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Effect of drying methods on kinetics and volatile
components of longan pulp
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(1. School of Tobacco Science and Engineering, Zhengzhou University of Light Industry, Zhengzhou 450000, Henan,
China; 2. Jilin Tobacco Industry Co., Ltd., Yanbian 133000, Jilin, China )

Abstract: The effects of hot air drying (HAD), microwave vacuum drying (MVD) and vacuum
freeze-drying (VFD) on drying characteristics and volatile components of fresh longan pulp produced in
Yunnan were evaluated, with the drying process of longan pulp through three methods was simulated by
classical thin-layer drying mathematical models, and the volatile components were detected and analyzed
by headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS)
combined with electronic nose sensor. The differences in volatile components between samples and the
characteristic volatile component were clarified by cluster analysis and partial least squares discriminantion
analysis. The results showed that the drying rates of the three drying methods were MVD>HAD>VFD.
Weibull distribution model was found to be the most suitable mathematical model for predicting the drying
characteristics of three drying methods. HAD and MVD showed significant impact on the color of longan
pulp (P<0.05), while VFD could better maintain the original color. A total of 89 volatile components in nine
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categories were detected before and after drying, and 59, 47, 52 and 52 volatile components were detected

in fresh longan pulp and longan pulp treated with HAD, MVD and VFD, respectively. The nine categories

of volatile components were alcohols, olefins, esters, aldehydes, ketones, alkanes, aromatic hydrocarbons,

heterocyclic and phenols, among which olefins and esters displayed the highest relative contents.

Twenty-six characteristic volatile components played an important role in distinguishing the four samples.

Key words: longan; drying methods; headspace solid-phase microextraction-gas chromatography-mass

spectrometry; electronic nose; volatile components; perfumes
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Table I Common thin-layer drying models
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1 Lewis MR=exp(—kt)

2 Page MR=exp(—kt")

3 Modified Page MR=exp(—kt)"

4 Henderson and Pabis MR=aexp(—kt)

5 Logarithmic MR=aexp(—kt)+c

6 Two-term model MR=aexp(—k,t)+bexp(—k,t)

7 Wang and Singh MR=1+ar+bt*

8 Midilli et al. MR=aexp(—kt")+bt

9 Weibull distribution MR=a — bexp(-gt")
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Fig. 1 Moisture ratio (a, b) and drying rate (c, d) change with drying time
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Table 3  Fitting results of different thin-layer drying models
RERIZ FR Hep Rk T R Ve RMSE
Lewis MR=exp(—kt) HAD 0.9301 0.0042 0.0627
MVD 0.9596 0.0036 0.0582
VFD 0.8340 0.0082 0.0888
Page MR=exp(—kt") HAD 0.9726 0.0017 0.0393
MVD 0.9603 0.0037 0.0577
VFD 0.9946 0.0003 0.0161
Modified Page MR=exp(—kt)" HAD 0.9301 0.0044 0.0627
MVD 0.9596 0.0038 0.0582
VFD 0.8340 0.0086 0.0888
Henderson and Pabis MR=aexp(—kt) HAD 0.9419 0.0037 0.0572
MVD 0.9607 0.0037 0.0574
VFD 0.9384 0.0032 0.0541
Logarithmic MR=aexp(—kt)+c HAD 0.9972 0.0002 0.0125
MVD 0.9810 0.0019 0.0399
VFD 0.9893 0.0006 0.0226
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Two-term model MR=aexp(—k,t)+bexp(—k,) HAD 0.9994 0.0000 0.0060
MVD 0.9896 0.0011 0.0296
VFD 0.9904 0.0006 0.0214
Wang and Singh MR=1+at+bt? HAD 0.9706 0.0019 0.0407
MVD 0.9894 0.0010 0.0298
VFD 0.8682 0.0069 0.0791
Midilli et al. MR=aexp(—kt")+bt HAD 0.0342 0.0688 0.0415
MVD 0.9983 0.0002 0.0119
VFD 0.0625 0.0539 0.0325
Weibull distribution MR=a — bexp(—gt") HAD 0.9990 0.0001 0.0076
MVD 0.9979 0.0002 0.0131
VFD 0.9962 0.0002 0.0134
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Fig. 2 Predicted and experimental values of moisture ratio
of three drying methods
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Table 4 Effect of different drying methods on color of

longan pulp
FE i L* a* b* AE
B 59.58+0.79°  0.78+0.20°  9.98+1.12°  0.00+0.00°
HAD  51.43£0.57° 12.77£1.01° 29.43+0.59° 24.30£0.39°
MVD  51.77+1.04" 22.60+0.59¢ 29.91+0.86° 30.60+1.40"
VFD  69.30+0.55° 10.66£1.30° 23.00£1.22° 19.12+1.46"

T W= EARA R TR 2257 B3 (P<0.05),

M 4 TR, AR R0 AR BT A R AR
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Table 5 Analysis results of HS-SPME-GC-MS for 89 volatile components in longan pulp
- i RI i ‘ AHXT B % R
SHE SCHRE i fet HAD MVD VFD
1 HT B 712.2 713 — 0.23£0.02°  0.25+0.07° — RAAR
2 SR 739.2 739 0.37+0.16* 0.35+0.09° 1.00+0.14° 0.35+0.08° W7 . HEE
3 2,3-T 786.0 788 — 2.82+0.25° 4.03£0.10° 3.48+0.25° H& . YPiihE
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¥ S
- - RI AR5 5 % FHR
SR SCHRTE i fet HAD MVD VFD
4 [ECE 860.6 867 2.03£0.14 — — — . R
5 2-ZEC 1026.6 1029 2.27+0.19 — — — R BT . R
6 1-Fh 1068.5 1069 — 1.05+0.19° — 0.62+0.09" KFIHE . #rid . BTH
7 TR 1101.2 1103 1.60+0.21 — — — WH. KEEH
8 W 1118.6 1116  0.62+0.03* 0.97+0.15 0.85+0.14" 2.10+£0.33° &, T
9 AT fiki 1182.3 1186 — 1.43£0.14°  4.88+1.28° 3.15+0.34° 15T 7
10 4-if H 1189.1 1180  0.28+0.03 — — — ERUR TR &
11 o-ERRE s 1456.1 1443 0.52+0.07 — — — R
12 EME 1651.3 1653 — — — 0.36+0.08 Ak
13 5.(1-H L0 2)-1,3-3F )% 884.7 867 — — 0.33£0.10 — Fefik
-
14 R -p-B 95 1048.4 1048 3.32£0.46° 4.60£0.83*  6.34+0.48° 6.02+0.46" FH# T
15 4-F F 3t -1- 5 79 36 XU BR 11243 — — 0.32+0.09" 0.23+0.05° R4k
[3.1.0]2 -2-%5
16 2,4- WK M 1095.6 1090  4.83+0.50° 9.19+0.92°  4.74+1.00° 4.40+0.91° Rk
17 3-¥M 1034.0 1016 — — 1.08+£0.14°  0.30+0.07° AR . HifHFF
18 p-ZHhk 1044.0 1043 10.34+3.77" 10.38+1.60° 10.86+1.24" 11.51£2.10° #t#% . G (0. KFEH
19 D-FriER 1044.7 1037 0.52+0.03" 3.19£0.76°  1.18+0.08" 1.07+0.23" Mg HHF 7
20 HI% G 1134.7 1130 6.17+0.81* 7.43+0.45*  6.85+1.41* 5.95+0.65" A Hfiliik
21 IE%HE 1001.6 989 — — 3.06+0.55 — Atk
22 X HEAT-1,3,8- = 1187.7 / 5.56£1.00" 5.87+0.41*  4.88+0.24" — AR
23 34-"WEE-2.4.6-F =R 1122.1 1121 — — — 4.62+0.94 FKifiik
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Fig. 6 Summary data of HS-SPME-GC-MS analysis results
for 9 volatile components in longan pulp
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Fig. 5 Clustering heatmap of volatile compounds in longan pulp
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