A ZE

l D. RAAH.
/ K, QEHE, RAEKERT (ER. B, BF
5 AR aF (fH) 83 EAF: 0g Bl 0g BK  E (RER) K¥. =R, 5448), £5im
ARFF A FE3) ot 112g 44 26mg.  F (AFRER. RAAH. BT AL L LH. RIK.

4 ATELERAN, AEEC. fAF N E).

%l%@ 3.38

K AEVHEK, AERE, RS, R
FHARER. FRER. APHE4h. AKX C. D-F

ZaM: 0g, BEW: 0g; AK

3 febedh: 10.6g; 4h: 10 mg. ) o -
‘ FIRMBRA, FTEAAIR. RAAH (& p-AF
YA £ C: 25.0mg.
%) ]
y DR A T Faff: Og fEl: 0g ok
4 ERiH 3.20 sk, ERRGET
7", ) a4 11.2g 44 25mg # ’
O 02g; Rl 06g; " . .
SRR | mi ki T s 08k SBRA Ak, REERIT, RAAA,
5 372 BARALAH: 135 g(HE 126 g); o )
RSA T FRAE ) %k & C, Reniind] (APRER. i),
$feA % C: 313 mg.
K, GEHE, B, REBER, 2, R
Ok Llg Mk 06g i (CERRET. KT RET), RELEES,
KEAG TeTR (F . ’ & . ¢ : ' , ,»AH%,,.
6 417  BAKMEY: 64g (HB64g), RAMIA (ZTFTRAGTM. AR, BFER.
ARA ) 3]

44: 65.6 mg.

FAEBRAR. ZRE. RIR. FHEH (SXAR
8. HRIR), RRE, B, a4,
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1.1.2 &tk

AARIGIEEL 2 BRAEHA IR SR AT I8, — oA SR
M EKRFI R 73 BF 21 XC-6, Z5r TLEN)S:
¥ %€ N Alicyclobacillus spp. s NCBI % [ifi 5 4
KJ158157; — k9 [ 428 ] B A Rk b o O o B A
Alicyclobacillus acidoterrestris DSM 3922,
1.1.3 5k

BAT Wifksssi% (gL ¥ MgS0,-7H,0 0.50,
CaCl,2H,0 0.25, (NH,) ,S040.20, KH,P0,3.0, %
BEE 2.0, HIEHE 5.0, JREIRA | mL CGRE AR
(g/L) : CaClL2H,0 0.66 . ZnSO,7H,0 0.18 .
CuSO45H,0 0.16. MnSO,H,0 0.15. CoCly5H,0
0.18. H3BO; 0.10. Na,MoO,-2H,0 0.30), 7487k 1000
mL. f 0.5 mol/L H,SO, i pH 6% 3.7, 115 ‘CKR
30 min, AEIFEH.
12 FENHERE

SW-CJ-1FD i TAE &, TR 2R SEARAR
AF]; HNY-200D fEIRES IRk o, REETTRRIAIES
ICEAIRAT: SPX-250B A vEgiss, sz
B R AT YXQ-LS-30SLL 37 3K J1 2875 K A
By, BWERLIWAERAAET RS ;
AR522CNOHAUS HL7 R, B (Lilg) A

PRAH]; pHi560 pH 1t, & Beckman Coulter 23 7]

FOX 4000 H ¥ &, % [E AlphaM.O.S. A ] ;

Agilent7890A B SAHE AL, Agilent AF]; Agilent
5975C Jiii%, Agilent A®]; 50/30 um DVB/CAR/
PDMS (1) SPME #H13k, %[ Supelco A .

1.3 SLIF %

13.1 @Aty &5t

¥ 2 PRAGIARR 2 AT s PR SR T 250 mL
BAT WifkR: 7254, F 45 C. 200 v/min fERHE
K598 48 h, TLHAME T LA 4000 r/min 20 15 min 3545
PRARTTIUE, PGB AR 22 SR K ey Tie 19 B s il 7

X T = P 4000 r/min 2500 15 BHE EIRERAE 3
R, A BT R B ARTE «
132 ShAMpEF 5 hsk

W FT PR DT =M T 6 PRl Rt

Yopke, st EERhESA 10° CFU/ML, WHRZE A BRI
ffRAR A FIACERTEE M 44 W3R 20 o KGHeFp 2 AT
FRAAT 80 “C/KIA 30 min, PLEAEIZ 45~65 C, il
121%%%@)&?&%%%%% o B FIAEE
£ E 45 CEIRREFRAE R 30 d, FHEH] BAT
PR TRESCIE A it P RPN 2 A R B

x2 Z;Iﬂ B9 6 TRl SRR A B

Table 2 The names of 6 kinds of comme

ruit juice beverages with different treatments

it AR BAAFEEAR FEArH B AKR
1 TKE Gk A BZTR FLTR
2 B Rkt WGZ BZGZ FLGZ
3 rE A WCZ BZCZ FLCZ
4 ER WPG BZPG FLPG
5 AR A WCM BZCM FLCM
6 PN s e WNN BZNN FLNN

13.3 &iﬂ@ﬁ

?ﬁA M.O:S FOX4000 HL 7 &, ALA 18 Ff
& )8 B E A (IX2LG, LY2/G, LY2/AA,
LY2/GH+ LY2/gCTL, LY2/gCT, T30/1, P10/1, P10/2,
P40/1, T70/2,/ PA2, P30/1, P40/2, P30/2, T40/2,
T40/1, TA/2). HZIHEFEEE HS100 1 SOFTV12.3 &
,TLJF[IS]Q

£ 10 mL e T2 1 mL ARUEES, 0
MEBHE 1 h, SR, REE TS
BT AR TR A, EN 150
mL/min, VESHAFR 2.5 mL GESHESAEFR 5.0 mL),

VESTEHREE 50 °C, JESTI#E 2.5 mL/s, FREUSE 90 s,
JEFEITIE] 300 o BEAMFESEE T 4 1K, KRBT
SRR AR AT Ry 73 #r (Principal Component
Analysis, PCA) !,
134 GC-MS o#r1

SRR 5 mL A R SRR T 10
mL FHRESIR A, I 2.60 g NaCl, 20 uL AFRYIFR
O, A CEIIRE N 0.946 mg/mL, 5+ 5 TR
TEkEss E 60 C P4 30 min, &M 50/30 um DVB/
CAR/PDMS ZHULAE 60 C R IRZSHRF 40 min, JdiA
GC BERE CUEHT 5 min #1T GC-MS 40#71,
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KA Agilent 7890 BISAHEIEAY, BAHEHN
DB-WAX (30 mx320 umx0.25 pm). FHEFEF: 40 C
{#FF 3 min, LA 3 C/min F+Z 160 ‘C, {f4F 2 min, &
PL 8 C/min FF&E 220 C, {#FF 3 min, #EFECIIRE
250 C. JliEks&ft: ETURERA 230 'C, PURRATREE
150 C, B4k EL HTFAER 70 eV, Fimiifl
i A 30~550 u/sect'™l,

SEVE AT LA ERE- B IBR SOHAT 2 4
S, NTEERIERTHENEE (NIST0Sa) HHTHIE
K2R TR T, B & Sk AR B Fe B AT LU 9
HEAT N TG AT B R I M2 2 R

SEENT: FHNAREIHT &, WARYINHE Ol

HHEAFN:

AR R ) IR B (ng/mL =% 2H. 43 (U T AR x
PR B (g )/ [ A R TRV > it B (mL) ]

¥ GC-MS SRR MY & w7 Ry
4341 (Principal Component Analysis, PCA) T i€ %45
P SR A5 o
1.3.5 HIBEH

TRIG L5 F LUT M EEFRIE IR 22 (MeantSE) &R, FT
FHIRHAT 3 IRESE . H SPSS 17.0 Geit A%k
AT 77 Z W A2 /5 4341, Origin 8.5 B ] .

2 ZR51He

Table 3 Total number colonies of Ali

21 HAEMITHEER

¥ 6 IR YORE > BB A R AR R
DSM 3922 FI/3 B kK XC-6, SRR RZ A
XTHRZAIL A E T 45 CREFRAAH PRERT IR, B R57% 30d
Ja IR RRE BAT “FAR BT THES R, v a5
W2 3, ZERRELEAREP BRI IOR S A H
EMIR SFFEAT B, &I Beph A BRI VTR A AN
A R VA AR | 4

PAIKERRFLYCRE i bk tH ik, VR S 4ok
#7 10° CFU/mL, S5¥14h#F & 10° CFU/MmL HItL g

SENRK, UG AKCRA YR & PO, BT
#ikF| T 10* CFU/ i

PORHHAE R N 2

FHA A, F B E A4 K pH. TRA SR
LR B A T ORI T MR K Tk B

&, FIE R E AR 7 A0? CFUMmL 1 10° CFU/mL,
TAERS VT CRRE S AISE SRV CRRE S o, BV S B

o YRS /N T YR, R IIIZIAEE T IEIAIR 2
FATRR AT PIVELC, (HRTRESR = WAl KB BIE N E 77+

e X FaKE

YORHEE RO AR & R UORHEE i,
AER PRI TV S O T BTk, IR RS AT
OB AT R A YR S DRI R, HITE TR 2
LGN IR

AT R RS a8 (CFU/mL)
in‘in fruit juice beverages with different treatments

Ritth % Rit 2 A5 [ranAt AR B HA B Bk
1 FREMF AT 8.5+£0.71x10° 5.5+0.71x10°
2 Bl Rt 9.0+1.41x10° 1.5£0.71x10?
3 A R <10° <10?
R akoH <10? <10?
AR it ikor 2.5+0.71x10° 3.5+£0.71x10°
TR A i Akt 2.5+0.71x10* 7.0£1.41x10°

22 BFELN

MEEA R AEFRT 6 Fh DOk R BEHLIEE 4 V3
ATHT-S T, KRB i BB AT E R AT
AT T AEAARRIE], BEAEBRAPEEURIRT AN £ Y, 6
T SR CRHRE i R 32 1 2 B B 1 o

Her, 6 MEEMIIE—F IR T RS
FRE 95% LA L5 R, WA PC1 B8 T REHFE, ™
A F R B BT TTER R AL 98% LA 1, AT R R
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Fig.2 The volatile matter contents of 6 kinds of commercial
fruit juice beverages with different treatments
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FhACER I RT3 B A R BRI 2R, AT
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VoS BT S PRI EE@??}@HE@W@
PRV A B R A KA, AT A okt 5
BRI, RN Z2E T2,

[, WGZ il 65 FiiER 3
K 4 B U 2cy EHTTR
5 FLGZ {EBs Wi & EAa Tk, Tidemesk. w

IR S B T . AR SRR
e BZCM Rl i 320 R R MEVI, FLCM Al
38 RIHER MR, WCM Kl 30 Fhd%E R MR,
RV FEWE 2d, HET WCM,

BZCM 5 FLCM 7Elis2k. BRI & & E3rtm 1,
FLCM HrAz i 7R, BZCM HOBE R T #ike
T NEER AT B X B A S o D s i A
KA, RGO, &RWR NS 2R AR
B X, AR A R AR E R AR T SO,

- / A RERAEE R BIHI A o sE T 1R IR AR o

TEEREE A FITIORI R, IR 2 fO A 11 B AU
FE T ERRARERYIR, BER R & N 2 R A
1) B RO R A TR AR A —

2 GC-MS 7, ek, BZCZ frlit
68 FERMEYIFT, FLCZ KM 37 Fids R MR,
WCZ K 71 FE RV, R FP A
T LK 2e, HEIWTAN, FHELT WCZ, BZCZ 5 FLCZ
EAERERYIR & & b3t T, MrEfis. Ik
R FBK T, FLCZ AR T KRR .
TEER Uk, BZPG 1IH 56 R &MY,
FLPG il 54 P4 R MW, WPG Rl 54 Fpds
RV, RNV & B DL 2, e ETAT
A1, T WPG, BZPG 5 FLPG 7ERES. B, R
K. WM EE FSA T, R, WRRY
JRE IR T o NEMBR ST X AR S R R
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FEFERP A B K MR ZLUORPR K R A DR & Dok PC1 SBRAIFEAR E2A TR 1-H5E-4- (-

HISRIIIN S T A AR R A QAR EY FI 4R 28 R 2K L BRI, 4- (2,6,6-=HE2- T 3-T
TERTE @ RIRmY i = Al IA 86.53 mg/L, AFZAKRET K A 2,6-— FHE-5,7-3¢ —4F-2-F; PC2 BLIIFEHFF
i Al ik 92.84 mg/L, Jii & R A B 5 A B MEIRE 2-FIEIARER . b A e e

74.01 mg/L, 48 AFER femn]iAs 1932 mg/L, iX T lEle s o-FEAARE . FESERITCE, PCL SBREE
PRI 2 FREA IR AT B AR =4, TER R EEAREEE. R Ol X IR, 5-
Rl AL SRR AN At 4 2R A B SR RE B AR 28 R PRI . 12-KHR, THERE; PC2 BT
R, 1% 5 FRPA IR 2 AT B 7R P ROk = 5 WEEH L DATEE. 24-2 IGEE . K LA
AR TR, fEEEE AR, PC RILE R

- B CROHES 2- RSN -3, 1-(4-F R
24 ERAAM -2 AN 3,7,11-= H13£-246,10-4 5= I A0

FIH SPSS 17.0 BAF5: MIATAAF AL EE ) 6 FhIR PC2 JBLIFE R R EA TR LBE. 2-
TR R IR 1) 2 AT 2R ot 19813 IR TG 1-C/EAl 6,11-—H
FSG3 BRI FREAIE [7) B W3R 4. FHER AT AN, 6 PRI B, TEKBAFTREEH,
YORHIES 1 ERSY (PCD FI55 2 ERUr (PCD) IR EEA Ok EFE. 4-25- 13-
HTTRRRIIAN 100%,  F 5 /AT — MR B 3 o T 2 2 BT RS A R R T T
T 90% LA FAEE, DRI 2 AN sy 2 BLii B i TERPHEG. 3-FEIENIR. TR 5-Bisk-2,3- &Pk
bl AR MR o

H1 6 iSRRI R4 2 P 58 1) R 23 HE B R ] 6. Tl VT ICRE R B RS (I F R AR 03 %5 AAH ],
&, TEKERRFLIORI, PC1 R TEAT T B L. @I%%@@%Q%%\%%ﬁm%%ﬁ,ﬁ%ﬁ%
Pl TR 2- T/ FiR; PC2 BLIIFERR i A 3, AT R BIAE AN [ AL ER ) R — e SR iR
FEA TR OB BERR S EE 2-BRER . ESEREA BRI 0 & B S AR BN 2, HER
ARERR . TERA RO, PC1 RBUFatr = 2E T BB Ll TN AR ERAE AL IR R, R
CIR B O/, 2-MEE. TR, 3-CdlE. T40 FAMI R 22 5, NI LR R VEAN K
KRR L ZE WM EE; PC2 Wb 5 BHAFER YRR, AFA3 HnT i I e ¥ A o

<L

R 2203 MR 6 TRLED AP P2 LT R 5 RS O 5
3,5- U T JEAR TR N 3-FR R, AERET IR reyes
* 4 EMSIHEER TR

Table 4 Eigenvalues, contribution and cumulative contribution of principal components

Ly ERS Al TR /Y% Zit kg%
o 1 44.99 53.56 53.56
IKERLFUALF
2 39.01 46.44 100.00
1 56.23 58.58 58.58
s STeh
( 2 39.77 41.42 100.00
y 1 72.43 56.15 56.15
B4R
2 56.57 43.85 100.00
I 1 4523 55.16 55.16
R
2 36.77 44.84 100.00
o 1 4137 59.96 59.96
HEE AR
2 27.63 40.04 100.00
1 63.71 67.06 67.06
TR A4 iAokt
2 31.29 32.94 100.00
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b 6 R RBUSES; T
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Hetrdh IR , 1 A TR GE; 2 AT, 2-/mHEs; 3 AT TE,
C 4 - — -LREE; 4 kTR 5 AT 2HRA3- T A6 TAL
12 BEFLCZ AT TALREIR; T RTRB; 8 AT 5,6-
BWCZ
% 10+ 0 9 kT 3-FATE; 10 £ 3,5-=RT
£ 8t AAaR=E. Bcb, | Akt 2 &7 2-FRIRKE; 3
"o f RF T 4 kT 1-Fh4- (1-3A%L) -K 5 ATk T
ol B 6T RIEIRAIR; T AT 2,6-= F1-5.7-F ZH-2-B;
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