68

FOOD& MACHINERY

DOI:10.13652/j.issn.1003-5788.2020.04.012

FI6HBFE I BE 2228 | 202054 A | RAHSHM

25 R T A0 3 X LA B XU IR o 14 BY 52 0

Effects of freeze-thaw pretreatment on the characteristics of hot-air

drying in Malus domeri (Bois) chev .
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Abstract; The effects of freeze-thaw processing on the character-
istics of hot-air drying and the coefficients of moisture diffusion in
Malus domeri ( Bois) chev were investigated. The results
showed that the freeze-thaw pre-treatments had significant effects
on drying characteristics. It was found that freeze-thaw pre-treat-
ments could significantly shorten the drying period and increasing
the drying rate. Logarithmic model provided better simulation of
drying curves for freeze-thaw M. domeri ( Bois) chev. at
different drying conditions. The results indicated that D in-
creased with the increasing of times of freeze-thaw.

Keywords: hawthorn; freeze-thaw; drying characteristics; pre-

treatment; hot air drying
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Table 1 Four classic models of thin layer drying
L 44 FR KRy 72
Newton MR = exp(— ki)

Henderson andPabis MR = Aexp(— kt)
MR = exp(—Fkt")

MR = Aexp(—kt) + B

Page

Logarithmic

1.5 BRI BEH(Da)

AR R BT 1 Fick 50 e HORARN
—E TSR AR BRI K 43 B ik 1% 388 b, JBE K
fe s . R AKX MG PR,

(2n+l)znzD(/,t] ’

8 < 1
MR = > —
nfg <2n+1>2exp[ 4L

(6)

Ao

D o — KR WG IK 53 A R R E m® /s

L— KR IERIZER 1/2,m;

T HREE s,
1.6 HM&EH

TR LA T 22 B 0 A S ) L BT 200 £ 4
i B B8 (SEMD T WL H B G 4 4

69



70

HAl#F 55 FUNDAMENTAL RESEARCH

L7 #HiE4E

N T SPSS.V 18.0 3 #F 47 15 AL 404 0 181 9 434 .
SigmaPlot 10.0 K {F24H .
2 RS0
2.1 AEFEMALERRLUENTIRISE

e [ % TR E (70 OO F L Rl 0,1,2,3 AT KR 1L
REPT B LA 1) T R MR WK 2(a) 5 Bt
Rl 2 YA B A KR A& AE 55,60,65,70 CT IR T
B PR T 1 T 28 L TRT 1(h) T R R LI 2(h)

LT BT LLE R Rl R S LA g K 43 i B T A
RF ] 38 0 2 ELER T R 2 R K A & B R K
A 7K o3 R R U8 L i 2k AR A3 O 9% L 45 3R R R il oK
FLAE A I 5 K TR 0.65~0.50 g/g (T3 8 45 5 Uk
Ao 1.2, 3 IR RINAE 76 70 CHNBEET . TES
K AR T 7% FraE ot 6] 43 31k 570,370,330, 340 min, %
Pl 99T Ak PR R SRS L AR T e T T ) 2 AR R i i 56 £ B
045 0 5 T ARG 8 0 8 0 18 R R 2 R SR i T
P 2 EOKRAR T 7 00 BT B ()4 7 45 4 L 55 °C BT
A ] B K, 2 520 min, B 1(b) F B, TR R, &b i0 4
[ 7K 43 & 8 F B2 IR K, T4 120 min J5 , 7K 43 & 048

Koy
Moisture content/(g * ¢”)

0 100 200 300 400 500 600
T AR ]
Drying time/min

(a) IR R AR PR SR AR B0 T 4R il 2

B 2228 | 2020 F 4 B | RS

2 UL E 5 R K W R L T R T R AR BB fHL70 °C 4
65 CIKI> i T Mg 248 AT e h TR R B R
Rl SR JE B K [ 1k, 32 3 IR 1 R WA B R B
HRK A3 1] 26 23T % 32 B - M A i IR R R Lk A T A
JERCRAW

A P 2 AT 8 o AL B A R L A R KT A
AR ET 3 AW Be. 20 5 o R e T R
BT RE B, TR IT IR I VR RO L R e A BB
B T AR B B R AR s TS B E T 44 i A] A 3 m 2t
A BK Y E TR B B L B B TR R R E T
0.025~0.055 g/ (g « min) ; i F TH A AT RS &
IR E S R AR I ok o & B AR S B AR M e B 45 5K
HAELEG K R iE FK 43 S5 T — A B Y B B
Bro BLEERS SCHRIL2 408 A A £ X 4 0 7 D i s
e T A B B RS — A AT BE T R I A JEORE S R 22
FBORFECT R R AN ] TR R A 2 R R AL
BN TR AL S A U L TS BT R AT AN T
2.2 FRXRWLERRTES N FERGFIE

18 1R A T AR A X W S A R R AR LA T AR
TRy 55,60,65,70 C T4 3 46 B4 #E A7 L5 1
JIE HE A 2% T AR HL IR 4005 O BE eI T R (B3R 2.

107

[=)} e}

KA
Moisture content/(g * g™)
&~

[\S}

o 0. .
400 500 600
THAg i)

Drying time/min

(b)) FT2IR M AETEA A TR T 59T 2

(=}

Bl R ek ROR A O T R 22

Figure 1
0.06 1
T.E 0.051
&
o 004¢
,_:%& 0.031
[

Drying rate/(g * g
o
o
]

10
K Gy
Moisture content/(g * g™)

Ca)  ASTR] V5 Al SRR AR B T ARl 32t 2k

Hotair drying curves of freeze-thaw malus domeri (Bois) chev.

0.16;
014}
o - 55C
‘£ 0.12} - 60 C
. ~65°C
5 Tog 0.10 -~ 70 °C
3’; 0 008}
=3
= 2 006
a0
£ 004

10
Kok
Moisture content/(g * )

(b)) FT2RA A AE AN [ T 400 LR B9 T o A gl 2

B2 ke KR AR TR A

Figure 2 Hot-air drying rate curves of freeze-thaw malus domeri (Bois) chewv.
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Table 2 Fitting parameters of four drying models

Newton Henderson and Pabis Page Logarithmic
HREh R W/ C

p RMSE  R? P RMSE  R? P RMSE  R? p RMSE
0 70 0.923 133.702  0.099 0.944 90.781 0.083 0.996 19.337  0.023 0.965 107.493  0.068
1 70 0.866 417.507  0.129  0.902 337.050 0.111 0.994 51.171  0.028  0.977 93.639  0.053
2 55 0.992  54.972 0.031  0.996  28.402 0.021  0.998 22.005  0.026  0.997 26.864  0.020
2 60 0.996 19.601 0.018 0.996 19.555 0.018 0.996 19.553 0.018 0.996 22.303 0.018
2 65 0.984  39.757 0.040  0.988  33.873 0.036  0.996 22.849  0.019  0.991 60.891 0.033
2 70 0.935 340.992 0.082  0.951 268.483 0.072  0.993 2 554.814 0.620 0.995 119.850  0.059
3 70 0.932 166.817  0.081 0.947 133.901 0.073 0.989 1103.323 0.597 0.998 224.276  0.137
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Figure 3 Variation of effective moisture diffusivity of

freeze-thaw malus domeri (Bois) chev. under

different drying temperature
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Figure 4 Scanning electron micrographs of the dried ma-
lus domeri (Bois) chev. (X200)
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