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FEMAZHREER., BERRELHEAN,
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RE (Rhizopus sp.) Y BHFE (Penicillium sp.)
LREEEY, —HLFRERSBERELREERH
R IR Rk 30% L L. BRTEER LM%
FEKEATIRA, ZWEHOREELHEERE
TR H B ERA, — B xRRLHANEET RS
BT R L AT FBCENLFHR L. Bk, &
WHRE. B, THRERE RN ERE 14
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RS RSENE TS, T ZATRETHIRE
WA EE, o, 8, g0, pyii-bl
K= R, el e UV 8 T RIF I 4 R
KRFEPHREPERIPR S RBE R LR
SH ISP, R BT AR BEE R R
FHAT TR, ELTEFENTITE. SR
FIFH PEN3 T BRI 3 MEHBLNERR T

SERWNE, MEXRSSTHEETR TR
WA EERENTITH, REFIA Fisher #| 51 &
VEBERTREFMOBTERFHITRIE, BEHR
I B 4 B SR B P E X 4 IR B R R B
ES Ak
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1.1.2 BEH A, RSN FHE 120 mL/min, JE 8] 60 s,

HBREEREREELN 3 MRERE: KB
(Botrytis sp., BC) ¥ REE (Penicillium sp.,
PE) FI#R%E (Rhizopus sp., RH) , HHPKE. R
EWHT REWMEWTH R AEYEMER AL,
VEEEWEPE T AEYEMNERF L, BT
DA ZEHENERE (potato dextrose agar, PDA) %
FrEE LR, AT, RIREEMNE PDA KFEE
26 CIENRESE T~10d 2 )5, HEEK (&F
0.05% Tween-80) M¥E FHF, &8 T MLERTHEAR,
WEERER 10°//mL HRTFEER, &H.

1.2 KIS

F#% X 8T & (#£F AIRSENSE A 7], PEN3),
SRBAN (EEZEICAF, 7890A/5975C) ,
20 mL ¥ 5, FEAAMAEREE (£HE Supelco 2
#], %54 100 yum PDMS) , BHFRF (EERE
BAF, Adventure TM, ¥/ 0.01g) %.

1.3 REAHE
1.3.1 RExE

Kok H W ER TS N 4 H. AERSECH
T5S%BERER 30 s, FFERBERTEFHTEMNL
H, bEE RS HT 4X10° M/mL KIKE (BC) .
#E (PE) fIiRE (RH) KA TFRBEHRIE 30s,
XA FATEK (CK) MREAE, HTES 3 M
RG0S5 )l 1 A, BT 100 mL o8+ STHAH.
1.3.2 43 Erh AW

.42 E AIRSENSE A7 PEN3 F#HE BT &
RIS RN . BT FH i 7 245 R RES 6
E 10 MEREE, 458 WIC (S;: XIEEFEEMAE
YIRBURR) WSS (Sy: XWEEAMER - W3C (S;:
SRR BRI SPBUK)  W6S (Sy: HWES
BUK) « W5C (Ss: SHEEMFHFRHLEDER |
WIS (Se: STERYFEE) - WIW (S;: Xk
SHUK) . W2S (Sg: MEERFIH A FERLED
BUR) - W2W (So: XS EWAWREVEAIDH
&) « W3S (Sy: X P Mz, £
BB ER R TR YR A R R,
ORABRBRRERERYEHBEIE G 54
BRMEEEBTIENTERENESE G, WEE
G/Gy (BIAHZTEESR) , MNSEREBK, GG
{EFRARES 1| CKTFEEDT 1, IEREE TN
R RE BN AR, WitEEr ST 129,

BRFERAEN BUKAEEE, T 24°C. 85%
HAHEE &G T OERE 2 h, FREAHFEEIE
3] 24°C, AGEHOT 24 CHEHE 10 min. |IX
AP E 60 MEA, it 240 4, BHRMHLBIE
45 NI 180 MENEBEH, TR 60 MEIRIE

VEBTIE] 80 s, FEMMUEA I E] 5 5, HBHFRAE S 50
R RIMAEREEWNAETE 25 s £ABTRE, &
30 s Ab A N A T 888 41 # .
1.3.3 BrERHaE

BHBRLFELEEHSBEEOSYT 0B RS
ITEX . HEEBZEBR/NRERERSH 3 &
0%k, EIEEE; 14, REF 1~31MHRBORK,
BRZRHF IR E T R L AREIRE 25%; 2 4,
RERMBIEL, BURRARMRERRERR
MR 25%0k b TR AEREZHEE(): T
T8 B=3 (B 12 R ) < 12 2% R S 350)/ (B v PG 2 0%l
EREH)]*100%. BRBARE 30 ML, It
1204, PR ERNE 3 K, BCEESERITH .
1.3.4 ARARF KA SRR EELHH K

MAMCEAE 5 R, VIRES, BWELHE
JE-18CHEMAMFA . HEMMEREERAFHEH
HoELHT N B 10g RET 20 mL BRI,
40°CKE, AT HEREEZE 40 min. SR
B ( gas chromatography mass spectrometry,
GC-MS) W5E #7518 Thomas RH ZPIHaF5.
AAHEIE B DR RS 240°C, PDMS EHCK
TR OAENT 3 min: #ER: SOCIREF S min, K5
PL 2°C/min FF & 200°C, {23 10 min; FID 2%,
240°C; B FIRIEE 230°C; 8N, He, & | mL/min;
HFEVERE: B m/z 30-450. K4A4r48 NIST i
FE (2008 hR) MERBAE, [UEFRLEERT 80%H)
Hay, HANEBRUEEHRSHHSBEERRES
bt FER.
1.3.5 #ELE

K72 B Winmuster 3K 4317 £ B4
4y#i (principal component analysis, PCA) .
(loading) 437, M4 SPSS18 HAT L HEH E 4
J% Fisher #5547

2 RS54

2.1 (R ERE LM YR AR

PEN3 T 2585 10 M BB E RIS
Hl, BT &NNAE SR MAELTE 1 iR, B
BFEAMENE MR, & LHARRERNK
YIFHEN T R ERBRENBEER (G/Gy) Bk
et E R AALIE L. HE 1 B, FEREYIH
MrBoAE X B R R RERN, 20 s FEFET VL,
B, S Sse Sen S7 Al Sg HIARNT SR
fhfe AR E K. it FRAERENERRLER
MY RN R T4, BTABNEERLAER
MY FREH BRI, BE—A-EERESx N AE
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BAMR . TR EF BN ERRLE KRR R
HE Y, RHFA PEN3 7 & RAPANERR
FAT,
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AHR} 1S FRelative conductivity

e
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10 20 30 40 50 60
Bt /) Time/s
E: S WHEFRUESYERE: S WREMWEE: S;: MEENKT
FRUCYEUR; S HESBS: Ss: WRENSFRULAYEE,
Se: XTIRAYRBUE: Sy MU EBHE: Se: MM ITERL
AYEE: Sp: WHFHUEYHEVRLDER: S, FERER,
TR,
Note: S;: Sensitive to aromatic compounds; S;: Sensitive to nitrogen oxides;
Ss: Sensitive to ammonia and aromatic compounds; S;: Sensitive to
hydrogen; Ss: Sensitive to alkenes and aromatic compounds; Se: Sensitive to
methane broad range; S;: Sensitive to sulphur compounds; Sg: Sensitive to
alcohols and partially aromatic compounds; So: Sensitive to aromatics
compounds and sulphur organic compounds; Syo: Sensitive to alkane; the
same belew.

B1 10/ MASTERFRLRDR G BE

Fig.1 Responses of 10 sensors to strawberries volatiles

2.2 WENPBAESRECEMOYE

7 R 7% TR B Ak 2 ) B IO PR A 4R B R
B 2 B, BT LU H BB T TR B E K,
FHREMBZEREHEK. CK ARRERE
B, 54 REDERERE, CBRARE LT
B, TAMBEARLAERR 2 dJEEITHRER, B
TR IR BT /T CK 4, Hik, HeAEr
o5 SR 5 A 0 B R R S R AR U 3 31 Bk U T LA

KR BRAR R Y SR AR 2R
o %0 ——CK
LY
S 0F —pE
g
z 60 r ——RH
g o
B 40
£ s
B 3

10
0 4

Jit @) Time/d

E: CK AXB4A, BC HREBLEM, PE AT BHEBLEA, RH Y
RELHEA, TH.

Note: CK means control group; BC means Botrytis sp. treatment; PE:
Penicillium sp. treatment; RH: means Rhizopus sp. treatment. The below is

same.
B2 BEiEi
Fig.2 Decay index

2.3 T ENENESRIERBEMEEERS

F g4 41 (principal component analysis
PCA) B—FREESG i, BdRAETENLN
HEMBILNHIEER, ATBERRMERERENE
AMEREABDH LA FEE TR, BRERRSE
Rz MERHR, HEREERBREHNETER
B. PCA HihB B R BAERMRIFIE, EHE
BB RBRE KT 85%, WIRRERD T LMER
HEBRREMER, 7T RT3 — 2 45
), REACBRA R BRI PCA M4 R ILE 3,
ALUAEN, FHERTHE—. FTIRDBIFTRR
B7E 90% L b, BeBRBRRERERBINER.
CK HREWHE 4 d FTRIRER R 5050
(0. 2d) . J5H8 (6. 8. 10d) WHHEESR,; &
AR ERS AT R, TEE 0. 2 Xi
BEAAAENTEREH (4.6, 8, 10d) , &2
2 d HMER A STEEHENRER. &8
B 2 PRSI R gi EE BT 4, RSL IR
RENGER YRR T H B, HENTTEE
RREEELEEW T REHERMEMR. 7S
B, RS, S RNREETHE A KRE
REYR, AEBE BTSRRI feiiE s,
O] s 24 SR S A 44 3 BUA B — e 72 R B SR S A5 2% )
NAEERST AR TTREE .
2.4 BEFRNEHZHEEMANRS
2.4.1 PCA H#F

FIF PCA - Rint B E AT (50X |
F2R Qd) HRLAERKBWENAERITH, &1
WM 4 fiR. HETH, EABRERELZHITR
W, BEXSILFRREME, TAEE ST 2 d
JG, RNELEMFRAREERFME. RPELE
JE R R T R LR YR A R B
BATFEMENR S, WMAEE2 d EERHERENR
Wk, ERFFEMETX S, Rk, FHEESRS S
VAT R E M B AR R T
2.4.2 REABEZERBARAEF EH5H

PCA ST RTUEMKNERHZAZ HK
EZR, EFRUREEERTFRITIEM . AH
SPSS18 HTHEEF E4HH, SERmME 1 Prir,
He Wilks’ Lambda AN ZRE BEFHIHAE.
LR WA K E %R, Wilks’ Lambda {84
1; JEANTRSEBEFMHN/NE, Wilks’ Lambda
HEEIET 0. FHik, Wilks’ Lambda K, #RE&4
HRIMEE AL, Wilks’ Lambda PRRAFEE
R, FIF F AR E R B E MK TF(P<0.05).
R 1 HMERTH, F2 RN, WRASHHEA
V6 Py A 16 2 e S, AT R R Ak 8 4 1A o 4L
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Fig.3 PCA analysis of e-nose response for different treatment during storage
84.0¢
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a. WA (5 0 KD b.2d (F2X)
B4 FRANEEZEABHEMEEIRSIWER
Fig.4 PCA analysis of different treatment of strawberries during storage
N P X AR R 4932 5 5
®1 AER 24 FRBELEEEEL 2.4.3 ﬁéﬁ%\[:ﬂﬁ&@iz&@m B
BB IR A B E Fisher £& 1355347 7715 RAE AR o —FAT
Table 1 Analysis of variance of different treatment on the ZABFHERI S, BB RETERZIR
second day R b, BASEIRIK 43I 8 R R R B R R A
Wilks'Lembda P i IBAER 400, XTALEE STHM 2 d RIRLER
CK-BC 0527 2605 0.020 R0 SNAERAT AT, RIAZEEIFE (P<0.05 B3]
CK-PE 0.081 32.935 0 AZR, P>0.1 RHHIRZER #ITETLKER
CK-RH 0323 6.074 0 BIRIBI T, BIA S3v Ssv Sev S7v Sy H Sy #E R
BC-PE 0.085 31.354 0 B, HAAEFRRNANERE, Ei, RAH
BC-RH 0.437 3.734 0.003 ERZEN S;+ S5+ Sev Sov SeH Soo HE 1 7TRL
PE-RH 0.085 31.354 0 LR 3, 5. 6. 7. SEREHETENN,

BORE; TS 9 KM BERA R, HENTE
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BB RBAM ARSI, WRRE . BR e
BRERBAHA: 2 80 S,
E\: 601 S7.
Yog =—1.5-82x8, +6.7x S, +6.8x S, +1.4x S, - % s}
3.7x8; -0.4x S, 2 20} S5
e =—1.2-75x8, +6.1x S, +62x 8, +1.3x S, — % ofsd U8
34xS,—04xS, & 200 0 S

Vop =—0.8-52x8; +42x 8, +4.9x 5, +9.0x S, -
2.7x8; —2.3x5,

Ve =—08-58x8, +4.7x8§, +5.0x S5, +1.0x S5, -
2.7x 85 -0.3x8S,

KA, Sz Ssv Sgn Syv Sp F So AT ZAERK
%&EKJD[’]}“{E Yek~ Yees ype M yry AETHF RN
NEARGEANBEEE, THALEARR
B, y ERRANRFZHLBRLNEHRLE,

SHER AT Willks A %, SIAKSTER P
{E5/MF 0.0001, R P EIR/NTF 0.0001, F
TR AR ER . BRAFESE TR
[AZB{E S+ S5+ Sev S7v Sge So XTRLAE T AHIHIZ,
By EERKHAR AR ENEEME. X
BERHITRIFERNEK 2, EEHARMEHRER
96.7%, WAFH BAAEHERZE N 95.0%, UiBZALAYRE
BIFHR 5> R ER E R YRR,

£2 BFSHKEOFETMEE R RBIEER

Table 2 Discrimination of training and testing set of predicted
model of postharvest diseases of strawberry fruit by odor

7 R R CK BC PE RH Bit
ReeExada 45 45 45 45 180
% IEWYRRIE 45 45 45 39 174

H o HRSRBA 0 0 0 6 6
HEWR R /% 100.0 1000 1000  86.7 96.7
REEERE/A 15 15 15 15 60
ﬁ EWRSEB/A 15 15 14 13 57
RS HE/A 0 0 1 2 3
R 1060 1000 933 8.7 950
2.5 SHKERSH
2.5.1 B
W BT UL — B R MRS E
PCA FHIREAKD. B 5 HRTEMLE 24 FE

BAETAWNESHEMITE, AETITUER
S (HERBYFRBUR) . Sy CIEER., WY FHE
RSB ME—ERSHTRE K, BORR
HEENERERLMER A S ZATHEE T B
K. FERYRBIRIERY R

4010 0 10 20 30 40 50 60 70 80 90 100

H—E R (LD1,95.4%)/x10

S FERMHLE2AEREETHETIN
Fig.5 Loading analysis for response of
strawberries after 2 days of inoculation

2.5.2 RADFEBLR EARB LR 5
HRRLHREESYRAZERCE. CRE
. CRRZE. Bk, BEREE, MARRL
ﬂdem#mﬁﬁm% HERERAFGEHAR
SCRHEE S YR A B AR R T AR PR LB AN /D,
CK.BC.PE.RH A4 74 88.99%+76.49%-89.88%.
89.36%. FRibZ4h, BEFEBHELEILN T BR-2-C%
BRSEFA 11 MR ET W, R NE 3.
CK AARBHEAHEA, RMEXHNASERFE
BIMERKRBOE. ZBRNEREAEFSLE, Lk
FER7E A R EP I HRREEAI, mxRA
BB, FAE (0.94%) NRAE CK A

H; AABRELEARLHEXEYRNAD A

RAEE, TER-2-C/EE (0.62%) . S-BRFRE
(9.13%) ¥ (1.51%) R#E BC HEH, W
HERRFE (0.10%) « ZHHATH (1.63%) RAMT
M (0.16%) R7EPE HRLHHI, RHAERM
AP EE -BM A LBREMREL S-RPRE. ®
., BRBRCOE. ZRAEBREREFETVISHE
KX 5 B G A B R A R AE A 53, T T RR-2-
CIEER. S-RPRE. ZEMREREREES
P AEME S A AEERFE. R THREATE
AT BEEREEENVIS R, 3-BENL
REGBHMFESETHTEINRERRERNRE
LIS - Moalemiyan ZPAZEWRBR LR P
B TH 24 Li Changying 5 T KE.
BB RORENBEREREY RN, £3 /M
AR TEZE. ZORE. k. 1+
—5e5E 6 FiE R 4y, WA TT DAIE AT R SR
ok IR BRI . AHIF TR A A RS Bk R v A
H T 3R R LSRR A, FEHER R R Y
ARBEERRE AR, AR T BRNER
WERMEIS . RERESEHER, RAE
Pl BHRET . ATE. 3-BIEEBEN A
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T A S ERMNYT; LRAER. WERT
BRE S B RYRNA Ss+ Ss+ Sg HIEEW MY,
4 H T B B IR T KR

AR R RAE R G x HE R LE R MY R
R E MR, EIREEMRIRES A
HIBE IR T — PR, AEE e B AR R
S T i SR SE I R A 0 A IO B R AL AT R
SEo TEEPREFT, FERLEHESBREL KRR
B, PAESRERE, BHTRERREIRSRER
KEZEA, FHETF RN REREEZERER AN
KR BB BRI ER, REFNZE L
REBRURREREEHETREERL, o
RELBRRENFRE > FAEBKREE, TLLE
- REARE R A R SR B A AR AE SRR, IR
FRRORIE R S AR AR REIT R

£3 FEHERLBSEAMYREREEQ O

Table 3 Relative contents of some aromas in strawberry after
different treatment

Fhk e HIEEY%
CK BC PE RH
TE-2-CHnE 0 0.62 0 0
R 0 0.76 0.25 0.33
MR ZEWER 0 0.58 0.87 0.11
PIEER R B 0 0 0.10 0
ZMR¥RE 0 0.54 0 0.36
B S-REREE 0 9.13 0 0
Bk FFH 0 1.51 0 0
3-B8E 0 2.10 0 1.96
IR T4 0 0 1.63 0
i BT 0 0 0.16 0
B 0.94 0 0 0

3 & it

D B ERERESERRAE, ESEMLEE
5CHRE 2 d ERRERIEFRN 1 4 UkfEX
B EHBRRRTES.

2) BAHBFAEKKRNEETE 2T, g
HARMBERT UHERX S ARAEE L BRRNES
R, FHwE TR E R B R B IR
AR Sy WRRMFGEUN AW . S5 GHE
BIFHERLEMEUR) | Ss CHREYREURD .
S (RS | Sy RN T ERN
VBB WS IFERUEMIENRLDE
B, MBTEEBRREBHAMNFEE, SME
R 95%.

3) ERBBMOMERRNIBHRLERE
AR MR R U T R EE AR, FHERYR
Ry, SAHREBRASARYIS M E B

LIMBRETET TR-2-CHEE. RIRCHE.
ZERPIAERR . WAERR PR, ZRRFEE. 572 FRRREE.
ZEB 3-EME. T M. A&, X 10 FiE
RS B R T ARG B R R R SRRRI .

(B % x #)

f11 AE, HIEWR, ERY%. BRI RARSR ARG M

R, fREESINT, 2008, 45(2): 426.
Gong Huifang, Du Zhengshun, Wang Liangju. Advance
of preservation and storage technology of strawberry[J].
Storgrae and Process, 2008, 45(2): 426. (in Chinese with
English abstract)

2] 723, AR, WK, F FHHEEANEREXE

WEMSRAEMI. RV TEEW, 2011, 27(4):
383—388.
Cheng Sai, Shao Xingfeng, Guo Annan, et al. Effects of
tea tree oil fumigation on disease and quality of
postharvest strawberry Fruits[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2011, 27(4): 383—388. (in Chinese with
English abstract)

3] BER, 4K, RE BRLFEKEFEERZERLIN
SRYIR I, EEFMR, 2010, 37(4): 613—618.
Zhao Mizhen, Sheng Jingya, Yuan Ji, et al. Analysis of
fruit flavor components in wild pentaploid strawberry
native to China[J]. Horticulturae Sinica, 2010, 37(4): 613
—618. (in Chinese with English abstract)

[4] Kyung Myung, Thomas R.Hamilton-Kemp, Douglas
D.Archbold. Biosynthesis of thans-2-Hexenal in response
to Wounding in strawberry fruit[J]. Journal of Agricultural
and Food Chemistry, 2006, 54(4): 1442—1448.

[5] Alphus DW, Manuela BAietto. Applications and
advances in electronic nose technologies[J]. Sensors,
2009, 9(7): 5099 —5148.

(6] 7F*%, R, REx, % STFERNAFE R

NIRRT I]. R TR, 2011, 27(12):
364—368.
Qiao Yu, Pan Siyi, Xu Xiaoyun, et al. Detection of
different variety and processing type of citrus juices using
electronic nose[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE),
2011, 27(12): 364 —368. (in Chinese with English
abstract)

[7] SREHk, B 6, W, % NABRTFEANEEE
FHEEMBAET]. RULTREER, 2011, 27087 2):
302—306.

Shi Bolin, Zhao Lei, Zhi Ruicong, et al. Aroma quality
discrimination of Xihu-Longjing tea by electronic nose(J].
Transactions of the Chinese Society of Agricultural



272

Rl TR

2013 £

(8]

&l

[10]

[11]

[12]

{13]

[14]

[15]

(16]

Engineering (Transactions of the CSAE), 2011,
27(Supp.2): 302—306. (in Chinese with English abstract)
Banerjee Roy R, Tudu B, Shaw L, et al. Instrumental
testing of tea by combining the responses of electronic
nose and tongue[J]. Journal of Food Engineering, 2012,
110(3): 356—363.

X8, BEK, BF, % BHTERNNERERH
AT, RAL TR, 2010, 26(4): 317—321.
Liu Ming, Pan Leiqing, Tu Kang, et al. Determination of
egg freshness during shelf life with electronic nose[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 26(4):
317—321. (in Chinese with English abstract)

Liu Peng, Tu Kang. Prediction of TVB-N content in eggs
based on electronic nose[J]. Food Control, 2012, 23(1):
177—183.

HtE, A, L4, & BTFEERFHANGR
BRI F M. R TESER, 2011, 27(5):
358 —363.

Jia Hongfeng, Lu Yi, He Jianghong, et al. Recognition of
yak meat, beef and pork by electronic nose{J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2011, 27(5): 358—363. (in
Chinese with English abstract)

Wang Danfeng, Wang Xichang, Liu Taiang, et al.
Prediction of total viable counts on chilled pork using an
electronic nose combined with support vector machine[J].
Meat Science, 2012, 90(2): 373—377.

Hong Xuezhen, Wang Jun, Hai Zheng. Discrimination
and prediction of multiple beef freshness indexes based
on electronic nose[J]. Sensors and Actuators B: Chemical,
2012, 161(1): 381 —389.

B8, WH, B4, % ETHTFRENFERERM
TAERT]. RALTFR%4R, 2010, 26(2): 356—360.
Tong Yi, Xie Jing, Xiao Hong, et al. Prediction model of
shelf life of Trichiurus haumela using an electric nose[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 26(2):
356—360. (in Chinese with English abstract)

FEBk, BR, B&EK, % ETSRE5HENEROIN
BEEEFND]. RALTRFER, 2011, 27(9): 344—348.
Tang Lin, Tu Kang, Pan Leiqging, et al. Evaluation of
E.carinicauda freshness based on odor and color models[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2011, 27(9):
344—348. (in Chinese with English abstract)

Liu Min, Han Xiaomin, Tu Kang, et al. Application of

electronic nose in Chinese spirits quality control and

flavour assessment[J]. Food Control, 2012, 26(2): 564—
570.

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Li C, Schmidt N E, Gitaitis R. Detection of onion
postharvest diseases by analyses of headspace volatiles
using a gas sensor array and GC-MS[J]. LWT-Food
Science and Technology, 2011, 44(4): 1019—1025.
Solis-Solis HM, Calderén-Santoyo M, Gutierrez-Martinez P,
et al. Discrimination of eight varieties of apricot (Prunus
armeniaca L.) by electronic nose LLE and SPME using
GC-MS and multivariate analysis{J]. Sensors and Actuators:
B. Chemical, 2007, 125(2): 415—421.

Li Zhenfeng, Wang Ning, Vijaya Raghavan G S, et al.
Ripeness and rot evaluation of ‘Tommy Atkins’ mango
fruit through volatiles detection[J]. Journal of Food
Engineering, 2009, 91(2): 319—324.

Antihus Herndndez Gémez, Wang Jun, Hu Guixian, et al.
Monitoring storage shelf life of tomato using electronic
nose technique[J]. Journal of Food Engineering, 2008,
85(4): 625—631.

LB, BRK, BR % BETHTFEXNKEDN
BB BARE, 2010, 31(12): 229232
Jiang Linlin, Pan Leiqging, Tu Kang, et al. Freshness
Evaluation of Juicy Peach by Electronic Nose[J]. Food
Science, 2010, 31(12): 229 —232. (in Chinese with
English abstract)

Pallottino F, Costa C, Antonucci F, et al. Electronic nose
application for determination of Penicillium digitatum in
Valencia oranges[J]. Journal of the Science of Food and
Agriculture. 2012, 92(9): 2008 —2012.

Hui Guohua, Wu Yuling, Ye Dandan, et al. Study of
peach freshness predictive method based on electronic
nose[J]. Food Control, 2012, 28(1): 25—32.

Li Changying, Krewerb G W, Ji Pingsheng, et al. Gas
sensor array for blueberry fruit disease detection and
classification[J]. Postharvest Biology and Technology,
2010, 55(3): 144—149.

Benedetti S, Buratti S, Spinardi A, et al. Electronic nose
as a non-destructive tool to characterize peach cultivars
and to monitor their ripening stage during shelf-life[J].
Postharvest Biology and Technology, 2008, 47(2): 181—
188.

Amalia Berna. Metal oxide sensors for electronic noses
and their application to food analysis[J]. Sensors 2010,
10(4): 3882—3910.

B, K%k, R, & BECENERRE
KEEHEARBRBEN WM. ERRLXFZ
#, 2005, 28(1): 99—102.

Thomas R Hamilton-Kemp, Douglas D Archbold,
Randall W Collins. Emission patterns of wound volatile
compounds following injury of ripe strawberry fruit{J].
Journal of the science of food and agriculture, 2003,
83(4): 283 —288.



BS5H KOS BT AENEERERE NS E RS 273

[29] Z=&E¥, WA, LagitatrAEENAM] JER: Zhang Yuntao, Wang Guixia, Dong Jing, et al. Analysis
hE AR K2R, 2005, of volatile compounds in 33 Euramerican strawberry
[30] Liang Yixiong, Li Chengrong, Gong Weiguo, et al. cultivars[J]. Journal of Fruit Science, 2011, 28(3): 438—
Uncorrelated linear discriminant analysis based on 442. (in Chinese with English abstract)
weighted pairwise Fisher criterion[J]. Pattern Recognition, ~ [32] Moalemiyan M, Vikram A, Kushalappa A C, et al.
2007, 40(12): 3606—3615. Volatile metabolite profiling to detect and discriminate
[31] KiEW, THEH, &5 33 MREEHAMETER stem-end rot and anthracnose diseases in mango fruits[J].

PREIAL]. B2, 2011, 2803): 438—d442. Plant Pathology, 2006, 55(6): 792—802.

Early detection of fungal disease infection in strawberry fruits by
e-nose during postharvest storage

Zhu Na, Mao Shubo, Pan Leiging®, Yuan Lijia, Tu Kang
(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Strawberry postharvest diseases usually cause heavy losses in storage. Electronic nose (PEN3)
containing an array of 10 different metal oxide sensors was used to detect and classify three kinds of common
postharvest fungal diseases of strawberry fruit: Botrytis sp. (BC), Penicillium sp. (PE) and Rhizopus sp. (RH) in
this paper. Ripe strawberry fruits were inoculated individually with the three pathogens and non-inoculated
samples with sterile water treatment as control. Volatile compounds emanating from strawberry fruit were
assessed using PEN3 every two days after inoculation. On the second day after invocation, the principal
component analysis (PCA) of volatile profiles can clearly distinguish between normal and infection strawberry
fruit; Furthermore, it can discriminate three groups of strawberry fruit with different pathogenic bacteria.
Multivariate analysis of variance (MANOVA) was conducted on the e-nose sensors’ response to the strawberry
fruit with different treatment on the second day and the volatile compounds were analyzed by gas chromatography
mass spectrometry (GC-MS). The results confirmed that the four treatments were significantly different (P < 0.05).
A Fisher classifier was set up and achieved classification accuracy of 100%, 93.3%, 86.7% and 100% for
treatment of BC, PE, RH and CK, respectively. Loading analysis and GC-MS were used to characterize volatile
compounds emanated from the four groups of strawberry fruit, hydrocarbons and esters were identified as
contributing mostly in distinguishing differences in the volatiles emanating from the fruit due to infection. This
study showed the potential feasibility for the rapidly nondestructive detection and monitoring of quality and
fungal disease infection of strawberry fruits during postharvest storage using an electronic nose.

Key words: diseases, principal component analysis, nondestructive examination, e-nose, strawberry, gas
chromatography mass spectrometry



