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Effect of drying methods on kinetics and volatile components of red jujube slices
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Abstract: Red jujube slices were dried through hot air drying (HAD), vacuum freeze drying (VFD) and
microwave vacuum drying (MVD). The volatile components of red jujube slices were then analyzed using
headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) and
electronic nose, followed by investigation on the effects of drying methods on the color, kinetics and
volatile components of dry jujube slices. The results showed that HAD and MVD displayed greater effect
on the color of red jujube slices, while VFD better maintained the original color. Page model was found to
be the most suitable mathematical model for predicting the drying characteristics of three drying methods.
Drying also showed significant influence on the types and relative contents of volatile components in red
jujube slices. A total of 20 volatile components, including acids, esters, alcohols, aldehydes, ketones,
hydrocarbons, heterocyclic substances and other compounds, were identical in red jujube slices before and
after drying, while the relative contents of acids and hydrocarbons increased significantly after drying, and
aldehydes and heterocyclic substances decreased significantly. Meanwhile, the aroma characteristics of the
dried red jujube slices were different from those of fresh, with similar aroma characteristics between HAD
and MVD, and a more prominent caramel aroma of red jujube slices dried by MVD. Compared with HAD
and VFD, MVD exhibited higher drying efficiency, lower energy consumption and less time consuming,
thus more suitable for red jujube slices drying.
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Table 1 Effect of drying methods on the color of dried red
jujube slices
. BESH
il ; ; ;
L a b AE

FRD 40.85+£0.66° 18.17+1.16* 21.51+0.47° 0°

HAD 62.99+0.64* 14.67+0.72° 26.77+0.61° 18.87+0.94°
VFD  56.77+1.05° 14.92+0.65° 25.08+1.37° 14.06=0.66"

MVD  62.62+1.57* 13.84+0.45" 26.28+0.47"® 19.07+1.12°
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Fig. 1 Drying curves of HAD and MVD (a) as well as
VFD (b)
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Table 2  Fitted results of drying models

TR A AL /N T R’ 7x107 RMSEx1072
Page MR=exp(—kt") HAD 0.998 0.19 1.19
VFD 0.997 0.22 1.41
MVD 0.999 0.05 0.01
Approximation of diffusion MR=axexp(—kt)+(1-a)*exp(—kat) HAD 0.912 9.07 8.69
VFD 0.912 6.08 7.30
MVD 0.964 3.31 5.15
Henderson and Pabis MR=axexp(—kt) HAD 0.971 2.96 4.97
VFD 0.893 7.41 8.05

MVD 0.955 4.13 5.75
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Table 3 HS-SPME-GC-MS analysis results of volatile components in red jujube slices with different drying methods

: . HEXT B /%
Ui SIS 2 15 KM o A
FRD HAD VFD MVD
1 LR 30.46+0.61° 42.40+1.37% 41.37+0.89° 45.01+2.49° ) 2 1 TR A
2 [Slivd 2.34+0.22° 3.27+0.29° 2.79+0.19% 3.09+0.21% ] B AR R
3 ST 0.38+0.05" 0.37+0.02° 0.340.04* 0.38+0.02° i 173 i R
4 T 1.97+0.38° 1.70+0.13* 2.04+0.09* 2.08+0.09"  BRFUAYERIE
5 REGR — 0.49+0.06 — — KAk
6 U R — 2.08+0.03° 1.83+0.99° 2.70+£0.24* TR
7 cL iR 19.03+0.88° 14.56+0.38° 18.31+1.32° 15.11+1.67° NE M . W5 ok
i 8 R -2-C MR 0.59+0.07° 0.11£0.04° 0.81+0.13* 0.49£0.09° &, HHF
2% 9 BifR 5.21+0.39* 2.63+0.17° 2.91+0.19° 2.63+0.24°  WREE
10 1E-ETR 3.77+0.45° 2.33+0.19° 1.78+0.08¢ 1.41£0.07° Jig 77
11 1E 28R 2.76+0.57* 1.31+0.26° 1.08+0.04° 0.84+0.07° FRER . SRk
12 AR 0.33+0.05 0.37+0.09* 0.23+0.02% 0.20+0.05° M Ih
13 - iR 0.33+0.09 — — — ZU STV
14 2-C TR 0.58+0.08 — — — Ak
15 TR 0.70+0.08* — 0.61+0.07* — s J
16 SR — — — 1.40£0.05  FRELBR
N 68.45+1.18¢ 71.62+0.86° 74.08+0.83% 75.33+0.70°
1 y- T AR 0.25+0.01° 0.41£0.05° 0.41+0.06° 0.57£0.12° Wil
2 5- 1% A lig — — 0.24+0.05 — ARk
3 y-C P T 0.81+0.11° 1.10+0.00° 1.24+0.09* 1.1940.23"  HEFH | OF
4 R R 0.48+0.07° — 0.26+0.02° — FiEBLSE RS
5 Wi = 2T — 0.52+0.01° 0.24+0.05° — R B SE S R
6 R T — — 0.20+0.05 — LSS
7 2-M B3 4R IRIR — — 0.15+0.03 — KAk
5 8 y-F P i 0.60+0.05° 0.55+0.03% 0.48+0.02% 0.42+0.07°  FRYWHINE
ZE 9 &R W R 0.90+0.10° 1.00£0.05° 0.5440.02" 0.49+£0.05° . {EHF
0~
10 2413 2, Tk — 0.67+0.10° 0.45+0.01° — EILEEZEZVS
11 A R g 0.48+0.08° 1.44+0.18* 1.07+0.18° 0.79+0.04¢  HBTIR
12 AR N TR 0.06+0.01¢ 0.17+0.03" 0.13+0.01° 0.10£0.01°  HF Tk
13 AR TR — 0.16£0.01° 0.38+0.08" 0.21+0.05° #&F. HEH
14 o 1% P s 1.62+0.16° — 0.26+0.07° — PV
15 B H 0.31+0.05 — — — P
16 BN L 0.27+0.07 — — — 1w, £F
17 PR P s 0.20+0.08 — — — RLTHE o 1 S
18 TN R i 0.10+0.04 — — — KAk
ViNas 6.07+0.21° 6.02+0.08" 6.08+0.20° 3.77+0.35°
- 1 2,3-T — 0.99+0.04° 0.37+0.07° 1.56+0.12°  JRBR . Wik
% 2 1-(4H-NEBE-1-58) L B — 0.25+0.01 — — AR

3 2R i — 0.29+0.06 — — R
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4 Ko — 2.54+0.65" — 0.65+0.11"  fEF, BURFSE
5 BERE — — — 0.17+0.04  fEEFE
/Mt 0° 4.08+0.75° 0.37+0.07° 2.39+0.09°
1 IECE 0.83+0.07° — — 0.93+0.09" HEIR
2 BEEE 0.59+0.03" 0.29+0.03¢ 0.16+0.02¢ 0.47+0.09° ATRDNIN
30 2-CLIE 0.39+0.09° 0.09:0.02° — 0.06+0.01° THHIR
4 ORWIEE 9.98+0.79" 1.1340.03° 2.61+0.48° 2.08+0.07° TR
iif 5 R-2-FEE 0.56£0.13 — — — IR
- 6 LB — 0.25+0.04 — — WEFRE
7 T 1.9240.35" — — 1.66+0.04" BRI . FE
8 IFZSEE 0.34£0.08* — — 0.37+0.06" EELS
9 2,3-TE-2.2,6-=HEFHE  0.23+£0.05° — 0.11£0.01° — 2R
/Nt 14.84+0.47* 1.76+0.03¢ 2.88+0.50° 5.57+0.18°
1 3-33E-2-TH 3.89+0.11° 4.57+0.33" 5.41+0.33° 5.83+0.53° B A
2 3-FEERRRE-1,2- — 0.37+0.01° 0.31£0.07° 0.26£0.08" R
3 2-%f — 0.25+0.06 — — RE. MHF
) 4 3-Z3-4-FFEERE -2,5- — 0.39+0.03° 0.30+0.03" — KAAR
g 5 -8 H-4a,7,7-=HH-201H)-  0.19£0.03° 0.28+0.04* 0.13+0.03° — Fe ik
B
6 6-F3E-3,5-BF —J-2-F 0.42+0.09° — 0.40+0.05° — Bl e B
7 BRI AR P — — — 0.27+0.05 Jiy s
8 AlEAE TR — — — 1.13£0.23 R
/N 4.50+0.05¢ 5.86+0.30° 6.55+0.41° 7.49+0.30°
1 IETA%E 0.23+0.04° 0.62+0.05" 0.24+0.07° — Atk
2 S-HIEE—hE — 0.66+0.02 — — Ei BN
3 IETITh — 2.58+0.66" 2.31£0.17* — Ak
4 =k — 0.74+0.12° 2.18+0.48° 1.09+0.03" NG
5 3-WHEA=k — 0.78+0.16° 0.53+0.10° — NG
6 g — 0.65+0.05° 0.56£0.17" 0.39+0.04° Ak
7 Ak — — 0.20+0.16° 0.54+0.07" Ei BN
8  3-2.3£-2,6,10-=H 3+ —kx — 0.33+0.02 — — KAk
& 9 IETTkE — 0.33£0.06 — — Ak
B 10 +—k — — 1.47+0.41 — NG
11 DRk — 0.110.04* — 0.11£0.00° A4 fiF A
12 ZEEEFES — 0.34+0.05° 0.37+0.04° — Atk
13 1+ — — 0.26+0.09 — Ei BN
14 1-+=% — 0.49+0.05" 0.34+0.05° — KAk
15 (E)-2-+ ks — 0.610.11 — — KA AR
16 1-HH — 0.63+0.06 — — NG
17 TH — 0.78+0.20 — — N
18 % — — — 2.82+0.64 FEHk
/Nt 0.23+0.04° 9.65+0.72° 8.46+0.83° 4.95+0.71°
1 23k 0.37+0.04 — — — R
J 2 2-Z3k-6- LN 4.76+0.95 — — — ¥ 1 Tk
7N 30 2,6- e 0.44+0.04° — 0.17+0.05° — IR IR
% 4 23-THIL-s-Z Bk 0.290.06 — — 0.38+0.09° FRAAEIR
5 2,3,5-=HIFikm — — 0.29+0.03 — e SRR
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M EE WU — — LEE L — — A
6 2-ZBEIENLIE — — 0.22+0.02 — SRR ALK
/N 5.86:0.06° 0° 0.68+0.10° 0.38+0.09°
H 1 23- WOk R 0.05+0.01¢ 0.24+0.02° 0.18+0.01° 0.13£0.01° KAk
;LE 2 2,6- T E-4-H R — 0.31%0.13 — — 19 YA il A
NG 0.05+0.01° 0.55+0.12° 0.18+0.01° 0.13+0.01%
E: “—7 BARARKY, I-TARNEFHRREZREE (P<0.05); FPmWES MRSk B E L8 E

( http://www.thegoodscentscompany.com ).

i 3 ml%n, A HS-SPME/GC-MS J7iEM
FRD ., A7 20T SR 2088 7 b i b LK ) 82 Fhid &
PERSY . Hh, FRD. HAD. VFD Fl MVD 4354
42 Bl 50 Bl 49 FhOFN 39 FRIE KMy, TS
FEAE I R AP 2SS 40 B, Hod, HAD b 27
f, VFD k21, MVD H 14 #, AL, TG
A TE) B 4% & P LAY A 20 Fib

FEANRE i TP 45 2 143 1) o S IR G B 2 [
2 PN

a 50- [t FRFRA % 123 WEE w2 AR
H =
401 =
[
&
S 30t
&
=
] 20}
~—FrD HAD VFD MVD
e
b [ S IR % S B R R
100} —— — —
80|
°
i 60}
&
= 401
E
20}
0
FRD HAD VFD MVD

A
K2 R B R Y A R (a)
A i (b)
Fig. 2 Number of species (a) and relative content (b) of

volatile flavor components of red jujube slices by
different drying methods
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