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Abstract: In this paper, the effects of three kinds of microwave (MVD, 1.5, 2.0, 2.5 min) and hot air (HAD) drying at 60 “C
on the drying characteristics and quality of jasmine were compared and analyzed. The results showed that in microwave
drying stage, the water content of jasmine decreased rapidly, which accelerated the moisture decline in jasmine in hot air
drying stage. The water-soluble extract, hydroxyl radical inhibitory ability, total amino acid and essential amino acid
content of jasmine flower dried by combined microwave and hot air drying were higher than those of HAD group. The
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color and peak area of total volatile components, benzyl alcohol and a-fendene and of jasmine flowers in MVD2.0+HAD
and MVD2.5+HAD groups were higher than those in HAD, which indicated that the typical fragrance of jasmine dried by
MVDI1.5+HAD and MVD2.0+HAD could be better retained. The difference of volatile components of jasmine dried by
combined microwave and hot air drying could be distinguished by LDA analysis in electronic nose. In conclusion, jasmine

dried by MVD2.0+HAD had the best quality.
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Fig.1  Effect of combined microwave and hot air drying in
microwave drying stageon water ratio of jasmine
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Fig.2 Effect of combined microwave and hot air drying in hot
air drying stageon water ratio of jasmine
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Fig.3 Effect of combined microwave and hot air drying in
microwave drying stageon drying rate of jasmine
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Fig.4 Effect of combined microwave and hot air drying in hot
air drying stageon drying rate of jasmine
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Table 2 Effect of combined microwave and hot air drying on
the color of jasmine

T L a b AE
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JIEEEEARPR, T - R UR & TSR AL 65
FH %L e 1 7 5.27~5.48 U/mg == |4l , 1fif HAD 2H K
4.99 U/mg, 3 PP - XIR A T 1 B SRR AL il 322
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Table 3 Effect of combined microwave and hot air drying on the quality and antioxidant capacity of jasmine
R VEN AR (%) TR (%) BBt LEET (mg/g) i A mAERE S (U/mg) Uk E BB T J1(Ulg)
HAD 42.63+0.45° 13.01+0.15¢ 529.51+18.18" 4.99+0.03" 1.69+0.10°
MVDI1.5+HAD 44.00+0.29° 17.13+0.08¢ 499.09+18.51% 5.47+0.02° 1.63+0.02°
MVD2.0+HAD 44.92+0.70° 12.51£0.12° 481.82+19.78* 5.48+0.06° 1.62+0.05°
MVD2.5+HAD 44.02+0.16" 9.58+0.08" 476.07+25.03° 5.27+0.02 2.150.03

F 1 L BE ) 1 5 %) I AP A E B 25 1 22 57 (P<0.05) o
MVD2.5+HAD 41 > Fi 1€ $0 8 4 B &5 5 8 J1 4
2.15 U/g, RFXFREH HAPAE 3 11 22 53 (P<0.05)5
i MVD1.5+HAD. MVD2.0+HAD 5% & 2H 745 i
FPE2EH(P>0.05)
2.4 WURAREES TSRS ERRES S
FABEMR 28 R 1 5T i AR 2H s, L2 A
s B E 2B FROUER P, SRFME 2 A SR 5
BN 4 s, NGEIRTTLIE Y, SRRE & A R
W2 AFEIR . 22%701R . HETR . HEMR . 733 IR . A
SRR FEREMR . IR . MHEIRS 16 Fha Bk ((
4 BRI S THRX RF AL R LR ZH 73 170
Table 4 Effect of combined microwave and hot air drying on
amino acid component of jasmine

ER . CEEERRAAGI) . MVD1.5+HAD, MVD2.0+
HAD #1 MVD2.5+HAD ZH S F L 2 IR B i (AA)
43324 10.1. 8.32. 9.40 mg/g, Y7 T HAD % Bt4H
(6.46 mg/g); FHLL TVPHAE | ZBHE . BAESRAE, :F0
A S IR B R AR

MVDI1.5+HAD MVD2.0+HAD MVD2.5+HAD
FEFTE P AT IR (EAA) 5435918 3.47,
2.67. 2.82 mg/g, 435l 5 B E LR T E 1Y 34.36%.
32.09%. 30.00%, & T HAD 4 ZEF N T & IR
EF(1.94 mg/g); T MVDIL.5+HAD £H B & FEmR &
. Wir e SR A TR AR S LB R . A
PSR R, SRR TN AR 2 P 5k &
45, MVD1.5+HAD . MVD2.0+HAD, MVD2.5+
HAD S&E MR &y 99 1.50, 1.47. 2.30 mg/g, TN
iR & =257 %A 1.80. 1.70. 0.96 mg/g, HAD 204 4
iR . TN &850 1.61, 1.00 mg/g, MVDI1.5+

&iE(mg/g)
N &‘f—*%m,&: N R A B =i
i HAD MVDI5+HAD MVD2.0+HAD MVD25+HAD ~ HAD. MVD2.0+HAD #3240 & B IUT AT IEZH, Y2
= NG =1
KRAZR(Asp) 0.33+0.04  0.46+0.08 0.26+0.07 0.81+0.06 M ¥ 4k T HAD 4, 1fif MVD2.5+HAD 45 22 5
AEM(GUD  1.6120.09 150£0.03  147£0.09  2.30+0.10 T HAD 2, W& % &K T HAD 4.
2 M(Ser)  0.07+0.01  0.83+0.10  0.09+0.00 0.78+0.05 BRMB A EA S FAEMIIEE, it B EE
2B (His)  0.03£0.00  0.10+£0.02 0.03+0.00 0.11=0.04 S e R A Sl YR, ELE B At . B iR L R AR
Hﬁgif((Gly; 0.07+0.01  0.12+0.01 0.1240.03 0.08+0.00 SRR R T B = B et 2R B0, R i i
FREM(Thr)" 0.33£0.04  0.80%0. 400, .650. _ N b e g e e T
D Y S RS I AR SRR
1= R (Arg .50£0. .67+0. .62+0. 6240, . . . . .
A2 45 Wi A A M T L 4 3 it 5 TS
N2 (Ala)  1.00£0.14  1.80+0.22 1.70£0.18  0.96+0.12 ;ff;j? - ?‘ﬁ&mﬁ%ﬁ&jzﬂﬁﬁmﬁ*’ AR,
AT SWA A A Vi =Nl i
WAR(Tyr) 046:0.07 0574005  046:0.11  0.54+0.03 2R | 2228 PR AN 22 PR U A HH A S A RITUR, 557 4
AR (Va) 055£0.01  0.60£0.01  0.730.07  0.44+0.05 TR BEIR AR A PR AN 2R o fldple - R XUk
EAM(Met)” 0.00£0.00  0.06:0.01 0.02:£0.00 0.04+0.01 BTSRRI R IR H Bl SR UL 5, Nerbah
N (Phe)” 0.21£0.03  0.52+0.08 0.23+0.06 0.58+0.04 B Al 4] MVDI1.5+HAD. MVD2.0+HAD . MVD2.5+
E‘ﬁ 7z /I§ ) oy L | == Ay
AR (Ile)” 0.25£0.06  0.36+0.02 0.38+0.05 0.23+0.02 HAD ﬁ%ﬁ%@&%ﬁﬁ%ujﬂ 1.96.1.73.3.11 mg/g’
SRR (Lew)” 0. . . . . . . X X - L. =
%@i eu)” 0.43£0.09 0.70+0.03 0.6620.11 0.51+0.04 6 15k 420 BE T A X 5 B 19.41% . 20.79% . 33.09%:
MM (Lys) 0.1740.02 0432007 0258003  0.3720.03 MVD1.5+HAD bk 40 580 & 5t 5 HAD 4145557 {0
JHZ 2 (Pro)  0.44+£0.05 0.56:0.08 0.90+0.13 0.38+0.05 N AR S S = S
A~ L 32 s
EAAMRE  194£0.16 3474042 2674037  2.8240.23 AR B 2208 MVD1LL5S+HAD . MVD2.0+HAD,
AASIE 6465102 1014145 8324097  9.40+1.13 MVD2.5+HAD #ft R 2 HE 0L &% &2 505 3.31. 2.81,
EAA/AA(%)  30.03 3436 32.09 30.00 2.20 mg/g, 5B H B A SRR s [a] i SR B i
[EERPSUN VAR B TR AT, (BB - B A T R SR A AR BH R
25 E-PRIRE TR L 2R AR
Table 5 Effect of combined microwave and hot air drying on flavor amino acid composition of jasmine
e SR S LR A2 AR I E AR BEREASER AT
1T
Fa(mglg)  HXTEE%) fiat(mg/g)  ABEXEE(%) Tit(mg/g)  MXTEE(%) Fat(mg/g)  AEXEE%)
HAD 1.94 30.03 1.58 24.46 0.67 10.37 523 62.86
MVDI.5+HAD 1.96 19.41 331 32.77 1.09 10.79 6.43 68.40
MVD2.0+HAD 1.73 20.79 2.81 33.77 0.69 8.29 4.19 64.86
MVD2.5+HAD 3.11 33.09 220 23.40 112 11.91 6.36 62.97
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SR ST HAD 28; MVDI1.5+HAD Fl MVD
2.0+HAD ZH &t bR 2 ZE R AH X & 32 7, MVD2.5+
HAD GHBREIERRAHRT 5 IR X R . 5 HFRE
MR 5t FIAE X & IR T IR Sl B P R R 22 LR,
TRCIRE - XU 5 T ) SR A E D5 5 T8 2 FL iR 5 BEAE
0.69~1.12 mg/g = 8], 3 tb HAD XF 40 & & &,
MVDI1.5+HAD ., MVD2.5+HAD T4 2K 1655 B
R 2 FE R AR X T 5 = E T HAD X B8 4, MVD2.0+
HAD 2HBIAA XT3 5A R 8.29% Ik HAD X HE4H .
MVDI1.5+HAD. MVD2.0+HAD. MVD2.5+HAD 4
EREIER B F 25598 643, 419, 6.36 mg/g,
MVDI1.5+HAD. MVD2.5+HAD?2 #H & & %5 - HAD
XF AR 2H (5.23 mg/g), 1 MVDI1.5+HAD, MVD2.0+
HAD., MVD2.5+HAD 4 2 BREILRAHNT & & & T
X HEZH
2.5 WURANELE TIERFITEIE L MRS
% HS-SPME-GC-MS $5 A X -4 5 14 2 i
AT HE RISy o3BT, BT g I UL 5~IF] 8.
H & MVDI.5+HAD. MVD2.0+HAD. MVD2.5+
HAD %52 H b & 9 e e i AL 43 51 o 4.39<108,
3.13x10° F1 2.79<10%, FH AT, S T Henst el <,
RFEFR TR 2 ; HAD %55 itk &9
WE T AR 2.80%10%, AH Eb X7 2, MVD1.5+HAD.,
MVD2.0+HAD $&5 TR AWM T &, R 624
AN R - BRI TR AR AR R M S I R 45
21, EESR T, TH S I SRFAEAR X & i i 2 1
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Fig.5 Total ion chromatograms of jasmine dried by HAD
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Fig.6 Total ion chromatograms of jasmine dried by
MVDI1.5+HAD
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Fig.7 Total ion chromatograms of jasmine dried by
MVD2.0+HAD

1.0e7+
0.8e71
0.6e7+
0.4e7

0.2e7+

200 400 600 800 1000 1200 1400
1] (s)

K8 MVD2.5+HAD KA 4L BB T O K

Fig.8 Total ion chromatograms of jasmine dried by
MVD2.5+HAD

fi 2%, MVDI1.5+HAD. MVD2.0+HAD., MVD2.5+
HAD 3 Fi Jy 2 T8 00 SR BESS AR X 5 25550
51.30%. 51.32%. 34.50%; 1fif HAD X} BRZHZEF4E
B AT St 31.77%; MVD1.5+HAD . MVD2.0+
HAD. MVD2.5+HAD T 14 SR FI AL & 57+
b B i HEAR B RS B 4 S A RS (13.93%) .
I )E25(9.95%) | Mledi(11.86%), HEAEE = RIFI K
e A3 B IG5 (13.63%) | Kela25(9.10%) |« ki
JFEZE(11.70%) ;5 X BELHARXT & | HESS —MsE =/
ISy B M HI225(13.88%) . KB 25(13.18%)
FH e AT 260, 2 B Ta] B A0 48 (1.5 min) v] 3275 2R
AT S BB FNNE S AU AR XS B 4, 2.0 min T8
A B H2 = B 2E A AR X 5 =, A TR AR
(2.5 min), # RIS RS IFEXT & B 5 HAD 24H
DS lins

MERAAE AW BIARRT & EE, HAD TR
FIAE T L IAH RS B B8 = i BT S S IR (18.66 %) .
2,2,4,6,6-11 FF I Bl (8.96%) . 2 7\ -2,4-FF ik
(6.18%) . a-i% e (5.53%) . Z.FF(4.88%); MVD1.5+
HAD TSR B A AR RT 55 105 14 JoT Ay s s
(38.62%) . JI=X-3- L MBS R E (7.39%) .« a-125J8,
J#5(6.20%) . LHE(4.39%) ., 2,3- " FF FL-3-T -2
(4.21%); MVD2.0+HAD T8 1 2R F] A6 7 T I AHXT
HEE Y R N (33.08%) . LB (6.650%) |
2,2,4,6,6-T1. H 3£ Bi b2 (6.03%) . a-1Je 44 (4.79%) .
N-E X G108 (3.61%); MVD2.5+HAD T4



E RS

BRI, 4 - PAXUBR A IR FE TR PR Bl BT - 133 -

K6 PR TR SRAAE A RN 5

Table 6 Effect of combined microwave and hot air drying on volatile component of jasmine

ok HAD MVDI.5+HAD MVD2.0+HAD MVD2.5+HAD
e AHX (%) B AR (%) B AR B (%) B AHXT (%)

RS 22 8.48 21 13.93 18 5.72 22 9.97
=S 17 31.77 22 51.30 18 51.32 20 34.50
i 9 8.56 14 6.22 11 6.24 7 8.99
i 15 8.96 14 2.61 17 4.15 15 9.15
e s 13 13.18 13 4.95 16 9.10 15 11.70
I Ees 24 13.88 22 13.63 23 9.95 23 11.86
[ivES 9 422 8 2.96 7 3.82 7 2.39
HoAth 34 9.70 27 3.67 27 8.68 31 10.44

PSR AE AT AR S = A B 5 %(19.30%)
2 #-2,4-85 TIRIEE (7.74%) | 2,2,4,6,6-T0 H HE B
(7.39%) . a-1JEH5(5.89%) . ZLEE(5.27%) o HIAMIF
FEFRATNEE . oL e PRI g . D AREE . TR
-3 - LR . 05 WS RS R A ) B 4314,
4 P SRR SR AEARRT B i AL S ¥
B, VR A SRR MBI ST, "B MVDL.5+
HAD. MVD2.0+HAD Fll MVD2.5+HAD 4H £ 5 &
T A5 1.69%10%, 1.03x10°% £ 5.93%<107, #4555
TXFRELH 1 HAD 4R FRE NI THIFR (4.56<107);
[FI B - R TSR RTAE. o7 e ST A,
PIRT HAD 4, LI EZERATA, MVDI1.5+HAD Fl
MVD2.0+HAD 2 Fh 145 77 =X BB R 4714 P B8 SR A AE
HAIETRS
2.6 ARIFEANFFEBFESTERM

Bl 9 s - R AU & TSR Fi b F & PCA
Y, PCA R Dimk I, HHE R AR & 05
Y S = ¥ 21 ALY N SR N =32 iy N TR U )
PCA EIR] DLAIRE B F SRS RE X 4 AN A T R
FIAERIFS, INEF AT LB H, 25— 32 ali gy (R AR R
PC1)AYBIHRF N 84.60%, 55 — F BT (AR PC2)
I DTRRZEN 15.07%, 56— - 556 i 82
FHTTHRZRIE 99.67%, Ui 2 4~ T A4 G e iy I ik
TR - R RIE A TSR R R SR 0 E 25 BAF
fiE. EHORFIFESTE PCA BV A 4375 52 B0 AH i X 1],
T A [ - XU G TR e s T SRR AR A

25 .
23| [ug/ HAD
2.2

2.1
2.0

Lo | MvD2oriAD VD2.5+HAD
1.8
1.7
1.6
1.5
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2. main axis (Variance: 15.07%)
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B9 - AR & TR T 5 PCA 4K
Fig.9 Two-dimensional PCA map of E-nose of jasmine dried
by combined microwave and hot air drying

S, AFETRLHLH N — BB HA A ERZH 2
() BAT B X 43, MVD1.5+HAD TSR F 6%
RAERSTHE PC1 BT A, HAD 7£ PC2 [ 33
ke K, MVD2.0+HAD, MVD2.5+HAD 2 #H4E PC1
1 PC2 LTk HERIARK . {H MVDI1.5+HAD. MVD
2.5+HAD 7E PCA BT HE 5 ES AL, Kk PCA
R ANRETE A XA AN G T - AR & T 5
SRAMEI T ZESTE

FHE 10 ffe - XU G TSR FT4E LDA 58T
TS SR AT A, B T CRE AR ) I BT
BRFEA 62.55%, 55 2R PERI P T (DAL AR ) TR
A 33.69%, BELTTHRR K 96.24%, 103 T ik -
BA TR R R R SR R 25 B E. T
LDA SrdrnlJSid 4/ NARN 225, § KA m 25, itk
TCIS A AR RIS PR, ASRILH T SR FTAE AR
I X Aok, S Z M A AN X, BB
LDA 5387 il AR A1 DX G380 - XU & T B S R A E
HERVERSGT 22

31990 ”@

) HAD

< 1.985 MVD2.0+HAD
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,§ .980
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1. main axis (Variance: 62.55%)
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Fig.10 Two-dimensional LDA map of jasmine dried by

combined microwave and hot air drying

PEN3 B S AYHL L B0 547 10 PRS-t /akads
LA, BTSN BE RUANT], BAAR DL 1. 18
I IRAR TTHR AR B0 AT, AT X BT A2 s i
AR B BV, AL IR DTk RR y, DIZA% s i TR
AEJTEERET . ML 11 ARG - RUIBE A5 TS
AEHRE il AL IS TR I AT a0, 28 1 2Rl
55 2 TS TR 99.67%, BEHIFJHiZ 52T
PIAZLIX 53 10 B8-S AL St b A [R5 7 =X
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REFCAE S ANE ST USRI . DT 8 AT LA HY
WIW AL JRER X 25 1 328043 5Tk 5 e K, W2W il
WSS IRZ; WIS AL RAFXTEE 2 32 ali oy sTmk A K,
W2S RZ . WIW XTI R AL, W2W FZZEXT
FEEE . A YRR R, WSS SR EAL A R G
WIS F B F R R, W2 S CFEEks | RS 5 45,
FH 1 T T8 B AN [RI G - XK 5 TR A SRR e R e
Y525 5 LR IAE T LB L A S st
Y b, RIEA PG . BEARG Y . B2 RS
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Fig.11 Loading analysis of jasmine dried by combined
microwave and hot air drying
3 g

Xf o4 3 Ak (1.5, 2.0, 2.5 min) 5 #UX(
(60 °C)HERG T X SR FTAE T Asr M A0 BT i sz i),
15 B TR B BE SR RIAE K 43 B FEEEE, 2.5 min J&
K3 LEREZE 0.959, T -FRIXUBE G TR SR FTAEAE IR
R REAR [E] A TE] B9 7K 43 Fe I/ N T R ZH, B AR Tk
A T kR A XU T B B W] T J B TR B SR A K
3 EUERAIR . T - RS TR K s = )
A A B 3EEE J1 & T HAD XTREA, IA/77E 3
PE2E 5 (P<0.05) o I TERRT ARG, L8R, o
b*. AE /N, MVD2.0+HAD #1 MVD2.5+HAD 4H
RFFE RO T X IBLH . f - TR S TR
WA IR B (AA) AR TR IR (EAA) &7
=T HAD X #82H, Hidf MVDI1.5+HAD #H 5028 3R

TR T Y B RS, SRR 2 M kA T A
N, RIS A3 N B S 2 ARAI; MVD1.5+HAD
1 MVD2.0+HAD 35 & 1 18 434 Jo s T AR L By L
HUPEFR SRS REE . o35 eGSR AR T HAD Xt
BAZH, BiEH MVD1.5+HAD #1 MVD2.0+HAD 2
W7 SRR DR BE S AL MBI MRS 555
T LDA 4347 T AR G- X 430l -0 XU A1
FUAEIE R MRS 10 25 5705 AN R0 - R RS TR
SRANAEFE S ) 5 25 57 SR B AR B ToA L A4 Fn FR
I EEAL G o LG5S MVD2.0+HAD
TR A LRSS BRI T, 27 1 TR ]
W ed 5 . RSS2 AR, A &)
JAY A
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