FE R KRR 2018.23(9):123-130 http: // zgnydxxb. ijournals. cn
Journal of China Agricultural University DOI:10. 11841/j. issn. 1007-4333. 2018. 09. 15

ETHRTFERRI/NEMHTFENLE

KR B E' mWWT T I U
(LRl K% AR B/ T i A R T R % LT 100193
2. E AR R B BE AR 100097)

B E ARARERSGHEANRTEAGHAR ARG T H A% AL CK 58 C # KB &AL (Hot water
aging method, HW) f= 50 % ¥ #% % 4& (Methanol solution aging method, MS) & .4 & 27 ) & F #4740, £ A
F & 4 4 # (Principal component analysis, PCA) | £ # #] 3] 5 #7 (Linear discriminant analysis, LDA) & # 47 5 #7
(Loadings) s WAL B RE E A K-F oG N ERFTHRATEANTRL., RBRER . DELLEERREAKFG DL
FFELFRAERBZELARRAGHIEL S B E;2)PCA ST ALER >R KRB XS EFHBELG D EHTF;
3 LDA 5 #1 #f #K B Z A Fo F B L AR R E A KF D £ FTHAABIFOR 5RO RT T Z T RAKS
ENEENKTFNEMNFHEFAREIZ RO TAMAALY (WIW) Do F RAA S H (WES) F= F AL AAL 4
(W2W) , 52 455 2 (W1S) (B BEBEBR £ AR (W2 Fe A A £ (W6S), TREKZSEAKFIENTHEF A% L
2k B T AHABAY (W2W) A 5 F RAA A (W5S) (42 4k 4 12 (WIS) | Bf Bk B8R £ A4 (W2S) = RALELAL 4
(WIW), KRR ERBT AL T RBARM AL F BB 5 £ A F F LM R4 640 2 & LDA 547, T
FIAF R & Sy F AT AT Pk A S O R, B 4 S Loading 97, T kit — F S AT AR X 69 £ SRR

5
KB BT H; NERTF; FH; RSN ABARNS; REAoMH
hESESE S5 XEHES  1007-4333(2018)09-0123-08 XEkARERS A

Determination of wheat seeds vigor based on electronic nose

ZHANG Tingting' . ZHAO Bin', YANG Liming® . WANG Jianhua', SUN Qun'"
(1. College of Agronomy and Biotechnology/Beijing Key Laboratory of Crop Genetic Improvement,
China Agricultural University, Beijing 100193, China;

2. College of Science, China Agricultural University, Beijing 100083, China)

Abstract To investigate novel accurate and effective detection technique for the identification of seed vigor, the wheat
seeds of Shannong 27. which were treated by 58 C hot water aging method (HW) and 50% methanol solution aging
method (MS), were analyzed by electronic nose (E-nose). And the data were then processed by principal component
analysis (PCA), linear discrimination analysis (LDA) and Loadings. The E-nose sensor data showed that the wheat
seeds with different vigor after aging treatment had different characteristic maps. The PCA analysis could not
distinguish seeds with similar vigor after HW aging. In contrast to the PCA analysis, the LDA analysis could well
distinguish seeds with different vigor after the two aging method. The Loadings analysis demonstrated that there were
sulfur compounds (W1W) , nitrogen oxides (W5S), aromatic compounds (W2W), methane (W1S), alcohols (W2S)
and hydrogen (W6ES) differences in the odor between the seeds after HW aging. After MS aging, aromatic compounds
(W2W), nitrogen oxides (W5S), methane (W1S), alcohols (W2S) and sulfur compounds (W1W) were the main gas

compositions in seeds. In conclusion, our research indicated that E-nose technology could be used as a feasible and
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reliable method for the determination of wheat seed vigor by volatile constituent analysis and LDA analysis, and

different gas components can be further confirmed by Loadings analysis.

Keywords electronic nose ;
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1 HHERFTE

1.1 I EE Rk

PENS3 HL T & 4t (#8 [ AIRSENSE A #)) , DK-
8D 7 i FAPE R AR C VRS 2 S g ik 2 A R A FD
B prat, b stk T) ) . & 2848 (36 [E Anchor 23
)L, RS 25 em X 38 ecm) . iR E FH K &R K .
1.2 PENIBEFER%
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#£1 PEN3 HFEMERSHERERRK

Table 1 Performance description of sensors for electronic nose PEN3

1L % 44 PR PERE iR Ao I B 43 RS54/ (mL/m*)
Sensor name Function description Component Volume fraction

WiC 557 W5 Cs H; CH, 10

W5S FAE R R A G PR R NO, 1

W3C K X35 B oy R A Ce Hy 10

W6S EEX AR H, 100

W5C Bt I 05 A LAY Cs Hy 1

W18 X H gt 7 L CH, 100

W1wW PR TRIA /DX H,S 1

W2S X TS TR ) 2 R A CcO 100

W2wW 75 B LAY A LR AL P R H.S 1

W3S X e et 7 CH, 10
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1.3.1 XM

RIS B /N2 Fh 7 Q4 27) . F 2016 4 g 3K
F I ZR A WS T R E RO 2 AR5 R 2016 4F
11 755G &K 10.7 %,
1.3.2 ATLZiLasn

HUE & /N Z Ff F. 2 8 Bhattacharyya %5 4y
A 58 £ 1 C #MK i & 1k ik (Hot water aging
method, HW)Ab#Fp 7 10.20,30 F1 40 min, % I
WA &S Hogm 50% W ORE O W OE bk
(Methanol solution aging method, MS) kb 3 fl T
20,40 A1 60 min, Kb HLBEFE WK 2. B R F 1Y
- P I RS K R AT S e M R
FIRE

£2 AIzkiE

Table 2 Gradient of artificial aging treatments

A4 AN T8 T5 i

Group of aging Artificial aging 1 fmin
Aging time
treatments treatments

CK 0

1 POk 10

2 oK 20

3 PR 30

4 POk 40

5 FH i 20

6 H B 40

7 HH e 60

BRI R R 58 £ 1°CHIK IR B Tr ik 5 H AR 3R 50 00 H BV
BT .

Note; Hot water means 58 == 1°C hot water aging method;

Methanol means 50 % methanol solution aging method.

1.3.3 BFENE

HUR TR Ab B ) /N2 Bl SF- 34 43 B3 A4S 20 g 1Y
TR CRI 3 W EE A2, g 3k 2 7 BE 5 4 )ik A
160 mL {5880 bR s I FH 790 )22 0 i 5 s 11 %85 4 i
T254+1 CENW 2 h, fFFHE LN TR EE
HEAT HL - B B TS ORI SR < SR AR ] Oy
1 s/2H A% &G BIE TR 100 s 5 4% s I &2 1 18] 2
10 s; FERMER ISl 5 ss AR 2 400 ml/min; 53
B RAEITE] 2y 60 s,
1.3.4 FERFXE

K Bt D b 5 K A R 100 RS R N T

7 8 min J5 2R MK bk 3 .25 C R AT B 40K %
G, BV 3 5 /N2 R 50 KK FFE T 78 1%
KRB K 246 b 55 1 5 — ik K B A & 2
A0 RN AHA 5 om, BB AL ACE | EAH &
MKW L FEN, LMEET A SR, 3
WHEEET 25 CHEPLRM TR FENLEH
8 R Kk 2,

KR = 8 RIEW & 2F 1 8/ Fh 7

Kr) X100 %
1.3.5 % 4pEa

K R 20 A (PCAD L e 340 51 43 B (LDA)
FZ AT 53 BT (Loadings) 1F Sy 3= 2 X 51| 43 #r 77 125 Cfift
BRI . PCA ¥k B2 ug it b i — M 812
B L A X H T A% R B R A R A L (K
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Jir A% ik N R G 0 R e K BR B b B e AR R Y A
Koo 7EF PCA #4743 #r B, ol LA 76 B A~ 2 4
TRE R X A R B, LDA 3BT A AR
S 145 o A S SRR AR 52 B 05 A 2 ) K A ) DA
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R J5 DR UE A 2CRE AT B 1) 2 8] 7 i K 1 26 i) 5
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B EARRIG T LDA 447 AT LU BT 5 0 8k
0t A 42 BRI S0 AT 1] Sk b 8 96 o DT A5 R AR 2
A B2 . Loadings 4> #7 3 # I F & e
WrEBEANZENEVRE, 5 PCA EH KM, &
PCA 54 B J5 48 b5 45 5 1 A OC R B, 7 a5 Ak bR 3%
TR JIEAE 2 LAY bR LA AH DG FR B (e XHED /N,
J 43 Xof 127 e A R M N B 22 K, R
) {1 J2 - A I3 Loadings 54k 32 28 2 %A% 2 2% F
PRI 5E R Z 05 ¥ T DL A 8 iR e A T 4% 1%
TR X R il DX 43 1 BTk 3 K /N S AT AT L 25 R A X
ANFE S DX 2o AR e — 2R SR T g E A . B
Sk H Winmuster B4 & SPSS19. 0 4,

2 HRE5SH

2.1 RAAAIZBEAZLBNEMFEABR
M 3 ATLLE H .58 CHOK IR AL 50 0 H i
LAY /INZE B I ) ¥ B % 2 AR ) B B8 iR
Ro 2 R N T3 A b B /N 22 B 7 45 86 B 10 & 2F
P, R ZERAE GG s BON AR xS, Hip
AR 3 5 A /N R R R R B i
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il R8I 0.

x£3 ARAAIZULERNEMFFEAER
Table 3 The vigor of wheat seeds after different

artificial aging treatments

4415 R/ Y
Group Germination percentage
CK 99.3+1.2 a
1 93.3£3.1b
2 76.0+5.3 ¢
3 30.7+3.7d
4 25.3+1.2e
5 45.34+2.0b
6 11.3+1.2 ¢
7 0.0£0.0d

AR SRR R R A ) 25 S 3 (P<<0. 05).
Note: Different lowercase letters indicate significant
differences between treatments at the 0. 05

level.

2.2 BFEmMMESTL

oKV & A B2 Ak /N 22 Bl 1 H - S
s i Ze i 1 s . VB 1Ca) A 1 (b)Y i
7 2R AT DL s L S OR R R 25 15 B3R 190 16 )

PESRTF IR TE AL B A% b 4R L 4% 1% % el 7 (BT IR
AL BB TR R IR TE ORI E 1k 20 s HI
HEEZAL 10 s 47 iR B i K. B 5 A% I8 19 i 1
{HA BT R IF7E 40 s R TRas. Wik R84
e i w7 it 28 1 28 AR A AS IR IR HE B 49~51 s
A B4 P Y AEAE Sy s 8Hie i 4T = 22 3
2.3 PCA ##7

PR 0 B AL 5 N [RTG 1K /N 22
i) PCA 20t —4e 45353 i 2 i . B 2Ca) F1 2(b)
3 iR T OK I B W S AR [A] 3 7 7K F /N 2 Fil
T E RS (PCA) 43 AT — 450 & T 2 () B 5 — FE AL
S TIRRR A 59. 59 %0, 5 . E WA TTEk R A 37. 60X,
FRTTIRR N 97.19%, F 2 (b) 15 — 3 A 43 51wk
B T6.49%0 5 M TTERE N 16. 7400, B
TUHR RN 93. 23 %0, #R LA LWl 35 TAEA 1Y 245
JSUVRRE, | 2Ca) F 2(b) ] UL, ok Ak W R Ak
TG N E R R E R FERAES —F
B b T PR A AR T Ak B AN TR 1 K OF R
ZIEPR®ER FERMAESL — 80 L, RUA
[ 5 S 7K /N2 Ff SRR AE & A A TE] . b 8] 2
()T UL, ZALAL 3 A1 4 /N2 B 1y i g {5 8 S
PCA TCk X JF A4 3 F1 4 (/N2 Fh 7 (L RE S
XATFARZ B 1R 2 F/NEFRF. R 2
(b) A UL, PCA AT LA GF 1) X 43 FF A i 56 vp R B

NAEYI R 1. BEE B ST I HERE N T T R A5 S KBy N T
° (a) ) (b)
% 3 - o 4 Vs ~— .
g 2h
L/ T~ —
2l y ——————
z
= 10 20 30 40 50 60 10 20 30 40 50 60
Kz nF{a/s Time Kz F[a]/s Time
14138 4, FF Sensors name
— WIC — WIC W58 —— WIS
— WI1C — WIW W6S W2S
1 ZHKBLIE (a) FOFEELLIE (b) F/NE T F BB T 2 808U 15 57 g 2%

Fig. 1 Response curves of sensors to the wheat seeds treated by HW (a) and MS (b)

2.4 LDA &#f

AT I KN ZE Bl 7 1) LDA 43 B — 4453 53
wE 3 fros. B3 Ca) By 5 — 2 M 5 K5 9 5T ik
HOh 84, 6200, B AR R A AT BT EE R R
10.86 %, 2R BT R N 95. 48%, |8 3(b) A4 — £k

P50 7 9 BTk % 99. 4006, 55 4 M A
THITTHR R 0. 4206 . RFTTHR AN 99. 8106 KB Kk
A LR TREAS Y BT B AE . di ] 3Ca) 3(b)
AL LDA 5 PCA 2t 45 R s A A A LDA 73 #r
JrRE S A P BE A v T4 ) B g .l &L 3 Ca) Ap
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WL AN TR 3 /N 22 R 1 B0 AU 22 S 2 B R AR SR —
LEPEH IR 7 L H LDA A LLUSE 4 X 20 7 A [ 3%
TP BN T 1. 18 3(b) T UL R AR

3B PS i S e T Sy S N RGP B S o S U R 1)
AR 22 5 ) 3 B AE 2 2 R ) N 7 . B LDA
Al PLSE 42 X 0 I WY 28 Ak 4536 1 K 1 1 7 22 Fif

5 BB AR /N A T AU 2 S R B S — T
350 2857
= 35T w) 25 p0)
£ 345F g
385 s 275¢
S 23401 7 7 = &
Qgggs_u . o : /%/ S £ 265 ) o
S50l o A V4 B2 7L
@.g 3.30F Group of aging treatments // 4 <R§- 2551 Group of aging treatments
e 3.25¢ = CK /// XL
HE 320t ] X H'E 245
U aust .3 g
e s & £ 235}
£ 3.10¢ - 8
3.05 1 1 1 1 1 1 1 2.25 1 1 1 1 1 1 i
225 235 245 255 265 275 285 295 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20
i — R 43(59.59%) First principal component 55— F R 43(76.49%) First principal component
ARBUERRAFRZAHET . CK AR BHA I 1.2,3.4 435 %R 58 1 C K & 1L 4k 5
10,2030 1 40 min;5.6.7 43 H1 7% 50 %6 HH B AL 4L HE 20,40 Al 60 min, [A][ 3,
Different color indicates different group of aging treatment. CK,the group untreated. 1, 2, 3 and
4 means the group treated by 58 == 1 ‘C hot water aging method about 10, 20, 30 and 40 min,
respectively. 5, 6 and 7 means the group treated by 50 % methanol solution aging method about 20, 40
and 60min, respectively. The same in Fig. 3.
B2 ZHNKBELAE(a)INPELE(D)EFARBEAKENEMFH PCA ST _HEHE
Fig.2 2-D PCA scores for different vigor of wheat seeds treated by HW (a) and MS (b)
B -11710 g 5495
% @ AL > ®)
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= o «4 E =G
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v —11740 2
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B — 2P H] 5 K ¥ (84.62%) First linear discriminant factor

5455
R IR R

S —2eMEHI 5K F(99.40%) First linear discriminant factor

3 ERKBLAE(a)FIRELE(D)ERRFENKRFENEFHFH LDA ST —HBHE

Fig. 3

2.5 Loadings 43 #f

Bl 4 Sh #OK T e B B AR AN TRV 7 KT /N 22 B
T Loadings 4387, 25 3 7 HL 7 5 10 AL A
3 SDXERE R 1 BTk BT LA [ 2 Ak Ak B Y
22 X R A RS TR R 22 R R, 4 ()
ATUL, WIW Fil W2 W A 8 25 X 28 — 32 Wi 43 5T ik %
B U B 3 A% R A 5 — A R IR 5
WIS . W2S Fl W6S Xf 2 — 32 it 43 51 ik R #0 55 K - i
B = A (R RS 5 A R AR (R 5. W5S
Xof B — RIS 3 A o MR AR AL S WA 3 Ao A
R fE 5. 85 A4 Bl stk R nl LIS,

2-D LDA scores for different vigor of wheat seeds treated by HW (a) and MS(b)

POKB 2 B N E PR E R B A T
PLERAL Y (WIW) /N RAEAL &Y (WSS) LA AL
WAL (W2 W) G 4 ke 18 (W 1S) L Bz /bt 1l T o s
2 SR (W2S) MR (WES), Al 4(b) B ]
UL W2W Fil W5S XJ 55 — 32 5l 43 o7 ik 8 #048 K 5 16
30 R A A5 R 28 R 55 — £ A MR IR R 5. WIS

1 W2S LR XT3 — 32 n oy SR AR ER BT X M

B IRER S — RIS 5 . WIW XF 85 —Fn
55 R TR AR A S A A FE R L R B R AR 1
ZEO R F R ST R A LLE R b 3

=1
"Te AT

M/NZRFRAKER EEEA TAHIG ALY
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(W2W) /N TREALE Y (WES) BB (WIS) |

PRt ik )2 AR (W2S) FLTEHLER AL 4 (WIW)

LI IR AR
(a) Sensors name (b)
0.8) s “ WIS 08,
2 07 WIS W2S £ 071 wis
SE0 Wes = Eoog)
RIS o
© = : == o3t
& Zoaf W28 " W2w % 0 W2s
=g [ Tawes L Wac =2 01 V9 wac wawe
HE 0.3 W5S w3s WIW 4 2 ool s W5Cs WIC
|02 = _oq W3S
2o WByic ww &0
“ 00b _ WSCTaW3C ° | I T Cotl
-0.2-0.1 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 -0.1 00 0.1 02 03 04 05 06 07
H— F 43 (59.59%) First principal component i— Fi53(79.49%) First principal component
B4 ZHKBLAE(a)INFELED)EARAENKFENEMFHEETERHRESHE
Fig. 4 Loading analysis for different vigor of wheat seeds treated by HW (a) and MS (b)

3 Fir5itie

AR 6 SR FH HL T 8 R AR 6 SR FH R AR OR [ S A
AR A 27 /NFZ BT AT RO L N S B A )
B (PCAD 1 2 4 1 5] 43 B CLDAD X F, - 545 00 7y
R VEAT BT, BRI T H T B T R A
b BRGNS F1 70N 28 BT 10 5 B RCR 00 A5 i S
T B BRI AN [G I T 0 78 22 Fl5- K6 00 B W] A7 L A5
MBI .

D) FIFHHL - 8 2 G0 6 oK i Ak 315 R 8] 35 )
CREFZ AR 99. 3% .93, 3%.76. 0% .,30. 7%
25.3%0) Fe B B A 3 5 R R W O Ok ZE R 00k
99.3%.45. 3% 11. 3% F1 0. 0%) By /N2 Fb - ik 47
K, 38 5 PCA 408 & B A8 POV 2 A0 56 v s
PCA 43 #1 0] LLIX 43 JF R b (R 23 99, 300) K
LA 1 CRZER N 93.3%0) M B A 2k ZFHRN
76.00) B /NZE BT T X IF AL 3 (R ZER
h 30, 7TV AL 4 (R ZEF R 25, 3%0) [y /N A Fp
. LDA Z3Hr 281, LDA AT LG 57 H X 43 FF $4 ok
T8 Ak B R A Ak 33 45355 1 KT I /N2 BT

2) Loadings 434715 1, $ROK 78 b B2 1) /N 22 B
SRS EZOR A FRHEAY (WIW) /N F R
AALE Y (WS FLA ALGE L (W2W) , 4 5 i 42
(W1S) LA Fe /b £ iy s Fk i 1) 25 < AR (W2S) Fl A
F(W6S) ., AL A B /N 32 b0 22 53 £ 82
KA TAIGAY (W2W) N FREREY
(W5S) Ji 8 bt e (WLS) | it ik 18 i 2 <K (W2S)
MIEHLERALY (WIW)

PCA J&—Fp ) 1z i I 7E B b Ak 27 488 1

2Tt vk . H T S DU EROK v A B /N 2 Fh T
B R E AR AR AL 5 17 PCA 43 #7, Horp PCA Joik
XA A 3 F 4 By /N M5, S5 5 HL TR ) B 4%
VT YRR AL HED PCA Jovk X 43 THIE ) 380 1) #ROK i
S PR N T

ARG R W L DL B AR A I T B i o R AR
IINFZ b B 45 e M S B 43 A G AR R B 43 BT O i
(LDA 43 #t #1 Loadings 43 #1) » 7] LA 5Z 8% AN 7] &
AR P KA [] Ak P /)N 22 o= 1 4 bR S TG 408 e 5 )
FX A3 R AR T A% Ge Fh 38 J7 A ) I T AR &K
I R R R AR P S5 B . HL - B RSB
BE T /N2 1S R AT A A — LE X R . an b
s 7 b R AT 7 1) AR Ak T B 2 R T AR R AR AR
b EFEL @, TERKK, 75 AR K&
FIPNGEGEAE AN R (bR I S R g S
N T AR AR FRORIE A AR, I, T
BB R SR R T 3 R AT RS 1 — 2 TR A
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