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Abstract; With fresh radish as raw materials, the hot-air drying
characteristics of fresh radish under different conditions of hot-air
temperature, air velocity and slice thickness were investigated in this
study. Then the fitting of experimental data and the applicability of 7

different mathematical models for the process of hot-air drying radish
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was compared. The results showed that the hot-air drying process of
radish mainly occured in falling-rate drying period and the constant-
rate period is not obvious. Hot-air temperature and slice thickness
have a greater effect on drying-rate, relatively, while the effects of
air velocity is less. The higher the temperature, the thinner the slice
and the bigger the air velocity are, the shorter the drying time is. By
comparing the coefficients (R?), chi-square values (X?) and the
root-mean-square error (RMSE) of each model. it was found that,
among these models, the Page model is better than other models for
describing the process of hot-air drying radish with R? of 0.997 6, X*
of 2.615X 10" and RMSE of 0.014 6. It showed a good fitting be-
tween the experimental and predicted values. With the increase of
hot-air temperature, air velocity and slice thickness, the effective
moisture diffusivity of radish increased from 7.560 X101 to 2.130 X
107, and the activation energy was 26.34 kJ/mol. Finally, the color
of dried products under different temperatures was examined and an-
alyzed. Results showed that when the hot-air temperature increased
from 50 ‘C to 80 ‘C, the L * value showed a gradual decrease, while
the values of @ * » 6" and total chromatism AE * were reductive.

Keywords: radish; hot-air drying; mathematical model; effective

moisture diffusivity; color

F % b (Raphanus sativus L) XMk 778
RH# Mg — AR BB S K S A Rk
950 LA b B b AE AR S I i R AR P AR A 5 R A B
O RIS AR S TR B A7 R PR R 1
JRZ B — FHEAR AN AUAT LA AR K 23 5 4k (o 6028 0 )6 WA
A J5 I ) i AT (] B3 T LA A T A i o R e T o
IRV 4. B T A0 O s AR 22 i oD T 48 L A4
R IR R R TR AF . L BAOXT R DL

137



iz 5 IR 8%

2017 % 8

PE 8 B T T4 ] L2 % 0 BSR4 32 I A A e
S, B MNETRBKERRY b T, Sk FEE
1590 LR o BT AR K 5% 28 O T30 [ it mp DAAE h JBERE 2R
FRAB R . BT RN T T R R
BRI Z 3 ) RIS E NS Z. R A NBAN LY b
TOENE TS, BEA T B RN ERE, H AR E S
2 B W] A AR AR LR WO TR R, ORI E
B Py A1 S 3 AR R DR TS BB AT B R
SO A O O AR R R R R AR R AT TR R B A
{HEZ X 8 D RTS8 R R AR AL i BT

AR LUK B 1 I O SRk A SEA () A XU IR B L R
PR3 AN P JERE ek S R R R 1 5 ) S B A
M2 8 DR T A A, DI R s
N TR A B 5 4 T AR ) ) DA R S B A v T A A
TR RIS %,

1 BRLS 5%
1.1 #F#

BrEE S b T R AR X H MR R, TR
TR MU BRI A R ANEAR S, T4 °C
R .

1.2 NE5EE

HL 7 K FA20028 B1, bR 22 A0S A TR A W

F, P KR R T84 « GZX-GF101-3-BS-11 %, |- g %4 4
SIS A PR

AL : GMB903 #Y , YR HII T A7 8 B 6 BR 22 A 5

8,22 1% : MS/S-4500L FU,%H Hunter Lab 23 ;

YOEHP B AN E WL B il AR 4 mm,

1.3 Ak
L3.1 A% hTHRIZHR

HaF rF-mh ~HRE A9 EDIHEE>
TR R

PR A U5 VA D 500 g M NS EA
TERRRITE N . EFE 20 min B fEH T K F AR E.
WCRAN R I 20 38 i BT A 5 o ik ol 4% 2 T 0 RS 2
0.0l g, THREFIAEKFER 0.1 g/g"" " (H 2 &K
B 7 B4 0k TR L O R 0 2 506 T M B 1 0 PR AT I
1.3.2 EEXTEE NPT BRAEN W 72X 0.5 m/s,
YRR 6 mm B, % 58RI EE (50,60,70,80 C) & A4 F
FIEE R 8 1 7K 43 Bl DA R 48 38 3 1 A5 4k
1.3.3  RUEEXT HE D B JR ME 0Y 52 ﬁ/m 70 °C,
YI R JEJE 6 mm B, %5 22 AN [6) )Lk (0.3,0.4,0.5.0.6 m/s) %%
T EE DT K 53 T DL R T s iy A2 4k
1.3.4 IR IEEXNEE MM TBRREEN N 1R E
70 °C KK 0.5 m/s i, ZEY) R JEE (4,6,8,10 mm) 5k F
TEE BT B K A L LR T MR R g AR AL
1.4 RIEIEAR
LA1 W& /KFEME % GB 5009.3—2010¢ & fi % 4> [H
FARAE B 5 RS A E AT . e I BT B B

138

NI A & K R (17.3840.027) g/g(BLT k& K %5t .
SCHIGE— SR T B K RN KR
L4.2  FARHERNE K THRERS KT HHITE EaY
N T A2 o B R 20 min SRH I H AR TR R AR,
AR AR 20 (18 IS 0 T 56 85 K % K 43 L T 8 3 0
BT 5 ) P 2B AR B0 o AT T T R B 2R Y T A K R
(M) #R (D5 .

M, = E e, )

Wy

X

M, —— T % ¢ AR TR KE ¢/

w,— T % ¢ W2 WY R R, g5

w,—— PR 4 T R g

AT R (DO (DI

Ml 7M1\Ax
D,=—1——. (2)
At

o

D, —— T3, g/ (g » min);

M, p—FHE -+ R F RS KE . g/g;
At——HI4B 2 YR A B ] ] BS . min,

RE K A3 H (MR 45 28 (3) 3153

MR — M~ M. (3)
o Mo 7M« ’

A

MR—— K43t s

M,— W T A& K% e/g;
M, —— T P T & KK g/ g,
i T i B T 2R B KR ML A X ML A M AR
RN S U &7 A g 22 N v =W D Rt g o
M,
M, ¢

L4.3 THREAEAKLS PR TRIREZ -MERIE
TSNP B R SYRA S i BAS VA G Al
W 7AW R EZE TR (LR DX A b IART Y
I RO AT H00 5 S UE S BT T b Y AR 2
TR AT

FM R RZECRD R HFE X B RR 2 (RMSE) 3
DS HOR VA TR BB 0L 72 B2 47 OF . R* B . RMSE At 1
/NS 2 R 0 R DT T B (5D ~ (T i

MR =

4)

%1 BETHRED
Table 1 Mathematical models of thin-layer drying

HR G5 TR R FERJ5
1 Newton MR =exp(—Fkt)
2 Page MR =exp(—kt™)
3 Modified Page MR =exp[ — (k)" ]
4 Logarithmic MR=aexp(—kt)+0b
5 Henderson and Pabis MR =aexp(—kt)
6 Diffision approximation MR=aexp(—#kt)+(1—a)exp(—kbt)
7 Two-term MR =aexp(—kt)+bexp(—kit)
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Figure 1  Moisture ratio curves and drying rate curves of

radish under different hot-air temperatures
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Figure 2  Moisture ratio curves and drying rate curves of
radish under different hot air velocities
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Figure 3 Moisture ratio curves and drying rate curves of

radish under different thickness
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Table 2 Mathematical models and fitting result of radish hot-air drying under different drying conditions

BB RAE/T OKE/ (moes™!) JBE/mm 10 K R? x* RMSE
50 0.5 6 k=0.007 2 0.980 8 1.91 X103 0.042 7

60 0.5 6 k=0.010 7 0.986 9 1.36 X103 0.035 7

70 0.5 6 k=0.013 3 0.983 1 1.90X 1073 0.041 9

80 0.5 6 k=0.0159 0.978 7 2.60X10°3 0.048 4

70 0.3 6 k=0.010 6 0.975 1 2.73X10°3 0.050 7

! 70 0.4 6 k=0.0117 0.983 0 1.81 X103 0.041 2
70 0.6 6 k=0.015 3 0.972 0 3.46 X103 0.056 1

70 0.5 4 k=0.017 8 0.980 8 2.37X1073 0.046 2

70 0.5 8 k=0.0111 0.986 2 1.43X10°3 0.036 7

70 0.5 10 k=0.007 7 0.983 3 1.64X1073 0.039 5

50 0.5 6 k=0.001 7,n=1.276 3 0.996 7 3.33X10 1 0.017 4

60 0.5 6 k=0.003 6,n=1.230 7 0.998 3 1.77 X104 0.012 4

70 0.5 6 k=0.003 6,n=1.288 1 0.998 4 1.77X1071 0.012 2

80 0.5 6 k=0.003 8,n=1.330 2 0.997 7 2.79X10°¢ 0.014 9

70 0.3 6 k=0.001 8,n=1.369 4 0.997 4 2.83X10°* 0.015 8

’ 70 0.4 6 k=0.002 9,n=1.297 9 0.999 0 1.15x10* 0.010 0
70 0.6 6 k=0.002 7,n=1.400 1 0.996 5 4,29X10* 0.018 7

70 0.5 4 k=0.004 4,n=1.328 4 0.998 1 2.32X10°1 0.013 6

70 0.5 8 k=0.003 7,n=1.235 4 0.997 6 2,49 X101 0.014 0

70 0.5 10 k=0.002 5,n=1.222 0 0.995 1 4.76 X104 0.020 7

50 0.5 6 k=0.006 9,n=1.276 8 0.996 7 3.33 X101 0.017 4

60 0.5 6 k=0.010 3,n=1.234 6 0.998 3 1.77X10°* 0.012 4

70 0.5 6 k=0.012 7,n=1.292 8 0.998 4 1.76 X104 0.012 2

80 0.5 6 k=0.015 2,n=1.336 4 0.997 7 3.00X 10 0.014 9

70 0.3 6 k=0.010 1,n=1.370 0 0.997 4 2.83 X101 0.015 8

’ 70 0.4 6 k=0.011 2,n=1.302 2 0.998 9 1.15X 10t 0.010 0
70 0.6 6 k=0.014 5,n=1.407 1 0.996 5 4.28 X101 0.018 7

70 0.5 4 k=0.016 9,n=1.3350 0.998 1 2.31X10°* 0.013 6

70 0.5 8 k=0.010 7,n=1.240 1 0.997 6 2.48X10°4 0.014 7

70 0.5 10 k=0.007 4,n=1.232 0 0.995 2 4.74X10¢ 0.020 7

50 0.5 6 k=0.005 8,a=1.145 5,6=—0.120 6 0.996 9 3.05X10 4 0.016 3

60 0.5 6 k=0.008 8,a=1.118 7,6=—0.097 7 0.998 1 1.94X10* 0.012 6

70 0.5 6 k=0.010 8,a=1.135 2,6=—0.110 5 0.996 2 4.25X10* 0.018 1

80 0.5 6 k=0.011 7,a=1.190 0,6=—0.169 7 0.996 4 4.35X1074 0.017 4

70 0.3 6 k=0.008 9,a=1.145 9,6=-—0.103 1 0.991 3 9.56 X101 0.028 1

! 70 0.4 6 k=0.010 1,a=1.115 6,6=—0.080 0 0.994 3 6.11 X101 0.022 3
70 0.6 6 k=0.011 6,a=1.184 9,6=—0.155 4 0.991 0 1.11X10 3 0.028 4

70 0.5 4 k=0.014 1,a=1.143 1,6=—0.119 5 0.994 2 7.22X10°4 0.022 5

70 .5 8 £=0.009 3,a=1.111 1,6=-—0.090 2 0.996 9 3.23X10°* 0.016 2

70 0.5 10 k=0.006 0,a=1.140 3,6=-—0.128 6 0.997 8 2.18X10* 0.013 7

50 0.5 6 k=0.007 6,a=1.064 4 0.984 5 1.54 X103 0.037 5

60 0.5 6 k=0.011 2,a=1.050 8 0.989 1 1.13X10°3 0.031 4

70 0.5 6 k=0.013 9,a=1.053 6 0.985 2 1.66 X103 0.037 5

80 0.5 6 k=0.016 6,a=1.052 6 0.980 1 2.43X1073 0.044 1

. 70 0.3 6 k=0.011 4,a=1.074 4 0.979 5 2.25X10°3 0.044 5
0 70 0.4 6 k=0.012 4,a=1.061 2 0.986 1 1.49X10°3 0.036 1
70 0.6 6 k=0.016 2,a=1.061 8 0.973 9 3.22X10°3 0.051 4

70 0.5 4 k=0.018 5,a=1.049 1 0.981 7 2.26 X103 0.042 5

70 0.5 8 k=0.011 6,a=1.049 2 0.988 1 1.24 X103 0.032 9

70 0.5 10 k=0.008 0,a=1.051 3 0.985 5 1.42X1073 0.035 8
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R JEEE/CORE/(m e s7H) JEEE/mm LAY H 4 R? ba RMSE
50 0.5 6 £=0.014 4,a=—2.483 0,6=0.786 3 0.997 3.83X107*  0.018 2
60 0.5 6 £=0.021 2,a=—2.056 1,6=0.767 2 0.998 1.99X10°*  0.012 7
70 0.5 6 £=0.024 5,a=—11.012 3,6=0.938 3 0.998 2.26X10~%  0.013 2
80 0.5 6 £=0.030 2,a=—11.551 4,6=0.937 0 0.997 4.12X107%  0.017 0
70 0.3 6 £=0.020 5,a=—13.109 1,6=0.941 6 0.997 4.12X10°%  0.018 4
° 70 0.4 6 £=0.022 0,a=—8.769 8,6=0.922 2 0.999 1.52X10°¢  0.011 1
70 0.6 6 £=0.031 8,a=—4.654 7,6=0.847 7 0.996 6.98X107*  0.022 5
70 0.5 1 £=0.033 5,a=—13.188 5.6 =0.944 4 0.998 3.50X10°%  0.015 6
70 0.5 8 £=0.019 5,a=—11.593 3,6=0.946 9 0.998 2.65X107*  0.014 7
70 0.5 10 £=0.014 5,a=—2.602 0,6=0.810 6 0.996 4.94X107%  0.020 6
50 0.5 6 £=0.005 0,k;=0.001 9,a=1.457 0,6=—0.435 9 0.997 2.55X10°%  0.014 5
60 0.5 6 £=0.003 1,k;=0.007 7.a=—0.397 8,6=1.416 4 0.998 1.56X10~*  0.0108
70 0.5 6 £=0.020 9,k;=0.028 1,a=3.062 6,6=—2.070 6 0.998 2.64X107%  0.013 5
80 0.5 6 £=0.034 9,k =0.025 5,a=—2.101 2,6=3.095 3 0.997 5.09X107%  0.017 5
70 0.3 6 £=0.023 8,k =0.017 4,a=—2.241 9,6=3.229 6 0.997 4.60X10~"  0.018 8
! 70 0.4 6 £=0.025 5,k =0.018 3,a=—1.882 8,6=2.874 3 0.998 1.78X10°"  0.011 6
70 0.6 6 £=0.025 6,k =0.034 4,a=3.468 9,b=—2.478 5 0.996 8.13X107*  0.022 7
70 0.5 4 £=0.038 7,k;=0.028 5.a=—2.145 2,6=23.140 2 0.998 1.34X107"  0.016 1
70 0.5 8 £=0.022 3,k =0.016 9,a=—1.983 4,6=2.973 8 0.998 2.94X10°%  0.014 9
70 0.5 10 £=0.005 3,k =0.001 8,a=1.401 6,5=—0.392 0 0.9983  L.91X107'  0.012 4
1.0 S R T R ARG T W AR D R B KA A
ozl . 60 CRB PR B A B MR S B S A RUK Y R
. - 8%3%%%&% MG LA EZERF OO LW/ InDo 5 1/T /il 2k ik
2 F 06 —— 0.6 misBUIA FPRAERIA B B B R R LU At (b T
if ..l WG ALEE E. W 26.34 kI /mol(R? =0.994 1), i {F i 45" WF
= RRMEN THMTE LR R 35.23 kI /mol, # K #% BF 55 &
02t LR A 1 75 L B 30.33 kJ/mol. Sing N J 25V fff 53¢ & #1
H 75 fLAE N 11.38 kI/mol, Ji B (985 b (4 T4 th H 2w
00050 100 150 200 250 300 3‘50 PRI E H L 22 A AR R TR ) .
- 2.3 BEXAZ N EENEN
B 4 Page #7694 Ib v & 7 it I £ R 2 T R R T R A 1 I SRR R I AN
Figure 4 Comparison between experimental values and pre- L M E LSS bR . A Lab % 25 [a] 0] L% 47 Hb 4 3 A6
dictive values by Page model ANFRE TR TA®E AR EEAL. EEX#E 0.5 m/s, Y]
223 HE MUUCFRIH IOk R T e NPT R AR B T €5 I B

FIL AR E TS B0 BOK 43 3 iR 8K Bl aF InMR
X B TR G B ER MR R AR O M E
AT T A RKS T BURE D (W 3.

2R 3 ATH, H B DTSR A AR 2 BRI B A
50~80 CH} (A% MABK DY BRI DufH Jy 7.560 X
1071 ~1.715 X107 , M Y X KGEAE 0.3~0.6 m/s B, Do
4 1.074X 1077 ~1.682X 10 ' ; 8 NJEE HTE 4~10 mm
B, Doy BB 8.163X 10 10 ~2,130X 10 7, E,ﬁ?ﬁ?&ﬂ(ﬁ
P HOR B BE S ORI BE R RS BE A B R AR R
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Table 3 Moisture effective diffusion coefficient of radish under different drying conditions
1 B2/ R/ JERE/ Yo R BRUK YR
C (m+s 1) mm IR 2R A (R?) Dg/(m? « s71)
50 0.5 6 InMR=—2.071X10"*:+0.619 3 0.947 7 7.560X10710
60 0.5 6 InMR=—2.837X10"*t+0.514 2 0.952 4 1.036 X107
70 0.5 6 InMR = —3.698 X 10 *z+0.556 4 0.950 3 1.350X 107
80 0.5 6 InMR = —4.697X10 *:+0.598 8 0.957 7 1.715X 107
70 0.3 6 InMR = —2.942X10"*:+0.523 4 0.976 5 1.074X10°
70 0.4 6 InMR = —3.010X10"*2+0.452 5 0.899 2 1.099X 107
70 0.6 6 InMR = —4.607X10"*:+0.606 5 0.964 9 1.682>X 107
70 0.5 4 InMR = —5.030X10*2+0.548 5 0.957 9 8.163 1010
70 0.5 8 InMR = —2.872X10"%1+0.467 6 0.971 4 1.865X 107
70 0.5 10 InMR=—2.100X10"*2+0.549 5 0.945 7 2.130X107°
x4 AETHREETAEMNHWEFTH
Table 4 Color of radish slice dried by different temperatures
R/ C L~ a” b AE”
BRI N 83.2542.49° —0.4040.02¢ 9.2440.30¢ 0.0040.00¢
50 80.1342.17% 2.21+0.17¢ 10.86+0.51¢ 4.3940.23¢
60 77.94+2.36° 3.76+0.12° 11.97+0.49° 7.2840.59°
70 77.67+2.46° 3.8740.14 11.7540.30" 7.4640.06"
80 73.06+2.44¢ 6.05+0.21% 17.074+0.242 14.3740.29°
t FHIARFE/NE F B R 25 B3 (P<0.05) .
3 éin:i«/e nology, 2012, 5(1). 176-183.
(3] BfRJe, Hf, 680, %. A% MUATHRRE RS T ] &R
(D B8 MR AR, BHUR J#\,\J—LL_F‘ $ 2015, 21(8) s 4.7
WHEI R RS A% b TRk &,Jﬁ)ﬁi‘ﬁaé JE B R

O ) R R B R, K R R, (8 b gk EIJ;rAA/J($
B E ) AR . BR T AR IR D 50 °C R B — /N B B B
SP l\(ﬁi@ﬁhﬂ;&a‘jﬂﬂEEUWEE"&%L&%%*#F
T A AR, R AR U S B R 1R A 8 1 e Dl 4 i T
M5 TR AL

(2) R 7 FiE FI0GH 2 T A ek i 50 21 A5 1) B5 s it
TG 43T, 48 4K Page BRI REAR 47t S N7 (1 85 | #4XL T
SRR AR SR AR TR A A b ROK L
FBE BT R 2 Y R IE B L BRURUHE A B o i K
H3¥ M TEEAR E. R 26.34 kJ/mol(R*=0.994 1), T
BETE A S N R aRET A S, X FRBEXAE b
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