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1 MRlEH®
11 #HRl5iE&E
111 A e Zeiilzgy, 7= AT A AR
T L A T v A S PR A A AR SRR
TCHUAMCAE 153477 14 0 S R AR 11 245 1 Sy b e
1.1.2 KA 8 7890A/5975C Rl A {4 1% — it
T B X, 35 [ Agilent 23 7 ;50/30 um DVB/
CAR/PDMS (2 em) B Z B 3k | 3€ [E Supelco A Al
ZNCL-GS g Bt 4, ABMKF T 7B/ R A
7] ;PEN 3.0 HL T &, f8[E Airsense 2 7 ;DH6—
907385 Il i ifih 35l A4 A7, - ¥ 3 17 I s W o
WA FRA A s DZ-2BC HA5 TR AH |, R EL T 28 ke
L E$ A PR 7] ; WDO00B Galanz SR 4, I 12 17 4%
AL R AR A BRA B LGI-18S HA ¥ R T
PEAL, Jb st U A 2R & R A BRA W] DZKW-C
fE IR KI5 ST-04A KAl , LI ST AL AR
A BRA F] s DHS20-A Bt T B 1 3 7K 4000 24X, b
TR LA A FRA T
1.2 RIEH*
12,1 JEAbf A BOXCT R . BRI 2 11 Rz Pk it
Y1k 5 mm B, 76 85 CFELZY M S min,
Wt TR E 60 °C, A 30 min BEL, Bt =K
N 6.34% BN H

Tl 4% AR EBCLL 2 1) Bz DR, V028 6 mm 1Y
WAL TE 85 CFIERY S min, B T, ik
UIZ 270 W, B0 it L T % 13 Wig, Hb% 4
min PEATBHAL  BE K 5 R 7.20%, BBk £ H .

FLZS T8 FRIECLL 25 1 B ke, U1 R 3 mm 1Y
WL TE 85 CTFERY 6 S min, BT, T
IR 65 °C, H25 B 0.07 MPa, 4 30 min #7454t &
KN 12.37% , R 55 .

FLZS R UR T RIBUL 2510 fe gk, VIl 5
mm A7 85 C T IEZY 4 5 min, H5H I,
7E-80 C R ik 4 h, %5 1 BrBe-30 C T4 12 h, 4
2B -5 CT 8 h, 58 3 BB 15 °CT /% 14 h, 56
4 BB 30 CT 4 10 h, HEE K& &K 2.68%, &
ke H

FLAS VR UR TR I0E A PR M . R IBCLL 24 1) B2
e, Y1 Smm MR, FE 85 CTFIERY M 5

min, § 11 BRI EE-80 °C, I E] 4 h; 7R T2
1 BrBt—30 CT 4 12 h, 55 2 Br -5 C T4 3.5 h;
AT IR E 60 CT I 4 hy MZEIKFSEN
4.93%, FEHR 4 H .

122 GC-MS &

1.2.2.1 4B KR o 4 0 PRI 3 g 1l 24
W& TARATI R, 78 55 C/KRE -4 20
min, B Ak FLA B €8 T 23 0 T A R 60
min, 250 CH#M 5 min, #:47 GC-MS & .

1222 GC %M @ikt HP-5MS E 415 H: (30
mx0.25 mm,0.25 wm); KA WE 1 ml/
min, A3 Ui AR B IR R AR TR BE 40 C R %
3 min, YA 3 °C/min F+ & 80 °C,f# % 1 min, FH-LL 5
°C/min J+ 2 150 °C, f&+F 1 min, # L 10 °C/min Jt
% 240 °C, R 5 min,

1223 MS &M HFHEEE ;B FiERE 70eV;
B URRE 230 °C ;4% TR EE 250 °C ;DU AR AT I B
150 °C; Jiz & F1 45 5 Fl 50~550 u.,

1.2.2.4 RV vk sl R4
5 2 7 B e I 05 &1, SR B NISTOS.L 33 [&] 2 25
HIERVCEEE (KT 800) x4 & Pk 4 47 &
P RIS 45 G N T A AT 5T 33 11 A7 8 2 4% AR
— AT B, SRS A MR XU B S B AR G
B If il SRR B ]

123 HWFEMIE R PEN3.0 A 5 5t
P, M5 10 48 G B 4L, &
HRAL KA X R 1 s LU o, angk 1

&1 PEN3.0 2 7R fEERMETI R HE ke
Table 1 Sensor array of PEN 3.0 electronic nose
and its main properties

R %

R %

B P e 4G &

S1 wIC %A A A

S2 W5S LR A

S3 W3C Ak Fhksy
S4 W6S BRI

ss W5C IR R A RAE
S6 Wi1s oS

s7 WIW BFRA A2

S8 w2s A XL
S9 W2wW 5 A RACE ) AL S
S10 W3S LTINS
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W B T0 oty 28 A R AT I, R T VRIS [R) S 80 s, 1%
AR T W] R 10 s, B S HE R B 8 R 5 s, 3 B
RFERF ] Ry 80 s, SR MY #F 3 12 400 mL/min.,
B JRER M N AETE 70 s Jo AR, BB 8E 75 s A0
5 1 AE AT 5307

1.2.4 F4EabE @k SPSS 16.0 84Xt £ i it
17 ERA 00T, K Origin 9.1 B AF2 K

2 ZERESM

21 GC-MS &R #
211 TR T SR L2 A 0 44 25 P AU

rEETREIEE ARRE T SR 2
SN AR 73 B R TR i DL 1

2.1.2 ASIR A H Ak B L 24 3 A 1O e 2 K
Fi R 7 AR Y 24 R R I

GC-MS #8532,
AST] 45 5 10 1 25 R XU 9 5 e 28 %
HARXT 5 W3k 3,
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Fig.1

Total ion chromatogram of volatile compounds of yam slices processed by different drying methods
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x2 AEFHAXHNEHLARIERERSH GC-MS S &ER
Table 2 GC-MS results of volatile compounds of yam slices processed by different drying methods

A3 A F /%
5 £ 4 Ak G o /min - Bk A% Lo A R A
T F KT F F
1 Atk B 6.014 0.61 1.88 2.90 2.03 3.85
2 S B 9.874 - - 0.64 0.66 0.73
3 Eil S 12.515 5.07 - 1.23 - 1.53
4 (E,E)-2,4- & =¥ 8t 14.930 0.42 - - - 0.33
5 KB 16.497 0.68 - - - -
6 £ 19.653 5.62 6.62 5.80 7.08 11.66
7 (Z)-2-E W Bt 21.964 1.30 - - - -
8 + = 22.383 - - 1.70 - 3.23
9 B33 23.713 3.01 2.75 2.95 3.90 8.78
10 +— 27.018 - - - - 0.88
11 E 5-CHk-1-E % 13.101 - - 0.22 - 0.16
12 b 3 14.465 - - 0.19 0.29 -
13 D—#3 40 15.759 0.60 - 0.30 1.12 0.10
14 [-A AR —2-F &+ — )% 17.638 - - - 1.21 -
15 2,4-=F LK TH 21.001 1.36 2.18 - 1.42 -
16 2,4,6-Z 9 & 5% 22.208 - - - 0.63 0.20
17 -+ =8 23.196 - - - - 0.24
18 -+ =% 23.197 - - 0.47 1.06 -
19 ZRACHBAL T = 23.397 - 0.45 0.20 - -
20 + =% 23.516 5.59 6.24 7.21 - -
21 2-ZRATEBAL T =R 26.531 - - 0.57 - 0.38
22 A-T R KR 26.797 - - - 8.18 4.43
23 (Z)-5—-F va 5 s 27.415 0.56 - - - -
24 9-W A+ ukz 27.982 0.69 0.49 1.34 - -
25 2,6,11,15-w ¥ &+ 5% 28.068 - - - 0.84 1.09
26 10-9 & =+ bz 28.195 0.67 0.51 - 0.76 0.64
27 -+ =% 28.699 - - 2.10 - 0.86
28 + ik 28.714 - - - 4.65 7.15
29 2,6,11-=ZF &+ =) 28.866 5.53 2.97 10.18 - -
30 - WA= 29.286 1.12 0.78 1.12 1.46 0.89
31 1—+ 29.450 - - 1.14 - -
32 7+ w9 B K 29.464 - - - 1.62 -
33 2-ZACEBAL T wHIR 29.554 2.33 0.69 0.38 1.02 -
34 +w iz 29.684 3.97 5.70 7.26 8.26 5.29
35 1,2-15,16-=R A&+~ 1% 29.914 - - - - 0.77
36 -ZRCEBLAE R 30.093 - 0.33 - - 0.28
37 4,11, 11-ZF A [-8-2F = 30.289 - - - 1.29 -
3+ v B4t
38 1-% # K 30.292 1.14 - - - -
39 + x5 34.679 4.31 1.54 2.39 3.11 3.78
40 +— AR 35.694 - - 0.90 - 0.86

41 2,6,10-=F A+ wix 36.510 5.95 3.99 11.84 3.33 11.35
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(&% 2)
A8 3T &%
5 G 24k 1% g ot | /min - Bk i How b R A
TR TR TR T TR
42 2,3-=% A+ Lk 37.434 - 0.18 0.53 0.30 0.42
43 mis & K= B = g 21.151 - - 0.53 - 0.61
44 T B = By 25.077 - - 0.27 - 0.48
45 ZRTEE, TS A B 27.418 - - - 0.63 -
46 Z R T 409 KBy 30.965 1.01 0.63 - 2.07 -
47 VA L8R, 29 K By 33.964 0.57 - 3.55 1.64 2.92
48 TVt Z@m A A B 38.175 - 0.10 - - 0.19
49 ARE W B, T A B 38.742 - - 0.25 - 0.23
50 ARE =W B, T kv By 38.753 0.29 - - 0.50 0.12
51 AR K = 9 BR 5F 5 Bg 38.755 - 0.10 - - -
52 ARG = W B T A% 39.829 - - 0.14 - -
53 S VISP Y, W 40.425 - 0.15 - 0.11 -
54 B % W 3k g K BR 13.862 1.53 1.55 3.39 0.91 2.69
55 3,5-F =M -2- 19.108 2.82 - 6.26 1.08 5.63
56 vtk 7 B 31.114 2.30 1.92 2.96 1.53 2.41
57 7N ] 31.215 - 0.65 1.07 - 1.54
58 Bk 1 H-3-5% 13.505 1.04 - 1.14 1.93 0.80
59 3B 15.910 - - 1.61 - 1.31
60 3,5-F = M -2-1F 16.367 0.29 - 1.08 - 0.80
61 2- B —1-B% 17.918 - - - 0.30 -
62 w(1-TH IR ) —m PR W B 18.689 - - - - 0.19
63 - T -1-F 8 24.010 - 0.22 - - -
64 2-THh-1-F8 24.008 0.28 - - 0.24 -
65 R X-2-+—lx-1-8F 26.107 - - - - 0.57
66 -+~ kB 30.951 0.55 - 2.25 - -
67 Tk KB 31.627 - - - - 3.06
68 - -1+ xR 36.402 0.93 - 1.37 - 1.65
69 2-(N\NFVAHK)-T B 37.945 - - 0.31 - -
70 1-k % 8% 38.381 0.31 - - - -
71 Bt £ I e 24.908 - 0.49 - 0.57 -
72 By 2 2,4-3(1,1-=F 4 3L ) K 32.716 - - - - 0.56
73 S + =M AT = B 35.110 - 0.16 5.30 - 1.75
74 Rk xR 9.413 0.88 1.88 - - -
75 1,2,4-= ¥ % 15.410 3.69 13.11 - 6.92 -
76 2 i 16.030 - 1.53 - - -
77 2,3-= &-4-FK-1H-% 21.443 1.33 2.08 - 2.69 -
78 1,2,4,5-m ¥ % 21.554 - - - 14.01 -
79 1-FA3-(1-TEAL)-X 21.557 10.71 25.55 - - -
80 % 22.721 2.12 1.50 0.46 1.80 0.31
81 2,3-=&A-4,7-=FA-1H-% 25.128 0.30 - - - -
82 AL 26.132 5.35 9.12 - 4.63 -
83 EC Y3 26.536 - 0.86 - - -
84 B-T AR 27.049 2.90 0.80 - 2.95 -
85 1,7-=9 k% 30.181 0.54 - - 0.56 -
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(8% 2)
A8 3F A% %
5 S & AR AR B A /min - AOK iz HEh R LIS
TR TR AT T ¥ TR
86 RIALEY 2-F huEve 6.740 2.13 - - - -
87 2,5-=F Ak 10.297 343 - - - -
88 2- %k vih 14.053 - - 0.59 - 0.48
89 2-T K -3-F har 14.464 1.82 - - - -
90 3-Ch-2,5-=F kwbvk 18.390 1.85 - - - -
91 re LS ) 10.195 - - - 0.68 -
92 O-% kA 17.077 - - 0.33 - 0.23
93 1-+ N\ % Bt A 25.678 - 0.31 - - -
94 S HLUEE 37.070 - - 3.54 - 2.39
95 i-m A ek 38.173 0.46 - - - -
- R,
£33 FAREFHRAXFWESHLHFERERKE S 5 E LB
Table 3  Comparison of volatile compounds of yam slices processed by different drying methods
AR R AEFR® f R = h kTR AT
el "E AaxF E hon - hon F AaxF WF AaxF
/% 4 %/% 4 %/% /% 2 E/%
Bk 4 13.67 3 11.25 7 16.71 6 15.22 8 31.00
PEE S 18 40.55 13 26.06 13 33.82 18 48.34 18 38.60
g k& 5 4.95 4 0.98 3 1.87 5 4.74 6 4.54
Bk % 1 0.57 1 0.49 - - - - - -
BR % 3 3.52 3 4.12 3 6.65 4 13.68 4 12.27
LS 3 2.47 1 0.22 6 3.40 6 7.76 7 8.38
Bk - - 1 0.16 - - 1 5.30 1 1.75
ESS 7 33.56 9 56.42 9 27.86 1 0.46 1 0.31
2 AL - - - - 4 9.23 1 0.59 1 0.48
re 1 0.68 1 0.31 1 0.46 2 3.87 2 2.62
B Fo 42 100 36 100 46 100 44 100 48 100
- R,

26 GC-MS 22 5 F il 24 /il &b e 2
95 i XUBR P T, B KT B TR s
TR EA R UR TR BCA TR AR 1L 25 R o A
Wi 42,46,36,44,48 Fh XY T, HHEE 3 ATHT,
PR W 1L 25 7 rp R B R MY A JR 2K 18 b
(40.55%) , K5 7 7 (33.56%) , BE 2 4 Fh (13.67% ) ,

B 5 B (4.95%) ; ol T MR L 2 v R 24
I RAT 1225 13 Fh(33.82%) , 7K 25 9 F (27.86%) ,
BEDE 7 Pl (16.71%) , 22 046 &) 4 F11(9.23% ) ; H
AT R R R Y A RS9 FP
(56.42%) 1225 13 7 (2606% ) , B35 3 Fh (1125% ) ,

FR2E 3 F(4.12%) s 2SR VR T a0 245 | v 2245
KWW ARSI 18 i (48.34% ), BEZ 6 Ff
(15.22%) , B2 4 F(13.68%) , BEA 6 Fl1 (7.76% ) ;
AT L2 R RE R Y A S 18 Fh
(38.60% ), 25 8 F(31.00% ), Fi2S 4 F(1227%) ,
M2 7 7 (8.38%) .

R AR 2 MR 3 B i as il BT K
Gl I o YR ST e o N X7/} i s
SR DR BT B A T E
BERR Y BRI S WSR2 It M T L
iR SAHEMERAEY), W2 e
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DU 2 58] 25 0 T ) XU [ 4, 285 5 AR 3 2, A
NFRE B 2,6, 10— = H1 31 DU ks | 7 5L P i
L2 B BRI T, X L2
FE R RRY) A TR 4-2 328 T 0UkE 1,
2,4-=HZ 1,2,4,5-VUH K5 Has T2y
R KR Y A TR e e 1,2,
4-=HZE 1-H I3 (1-H IR IE)-FK | LHE
OREE O TR L 24 b F B R T A R
B TR T ke 2,6, 11— = e ke T A
R -FEE-3-(1-F BT 56 ) 2K 2,6, 10— — 1 &
TUukedE, EAS R TR ILZY o E A AR )
BA TR, ke 2,6, 11-=H 3+ ke Y
ft 2,6,10- = H B DULe 35— -2 45
A T 25 b R B0 R A T 2
+AbE ke 2,6, 10— = H 3Pk 3,5-
95 =2~ 45

2.1.3 IR AR BE 1 25 R 3R B S
MR 2 AT LIFE I, R BE A 125 5 2 Y
BB 10 Fp PR 3 R A HR O LT
WE BSR4 B oy iR 3 =k
F0ukE Nk 2,6,10- = F S DUk FR KA 2
Fofr, 43 ) 2 R R D 0 ) R A i BE TSR RS 1
Pl BDZE,

214 ANTE AL BRI 11 24 B A B A R
N A R AL S I 25 R B 45 B E R
TS, RE2 M, PRTEREGESA T
Pl AIEA 1,2,4,5-P0H 2K (14.01%) 71 DU B
M (1.62%) - -2-H 3+ —% (1.21%) 4,
11,11- = F 5 -8 A 3 — — 3R | DU -4 - I
(1.29%) % . W TR A &SA 11 Ff B4 A
2,5- " IENE R (3.43% ) 2 H BEMEBE (2.13%) |
3-2 K2 S5-I (1.85%) 2-2 3E-6-H
JEMEE (1.82%) (Z)-2— TR B (1.30%) -1
Vil (1.14%) %%, B28 THRAA &SA 4 ufE
BRI Pk (0.86%) . A4 — H iR 7o fig
(0.10%)%% . B R HRTRRAA &SA 3,
H -t (1.14%) 2-( )\ &) -2
(0.31%) S8 W THE (0.14%) . WA T4y
HAESA TR, A C IS (3.06%) T —
(0.88%) .1,2-15,16- — KA Tkt (0.77%) . %
K-2-1— - 1-B(0.57%) %5 .

2.1.5  R[E T A BEXT 1L 25 F A SO0 15 i)
2.1.5.1 ®ER BRI G R h SRR,
AR B AR, X S A AU T B A o7 kA O e
MIWER W) Bk ARG 7 S A R A, BA IR A<
BRI H 2% 3 DA G TR L 245 7 rh i
Yy A 2R 2 HARX & s 31.00% , Hzs T
A 2 A/ HORE G 3 B e 1K, AR 11.25% .5 Fh T
P AR I R Y S OO T RS,
22 Al I R &G TS TR B EAC
BEAR X & sy, BN 11.66% ,8.78% ,3.85%,
T B A BRI, O R A F AR,
L LA AL E A AL A 0]l 2y
FrIE A I UK Rt T4 LU 2 v R R R X
W, N 5.07% , HE A FRERA A A0, o] DR
TR TR R L2 B A KUK e B AEUSITE T4
IVEZTD e RN ol EI TR N o 3 | B S S )
i,

2.1.5.2 R Ay Arboks D B i e 28 o A
Hefe 2, H AR SR v, XoF L 24 2 44 XU BT ik AS
T B i, A R A A S W 1) 2
[T A B FHE T 1L 24 B R R AU . BLZS R TR
T AL 2 B R AR S e, Hp
Bt . T VOkE 2,6, 11-=H F+ kMl 2,6,10-=
FH 5 - D e A 6 4O s 7.21%,7.26%
10.18% ,11.84% , H.25 11 5 K 38 Wy Joi AH X &5 &
B fIK o M K2 o KU LA R, AN B R T A 1L 2h
Ao EA 1.12%0) D-Frigd , /T IR Il 25 7
R ARSI, Gramshaw F1 Osinowo!"7E 25 21
Ll 2 s A I 20 5 5o 11 %R G

2,153 MK BRI BTREAE W T £ o — Ak
FE B K SR A A, 0 TR T B A IR 2 9 R PR i
DR BB SCAREAEG, R X XUk B ik k. R
MR HA R UR TR G T L 2 Fr v R 25
PR & B HL B, Hoh LS R UR TR A
BCA Tl 25 R b B 2R, 2 DU 28 A i 0 o
#i8 3.55%1 2.92% , R TR ILZY R h A 2
MR, 4— DU S B & ik 2.07% , i 10 25— 8
7K SR T 25 1 R I M 1 2% 1 o A
X AR,

2154 W2 FHEWEHEHAEEEIAEE,
KEEEI N BA /AR, WGy F 2t
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AR B, 5 Ry T AR L 2y
a5 A VP B0 T R I L DR, A I S R L
AR HFE R B H L Pdg R E A
T MEES, HERHE TS T2
Tl 2 4y R %o i AT R I , LS R R
TR rh 3,53 T -2 B A X B A
6.26% , "] WK LU 2 1 A 17 o B 4 A
2,155 EEZE EEEW T RUBK B (E S T R 2
L R 1 ) L 2 KU Tk A N, AR T B
B G RN VR B R0, A R R, v] AR
Wi . T8 A IR 5 XU 5 AN T 0 XU ] {1
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Table 4 Eigenvalues, contribution of principal components

E RS HAEAR Ak F % Rt Ak 1%
1 6.601 66.014 66.014
2 1.779 17.789 83.803

x5 MEEHRSBEIER

Table 5 Rotated loading matrix of components

GES EN | EN )
S 0.699 0.106
e 0.429 0.783
LERS 0.245 0.836
Bk & -0.987 0.045
LEES 0.835 0.488
LS 0.835 0.534
BRIk 0.508 0.705
R E -0.831 -0.534
R 0.416 -0.765
re 0.630 0.738
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Table 6 Comprehensive score of aroma quality of yam slices

F R X H
F F
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HOR T KR -2.807146 0.747527 -2.055604 4
P TR 1.635172 -1.891791 0.888254 3
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Fig.2 Radar diagram of electronic nose for yam slices

processed by five drying methods
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Fig.3 PCA of main volatile components of yam slices processed by five drying methods
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Table 7 Rotated loading matrix of components
S EN | N ) ERAH3
5 A kA0 0.986 -0.097 0.003
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Effects of Drying Methods on the Volatile Components of Dioscorea opposita Thunb. cv.

Tiegun Slices

Pang Lingyun',

Zhan Lijuan',

Li Jiayin',

Pan Siyi*, Li Yu"

(‘College of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002
*College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070)

Headspace solid phase microextraction combined with gas chromatography—mass spectrometry

(HS-SPME-GC-

MS) and electronic nose were used to determine the volatile components of yam slices processed by hot-air drying

(HAD), microwave drying (MD), vacuum drying (VD), vacuum freeze—drying (VFD) and combined drying. The effects

of drying processing on the flavor of yam slices were studied by principal component analysis. The results showed that a
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total of 95 kinds of volatile substances were detected in these five dried products. And hydrocarbons, aldehydes, ke-
tones, alcohols, esters, benzene and heterocyclic compounds were the main components. Nonanal, decanal, 2,6,10-
trimethyl —tetradecane and geranyl acetone were the main volatile substances in yam slices. The main volatile substances
in yam slices processed by HAD, VD and MD were hydrocarbons, benzene and aldehydes, while the main volatile sub-
stances of VFD or VFD-HAD dired yam slices were hydrocarbons, aldehydes and ketones. The electronic nose detection
showed that the aroma of yam slices was affected by drying methods. The aroma of yam slices processed by HAD and
VD were similar in alcohol and some aromatic compounds. The aroma differences of yam slices between VFD and other
drying methods were mainly nitrogen oxides and sulfur compounds. These were consistent with GC-MS analysis. On the
basis of principal component analysis, the evaluation model of aroma quality was established. Considering the comprehen-
sive score and aroma quality of yam slices, combined drying were the best drying method, followed by VFD, MD, HAD
and VD.

Keywords Dioscorea opposita Thunb. cv. Tiegun; drying method; volatile component; HS-SPME-GC-MS; electronic

nose



