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1.1.2 S5 ., RIS S ECH: JE 120 mL/min, 52 B8] 60 s,

PR LR R G Y H W) 3 PR R KT
(Botrytis sp., BC) « ¥ f&# % (Penicillium sp.,
PE) ME%E (Rhizopus sp., RH) , Hok#E. R
B BT RAA U it S R A A R LR R R O
P E W A B E TR R R, BT
R EPEEE (potato dextrose agar, PDA) k%
FR¥E FARAE. AT, IR E RS PDA B3Rk
FAE 26°CHEAEEFE T~10d 2 )5, HMEHK (56
0.05% Tween-80) PPk 17, fifBh T Mk i+ Hdi,
JERE 2SR R 10° AN/mL 1 72970, & H.

1.2 RILER

{4 30 i 7 45 (4% %] AIRSENSE A @], PEN3),
AR CGEEZHER AT, 7890A/5975C)
20 mL FEAH, FEIARAEEE E (3£ Supelco 2
@], 5N 100 um PDMS) , HLT KT (E[FE 5
Wi/A#], Adventure TM, F5/% 0.01 g) 5.

1.3 WA E
1.3.1 REd A

PPk R 4 d. AR S0
TS%IRE IR0 30 s, FRBRSTE R 56 4 Ja AT Hefl itk
B, A FRLH R4 T 4X10° 4N/mL K (BC) .
4 (PE) FIM%E (RH) M F2IF iz 30 s,
SR TR (CKD HFFELNHE, M fasE 3
REGS05 )M 1 4H, BT 100 mL 40 H 5°C4 L.
1.3.2 AR kaime B {F Wl e

I FH 78 [¥] AIRSENSE 72 ] PEN3 fii 45 30 i 7 5
SRR RE SR WA A . BT FH o7 S AR SRS B 41 £
B0 MEKEE, RN WIC (S X5 ERL G
YU « WSS (Sy: A EUEAAIBUE) « W3C (Ss:
XA RAT FREHUE) « W6S (Sy: XESA
UKD . W5C (Ss: X IEFIT5 & AL AU |
WIS (S¢: FHRIRVFHUE) - WIW (S;: Xfhifk
AU . W2S (Sg: XTEERA S HE A
U W2W (So: X5 LGSR HLE AL
) . W3S (Syo: XHEERHUR) B JilsEnt, R
P TR 2 R P B AR T A o S R Ak,
IR RBWREE M IE RGN SR G 5K
A TSRO I R E B S E G, M
GIGy CBIARXTE T3, MR SRR K, G/Gy 1
fERES 1| CRTEEANT 1D, IR TSR
ERFRAE N, MZH s AT 1120,

B FAE A B UKFEECH, T 24°C. 85%
AR S T MO [ 2 h, A8 SRSz A # R R ik
# 24°C, WBACE 1T 24°CHERE 10 min. BEIK
FANE 60 MEA, FLit 240 4, FRABEHLPEIE
45 N LTE 180 ME B, FR 60 MENEIIE

YU 8] 80 s, FF S HE RIS 18] 5 s, H B Z 0 7] 5 s,
TRES R AL KA NAEAE 25 s A TRE, ik
30 s A el AR FH T 088 534

1.3.3  JEREFRE &

L2 R S A 2 2 TR I 2 21 25 BT Y g
175 o Fo R E R K ANEE R RN 3 %
0 %%, KRR 14, RiA 1~3 N Emn,
B AR H A AR AN L R s SR AR ) 25% 2 2,
PSR IR 22, s AR SN AR B R s e R
MR 25%0L o 4% B F R e 5u(%): i
FREC=3 [ 12 531 < 1% 2 5 5 B0/ (i v 5 2 0 )
MR SHD]<100% . BRI E 30 DA, kit
120 4>, FRAREEIE 3 %, BOFEHET 2.
13,4 AR TS BB A 200 s 4 R M0 i

AL FR AL S A, VIREIRS), WEAbE
Ja—18 CAFIUAFF o HF ] AH T A s B 4 N\ 4
P4t AT 24 B 10 g BILT 20 mL FE I,
40°C K, FZAb I B AR EE: B A H 40 min. AR
I M ( gas chromatography mass spectrometry,
GC-MS) 5E 77288 Thomas RH w4t
AAHEIESOIRE DR BE RN 240°C, PDMS Lk
THERE N 3 ming FElE: S0°CIRFF 5 min, A5
PL2°C/min 7+ % 200°C, f&%F 10 min; FID 345,
240°C; B TIRIRE 230°C; #< He, #iti# 1 mL/min;
FEaE: Fifgtt m/z 30-450. 5414348 NIST i
JE (2008 [ fr & e, DUEFEILALEE KT 80%HY
oy, AR R DA TR R AR S TR
bR,

1.3.5 #dEibrg

S FH BT B 1 39 1 Winmuster B4533E47 %4
43t (principal component analysis, PCA) . #fif
(loading) h#, ¥ 1 SPSS18 #E4T 2 K& 7 2 0 #t
J Fisher #5153 #7
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2.1 RRBWNEFE LMY AR

PEN3 HL 7 898 10 5 AL B an B
Bl BT S RAE SRR R AR 1 R, K
BEoR 2 ARER — MRS, 2 b SRR R A
PTG N L S AR AR X L 3 (G/Go) Bk
sl AR et b, BB 1 ATRLE Y, ENERIR
By BARS H S R PR AR, 20 s S5 IEHE TP 42,
FiHhs Ssv Ssv Sen Sy Al Sg HUARNS HL T R AL LI
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HIAHL S 2 Relative conductivity

Ik} fit) Time/s
e Sir AP ERL SR, Sy APE SRR, Sy AEERGT
T &R, Sy M EUCHUS: Se: XTI RIDY F RUL-G oo,
Se: AEIYIIHUR: Sp MTILBUR: Se MBI T AR
B, So: MIFEHEAL ST HUBALD AL, Syo: W BEIRHUE,
A
Note: S;: Sensitive to aromatic compounds; S,: Sensitive to nitrogen oxides;
S;: Sensitive to ammonia and aromatic compounds; Sy Sensitive to
hydrogen; Ss: Sensitive to alkenes and aromatic compounds; Sg: Sensitive to
methane broad range; S;: Sensitive to sulphur compounds; Sg: Sensitive to
alcohols and partially aromatic compounds; Se: Sensitive to aromatics
compounds and sulphur organic compounds; 5y Sensitive to alkane; the
same belew.
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Fig.l Responses of 10 sensors to strawberries volatiles
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By 5 4 REATEmE R A, WRR I MR 16 5
dpehs, AL ERALSRSEAE VR 2 d JR PR, B
I AR R ox T CK 41, M, #RETER
e A7 UL i A T ) R S e A DM S 53 ok D T A
R K FEAR E iy R AR 451K

90
80
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—-BC
0 —PE
[ ——RH

ffi§ 1 46 HDecay index/%
=

B W) Time/d
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Note: CK means control group; BC means Bofrytis 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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FIF PCA 43 B4 bEE 5 5l 80 (55 0 KD
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mpE 4 B, BB, EAEREE G L2 AT R
W, ok oy H R Fp S, i AbBE S S'CI7E 2 d
Ja, ANFEACEERE S RUOREEA RN E . R
Jii 66 34T PN 5 i T kot SR S R MR A R 1) B2 e A A2 A
T HARK XSy, MG 2 d HERHmEm
ok, EARR RN AT X 4y, Rk, R 344
B AT RLAE 5 1R ) mT AT I
2.4. 2 N[9S T R AR S A i A T 2 A

PCA 3 M4l Jn] DL E W) s & 4 2 [A) 1
5, BERWHURHLERTRIT T ZE SN FIH
SPSS18 BEATZ R & 20 H2Y, 45 R ik 1 fior,
I Wilks® Lambda Ay2H 48 5 5 5048 55 1) U A .
A WAL BE AR ST, Wilks’ Lambda {84
1y M NA RS S/, Wilks’ Lambda
fliEET 0. ik, Wilks’ Lambda {k, FRgA
B FEARI S, Wilks’ Lambda /NE7R2H A4 2
SRR F R4 M 22 5 10 523 7K F(P<0.05).
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] i JO7 L 1) 2 5 S 2, A [0 it v A 4 44 ] g 7 A



CORR ] A RAE: W SON SRR R U 4 B SR R ) 269
WAHREER.
133 96 1
S ~
~o96t 3\: 67}
§ 6.0 o 38}
& £
& a3 S ost
& 14 ; 21}
L od, L 5.0
70 112155197 239281 323366 40.8 45.0 40 83125 16.720925.129.333.537.741.9 462
i EHAHPCL, 70.2%) HLHSHPCI, 74.7%)
a. A4l (CKD b. KEFAEFRAL (BC)
217 07
§ 164 39 éf 308 2d
o &
g 1.1 :-d o
:JQ —
2 Tr %U g 12.9 RV,
i B H 4d
Loo04 L N 1] 10d
40 f
= & 6d§
-49 P S S S S S S—" 49 . 8d, e,
I8 93 168243 318 393468542617 69.276.7 0.1 7.5 152 228 304 38.0 457 533 60.9 68.5 76.1
W EHAH(PCI, 68.1%) W LM (PCI, 66.7%)
c. WEHEHLAA (PE) d. REALFEA (RH)
B3 AN [ b R 20 YA L S I 0 e - o e A2 S 23 40 BT
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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SR RE TS E Fisher Z&50 5 70 # 77 Bl b — AT
Table 1  Analysis of variance of different treatment on the AR R RS RO, s R AR S P B
second day R AT ) L, DLSEILIX 3 I 2R AN 5] 28 50 RO A
Wik Lambda F 1 " [l R IX 530 AR SCYeRE 2 d RS AR
crBe 0527 2603 0.020 B S IEAT APHT, IR B33 (P<0.05 B 5]
CK-PE 0.081 32.935 0 NAREE, P>0.1 BFHIBRIZASE) #EATHET 5 IR &
CK-RH 0.523 6.074 0 BIFIA T, BIN Ssv Ssv Sen S7v Ss Fl So 1R 72
BC-PE 0.085 31354 0 I, RUR A R B, R,
BC-RH 0.437 3.734 0.003 EMAEEN Siv Ssv Sen S+ Ss 1 Soo 1 ATLL
PE-RH 0.085 31354 0 FHAEIRES 3. 5. 64 7. 8 A HEE Y HL T S R,
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Vo ==1.5-82x85, +6.7x S, +6.8x S, +1.4x S, - §4m
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3.4)( Ss - 0.4 x Sq & o0} “'m ;
Vor =—0.8-52xS5, +4.2x S, +4.9%S, +9.0xS, — 40 '

2.7x 8, —2.3x8,
Ve =—0.8=58x S8, +4.7x S, +5.0x S5, +1.0x S, -
2.7x 8, -0.3xS,

A, Siv Ssv Sen Sov Sg Fl Sy 43 HIARER B ALK
AW RNAR s yoks Yees vee B yry FFET HLF S
I AN [ AL B 2H I S UM, R A N AL B ) 26
B,y (RO AR LR e (1) 2 2 B

MEREAT Willks 24 f238, 9 ARSI P
fE¥/hF 0.0001, HAEEAR P AEIR/NT 0.0001, 3
A T R TR LA 12 0 S e A R IR i o i
IS S S5 Ssa Sen Sv S So X AR A 51 =K,
Ry EERM AR BTG B F . xF BT
AR R BEIT IR 45 R IR 2, AL RN
96.7%, S iF SR HER AN 95.0%, Ui B iZBIA
B0 X 4 B REAN [ 95 B I e 2 Y

22 BT SHKOFETNERENRIRIIESR

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

93 I 1 o 25 CK BC PE RH it
HRA 45 45 45 45 180

it IEEig Nt/ 45 45 45 39 174
E iR S A A 0 0 0 6 6
HE %% 100.0  100.0 1000 86.7 96.7

r SR AR 15 15 15 15 60
ﬁ% AR 1S s 14 1387
. B A S 0 0 1 2 3
RS 1000 1000 933 86.7  95.0

2.5 SRESFDH
2.5.1 #RAGorHT

T8 3 AT 2 BT T DAk — 25 1 AR IR AR A
PCA TR AN . S R ScfEfh b 2 d J5 5L
T L e A 5 I e o AT, NIRRT LA Y
Se GHRIWFHHUR)  Sg (KB, #HH5EF
R AWBUR) X5 —F Ttk ok, o R
PR 52 e 1 8 T S (104 vk 41 40 AR A AT BE AE T A
%y FHELRYT KL .

100 1.0 20 30 40 50 60 7.0 80 9.0 100
3 B LD1.95.4%) < 107

S SUREREAARER 2 d JS R RIS S AR AT
Fig.5 Loading analysis for response of
strawberries after 2 days of inoculation
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Table 3 Relative contents of some aromas in strawberry after
different treatment

Fik S HRE A%
CK BC PE RH
Tg-2-C R 0 0.62 0 0
IR RE LR 0 0.76 0.25 0.33
FEZ LM EERR 0 0.58 0.87 0.11
P B T 0 0 0.10 0
LR 0 0.54 0 0.36
(S =L 0 9.13 0 0
(IS # 0 1.51 0 0
3-E 0 2.10 0 1.96
o Xiiiﬂfﬂﬁr 0 0 1.63 0
A1 A 0 0 0.16 0
111 0.94 0 0 0
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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



