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Table 1 Applied pulse sequence parameters

BB 4 AR EX 3 HAA
EX SF 18 MHz
18 # 90 % 01 600 964.45 kHz
90° Bk # B 7] Pl 12 ps
180° fik i B i) P2 26 s
FAE B D 565 556
F 4w W 2 000 ms
B Ak NS 4k
1 3 B 1) TE 0.377 ms
= 9% K NECH 15 000
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Table 2 Mulii layer spin echo sequence parameters

Hdik 4 Ak K H AR
s 9 A SFO1 23.16
=3¢ Slices 3
V¥ Slice Width 3.0
S T 1 Slice Gap 1.0
= K B IR TE 20 ms
T HF et TR 500 ms
BEILIG H RG 20.0
R A k3% Averages 4.0
VIES YR Read Size 256
A Y B 7 AR Phase Size 192
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Table 3 Common drying mathematical models"?

Vi B 4 AR A K X 2ok Ak X
1 Page MR = exp(-kt") In(=InMR) = Ink+nlnz
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4 Modified Page

MR = exp(—kt)"

In(=InMR)) = nlnk+nlnz

TE kAT EEE b o on FTEERE R TEEE (h),

1.6 HEFELQESHHF

IR ¥ o 3 Y SN E B, SR
Excel 2010 ¥ &% 3 H Origin Pro 2019b # 17
2t AR RIHA

2 HERE5HWH
21 BRFRERMZE

1 Sy 4 Fofr g ik B 285 5 A (] B0 XU B2 19 A5 1
T At 2, i & 1 AT A Y R K A Rl
TR ] ) A R G FRAR A B, TR R
P S PR T S B A B S, A TR R
P S T G B SR TR BRI, 28T AR
Qb B A T R AR R S R AR AL, T AROK
TS RV AL B A R Ay 1 A5 R 3 o e S I O IR A
b, JEHIEAE 40 CCHI 50 CHY T4 5 5 B 45y B
8, 33X AT RE R HAOK I R AL BRSO IR TR
TEWT A A USSR IR B IR B AMIR K 43 R

M B ER AU, FECT R IR R K 5
P HCRH 7 35 K

TR IE A 60 CCHE 4 Flt i Ak FH 1) £ KT 1k
R AR 8 /N, ok Ak BRAS T
Wil R KM 0.51 ¢/ (g-h), =T HREE 40 CHY
222 1% BEE TR MRS EAT , WK 20 TR )
R TR, T HURE BN ERK 8 HCh
F o TR IR R R R A SR S R e I B A
b B G BH A% 7K 43 1R Y SO0 T M ol e e T s
WSS,
22 KOBHIHEREH

T aak R K 53 T R RS 1 SR, B
RO 8 A 3RO KA A i R B K
SRR 4 AT 28 4 Fh AL B A
FEN R R 1 Dy Y8 A 5.9637x107~1.3530%
10°m¥Ys, [Fl—WALEE TR |, D, Bl AR BE (4 T 5 1
Sy N L T - L= 1O O o [ 7 G 7 A



314

mo2E 4R 2024 445 8 1

5.0 10.40 5.0 0.45
%4'5 40.35 /;\04‘57 0. 40
< 4.0 B 4.0[VE 0.35
: {030 = = ) Py
< = w
ﬂﬂﬂﬂg e n 23 I
2 3.0 109258 I8 530 O
x = C: ¥ £ & 0.25 t,z =
595 0.200 S 41 g 25 g ® 2
= =z S = I
= g [FRER g‘; a 0.20 T =
k an = =
'\— % 2.0 0.15 E H_ E’ 2.0 !’; E sg . %‘Q
3 £ 3 Al e :
S 15 Q E1s B ?E E
= 0.10 ; =l . id
L0 g 1o N :
= 5 c L
0.5 ) 190 E s g gg 0.0
% . oG, N H KEm gl T -
0.0 25 ﬂ= I?= | VEm Bl Bl bl 0.00 0.0 i) éa'. i i, el il f ) & 0.00
4 12 16 20 24 28 32 36 40 44 48 0 4 8 12 16 20 24 28 32 36 40 44
T4 ] [ T 45 5} i)
Drying time/h Drying time/h
(a)POKIEEZ (b)ZEVR R
5.5 0. 60 5.0p 0.45
,;05.07 0.55 45 ggg? 040
=45l B 0.50 B0 1 =k
%, 7 a E A 50 CTF 0.3 —
F 4.0 - 0k = mog g &= 60 C =
2 g 0.40 T = g 0.30
- 1 2 /= X
Hj\igzo ? 0354{&@ %53'0 7= 0‘25;@%
g ? 0‘30;43 &1 g25 E 5 ® 2
] | H S om £ 020 i o
- 7 0251 o 20 b g
2 20N R B g
2 2. 7 g = 7= 7 0.15 [
g /d &2 R Bus P S
° LSRR 0.15 4 N H e
= 7 510 a- 9 0.10
£ Lol £t = 1Y
& / 0. 10 § aE ? -
= ostilll 0.05 03 : g; g :
0.0 L4 g ?= é = 125 TR 0.00 0.0 = 025 125 125 L 0.00
0 4 8 12 16 20 24 28 32 36 40 44 48 52 8 12 16 20 24 28 32 36 40 44 48
RR 1] T 1 [
Drying time/h Drying time/h
(o) P i (d) i db 3
1 AEHRKREETERNTRERMEL
Fig.1 Drying rate curve of cut apricot under different hot air temperatures

— KRR, 45 T Ab B 25 A T IR IR BE 1) Dy AT
TE g — MU Hoh TR B2 O 40 SC, i b 3
IR D,y Y353 7.0x10° m?s LA b, 1 i
60 CHF D,y BRZEIRIE RSN, HAR T ib AR A2
K GT7 2250 B rl AL 4 Fidr €0 a3 07 CHE 4%
BT ERE D,y JC 35 22 5 (P>0.05) , B 28 4 Fh
PO, TR B X TR A B b K A
Bl g VR .

2.3 iEMEE

T Ak B 27 YR T M e 55 B K 43
T LR S RE R, [A)42E S WA Rl AR 1 M B AR
., M I(5) 8 InD,~ 1T FEATENE LS R IR
B A=—E, /R HE E,, MK 2 iR, &iHE5H

E, 53 M 24.96 kJ/mol (# K EE ) 17.56 kJ/mol

(ZRIRIBLZ ) . 27.87 kJ/mol (T i b FE ) 1 20.08 kJ/mol
(FRAL ) X E, A 22.62 kJ/mol , ¥d B T 4 it 72
LB 1 mol 7K 4375 2 (11 34 g 1t e /D 75 2L 22.62
kJ, & UL B S Rk T i R s A RE AR 15~50
kJ/mol 35 Bl N9, 4 7 337 b B AR A B 7% 1k RE
Hef, 3K AT AR AR B R SR B IR T A 2 R A4
(e 8 M AL T B IR BRAL RS 1 40 A X, AT
WRAKSTFHHERSTFHSEEIS, I B0
ARFR AT FTE A O, AR T R T 4 fE
AR,

24 HRTHRER

24.1 TREAINHE  FT Origin 2250 Hr ik
TR, XF 4 FEs WLACE T AR 5 SR K 4 e iR AT
PG EERIES,



5524 % 458 FRALFL AT R FERB R ARTF B4R R TH Y 315

x4 FREBETEANAIRKST HREH

Table 4 Effective water diffusivity of apricot at different temperatures

T4k 52 T 8% E/C LML T AR F R FH(RY) K o3 F (D)
F S 3 40 InMR = -0.0638x + 0.2693 0.9686 6.4709x107
50 InMR = -0.0841z + 0.3120 0.9512 8.5298x107
60 InMR = -0.1326: - 0.0814 0.9670 1.3449x10°°
ARARR 40 InMR = -0.0726x + 0.0013 0.9807 7.3634x107
50 InMR = -0.0841x + 0.0146 0.9875 8.5298x10~
60 InMR = -0.1216x + 0.0959 0.9613 1.2333x10°
PR AL 2R 40 InMR = -0.0588x — 0.0488 0.9873 5.9637x107
50 InMR = -0.0904x + 0.1840 0.9869 9.1687x107
60 InMR = -0.1327x + 0.1874 0.9883 1.3459x10°
B AL 3R 40 InMR = - 0.074x + 0.0444 0.9839 7.5054x107
50 InMR = -0.0895x + 0.4431 0.9500 9.0775x107
60 InMR = -0.1334x + 0.1808 0.9877 1.3530%x10°°
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Fig.2 Linear fitting relationship between effective diffusion coefficient and temperature
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Table 5 Fitting results of four drying models
wmon maem Bk £ A B A R’ X RMSE
Page #HARIZR 40 y=1.2447x-3.832 n=1.2447 k=0.0217 0.9505  0.0033  0.0528
50  y=1.4860x-4.3621 n=1.4860 £=0.0128 0.9700  0.0037  0.0545
60  y=1.1968x-2.6227 n=1.1968 £=0.0726 0.9717  0.0018  0.0355
AAZE 40  y=1.0335x-2.724 n=1.0335 k=0.0656 0.9914  0.0004 0.0175
50  y=1.4975x-4.1819 n=1.4975 k=0.0153 0.9708  0.0020  0.0401
60  y=1.4994x-3.612 n=1.4994 k=0.0270 0.9584  0.0028  0.0448
fak 2@ 40 y=1.0710x-3.0408 n=1.0710 £=0.0478 0.9900  0.0006  0.0224
50  y=1.4237x-3.8697 n=1.4237 k=0.0209 0.9880  0.0007  0.0236
60 y=1.7041x-4.1109 n=1.7041 k=0.0164 0.9603  0.0047  0.0562
R AL 2 40 y=1.1559x-3.2959 n=1.1559 k=0.0370 0.9626  0.0023  0.0434
50  y=1.7209x-5.1147 n=1.7209 k£=0.0060 0.9967  0.0004 0.0182
60 y=1.4410x-3.4273 n=1.4410 £=0.0325 0.9963  0.0004 0.0161
Wang and #/KIEZ 40  y=0.0003x"-0.0345x+1.0187  a=1.0187 b=-0.0345 ¢=0.0003 0.9830  0.0025  0.0436
Singh 50 y=0.0004x>-0.0412x+1.0466  a=1.0466 b=—0.0412 ¢=0.0004 0.9747  0.0045 0.0571
60  y=0.00194"-0.0868x+1.0034  a=1.0034 6=—0.0868 ¢=0.0019 0.9929  0.0016  0.0317
AAZRZ 40 y=0.0007x*-0.0499x+0.9616  a=0.9616 b=-0.0499 ¢=0.0007 0.9955  0.0300  0.1500
50  ¥=0.0008x2-0.0579x+1.057 a=1.0570 b=-0.0579 ¢=0.0008 0.9895 0.0023  0.0413
60  y=0.0017x>-0.0845x+1.0568  a=1.0568 b=—0.0845 ¢=0.0017 0.9837  0.0037  0.0481
ek 40 y=0.0005x*-0.0441x+0.9777  a=0.9777 b=-0.0441 ¢=0.0005 0.9915  0.0021  0.0410
50  y=0.0008x*-0.0571x+1.0362  a=1.0362 b=—0.0571 ¢=0.0008 0.9942  0.0013  0.0298
60  y=0.0018x"-0.0865x+1.0656  a=1.0656 b=-0.0865 ¢=0.0018 0.9729  0.0063  0.0600
B AL 2R 40  y=0.0005x’-0.0447x+1.0074  a=1.0074 b=-0.0447 ¢=0.0005 0.9884  0.0021  0.0402
50  y=0.0003x*-0.0383x+1.0562  a=1.0562 b=-0.0383 ¢=0.0003 0.9878  0.0032  0.0475
60  y=0.0015x"-0.0766x+1.0262  a=1.0262 b=-0.0766 ¢=0.0015 0.9947  0.0011  0.0254
Henderson #7KiZ#% 40  y=0.0638x-0.2693 £=0.0638 a=1.3090 0.9686  0.0160  0.1163
and Pabis 50  y=0.0834x-0.3571 £=0.0834 a=1.4292 0.9471  0.0311  0.1596
60  y=0.1278x+0.0022 £=0.1278 a=0.9978 0.9679  0.0031  0.0479
AARZER 40 y=0.0728x+0.0131 £=0.0728 a=0.9870 0.9808  0.0006  0.0215
50  y=0.0822x-0.1308 k=0.0822 a=1.1397 0.9849  0.0043  0.0594
60  y=0.1216x-0.0959 £=0.1216 a=1.1006 0.9613  0.0079 0.0771
ks 40 y=0.0588x+0.0488 £=0.0588 a=0.9524 0.9873  0.0014  0.0351
50  y=0.0901x-0.1974 £=0.0901 a=1.2182 0.9861  0.0070  0.0749
60  y=0.1322x-0.1983 £=0.1322 a=1.2193 0.9872  0.0152  0.1041
AL 32 40  y=0.0688x—0.1128 £k=0.0688 a=1.1194 0.9817 0.0045 0.0614
50  y=0.0847x-0.4075 £=0.0847 a=1.5031 0.9394  0.0402  0.1793
60  y=0.1308x-0.232 £=0.1308 a=1.2611 0.9822  0.0152 0.1042
Modified — #/KZE® 40  y=1.2447x-3.832 n=1.2447 k=0.0460 0.9505  0.0033  0.0528
Page 50 y=1.486x-4.3621 n=1.4860 k=0.0531 0.9700  0.0037  0.0545
60  y=1.1968x-2.6227 n=1.1968 k=0.1118 0.9717 0.0018  0.0355
AARZRER 40 y=1.0335x-2.724 n=1.0335 k=0.0717 0.9914  0.0004 0.0175
50  y=1.4975x-4.1819 n=1.4975 k=0.0613 0.9708  0.0020  0.0401
60  y=1.4994x-3.612 n=1.4994 k=0.0899 0.9584  0.0028  0.0448
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BEA 4 AR TR &£ A BEAD A R X RMSE
BRI 40 y=1.0712-3.0408 n=1.0710 k=0.0585 0.9900  0.0006  0.0224

50  y=1.4237x-3.8697 n=1.4237 k=0.0660 0.9880  0.0007  0.0236

60  y=1.7041x—4.1109 n=1.7041 k=0.0896 0.9603  0.0047  0.0562

AL 40 y=1.15592-3.2959 n=1.1559 k=0.0578 0.9626  0.0023  0.0434

50 y=1.7209x-5.1147 n=1.7209 £k=0.0512 0.9967  0.0004 0.0182

60  y=1.441x-3.4273 n=1.4410 k=0.0927 0.9963  0.0004 0.0161

&5 nl A, 76 4 Fif AL R? x* RMSE HY
AR Ak 05 B 43 5 4 0.9500~0.9985 ,0.0002~0.0474 ,
0.0105~0.1948 , #1534 K 22 T8 K, R BE L 4 Fp

YT A [ 5L B2 A 2 2 M) S S ELAE b P 4L
BRERBIHR bR HR I 6,
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Table 6 Fitting effect evaluation results of four thin layer drying mathematical models

A2 HER 5 R? e RMSE
HokER 1 0.9641 0.0029 0.0476
2 0.9835 0.0029 0.0441

3 0.9612 0.0167 0.1079

4 0.9641 0.0029 0.0476

AR 1 0.9735 0.0017 0.0341
2 0.9896 0.0120 0.0798

3 0.9757 0.0043 0.0527

4 0.9735 0.0017 0.0341

ST 1 0.9794 0.0020 0.0341
2 0.9862 0.0032 0.0436

3 0.9869 0.0079 0.0713

4 0.9794 0.0020 0.0341

LS 1 0.9852 0.0010 0.0259
2 0.9903 0.0021 0.0377

3 0.9678 0.0199 0.1150

4 0.9852 0.0010 0.0259
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Fig.3 Verification of hot air drying model of sliced apricot under different pretreatment
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Effects of Pretreatment on Hot Air Drying Characteristics and Water Migration of

Saimaiti Apricot Slices

Chen Kai!, Wang Xuefei',
(‘College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumqi 830052
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Abstract To study the drying characteristics and water migration of Saimaiti apricot slices after different pretreatment
during hot air drying. Samaiti apricot slices was used as raw material, the drying characteristics, effective diffusion coef-

(40, 50 C and 60 °C) after four kinds of

pretreatment (hot water blanching, steam blanching, microwave treatment and sulfur treatment) on the basis of eliminat-

ficient and activation energy of water were investigated at three temperatures

ing enzymatic browning, and the drying kinetics model was established. The relationship between model parameters and
(LF-NMR) and magnetic

resonance imaging (MRI), the lateral relaxation time and pseudo—color images were used to elucidate the water migration

drying temperature was studied. Further combining with low field nuclear magnetic resonance

in apricot slices during drying. Results showed that the drying time of apricot slices compared with 40 °C was shortened
by 41.67%, 36.36%, 53.85% and 50.00%, respectively. D, increased with the increase of temperature, mainly in the
range of 5.9637x107 m%s to 1.3530x10° m%s. For model fitting based on drying kinetics, Wang and Singh model was the
most suitable model for blanching and microwave heat treatment, with R* of 0.9929, 0.9955 and 0.9942, respectively,
while Page model was the most suitable model for sulfur treatment without thermal pretreatment (R?=0.9967). The results
of LF-NMR experiment showed that the surface vaporization was the main factor in the early drying stage, and the free
water was the first to be removed. In the late drying stage, the water diffusion was controlled by internal diffusion, and
part of the free water was converted into immobilized water and bound water, and the water diffusion rate decreased.
Color protection pretreatment combined with hot air drying had certain effects on drying characteristics and water migra-
tion of apricot slices. Analysis of variance showed that there was no significant difference in D, of the four color protec-
tion treatments at different temperatures (P>0.05), and the drying temperature played a decisive role in the water diffu-
sion during drying. Combined with low—field NMR technology, the drying time of apricot slices in microwave and sulfur
treatment group could be shortened by 4 h at 50 °C and 60 °C compared with that in blanching treatment group.
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