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Abstract: The effects of convective-infrared radiation on the product quality of dried mulberries a different connective drying
temperatures (60, 70 and 80 °C) and infrared powers (675, 1350 and 2025 W) were investigated. The result showed that the connective drying
temperature had a more significant impact on the drying rate. The drying process was a falling rate drying. The effective moisture diffusion
coefficient of mulberries ranged from 2.67x10° m?k to 841x10° m?k according to Fick's Second Law, and it increased with increasing
temperature and power. The drying activation energy of mulberry was 53.99 kl/mol according to the Arrhenius equation. The experimental data
regarding the combined convedtive-infrared radiation dryingprocess of mulberries was fit accordingto the Page model. The bestproduct quality
was obtained under the conditions of 70 C and 675 W. As compared with hot air drying and freeze drying, the convective-infrared radiation
combination significantly shortened the drying time and improved the product quality, as indicated by the greatest total phenol content (30.33
mg/g) and greater anthocyanin content (11.55 mg/g). This study could serve as a theoretical foundation for convective-infrared radiation drying
of mulberries.
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Table 2 Effective diffusivity coefficients obtained for mulkerries
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70C,1350W |y MR- 253x10“t 0110 0982 577
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R 2 HIH T ANENAES AT BRSNS
TIEEROKD Y B Z S HEE 2 71, TR A
ROK Y BURECE W 2 2, B A TR IR 1T e
FESEROK T BR S 60 “CHF A 2.67>10° mifs Tt
%70 ‘CHH 5.77>40°m%fs, HJ 7 80 “CIik Bl K

169

—4
INnMR = -3.69%x10 t—0.12




M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

1 8.41<10° m/s. B, THEXT A (K ROk ik
REIRE e T . R, AR B SRR AT
Feih b, nEIE R E A PR SRR E AT R . T
TR TR, R A RUK Y H R B AR R
BE/IN: TELTANINER A 675 W B, M 5.29%10° m?/s;
2025 W IR 2., 5.66X10° mfs; TELL 4132 1350
W B B 5 il 5.77X10° m%fs. S GR-4r 4N A
TIEEE RUK 39 R B KT #HIRFERAROK T8
BEH 4.6900%° mAsB, X PR R- NS T
PRI FE, 2 IERE IR AL A AR S AT REAE IR N
HRAR U 7 ) A8 RN T4, B BOK 3 R BUE R,
SR TR A A T g

a 40}
35k
30F
25F
20F
1.5F
1.0F
0.5+

FERERE / [g/(gh)]

00 0 1 2 3 4 5 6

FIEKE / (Pe)

40+
35F
30F
251
20r
151
1.0F
0.5
0.0

o

FARE L / [g/(gh))

—— 675 W
—— 1350 W
—— 2025 W

0 1 2 3 4 5 6
FHREKE /(we)

3 FEFTRTIERE @) ST (b) THIRER R -5
BR & THREAR Lk

Fig.3 Conwectie-infrared radiation combination drying rate

curves of mulberries under different connective drying

temperatures (a) and infrared povers (b)
2.3 ZEAMAW-LLANER BT RE ik

SR LA T8 R TR FE (LA D3
SE N 1350 WO FIZK 738 8 B AR B R R W B 4 B
P P A R LR B R ) RERAE AN A7) T RASK H 5%
R T4 0EAL BE Eo N 53.99 kd/mol. I SCik 2 v]
1, SAESSR-LLAMN AT i e T 1L A (27.90
kJ/mob) BIFISE SR B (36.58 ki/mol) BY, i T-4174¢ (54.51
kIimoD ™ %% (67.29 kIimoD) “URIFGN K (78.93
kJ/imol) M2t

170

184
1861
-18.8 |
-19.0} .

LnD_;

-19.2+
-194
-19.6

198}

282 2.84 2.86 288 290 292 2.94 2.06 2.98 3.00 3.02
1/(T+273.15)-10°

4 IER-LIINK AT IR ESKS B R RS AYX Rz

Fig4 Correlation curves of convective-infrared radiation

combination drying temperatures andeffective diffusion
coefficients of moisture
E: TAHTREBE, C;, RPAAK AL Dkt 247
HEHK mk,

24 TR HFBBEI G

R3 TNEFIFR-LIINK ST IRE T RIETIRIER x *. RFOSSE
&
Table 3 R?, /2, and SSE of mulberry drying models under
different connective-infrared combination drying conditions
AERL 4 AR F At R? 2 SSE
60°C(1350W) 0.99537 3.92x10“ 0.00744
70°C(1350W) 0.99712 2.89x<10* 0.00318
Page 80°C(1350W) 0.99882 1.41x10* 9.86x10*
650W(70°C) 0.99791 1.82x10* 0.002
2025W(70°C) 0.99141 8.49<10* 0.00934
60°C(1350W) 0.99463 4.54x10“% 0.0864
70°C(1350W) 0.99387 6.13x10“ 0.00675
Modifiedpage 80°C(1350W) 0.99428 6.81<10* 0.00477
650W(70°C)  0.99792 1.82x10* 0.002
2025W(70°C) 0.99137 8.49x10“ 0.0093%
60°C(1350W) 0.99464 4.54<10* 0.00863
70°C(1350W) 0.9942 5.80x10“ 0.00633
80°C(1350W) 0.99467 6.35x10“ 0.00445
650W(70°C)  0.99591 3.55x10°* 0.0039
2025W(70°C)  0.9905 9.37x10“% 0.0103
60°C(1350W) 0.99675 2.76x10“ 0.0049%
70°C(1350W) 0.99552 4.48x<10* 0.00448
80°C(1350W) 0..99591 4.88x10“ 0.00292
650W(70°C)  0.99568 3.77x10* 0.00377
2025W(70°C) 0.99299 6.90x10“% 0.0069
60°C(1350W) 0.99401 5.08x10“* 0.00863
70°C(1350W) 0.99292 7.09x10“ 0.00638
HTR

Henderson
and Pebis

Logarithmic

Two-term
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BELER
80°C(1350W) 0.99253 8.89<10* 0.00445
650W(70°C) 0.99888 9.80x<10* 8.21x10*
2025W(70°C) 0.98836 6.00<10* 0.01031
60°C(1350W) 0.99593 3.45x10* 0.00655
70°C(1350W) 0.99729 2.71<10* 0.00298

eg"gngtrlgl 80°C(1350W) 09826 0.0014  0.00979
650W(70°C) 0.99899 8.82x10* 8.21x10*

2025W(70°C) 0.99142 8.45X10* 0.00845
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AL BT 6 MNECERR R LE T 1) 0.9800
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Table 4 The effects of drying temperature on the quality of
dehydrated mulberries

TFRE LEFRE
EIC  &/(mgg)
60  9.7020.014* 3.700.064° 0.8640.045° 11772.29445.13
70 8.7520.012° 3.7820.048" 1.11+0.136* 9085.434530.02"
80  6.0540.06° 4.0140.048 1.34140145" 6736.084502.35°
E: FABAET R FHRER —TRAHTEREE (P
<0.05), FF.

FELTHNHERAE E (1350 W), ShuiR BEAR Ak ) 4%
R, R 4 R0, SEUE AT R 2R T
FERFER TR TR, A E {ERE T8RO T i
Ko IXA]HeAE RN b B s, B e (e K
AT B, PR SR TR S R A B

AE HoKk RE(N)

B, [N, ER N SRR RN S R E R
AT RERAE T SRl RS, f AT 4 i A E IR
A MG RE R, R RO K EE R B T
HER, WEREN Sz o 32 R AR A T A P R T
FMIK A BT 8RB 267<00° m's F+ &
8.41x10° m’ls, TR IR, TR~ ShFLBY &
B4, STOK sk, BRI . (H7E TR ) 60 C
I, FREREC, A O T 80°CHY, Mkt
N RAERE RIS, TR 70 CI, Yk
TR A, SRR, BRI, ZREFRE, RHW
X IL- ZLA MR AR TR B+ 70 °C.
25.2 AR T IR T FExf AT
H) Fe s 8GR R
< 5 LTHNN ERN S T4 P Sa R B2 M
Table 5 The effects of infrared power on the quality of
dehydrated mulberries

ashz FLEHR

AW BR(myg ~AF A

B (N)

675  9.3440.298" 3.7140.064° 0.90+0.045" 8843.18+14513
1350 8.7520.012° 3.7820.048 1.1120.136° 9085.434530.02°
2025 8.780.121° 3.7740.048" 1.17+40.145" 8620.402402.35°

TR 2N 70 CHY, ARDANIERT, T4
FEEL AN EL IR 5 BT R. R 5 A A, Sy
R B LA DI T >, A E EREZL A1) 2
(Tt B R . X TR N LA IR 3G K, T
PRI LR B R BRI OR, e mr iR TR AR
SRR, FMAE O R AR, R
FEHA, AE{H K. £ 5 MSLKhs kiR, T
P2 K LB 24N Dhae R i K, A G . 2
P SFHRIIBERAE, BEELLAN DN T,
SRR TR, TR /M3 1350
2025 W 6141, WIRbK A B8 BUREUE K, T4
LRI 2, BOKIESE LTF, (EYRER 25 .
ML AN 675 W B, T aFE LR, B
AR R, PR ThER Bk 675 W,

2.6 FETFEEF AT M T8 =& &

F 6 NEITF 17 X SrE 45 =5 SRR B9S2 i)
Table 6 The effects of different drying methods on the quality of cehydrated mulberries

F i K & EFREGZ/(myg) AE K BB (mg/g) A2 (N) ML FERETE /N
TR 3.7740.02° 3.940.04° 0.8420.00° 22174017  1408128+4362.63 1544313 92000°
St NI T R 11.5540.26 3.7640.05° 1.1140.14°  30.33303%F  8290.43463952° 19.642.70* 6+000°
AR AR TR 18.8840.35 5.2240.02° 1.5840.05° 27.6640.17°  1833.22464736° 3.2#.30° 4840007

ekh, =R 3 S K S AT R K
B I%I A FRGERIRE N 70 °C, KUK 25 mfs; 20

APk PR AR TR 70 CRIZLAIZ 675
W; HZERRTRAAEY 0.01 mbar, AHHEE N
1
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