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Abstract: In order to obtain chestnut products with a fast drying rate and high quality, fresh Chinese chestnut was used as the raw material
for microwave-vacuum drying. The drying characteristics of chestnut slices under different vacuum degrees and microwave powers were
investigated. Based on the experimental data, the kinetic model for the relationship between the moisture ratio and drying time of the
microwave-vacuum dried chestnut slices was established and then tested by fitting. At the same time, the quality of chestnut slices prepared
under different drying conditions was evaluated. The results showed that both the microwave power and vacuum degree had a significant
influence on the drying time: the higher the microwave power, the higher vacuum degree, the faster the drying. In the test range, the effective
diffusion coefficient of moisture increased with the rise of drying microwave power and with the increase of vacuum degree, with the effect of
microwave power on the effective diffusion coefficient of moisture being more significant than that of vacuum degree. Using the Fick’s second
law of diffusion, the range of moisture effective diffusivity (Deff) was 3.5462x10°~2.128x10® m%s. The Page model was found to be the best to
simulate microwave-vacuum drying of chestnut slices among the four mathematical models. By fitting the mathematical drying kinetics model
of chestnut slices, it was found that the Page model exhibited the best fit to the drying process of chestnut slices, with the predicted value of the
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model in good agreement with the experimental value, therefore, can be used to describe and predict the microwave-vacuum drying process of
chestnut slices. Chinese chestnut slices dried under a vacuum degree of -20 kPa and microwave power of 3 kW had the greatest brightness (L*

value: 71.77) and the best texture, and differed significantly from those obtained under other drying conditions (»<0.05). This study provides a

technical basis for the application of microwave-vacuum drying technology in chestnut drying.
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Table 1 Mathematical models for drying kinetics

NO. AR 2 AR AR A2
1 Newton/Lewis MR=exp(-kt)
2 Page MR=exp(-kt")

3 Henderson and Pebis ~ MR=aexp(-kf)
4 Logarithmic MR=aexp(-kt)+c
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Fig.1 Influence of different microwave power on moisture ratio

121 =20 kPa
! 0’ -e--40 kPa
' -&-60 kPa

0.8+ -*-80 kPa

0.6 -

0.4+

FIHAEKE/ (g/g)

021

0 s 10 15 20 25 30 35 40
B 18] / min
B 2 TEFERE D FEEKEIFN
Fig.2 Influence of different vacuum degree on moisture ratio
K2 R, TEWURIIRIEEN 2 kW R, BER
BRERIINR, R M AiRT . B AR B3R
IR B RN TR R, R AR BTSSR, [

237

0.0




MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.4

IFPPRER Gy I AN BT 5 MR AL Al e Sl />

EAF TR AWK, TR R4 . R
NS OO TR AR (R B35 5, R R
FUR LR, TR TR, RO AR, XS
FARA T, F P S P s s ey
AR SNV

22 MRBOKE R THRADHRY AR

FHPE 1R 2w, AN RERR T AR BE A
PIFHE, FERE TR B, R
HIRIZK 3 R BUR BT DA 2 e 36 e . R
SEAE TR R K43 B MR 1 B SR%EL InMR 544
WRE] ¢ LR R, B 3 A H TARRSEMIR%
PFT MR BT (R xS 3 T4
[EUE, THEAF AR TR RS R 7K R
R Deff 13 2 Fiow, WTLAEH, UU) R JEEN 5 mm,
THEIhE N 3 kW, HAFEE-20~60 kPa i, HRIEM]
IR R B Z KL Deff 4 3.546~5.570x10° m%/s. 4
PR BN 5 mm, B4 FE-40 kPa, TR N 3~5 kW
W, B R KD H Y R B Deff A
4306x10°~2.077x10°  m*/s. H1 2 A%, WEKDH
R AR B o T B 2 R 1 2 P T v v v

&R Sh R i, i IR ACE K
Y AR L S %, 2l iEECm
T IR R TR, ST RE R 6 W/g 1
nE) 18 Wig Ivf, A d B RS 3.31x10° m¥s Hin
B 7.47<10° m*/s; HPEIE P LA E] () B4 BE AN AT 5
B IIREA NS TRES, S HE R
T8 ABAE 1.306x10°~4.573x10” m%/s JEE P, Hf
TS PR AT R e T R B N3k, ARG

455

0
1k
ok
3t
o a4l
=
Z st
=20 kPa,3 kW
6 o -40kPa3 kw P60 KPa3kW
60 kPe oy ~&-20 kPa3 kW
-TF - -60kPa, —A-40 kPa,3 kW
-20kPa3 kW LR
8 —4-40kPa3kw OOV
9 I I I I I |
0 400 800 1200 1600 2000 2400
I EIA

& 3 FRMEESTEREHT InMR BETFIEITE ML ihsk
Fig.3 Curves of INMR vs drying time under different

microwave-vacuum drying conditions
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Table 2 Moisture effective diffusion coefficients of Chinese chestnut under different microwave-vacuum drying conditions

EHKPa  HEKW KEEPIMEAR REEZHR HEF AR

-20 3 y=-0.0014x+0.384 0.9421 3.546x10°
-40 3 y=-0.0017x+0.3272 0.9794 4.306x10”
-60 3 1=-0.0022x+0.4042 0.9367 5.57x10°
-20 4 y=-0.0029x+0.4811 0.9495 7.346x10°
-40 4 1=-0.0032x+0.6682 0.9342 8.105x10°
-60 4 y=-0.0047x+0.5831 0.9627 1.19x10°
-20 5 y=-0.0059x+0.5856 0.8922 1.494x10°®
-40 5 1=-0.0082x+0.4664 0.9581 2.077x10°%
-60 5 y=-0.0084x+0.2972 0.9733 2.128x10%
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TSk M n EDA5RE, S5 RA0TF:
k=0.515509+0.003487P-0.26695W, R*=0.9646 (8)
n=2.1096+0.014006P-0.16695W, R*=0.8955  (9)
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Table 3 Statistical results of drying models for chestnut slice s under the different microwave vacuum drying conditions

kW ),

W T M zh J) % B Oy MR=exp(-kt")
=exp[(-0.515509-0.003487P+0.26695 W)+ 1000014006201
6695W)]

VE: SWAERIE BTGB A JE A (-20~-60 kPa ), Aok s (3~5

HA EA/KPa HFE/KW #Mkﬁi e RMSE R
-20 3 0.05552 0.00746 ~ 0.08637  0.9350
-40 3 0.06946 0.00649  0.08054  0.9446
-60 3 0.08432 0.00713 ~ 0.08444  0.9410
-20 4 0.10053 0.00718  0.08473  0.9431
Newton MR=exp(-kt) -40 4 0.09777 0.00657  0.08104 0.9472
-60 4 0.15336 0.00755  0.08688  0.9462
-20 5 0.186 0.00875  0.09352  0.9420
-40 5 0.29581 0.00532  0.07292  0.9655
-60 5 0.32895 0.00446  0.0668  0.97256

HA EFKPa HhFKW g v e RMSE R
-20 3 0.00836 1.64226 1.97x10*  0.01404  0.9983
-40 3 0.01324 1.60396 5.83x10*  0.02415  0.9950
-60 3 0.01697 1.62921 1.73x10*  0.01318  0.9986
-20 4 0.02189 1.64581 1.34x10*  0.01156  0.9989
Page MR = exp(-kt") -40 4 0.02208 1.608 3.07x10*  0.01751  0.9975
-60 4 0.03725 1.70355 9.24x10°  0.00961  0.9993
-20 5 0.04854 1.73515 4.08x10*  0.02021  0.9973
-40 5 0.11608 1.67274 3.50x10*  0.01871  0.9977
-60 5 0.15732 1.55925 457x10* 099775 0.02138

AR Sdk

A A /KPa  HEKW - " e RMSE R
-20 3 1.13536 0.06304 0.00516  0.07183  0.9574
-40 3 1.13438 0.07832 0.00442  0.0665  0.9643
-60 3 1.1154 0.09831 0.00551  0.07422  0.9544
-20 4 L.111 0.11136 0.0057  0.07551  0.9548
Henderson and Pebis MR=aexp(-kt) -40 4 1.11048 0.10769 0.00522  0.07227  0.9580
-60 4 1.09818 0.16632 0.00673  0.08206  0.9520
-20 5 1.08342 0.19915 0.00865  0.09302 0.9426
-40 5 1.04678 0.0.30641 0.00588  0.07668  0.9619
-60 5 1.03386 0.3374 0.00526  0.07251 0.97413
BTR
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LR
AR EAKPa TF/KW - &%?ﬁ : . RMSE R
20 3 1.68772  0.02734 -0.62691 0.000827 0.02876 0.99356
-40 3 127841  0.05507 -0.18595  0.00285  0.05336 0.97839
-60 3 1572383 0.0447 -0.51923  0.00126  0.03552 0.99117
20 4 140253 0.06496 -0.33745  0.00243  0.04931 0.98423
LogarithmicMR=aexp(-kt)+c -40 4 1346 0.06527 -0.28515 0.00203  0.04506 0.98619
-60 4 12933 0.10829 -0.23155 0.00346  0.05885  0.9808
20 5 138359 0.11332  -0.33791  0.00366  0.06051 ~0.98267
-40 5 1.1295 024677 -0.09525  0.00501  0.07077 0.97835
-60 5 113893 026032 -0.11784  0.00388  0.06231  0.98567
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Lol . I {E PIE 3 kW FISZIGE N Page A7 FOME A T E0IE LE
— e B, TWME SSEPMEM LR WL 4, FTRVEH, Sbr
8 {1 5 R HE A VAR Page 7RG E R S T
jji 0.6 WO L5 MR EK 7 AR R, R A T BA
= 04l ] FRER
021 2.4 MR AT
00024 6 s 10 12 14 16 18 20 24.1 ®E R R,
TR 1] / min L TPA MA] DASEIIAS AN A TS5
4 Page AR TN ERLE ST BAR AL 4T, AN EE B RS0
Fig.4 Test curves of Page model B R RS HUILER 4.
4 WMERHRBEE I
Table 4 Textural profile analysis of Chinese chestnut slices
EAKPa  HEKW AEJE/N 5T PE/(N-mm) R 5.0%/mm JE REE/N PH /N
20 3 372.80+16.06° 0.24+0.01° 0.27£0.06"  0.50£0.04*  99.53+7.47°  50.38+7.01°
-40 3 394.77+98.13° 0.24+0.02° 0.18£0.02°  0.52+0.11°  74.67+4.98°  42.10+3.36°
-60 3 499.50+34.6%° 0.23+0.01° 0.38£0.04"  0.58+0.01°  186.37+9.09"°  107.59+5.33"
20 4 431.63£37.36°  0.33x0.04®  021x0.015* 0.53+0.05*  88.37+14.59°  47.17+1.76"
-40 4 492.17+6.20° 0.35+0.08% 0.29£0.13*  0.50£0.03*  143.37+6.18"  74.97+4.08"
-60 4 556.20+24.41° 0.37+0.10° 0.31£0.04*  0.63£0.02°  172.8£10.38"  109.41+6.86"
20 5 504.63£19.08°  0.31+0.02" 0.30£0.16"  0.54+0.05* 148.17+13.75®  83.13+5.38"
-40 5 570.93£37.26"  0.39+0.02% 0.31£0.08"  0.59+0.01*°  175.7+842*  104.92+11.01°
-60 5 577.07£117.60  0.30£0.01® 0.28+0.01°  0.57+0.04* 163.43£11.39"  94.83+6.69"
E: RN BEFERREATEFEE (p<0.05).
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Table 5 Effect of different drying conditions on the color of Chinese chestnut slices

JE /1 /kPa HE/KW L* a* b*
20 3 71.77+1.09° 3.25+0.18" 21.37+1.65%
-40 3 62.17+1.55b% 4.40£0.51° 19.22+0.44®
-60 3 63.69+0.59% 3.78+0.74° 19.29+0.78%
20 4 67.46+2.18 3.27+0.49° 22.02+1.27%
-40 4 64.91+2.76° 4.23+0.28" 23.15+0.70°
-60 4 65.60+2.73 4.03+0.18" 22.20+1.42%
20 5 59.18+2.09%% 4.18+0.58" 18.28+0.38%
-40 5 57.62+1.42% 4.64+0.78" 17.73+1.02%
-60 5 55.44+1.19° 4.43+0.53° 15.98+0.91°
E: RPN BFERREATEFREE (p<0.05).
3 ?Ei{;\ problems and countermeasures of chestnut industry [J].
Northern Fruits, 2007, 4: 1-3
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