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X EG, ER G b B R H R ALER, [R] B 5 | A 2
PEATRLL, B E T LR FM ARG5S B i B R T
BRAERY | FZAR R AT X R AR T 4R A
TN [RIE [] B LA KA AR K o B A R AT IR
0, [t AT A A S 7K 202 B 0 TR i
AT, 7E SE PR A P A R A .
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1.1 #HE5iEKH

FEMH SRAFOBLE(BNE LN |
RIRE G TEMREEYHEAREGRAF) K
GABEH(RMER) EFWHKE (ILARTEE4E
RIARAE) B - R (E 254 Bk =0 A
FRAF]D) (AT METER (B EZE R L fh2si
FIAFED) FEEERs (E2EEALFRFERAF)
1.2 UBF5iEE

FEES 5 &R FISO sk TAES: (fin
K FISO £ R\ H]) \FOT-L-SD St £F i B 1% &
B8 (fingEk FISO $AR/AF]) JTH7700 NEC £L4hil
IR (3£ E NEC San-ei {{ 4% H FR/2H ). NN-
GDS68M #4 T fL I ( LA T LBk A R A
F]) \DHG-9245A A% X T 548 ( g 2R
A FRAT]) 80108 AR M S5 56 2 S REHL (R
K A% Torrington /A 7)) \H-S-G-IC-2 H #AfEH IR
KGR ( LI ERRLA A RAR) (R s
PR VERS (B LT A AR A IR A F]) A
FEXEL( EERE) .
1.3 Haf&

2ok 4 FOR > Pk - Pk ik —65
CHTRE->EETTR K ERERTER
7 1% ) - BRI IR B EG & 0. 14% , B A IR BE
40 °C, B[] 40 min ) — FH 8 7P {5 S B (B 75 T 4R X
Zh# 100 W, B [H] 10 min) — ZRANBIT50] (22 2FH0
W EBTH, SaERELR 6:4, KIHEE
H2.5% ,B-F0iNE 15% , o] i HEVERY 15% , 5Pk

B 3% ) >R > TR B8

WA AN T B2 8. 8 em [EILH, Wkt
JEBESY 5120 2 4.6 mm , ML 5t R SR 2 0 28 8
W E S JFRE T 20 CHEBANEA.
1.4 fKETE

VHEIR S T LA & 430 BT S A 4%
F LR, 7E BT T F (500,700,900 W)
PATTHRAL I, THR S AR h % 15 s BUR AR R AR

H,IF LA IR AR AR A5 A B TR B 2R
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VHEIRE 07 LA & 43 51 B T XU 1 A2 1
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Al PR EE , I P LT A IR S S A5 R i 2 T AR
EE2R, B2 THRERNIE,

R TR S I H, & A AT E 3
W BOPEME, I TR 4.

THRBRAKXIT

u=(X, -X,)/(t, -t,) (1)
KA :u BT HRER, BT KRR 1
K& (kg /s) s X, YR THRE 1, ME7KE(%) ;
X, YRR 0, & KE(%) 50,0 53518
IFTE](s) o

THREKBEAKXMT -

X=(6,-6,)/6, (2)
AXH:6 BT HRZEERZIM R E (kg) ; 6,
Je T R (kg) o
1.6 @ENNE

Fi 5 mL /NEREE LRSS, RFE1F,
TP — S i B T, 6 2 AN S H 6
L™ a™ 0", BFEE A FATIE 3 Ko Rl
P Loab B>,

LTACR P AT ]I (AE, ) B 22 /15

AE, =«/(L0 _LP)2 +(a, _aP)2 + (b, _bP)2

(3)
R :AE, HLLAR P L8  [E) B B 25 L
SRR (PR, L=0;H,L=100);a—+a 2}y
AR, —a HGEOE—+b0 NEERKE, -b K
E@E;LO\aO\bO SR EAK Liab :‘Fﬁjﬁ,
L,.a,.b, HEMH L.a.b K FE,
1.7 WRERNE

BAER 0.5 g T 10 mL /Npa#reh, A TE IR
EXRAR P (FEXHREE79.5 % + 2% ,20 C) & 15
SRR — IR, EEE PR ERZ BT
0.5% (£5%32.5 mg) ',

Am/M + M,

=T+ Am/M (4)

Ko H, R ; Am AR A & (g) ;
M Sy A B () s M, Rl WA 7K 43

HE(%) .
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1.8 BfIgERHItHE
BAIREFERIE LR 1 ke KITRENAE
(kl/kg) , AR AR T

3
Qs:txleO (5)
My

KA :Q, NEALREFE (KI/kg) 50 2 BT 5 B[]
() ;P BN FR(W) sm, HZERIKHITE (kg) o
LS R T R, P T3 2 450 W,

A B S BRI 2 0 % {5 A IMPT % 3 7+
FRIA T

fd R~ 1 000 mL BEAf, /KE (2 000 £5) g,
IR (20 £2) °C, 2B 2 min, W EH/ 5
PR FEZ 0.1 C,

WETHE P =70 x [ (AT, +AT,)/2] (6)
AT, 5 AT, 535 9 Wi AR K IR BE %, 3
NEEBRZERN T VFHME 5% Z N, HHEE
ISR, B A T 2R g 500,700,900 W s T X i
HISEBRINZR N 429 578 .693 W,
1.9 FHREBPSEGITSH

WETBRE - 1TERNERERT R, —
RRFLATS 3 b sy TR A B 75 AR X kLT 8
AR S B AE B R (Lewis ) | BAIF § A
%I (HF ;: Hustrulid and Flikke ) F1 Page %, H 3
KA -

TERUERY (Lewis) :

MR =exp( - kt) (7)
BATH 3 AR ( HF ; Hustrulid and Flikke) :

MR = Aexp( —kt) (8)
Page #5A .

MR =exp( - kt") 9)

iR 3 AR A Fy R E TR
RER(s™) ;KA MR = (M, -M,) /(M, -
M,) 5\ M, HHIERK 53, M, g ¢ B K53, M,
DV &K E e iTE]

FA#RA Origin 8.0 FATEE BT, HE)EH
HHK R B Adj. R’ (Adjusted R-Square) , £ 75 x°
(reduced chi-square ) FIFRFEL - 75 F1 RSS (residual
sum of squares ) FeA8 5 S 50 B % 55 A AU 1) 4H 56
BE

2 giR5ie
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500,700,900 W T TRt & & 1 frs.
VRERE 2.4.6 mm FYPRHEBE T %y 500 W
B A TR s R M R & 2 Fn . £0 3K T
TR RET A RN B, ZEME TR —E
A TFREHE T IR B B o B T4 o 72 i 7% 9 B[]
A8k 675 s (500 W/2mm ). 630 s (700 W/
2mm) 585 s(900 W/2mm) 870 s(500 W/4mm)
1 140 s(500 W/6mm) , 7E BBt , A R
BTRFMT , TR R E B RS, X2R
4 ER TR EE R — R, S AR RN EER
W, BEEIXLEREE MO, PR AE R, X SR
A LASE IR o 0 108 B T 465 R B 55 B K B W o
HFEXAH B, FEREN KRR . T
TR ) B KA A& 2. 022 x 1072 kg /s (900 W/
2mm) , FAf5 R FER BB, S T RSB
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Fig.1 Drying rate of CDP during microwave
drying (h =2 mm)
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Fig.2 Drying rate of CDP during microwave
drying (P =500 W)
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TR, FHRB R, X2 B TR B
MK o7& B B , R TR 2 Fe Xt #
HATTHRE A SRS R EZHAE, B
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FEZH TR EED, YERHRE LT
B, SYRR B HK AR E R TR
AT B, B ey FUK 3 F A&
JIHER, Wb 25 R 1R MR BE A B L A3 B, 3 B A
BESAWHE EAESE, BKkasd, B mRE
B, G 3 B, YRk T R B B AR AR 2 A
20 C 73] 105 °C, Pkt AL BE A 2 o R 1 (4 B
P TR M EAT TG I, ZE LK o B 4G TR
KR RAT , Hod 7K 4 F IR I B T
R, IR EA SRS T, HF A TR RS,
R, &40 BRI S, 5 5 r R
LSS
2.2 HETHRER

TR (7)) ~ (9) , BT 1R%
T2 B 7K R K 43 b MR, A Origin 8. 0 %%
Xt BR R 3 MEBIHEATIAEL HERF R 1, 76
AR e o SR AR BE T, 3 ML RL Y H 4K
BHEB G KIS R x* F1 RSS 433 F £ 1,
Adj. R* #i7 x° 1 RSS AR WIS o BR
T Lewis #LEI, BT B &4 F, Adj. R® Hj kK F
0.964 3 5 #4/NF 0.040 1,RSS #/hF 0.222 8,
Hr Page BiFIH Adj. R> KT 0.999 5, 45 f
X RSS Z+5I/NF 0.5 x107° 2.7 x 10 7°, 5525
BRI A BE B o T I AR R DA A Y
FOMAEA [R5 T 2 R RHE BT, TR

A RIS 2 97K o ER MR
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Fig.3 Temperature profiles of CDP during
microwave drying (h =2 mm)
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Fig.4 Temperature profiles of CDP during microwave
drying (P =500 W)

2.3 RRFHRESRE TR

K5 ot BN 4 mm FYLLRHAE AR
R BE B R o 120 C AR B 3R B/ g 500 W
THRAAE T HOIRBE BER [H] A5 A i 28 . 500 W 7
P M e B R 600 5,120 C H KT 1R Bt
ifE] 21 600 s, Rif & Fir 7 B 6] A 9 J& & #)
2.8% , WA 5 ff7n, 7 3 000 s ,120 C#UX T
BRAASRFER — B TIHRR B, THEZ G 4
HORFE IR BEAE] 90 CHY,500 W Al T4 41
TR AR 240 5,120 CHRT BN T
i E] 2 2 400 s, Br 75 i (8] M R B9 10 5, $UX
TR A B SO A, IR, 2k
K51, A BE 25 B 0 R 3% T K B — R O
B TR S 0 R B A 1k b BR R YR BE
AL R o X EE R i I N A — R T
BRALEE S X T A By 1 7% #4515 527 1) 4 R
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F1 AFREGROMETRERNSER
Tab.1 Model fitting results of CDP sample under microwave drying
kil JELJE/mm hH/W BRI SH R X (1071) RSS
K(1071)
5 500 0.076 1 1.140 2 0.9819 0.018 0 0.072 0
700 0.098 5 1.1427 0.980 6 0.016 7 0.071 8
900 0.110 3 1.1527 0.976 2 0.020 7 0.082 9
- 500 0.042 0 1.195 6 0.957 8 0.050 5 0.267 9
4 700 0.055 6 1.195 6 0.962 0 0.042 4 0.228 8
900 0.068 4 1.206 3 0.960 5 0.043 9 0.2109
500 0.035 1 1.2232 0.951 2 0.060 0 0.432 1
6 700 0.044 5 1.2209 0.954 3 0.054 3 0.347 8
900 0.055 3 1.217 1 0.953 8 0.054 8 0.290 7
K(107Y)
5 500 0.067 7 0.967 7 0.032 2 0.1320
700 0.087 7 0.967 6 0.027 9 0.123 0
900 0.097 6 0.961 6 0.033 4 0.136 9
Lowis 500 0.035 8 0.928 0 0.086 2 0.465 6
4 700 0.047 8 0.9370 0.070 3 0.386 8
900 0.058 5 0.934 1 0.073 3 0.359 3
500 0.029 5 0.917 2 0.101 8 0.743 0
6 700 0.037 6 0.923 0 0.091 4 0.594 4
900 0.046 9 0.923 9 0.090 3 0.487 7
K(107Y)
5 500 0.005 8 1.4759 0.999 4 0.000 6 0.002 3
700 0.005 7 1.557 6 0.999 5 0. 000 4 0.001 9
900 0.004 1 1.665 3 0.999 2 0.000 7 0.002 8
Page 500 0.000 3 1.8332 0.996 1 0.000 5 0.001 5
4 700 0.000 6 1.809 1 0.999 7 0. 000 4 0.001 9
900 0.000 5 1.893 2 0.999 9 0.000 1 0.000 7
500 0.000 1 1.914 9 0.999 4 0.000 8 0.005 4
6 700 0.000 2 1.917 5 0.999 4 0.000 7 0.004 5
900 0.000 3 1.940 2 0.999 5 0.000 6 0.003 3
120 B, N ER Y R R, B BORAT R
100t . } REE Y RHE B B AW s/ FE AR, HRlR
sl & . T AHT MR LR TRA R, TR
g . T, BERENE,
B eop " BT (500 W) I s
- . . HRHERE g 4 mm B 5 TP T8 5%
1 * RATHR (20 ©) TR PEXS LA BT 3R 2 R, FERIAT
209 BT, THREREBENZS . BT ERE
0 500 1000 1500 2000 2500 3000

iR/ s

ES FRFETER(S00 W) S5HX TR
(120 C) Wi #1%k (h =4 mm)
Fig.5 Temperature profiles of CDP (h =4 mm)
during het air (120 °C)
and microwave drying (500 W)

LA IR T Wt 50 DAy T3 T 7 1
Bto Fhi EAEX T84T o AR B, YRk
AR EEATIHRE R Ma, R Ak
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fitt ) B K T4 3R 7 600 ~ 1 800 s 3K F], 4351
0.63 x 107 (100 °C).0.82 x 107* (110 C) .
0.85x107°(120 °C) kg/s, BN Tt F Lkt
]2 420,390,360 min, fHiH T ) B R T M
/o3 B HE 255 (500 W) 180 s(700 W) . 135 s
(900 W) ik 3, & K TH#F 535 7. 46 x
107°.10.95 x 10 * [ 14. 34 x 10 kg/s, Kz KT
PR IXT SR 9 ~23 £, BT IR
Fpa et E) 4354 14.50.13.75.13. 00 min, T
B RS Ry R TR L B 3% ~ 4% o R FAXT
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BRAREL , P TR B B PR A 8 MR AL, Bl 8% FR) 25 8 i
SIFIK G o R J1 % R K BT o T aL
TN AR A W K b 48 S T A ok ] o £ 2 Y R
i o S 25 A XL BE ) P o T AR AR X R
PUMTEBLAR BIR BE A T, BOE BBV, YR
S Th LB 3% T 9L ARG, o P A K 20 B 1
L BOREREE T YRHE R BS54, o T 1 i B
GRS, 5 TONK N X I T iR
Yo WRBETHR &S B I, Yok S TR BT,
R THEBHES) ), KRR B AR i
i FRO I AL BE {68 40 W R 7E TH A B B T 2 A
W, IR AR Ak, W1 SR ARG, IR k22
PR T BRI AR P2 T RRIR B TR TR, X
FERTEMRIRER TR & KRR . HRRE Y 4
mm B, B AR SR i A 0 20 A R 1

o N, X T i R E RS
WA —E MR, — RO, R R
4 AR AR GE o X T AL RERE, S TR A
T IFGBR , B REFEAR R ;s X THRACAE T, #4
R BEHOR, B BERERL/Ne WSR2 TR, B
TFHR B BB I /N TR T 57 RERE , - 3
REREIN NG H 1 0.65% , Bl 5 & 75 B 1 T 1Ak
FERIIKHT & ) 153 £ o X N AR RA 8
R T8 S HE AR, BT LA REREAR =1 , #R 1 A
Ko AILMRME TR T THRER, YT
AR 18] A0 TR ERE , (EL2 B T R B4 0 PR Fr
TYIRHEE A 4508, LA R B, B2
/N, LB LE A SR RERE A IR A 2 R AR ATk
PRETHRARAF

R2 WEMARTEEROWERYE
Tab.2 Physical properties of date powders dried by microwave and hot-air drying method

KR L B

THOIR wEmm (K THE fﬁi%ff - gﬁ‘?’& T BARE(107) ERE(10° k/ke)

500 11.25 14.41 45.5 8.51 18.97 4.24 8.86 3.50

2 700 10.50 18.75 43.46 8.80 18.37 6.21 8.68 4.40

900 9.75 20.22 47.83 7.13 18.51 3.75 6.84 4.90

500 14.50 7.46 49.67 8.35 19.37 2.09 8.80 2.30

TR T 4 700 13.75 10.95 47.85 7.97 19.98 2.45 8.52 3.00

900 13.00 14.34 46.57 9.32 19.82 2.76 7.33 3.40

500 19.00 5.95 33.97 9.22 15.00 16.18 10.13 2.20

6 700 16.75 8.25 33.52 9.47 14.9 16.63 9.99 2.60

900 13.75 11.15 45.34 8.96 18.44 4.48 7.82 2.60

100 340 1.27 41.49 9.89 17.98 8.08 12.28 600

2 110 310 1.32 38.09 9.72 15.73 12.07 11.54 5 500

120 280 1.61 41.41 10.55 19.17 7.88 10.24 4 900

100 420 0.63 51.08 9.04 22.61 2.95 12.43 6 500

X T4 4 110 390 0.82 45.7 10.54 21.18 3.54 10.58 3 500

120 360 0.85 40.62 10.21 18.77 8.72 10.40 3 300

100 460 0.48 49.64 8.74 20.60 1.32 11.87 6 300

6 110 430 0.56 45.33 8.87 19.80 4.04 10.48 2 800

120 400 0.60 44.15 9.15 19.07 5.28 9.15 2 600

3 g

AWIFEHEE T W TR LA B TR AR,
HGEGEHRNTRIELT T X b, BFIERM:
P12 B 00 o T R B B, B B
BB O T 3R | SRR BE X 41 AR B TR
R THRFHER MR, Page BRI LIXFLL R
K HBOE)Z T RS BET R MG, Eidi%
RREY AT LA S T4 25 AF T B9 AS [ B ] A9 4124
HFE I K S B HEAT B, R At AT AR 4

REZKGr BT TR (] AT B R EOXT
WRAR LL , S TR THIR R, I 3 T Rk
P TR Al i > F KT . EH RS
TRRAEFE IR TR XT e, (ER R T SRty
HIPREE T W0RL B [ R G54, 20408 R PR 84T
BERMEUN, HILLR G 5 E | BEFE S R
TRPESFIRAR , % BRI 5 PR TR I T
TR LA . ABTIE IS5 R e BRXUER &
TR AR PR T HE Rl BE FES K
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Study of microwave drying characteristics of China date paste powder

LIU Juan-juan, CHENG Yu-dong, JIN Yin-zhe
(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The drying properties of China date paste (CDP) during its processing to powder under microwave
were investigated. Microwaves of 500, 700, and 900 W at 2 450 MHz were used for drying CDP samples with
spreading thickness of 2, 4, and 6 mm, respectively. Hot-air of 100, 110 and 120 °C were also conducted for
drying the samples for comparison. Three kinds of drying models of exponential model (Lewis) , Individual
diffusion model ( HF: Hustrulid and Flikke) and Page model were used in the fitting of MR of the CDP
samples. The results indicated the temperature of CDP dried by microwave rose faster, which could increase
drying rate and save drying time and energy. But the hot air drying had a better structure and hygroscopicity
and smaller color difference. Page model shows the best fitting in drying process of CDP samples during hot-
air and microwave drying.

Key words: China date paste; microwave drying; hot-air drying; drying rate; drying model
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