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1.1.2 ®mEH A, RS HEOh: WidE 120 mL/min, J5E N8 60 s,

VEPERRER SR Y IL 3 PR . KA
(Botrytis sp., BC) « ¥ &% (Penicillium sp.,
PE) FIHR%: (Rhizopus sp., RH) , k.
HIW A RB A DT AED ER ORE
PR A B b E A R R R, BT
LR R A BE LN (potato dextrose agar, PDA) 1%
Fedk LAORAE . ATHIET, SRR REERIE] PDA 5375k
AR 26°CIRAEETE T~10d 25, LEHEK (&
0.05% Tween-80) P F LT, f&Bh T ek TH R,
WAL EIRE N 10° AN /mL 7RI, & .
1.2 RIS

g% 2 1 8 (4% [E) AIRSENSE A 7], PEN3),
SR G HEfR A 7], 7890A/5975C)
20 mL FESOH, ARSI (SEE Supelco 2
Al, A5 100 um PDMS) , HL 7 RP (2[H B 52
Wi/~ w], Adventure TM, F&/E 0.01 g) 55,

1.3 RIWHE
1.3.1 RIgaE

PP R 3490 4 4. AR 0k
TS%IPRE IR 30 s, FRPREFE R 584 a AT Hep b
PR b FRA FES A T 4 X 10° AN/mL K8 (BC) -
5 (PE) FIREE: (RHD T BV 6 30 s,
SR EREK (CKO MFRFEALER, Bt EdE 3
RSL(50£5 g 1 41, ET 100 mL 4G 5°CHA K -
1.3.2 AL Z3eR L AE M

)3 H 4 [5] AIRSENSE 7 7] PEN3 i #5501 7~ &
SRR SR N AR . T F 7 S AR IS B 71
10 MEKEE, 20 WIC (S X5 ERLS
YIRUED « WSS (Sy: AR AIBIRD - W3C (S;:
TR T R GBI « WS (Sy: XTEUA
UKD « WSC (Ss: XRS5 7 AL A gD
WIS (Se: SHERYRBUR) « WIW (S;: itk
UK« W2S (Sg: STRESSAIER 375 B AL AW
MU « W2W (So: X 75 b S W RIA WLER AL A
) . W3S (Sy0: SHEekemugo B, e mk, ALK
AR BIAE P R R M I A F R AR
AR RS IR IE RV R TR G Sk
AR B 22 VE RO IR RS ISR Gy A
G/Gy (BIAEXTHL ), mNSAREEOR, G/Gy IH
RS 1 CRTFaE/NT 1), ISR TR R
BE VA BN, W a1 1290,

PR R AU B VKA, F 24°CL 85%
AR A R [R5 2 by A SR Py i 3k
) 24°C, HGAEH DT 24 CHEE 10 min. FFIK
FHAME 60 ANEEA, it 240 4, FEABEHLIPkIE
45 NHETE 180 AME BT, Bl 60 AME N EE

eI 80 s, FE A HESC IS TH] 5 s, HBNHZIT 1] 5 0
PRI R DAL R e AR AE 25 s Ze i Theoe, ke
30 s Kb e YA T 205 23 4 o
1.3.3 JBE4REon

B LS R S 2 S I 2 2 S5 BTV I ek
708 Mo F RSSO/ INKE ISR 7k 3 9
04, IR 14, Riuf 1~3 M tais,
R A ZHARAN I FE S s R AR 25%; 2 24,
KRN E 22, B A2 PUA B R SL Bk
AR 25%0L Fo 3% PR E(%): e
FREL=S TR 2 G > 12 90 S 55 B0/ (B v J8 42 i) <
SRS x100%. BEREEALIE 30 MEAS, it
120 4N, Febs RN 3 Ik, BCFEMEET 24T
1. 3.4 AARFUIEIRA RN AL YR

REASMCFRAH Y 5 Wikiag, YIRS, WEALH
Ja—18CAETBR H o K WA A B e B 4 A\ FF 41
Sk T A B 10 g KT 20 mL AE S
40°CK#y, M A AR B AL 40 min. S
¢ ( gas chromatography mass spectrometry,
GC-MS) lI5E J77:2Z # Thomas RH 2528657
AR T SCEERE IR B 240°C, PDMS AUk
FHEEE O #MT 3 min; A1 : 50°CELREFE 5 min, R)5
P 2°C/min F+42 200°C, £r%F 10 min; FID £,
240°C ; 3515 230°C s 24X He, i 1 mL/min;
PG Bt m/z 30-450. 5414348 NIST i
J# (2008 [l kg g, POEFEILELE KT 80%HH)
My, AT Er DA TR AR R AR B TR T 2
bR,
1.3.5 4dEx 3

K -5 3 A ) Winmuster S HET 5 o
737 (principal component analysis, PCA) . #faf
(loading) 43#7, At SPSS18 HHAT 2 K J5 Z= b
J% Fisher H5) 5347

2 FER5HH

2.1 (REESXMNEEIE & M4 RAY MG A2

PEN3 H T £ 04 10 & s A k4 b
Hllo FLT S AT S BE I R AR ) 1 s, B
RRAc AR — /MBS, gk LIS Rom i R
Y EN L BN RS L 2 R (G/Gy) Bk
DU TR AL RS B . I 1 AT LG, 7D P46
B BOAH X L R AR, 20 s iR TT- 2%,
Y48, Ssv Sse Sev S7 1 Sg HIAFRT HL SR AR, Er H
AR AR T K o Tk F 7 S A B X B S S
PR I i S ARG T R, R S L R S AR R
PEYD A I M N, AR AN g e L N AR
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NG

Note: S;: Sensitive to aromatic compounds; S»: Sensitive to nitrogen oxides;
S;: Sensitive to ammonia and aromatic compounds; Si: Sensitive to
hydrogen; Ss: Sensitive to alkenes and aromatic compounds; S¢: Sensitive to
methane broad range; S7: Sensitive to sulphur compounds; Sg: Sensitive to
alcohols and partially aromatic compounds; So: Sensitive to aromatics
compounds and sulphur organic compounds; Sio: Sensitive to alkane; the
same belew.
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Fig.l1 Responses of 10 sensors to strawberries volatiles
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AN T DL A B Y R D R AU e i 1 A
AL 2 s » AT RT LA Hh BEE 5 T ) SEE
HAREIERARHOZE N . CK AL HRE R Bt
B, 5 4 RIS F kR, AR5 L4 2k
fp, AP RSAE 2 d IR RIDTaa A, H.
WA AR R = T CK 41, Kk, A7 REfEl”
k7 1R A A2 0 B 1D 2R S R IR 00 9 531 ok D T LA
KRR BEAR e R 5K o

90
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Bl 30
Y
10
0 . . . .
2 4 6 8 10 12

I ) Time/d
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Note: CK means control group; BC means Botrytis sp. treatment; PE:
Penicillium sp. treatment; RH: means Rhizopus sp. treatment. The below is

same.
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Fig.2 Decay index
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F 53 43 M1 (principal component analysis ,
PCA) s FhE4Egil Tk, Wl JR UG S 2
YA AR &, TS R AR SR i ) 2
AR B U SR B Fa b, BRYETG 555
fatr 2 M EAF G, MRS FRR 2 AR R AE
Ko PCA J7¥EA5 BRI S e FE IR R AE, 2575
B TR DTk R KT 85%, NI /s 32 i ml LAARER i
GRAR R I ORER a5 B, T DA kA7 1 — 20 H
(o), R[] b #L2H F) 825 L S2 PCA 20 Hr 4 LI 3,
ATLVER, SRS —. By Bibskg
BITE 90% LA I, REREARIR IR AR 8 G 7 I S
CK ZH SRS 2 4 d INORE i 5 20A 55 0 ek iy 30
(0. 2d) + 5 (6. 8. 10d) WHBER, &%
AR FRZH ) T B o A el AR, AR 0. 2 RIN
FES S ATA DT E 3 (40 64 8. 10d) , It”
i, 2 d I PRE S s A SIS W . 45
P 2 S AR B Gt g SR AT A, RS IR
I3 S HT SR YO e AR T W ARk, AR TT RE
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DAL 214 TR S R R B0k 3] 5 P ) SR ST A S s
VAR T 0 s ST SR AEAE — i
2.4 BTFEMNESREMENRXS
2.4.1 PCA 9#F

FIH PCA 43 % AL BR S I (56 0 KD o
H 2R (2d) HIRSEAL B NAE AT 20, 45
Wk 4 os. HETTEL LEALIR G S SRS TRY
WM, eV o How A, AP S SCIEG 2 d
Jei s ANFEACEFE S TR RN E . RYIEALTE
i 85 3 PR 9 DR BT R SR S R T A 1) s M AN A DA
FH T HF B2y, ARG 2 d HZE Sk mi i
Wik, FEAR FIHRIAT X 2y, BRI, R 32 R 4
AT AT B3 T ) ) AT o
2.4.2 ATRElmEEBAREA AL EHT

PCA /3 A4l S AT DL EDWL A s 4520 2 1A 1)
e 5, BURS UL I ZE e AT T = . AL
SPSSI18 #EATZ [N Z 7 =Y, 4h sk 1 Pios,
o Wilks” Lambda 24 2H P 48 57 5 048 ¢ (1) LU AR .
T U ZH S E AR AR, Wilks® Lambda {H 4
1; AN RS AR AL N, Wilks” Lambda
{H¥:ET 0. B, Wilks” Lambda {H K, Faas1
HIBMEFEARZ, Wilks” Lambda /NE7RAL R 2
SN IR F ORI 30T 22 5 10 3 MK SF (P<0.05).
2 1 Mg nrgn, 25 2 K, SE4] 5 Prg
(i) o P () 2 S5 d8 2, A [ o oy Ac 201 1) g 474



%5 10 AR AR HL TSRO AR e 0 T S R R 269
WA W ER,
133
- 2d 96
S ~
o967 Q £ 67 2d
I 0 m
g oo ‘R o 38|
& g 0
2 23 e C 08
A Y :
é}% 14 ) 121
®
jod, ., L 5.0 10d,
70 112155197 239281323 36.6 40.8 45.0 40 83 125 16.720.925.129.333.537.741.9 46.2
- FWANPCL, 70.2%) HFHPCL, 74.7%)
a. X4 (CKD b. KA (BC)
207 10
9 L @
7 104 2d% £ 208 2(1%
g 11tk § )10
KR 0 g
‘E ST 10d % g 129 %0
! R H
Lol B 1l *4 104
o\ 40
& 6d ® 6d
-49 L L L L L L L L L ! 49 , 8d, L L L L L '
1.8 93 16.824.3 31.8 393468542617 692767 0.1 7.5 152 22.8 30.4 380 457 53.3 60.9 685 76.1
H— EHAPCI, 68.1%) H—TINPC, 66.7%)
c. YRFELMAM (PE) d. MELEA (R
B3 REAIRA T ER AR b F ol B AR E R AT
Fig.3 PCA analysis of e-nose response for different treatment during storage
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Fig.4 PCA analysis of different treatment of strawberries during storage
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Table 1 Analysis of variance of different treatment on the AR RSV, 18R AR AR R 2 B
second day R 1) by DASEERIR AU R AR R 200 B A
il tambda P " AR 3P0, XARERR ST 2 d A
CK-BC 0527 2603 0.020 AR NAEREAT 73 B, RIHTZE A R (P<0.05 N5
CKPE 0081 3293 0 NASRE, P>0.1 RESIBRIZAERE) JEA7HET 1 [GHE B
CK-RH 0.323 6.074 0 IV, GIN Sin Ssv Sev Sy Sy Al So /54748
BC-PE 0.085 31354 0 N, B R R D HERG R, Ik, B
BC-RH 0.437 3734 0.003 EWABTE N S3v Ssv Sev S+ Sg Al Soo HIE 1 HLA
PE-RH 0.085 31.354 0 F LRSS 30 50 64 7 8 4w I HL T L Y,

bR B AR IS O I AR AN i, (HUZ X 1%
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DRGSR WA AL m I DTk, SR IR B o g 1
BB 350 = 8o R
oo\° 6.0 S7I
Yo =—1.5-82xS, +6.7xS, +6.8xS, +1.4xS, % ol
Sa
3.7x 8, —0.4xS5, % 20} S
Ype =—12-75%8, +6.1x S, +62xS5, +1.3x S, — Zoolsg sy
3.4 S, —0.4xS8, & 20f .
Yy =—08-52x8, +4.2xS, +49xS, +9.0x S, — 40 :

2.7x 8 —2.3xS,
Ve =—0.8=58%x 8, +4.7x S, +5.0x S, +1.0x S, —
2.7x8,-0.3xS,

A, Siv S5 Sev Sy Sy Al Sy 3 AR AL K
SIMANAR ;s yoks yees ype M yr AHET HL T 50
ISR AL BRI BESE IR, R s ok Ab BRI 25
M,y HS KA R I 2R

SHERIBEAT Willks A A5, SIARISAR R P
fH¥/N T 0.0001, B4R P EHIR/NT 0.0001, %
B T A TR AT S22 T S AR IR i LT
IVAE S S5v S5+ Sev S7v Sgn So XA A AL,
P30y (BRI AL R A FE T L B AN . X T
PITRBATIR IR S L 2, AL S AR R
96.7%, KuF AL AHERIZ N 95.0%, Ui AR
B A DX 43 H AN R T B L R

%£2 BTFSWREFRERNERES RIITER

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

I3 SR A CK BC PE RH pisa

RFEASE/2H 45 45 45 45 180

% Ef KR 45 45 45 39 174
N Y S i 0 0 6 6

HERZR /% 100.0 100.0  100.0 86.7 96.7

SREAR/A 15 15 15 15 60

}[% a5 15 14 13 57
R A /A 0 0 1 2 3

HERf 2 100.0  100.0 933 86.7 95.0

2.5 SREFNH
2.5.1 B

T8 ok B up 3 A7 T LAE 2D A5 AR R B A
PCA DT R/ B S S Siefp b BE 2 d Ji5 &
LTS A S IR A AT I, AN T DU
Se CWHREW TS HURD |« Sy O, 4 57
RS WIBUE) S5 — F A otk oS, Bl S
BT % 1 2 SR S PR 4 R MR AL 2 AR A T REAE T I
Ky FHEBYT ISR .

10 0 10 20 30 40 50 60 7.0 80 9.0 100
5 EHAN(LDI,95.4%)/x107

B 5 FEFALE2dEREA T B SH
Fig.5 Loading analysis for response of
strawberries after 2 days of inoculation
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PRS2 d FESEATINE , 45 R BoR AR A B A 2R
SERFAE A S oA T DR TR 1) B A AN [+
CK.BC.PE.RH 4147514 88.99%+76.49%-89.88%-
89.36%. [RILZ AN, BPpE R A EIEX T MR-2- (L
B LAh 11 PP o= AR T, 25 ILER 3. XLk
CK H MBI, FINFE R PE A 55 2 7 2
PRIAE e R R SRR S i b, Bk
BERAE AL B A R S A AN IR BEARTL, T A
WS R, B (0.94%) WHAE CK ZH
s ANTR) S R AL B A SR S T R R AL S AN
A, TR-2-C e (0.62%) + 5-F% FRE R
(9.13%) + %My (1.51%) HAE BC 41K, W
FERRHIEE (0.10%) « AIFAT M (1.63%) AT
Jfi (0.16%) JFE PE 414 s i, RH 435Kk
Moo 3-8 L CRRFEP G 5-52 FORE . [N
I, TR AN SRR NS S A T nT W) i
X3 B T I 2] R} B (R AR 20 48, 1T T PR -2-
CUElE S-FR FVMERE . 22 2R ] R & K B 1R L s
PIRFIETE SR FERR R RIFIR T I A T s
ATy RS SRR RDE U 3-BMF &
PR = B 1) A7 A6 5 5 ] F T 48 AR 42 Y s 1 21
S K143 - Moalemiyan 2502 7E AR B4R YL 15 L v
Kyl T4 2% Li Changying 25PYHIF9T 7 K% <
BEAS T ORI W R R MR 52, A 3 R
OB ILA I T 2K 0. OO Kok, T+
—hEE 6 PRE SRR 2, DA ] DU kAT SR Sk
Yo JEU R ARSI o ASHIF AR FASORE i 156 FH 2 A U
W T Y S AR A A, FEHEIN A R
AN [R5 B 5 IRRFAE AR 53, ek F 1 S A ) e
R HPEMEHIR SRR . IRBRIE AR R, R
il RN T M AT 3-SR Nk H
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i T i R SI R R A 2 3 A D A ) AR A AT 1
o LESERRAR Y, B RS 2 AL 2 R
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KA, PRI FL 7 ool SRS 117 52 38 452 A
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Table 3 Relative contents of some aromas in strawberry after

different treatment

Hk ik AR /%
CK BC PE RH
TRR-2-C T 0 0.62 0 0
FE IR R 0 0.76 0.25 0.33
BER LR A EERR 0 0.58 0.87 0.11
PRI R 2 FFY i 0 0 0.10 0
LR 0 0.54 0 0.36
WK 5 HRER 0 9.13 0 0
LiES U 0 1.51 0 0
3-¥E 4% 0 2.10 0 1.96
- Xﬁ%T% 0 0 1.63 0
FATI 0 0 0.16 0
T4 0.94 0 0 0

3 &%

D W AR e, e s b R
S5CVIK 2 d R SRR 9000 1 4, LLAE R
B b R B ARSI A AR

2) JE i T S AT K e ge it b, BTEk
VRIS AT DAAE R X 73 A [7) 57 b 7 300 B G (1) e
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LS Sy O &R HRUL WU S5 il
RT3 B SR | Se O AU
S; ONTRAEBUED) Sy (RTREISRR 2 75 7 B4k
HYIBUED T Se G 75 B AL SR HLER Ak YA
B, MR T BB R R A A, Ak
AR IA 95%.

3) ARIEKDR AT 7 W 5 L3 I A T A Y A
BRI R S AR AT e R R 5 H S
KA oo ARG I H AR i o B Jk
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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



