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Research on Identification of Spoilage in Apple Juice Caused by

Zygosaccharomyces rouxii at Early Stage Using Electronic Nose

Wang Huxuan Hu Zhongqiu Long Fangyu Guo Chunfeng Yuan Yahong Yue Tianli
( College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: Spoilage spawned by Zygosaccharomyces rouxii can cause sensory defect in apple juice, which
could hardly be perceived at the early stage and therefore would lead to the serious economic loss. Thus,
it is essential to detect the contamination earliest to avoid costly waste of products or recalls. The present
work tried to explore the feasibility of detection of the spoilage in apple juice caused by
Zygosaccharomyces rouxii ( Z. rouxii) at early stage through determination of flavor of apple juice by using
electronic nose (EN). The ability of EN to discriminate apple juices with different contamination time
was analyzed by using linear discrimination analysis ( LDA) method. The contribution of each sensor to
the diagnosis of the Z. rouxii-contaminated apple juice by EN was studied using loadings analysis. Test
panel evaluation was performed as a reference to validate the performance of EN technique. The
correlation between electronic nose signals and yeast concentration was analyzed by partial least squares
analysis ( PLS) method. The results showed that EN was able to accurately identify the Z. rouxii-
contaminated apple juice after incubation for 12 h, corresponding to the fungal number of less than
200 CFU/mL, the level at which the test panel could not yet identify the spoilage. Loadings analysis
indicated that sensors S1, S2, S6, S7 and S8 had the most important effect on identification of apple
juice contaminated at different levels. A good correlation between sensors response signals and yeast

concentration was revealed by PLS algorithm, with correlation coefficient R*> of 0. 97 and 0. 93 in
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calibration model and prediction model, respectively. The standard error of calibration and standard error

of prediction were 0. 28 and 0. 26, respectively. These results indicate that it is feasible to detect the

spoilage in apple juice caused by Z. rouxii at early stage using electronic nose, and this sensory

technique is expected to be applied widely in the field of detection of foodborne microorganisms.

Key words: apple juice; electronic nose; Zygosaccharomyces rouxii; early contamination
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k3G BB ( Zygosaccharomyces rouxii,
Z. rouxii) Je— R EEKEW B E, b TERA
TS PR T 5383 PR 75 S 71 i s e 2 - BE 080 3 1y v Ik B2
BEERET QS C AR B CO, YA BRI, R B
i BRI TG ok R T SESRAE I Tk A e
AR IS W RE TS e, T RO A B R L RE 62
TR RN T 27 i (M4 3 RE) P AE s . EH
BN A S SR T (B 70° Brix, pH {H 3.5) W 70 8§
T2 IR W BE, JF 1IE 52 1L RE 08 78 W 4 2 R b
R R R TR A SR R R
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AES . LUREIFE NS %, i 7 5 PN & ik
ARG Y R AL BT R T
{57 LB i B AT LS DR 1 0 IR
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A 100 mL YPD 3552 W0 = M, 28C &1 T,
120 v/ min#% JREFFE 24 h, Sy 1 RE00E 7 vk 45 59 21 0
W& IR G EEEE A0 M, 1 mL YPD B350 # 0 T
100 mL. YPGF 335 v, 28°C 4514 F , 120 r/min %
IREESR 3 d JEVE NIRRT sk E5opR X A
T, MR8 TH Al R A - R B T R R IS, R
B0 1 mL 23 42 AR E] 7 A4 700 mL SR =
A ,28C 254 F 120 r/min $& K 55 3% 42 h, &
6 hIC 1 23 AT H 7 B R P B B BE AL
By . Sy A LR AR AR AR 1E R R R
1.2.2 EERIHER

FH RV G 32 B0 X 4% 15 73 B[R] o 4T 1 282
10 545 FE R RS, FH-IB0E 24 4% B2 AR B 0. 1 mL R AR
T YPD i FIFE T 28°C 8555 3 ~4 d, AR5 X i v%
BTt AR AR AE 3 UCOPFATINE .
1.2.3 HrFHEILE

W IR 8 AR AR A & W 200 mL 43 % T
20 & AR HL - SR BERE Y, B 10 mL, a2
Wb A BORE I [R] 5 20 AN F A AR A, SR 1 160 S FF
b o MRS RS E R T (25°C) V4 30 min J5 1T
R S A I BAR SRR 55 R 1 IR/ s 5
5 ARG 18] 60 s, 23 300 mL/min, S T
Heos S, 38 Ve i 1A 300 s, HL T ERG ON AR = R
(25°C) #t47 .
1.2.4 HEPEE

B 20 mL SE SRR T 50 mL 4886 b, X2 14
9% B JE 2 T (25°C) P-4 30 min J5 #E 17 8E I
o RETEE W 10 AP E NG AT (5 55 5 £,22 ~
32 %) BT E T 4H (6,12 .18 24 30 .36 42 h, 3t
T )R BT 2 D EFER AL AN G R
FEfh o A S NFE mBELAR BE 25 0P E AN DL, PEE
N GUATIF R SE RS X FE i 3 W L5 R 4725 1 505
YRR X 5o RRALRE SO 2 R, W A BUIR R
10 min, BRALFE S B I E 3 K
1.2.5 Hdaibrg

iz I NEF 5 43 B (LDA) WF 58 M1 F 5 02 15 fig
i 0 65 IR e B I B AR S R T i B G R AT R
o is A 53 ( Loadings analysis ) BIF 5% #% 1% J&&
i R TR I B S Je R 1) BTk o D e/ —
e 1519 ( PLSR ) Xof [ B 17 B2 X %5 (i (1gCFU/mL) &5
ML S5 5 A AT LS, ABE S 1 B X & IR
T A T BE 15 O 19 8 5 4 I RE 07, JF 5 D E R 8K
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Fig. 1  Growth curve of test strain in apple juice
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Fig.2 Response of electronic nose to apple

juice contaminated by Z. rouxii for 24 h
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55 ~57 s Wi 7 B - A O 45 1 e A 1) R A {2
TCEZRE

T WA A T AR E X A BBURE IR ]
A, 20 Y A R A% A e TR V(L ) AH X A T i
75 (RSD) BEAT 70 Mo 45 2R I s 45 4% I 2 i L 119
RSD {HAF 1.2% ~7.9% Z 6], % W] PEN3 Hi 7 &
AR 10 A R e 3 2R T 1) iy 7 4% B AT A Y AR

Ph o TR] AR 25 22 T o A [ HURE )G i 114 Wi 7 {34
105 2200 A A RN 1 oo T LUE R SR 1)
X £ A% St R DL (EL R A B R (p <0.01) o (R
fir 81,8283 .86 ,S7 J¢ S8 Xif A [] 1% 75 o [0] 3 53 114
M o7 L LAY B3R 2 S, 38 WX 4 A% I X S 2R 0 R
WRAS A BC R B o HL S B U e W R
LA 7 Gk 2 B .

F 110 A5 REEF 3T A [2) BURE B 8 3 5 i 64 g iz {8

Tab.1 Responses of ten electronic nose sensors (S1 to S10) to Z. rouxii-contaminated
apple juice sampled at different time
s [ [6]/h
0 6 12 18 24 30 36 42
Sl 0.801 £0.026° 0.810 £0.030° 0.899 £0.025° 0.942 +0.027" 0.956 £0.028" 0.865 £0.009" 0.704 £0.024" 0.471 £0.011*
S2 2.264 +0.228° 2.181 £0.213° 2.000 0. 188" 1.861 £0.109* 1.814 £0. 132" 1.896 £0.078** 2.638 +0. 179" 6.732 +0.318°
S3 0.847 0.190° 0.854 £0.022° 0.923 £0.019¢ 0.953 £0.021" 0.965 £0.022¢ 0.886 =0.006" 0.750 £0.021> 0.525 +0. 009"
S4 1.150 £0.034° 1.141 0. 040 1. 140 +0. 024" 1. 118 0. 020*" 1. 110 +0. 008" 1. 111 0. 045" 1. 141 £0.017°" 1. 129 £0. 010"
S5 0.898 +0.013° 0.901 £0.016° 0.959 £0.019° 0.986 +0.014" 0.990 £0.015" 0.919 £0.006* 0.814 £0.015" 0.636 +0.011"
S6 1.921 +0.167% 1.853 20.184" 1.517 £0.110° 1.317 £0.094" 1,255 +0. 088" 1.400 =0.055" 2.212 £0.161° 3.663 £0. 170"
s7 1.374 £0. 153 1.319 0. 146° 1.017 £0. 100" 0.906 +0.072" 0.861 £0.083" 1.063 +0.034" 1.395 £0. 114" 3.050 0. 149°
S8 1.651 £0.122° 1.602 +0.134° 1.355 £0.075" 1.244 +0.058" 1.220 £0.062° 1.329 =0.042" 1.957 £0.127% 3.339 +0. 154°
S9 0.979 £0.019* 0.969 £0.026* 0.968 £0.016* 1.003 £0.011" 1.010 £0.014" 0.970 £0.015* 0.975 £0.021* 0.971 +0. 018"
S10 1.368 +0. 053" 1.343 0. 056" 1.341 +0.040" 1.320 +0.021" 1.323 £0.024" 1.273 +0.026" 1.326 +0.034" 1.360 =0. 027

T AR/ 5 B 3 7R A il ] i B (B AT 2 3 22 5 (R K ,p <0.01) 6

2.3 BFEXARETTEEBEZERTHA SN
FI A 50 J5 ¥ (LDA) X 160 A>3 2R T4 i
HEAT 434, W58 L B 0 AN ) 35 e I fi] 37 2R 30
WIRE ST o ZERAE 3 Frs , H/i 2 A A AL (LD1
LD2) ] LAfi B 95.43% W REA B 7 25, R LA 840 18
AFEARMEE . BT 0.6 h FEfRE R ESIN, BT £
X FEAAE S GRS B AT HLIX 43 o 0.6 .,12 18 24 h £ 5}
W& LD2 IEJ7 a1 434, & B LD2 75 iy + 5 X 3 8 [
A W RE U S gL ol 2] 8 2AE . 1 0 ~ 24 .30,
36 42 h #EELIEAE LDL 430y ) 40 A, Ui W] LD1 %
A BRI E R SRR S TS R 0E B

B3 BT TR RS AT
15 3 (8] 3 2R 31 LDA [

LDA map of Z. rouxii-contaminated apple juices

Fig. 3

with different incubation time based on electronic nose

ML S RE RS UM & RS B RS G 12 h g3 210,
Xof IO 1) P B T e /N T 200 CFU/mlL, 25 B 7~ B4 iy
Wi 1O A AT A S B8 DG 4 8 B9 3P 2R T Y 1 0 79

oY==

= IRty o

2.4 WS

AT 73 M7 J5 1500 5 45 45 T A v 1 G 30
WG RGBT E k. 458 WA 4 Fror,
B 2 A4 (LAL #1 LA2) A] DL F% 99. 7% ke
ARETT 2, USSR ARG B o AT LRt S2,
S6 .S7 Fil S8 f AR X LAL HA T 25Tk, S1.S6 ,S7
T S8 ML kas A LA2 i AR IEH . XSRS
R Hra R — B R BRI AR R T R R
g YU & EC 5 T B 75 G S0 R 10 3 B4R AR

B4 HL T o A R A 0 2 A 20 A R
Fig.4 Loadings analysis map of all

sensors in electronic nose
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2.5 PLS EE#&M
o DA E iR Y Rl NSRS o8 ) p RR AR 2y
P B e s AT TN, SR PLS Jy v s % B 9k )2
X £ (H (1gCFU/mL) 5 - 5 AL B A8 15 = (i 347
G o A BORE I R] A 20 A H A A b BE AL R
14 A FE A AL IE AR (14 x 8 ) HFAT AR 37, ) )
6 AF: i A S TSI 4R (6 x 8 ) X A5 HY FE A7 Hh 8 TN
50 R 3 o e A R B (R) AR I AR v 22 (SEC)
SR 1R 25 (SEP) A7 Ao S TR m B A Y
KB S HER P I HTEE — 28 BB UE % (LOOCV ) X 15
IEEAT @R, T @B R =B (LVs) i}
It fe /N PN 5% 2 5F- 75 ML (PRESS) 578 o« 45 R R Y
WA RO 10 B, BER PRESS £/, R IE 4€ f )
{55 LSRR A AH SC R B0CH 0. 97, I A 1 12 22 1
0.28, RAIVEREA BE A I T N &8 28 B 90 00F , ik 5
LRSS H BRSNS TR . 25 R AE S BT
71N, THUI A T (8 55 SR TA) A9 A oG R 093,
T bR E R 228 0. 26, 1531 PLS 22Xk
Y=16.138 1 +14.653 4R, — 1. 661 4R, -
32.651R, +3.507 2R, -2.273 1R, -
9.979 4R, +0.035 7R, + 11. 108R, +
0.909R, +3.346 6R,,

Xrp VY—& REES WL R, 1gCFU/mL

R, ~Ryy——10 AMERAE 55 ~ 57 s W 1 () F

¥ia

3=0.9325x+0.15
R*=0.9798

Ll S T VS B S Y e |

it 1 1 4 B TR0 /(1lgCFU - mL ™)

=4

1 2 3 4 5 6 7
P REBHC FL9(H/(IgCFU-mL ™)

B5 R TR R vk B SN B A 5 S {E A 2 A
Fig.5 Distribution between predicted and

measured Z. rouxii count
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R TUI s v R 22 , i EL A IE 4 5 T 4R 2 8] 1 AR
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5 B W IO A 5 (L T B T R B N R TR AR R
AT LA E S AR X S SR T ) 5 R T B
115 A
2.6 BESH

H1 T 52 O HUSCA AR, BCE 20 Hr 2 G I £ ok
R HANITTE. BE S EART PN S E R
TEFR T B A J7 35 1 RAEE . e A AR ANIE 6 fr

T DN N By B R 8 R 5 ERRE S I R T
36 h GRS ERITHARE X 0 5 9 0 T 18 h #Y3FESR
e DROFE NS (1 ~3 N) REREPUN TS e 18 ~
24 h fSERT X TG 4 30 h AYSE SR 1 F AR
P E N 5L BEAS IR X 0
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Fig. 6 Result of test panel evaluation
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(1) YPGF 15 37 Jk i) Wl )8 B R 82 2% 1F 15 Wk 4 5
R B 2K AF LB ARG . R R A B R R T
YPGF Figr kb DU AR o 4 S0 R b AR L R R
H¢ YPCF 55 SR AT 9 F 10 AT 3 R b o XA
R —E R B S A RS P E RIS
T QSR A — B AR B MR D O R M BIE ST
Tk A e o R R 52 0 45 R A B A AR P R 52
P ARSOR H Bl F ) 78 10 ~ 100 (50 CFU/mL) ,
TE— € FERE B AT LAR e B AR 25 1F T & IR A BB Y
TG o BIR UL, AS S Sy v 7 S A 0 5 IR 4%
B WL S Y R A AT AT IR Y, B R T
TEEOR 5 Tr W R & B A O i (R
SE ) I R L LL K 1 B BOR Y E G RE
J1o RIS S I8 K 20 B 7 S A I AR R A RS
Rt v RS WS P AT IR o

(2) FHZAER 5 Hr (LDA) |, fL 5 B REAE 7E
G AR A B BES Je R 12 h 5 B 505 g, X 07 1
B RE A /N T 200 CFU/mL, SEBE T HER 0 90 1 H
bro 5 —SB 0 2SR MO TR YT G bRod A I 1)
HRIEARLE , B 7~ S HOARARRS K Ud LL 8 R . Harrison
BT T R B R R S R T
PR A% 5 I B 14 PR RS I EL3K i 05 vk 5 25X H b
PREAT B S AREAS LIS, Wang %5 K 01
W2 B 325 CELISA) b Sy SR 3 o g 8 ik A4 1R 75 e A7 PR
HURGI 33 Fh 7 2 AR 10° CFU/mL, 78422
55 12 h )5 JBCE PPE N DG X 00 15 Bep dh 5
25 FRES, R 7 5 BOR OO W E Ok R
L5 Huang %7 38 45 50— 80, B
S RGN 3 SR v A AR 1Y 2R B B TR
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FET . LR LITHR B S N5 S RE I AE A & IR
T4 T B0 e S vt iy R I 8, e R
o [ G I B T Y R R I T LA T I A 1
HI 5% o

(3) TlCAEWpis Y B AR 22 16 5 35 A: 9 Y
J B A G o X T B R 1, L A v R — i
Hat 10" CFU/mL B A 2 AR 7= A 0 B i 2K
AR 7 AT A £ R . AR SR W
P BF PRV B /N F 200 CFU/mL &L F (1544 12 h) ,
FL - S5 gl B 6% 0 [ B 5 I B0 e S B X ]
RE A T IR G I B B0 3 O AT SO [ A
Ay AEXE A R AR AR AL, DT A5 L B BB A AE R AT
FE R VA 7 W £E B 25 A0 T X e T AT I
P o M8 CH: A B BE TS Y il ] 3k 2] 36 h B (X)
I BB B e K F 10" CFU/mL) , iy F B AR i =
Wy ) A A A S SR AR R AR LR A Ak A B I
LDA B[R] DL H,36 h 5 R 2E 50T 30 h B R 2K
MR ARRER, X W02 A B E 2 AR

TER; 3% 36 h J5 IE AR5 Y hE S i R
4 ZERiIE

BT T HL - S BAR XS SR rp 8 RS WA
9 g BEAT PN U (Y al A7 18, 45 R R WA A 2tk
AT (LDA) L 1 5 RE B 7 65 [R5 & W B9
SRS 12 b JE 0TS e, X 0 e IR R R R DN T
200 CFU/mL, 753 ¢ BF 7 B R J8CE P AE R BE IE B
PUNT5 QR o 2o 70 Hr R B S1.82.86 . S7 Al S8
e ke 1 FL 1 o LIS 5 R 5 I B 5 e e 3
HEAER . A PLS Jy kX R b e bk i 5
WL BN S AT LG, 4 R R Z 2
RAFHLRIESC R, R 43000 0. 97 (K2 IE4E) I 0. 93
(TR ) , B s o R 22 23 ) O 0. 28 (RZIE %) il
0.26 (TR ) , WU R R4, R W 1 B8R TE
SR & RS RS Y BRI B R —E
IR 7T

& % x Wt
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