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Heat-pump stage-changed drying characteristics and product quality in
comparison for seedless thick-skinned grapes under different pretreatment
conditions

ZHANG Bo, JI Chang-ying, XU Wei-yue, JIANG Si-jie, SONG Zhen, CHENG Hui
(College of Engineering , Nanjing Agricultural University, Nanjing 210031, China)

Abstract:  To solve the drying problem of seedless thick-skinned grapes, such as long drying time, low production
of dried grapes and high energy consumption, heat pump drying machine was employed in analyzing the drying characteris-
tics, quality index and drying model for seedless thick-skinned grapes by comparing half-cut and normal ones under stage-
changed temperature and humidity conditions. Results showed that under the drying process which was heating-up stage of
45 C, 55 °C, 60 °C, 65 C, while the corresponding relative humidity was 60% , 40% , 20% and 10% respectively, com-
prehensive quality of the dried half-cut seedless thick-skinned grapes was superior to normal dried grapes, and the color val-

ue of L" was 39.52, a” value was 7.22, b " value was 9.12, rehydration rate was 0.33, sensory score was 8.4 and hardness

value was 0.42 N, vitamin C content was 4.4 mg/kg.
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Finally, eight kinds of commonly-used drying model were

adopted to fit and compare drying process data for half cut
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Table 1 Testing program of heat-pump stage-changed drying of

seedless thick-skinned grapes
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Table 2 Common drying models for agricultural products
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Fig.1 Drying characteristic curves of half-cut seedless thick-skinned grapes
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Fig.2 Drying characteristic curves of seedless thick-skinned grapes
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Table 3 Quality of dried seedless thick-skinned grapes under different drying processes
TRTZ b G Skl ERE s Ve Bt
L™ a’ b*{H (N) (mg/kg)
45 CAR 1) 34.91+0.62 7.00+0.44 6.07+0.35 0.33+0.02 8.1+0.3 0.36+0.07 5.3+0.9
I 34.03+0.57 5.05+0.33 -1.64+0.36 0.01+0.01 7.6+0.2 0.56+0.09 3.9+0.5
55 CAEE 4] 34.04+0.89 7.33+0.63 6.31+0.27 0.29+0.04 7.50.2 0.54+0.08 4.1+0.7
IEH 33.39+0.97 6.25+0.59 -1.69+0.31 0.01+0.01 7.1+0.1 0.64+0.11 2.8+1.0
65 CAZ 4] 33.65+1.07 8.64+0.83 6.62+0.67 0.30+0.05 7.1+£0.4 0.66+0.09 3.4x1.1
EH 32.97+1.22 6.81+0.94 -1.84+0.52 0.02+0.01 6.7+0.5 0.70+0.13 2.1+0.9
7 AR I +) 35.32+0.67 7.22+0.48 6.12+0.42 0.33+0.03 8.4+0.4 0.42+0.07 4.4+0.8
IEH 34.98+0.59 5.37+0.41 -1.68+0.31 0.02+0.01 8.1+0.3 0.52+0.06 3.2x1.2
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Table 4 Drying models fitting results for half-cut thick-skinned grapes

R b o B 55 Pt A
45 CHFIR Lewis £=0.2256 0.916 1 0.041 38 0.119 96
Page £=0.1754,n=1.149 0 0.971 1 0.013 10 0.019 98
Logarithmic £=0.2242,0¢=1.028 0, ¢=-0.008 7 0.956 9 0.021 50 0.059 72
Parabolic TEMA
Henderson and Pabis ~ £=0.230 1,a=1.022 0 0.936 6 0.033 78 0.079 44
Two-term £=0.230 1,6=0.200 7, b=0.821 4,£=0.230 0 0.906 6 0.043 78 0.121 73
Midilli and Kucuk TEME
Wang and Singh a=-0.133 9,6=0.004 2 0.943 7 0.023 04 0.079 40
55 °C A8 Lewis £=0.243 3 0.945 9 0.024 38 0.042 40
Page k=0.1419,n=1.331 0 0.987 0 0.010 97 0.011 76
Logarithmic £=0.2149,a2=1.083 0, ¢=-0.060 4 0.963 2 0.016 95 0.034 04
Parabolic a=0.977 1,b=-0.158 3,¢=0.006 2 0.952 5 0.017 64 0.035 68
Henderson and Pabis ~ £=0.250 6,a=1.036 0 0.927 4 0.042 83 0.092 82
Two-term £=0.236 3,a=-12.610 0, b=13.640 0, g=0.237 4 0.927 6 0.042 66 0.090 31
Midilli and Kucuk TekA
Wang and Singh a=-0.163 7,6=0.006 5 0.911 7 0.048 43 0.104 71
65 °C A1 Lewis £=0.360 2 0.908 0 0.059 44 0.113 45
Page £=0.224 5,0=1.376 0 0.989 0 0.010 09 0.010 63
Logarithmic £=0.304 2,a=1.088 0, ¢=-0.076 2 0.935 1 0.033 84 0.085 78
Parabolic a=0.988 7,6=-0.242 1,¢=0.014 5 0.956 4 0.022 79 0.060 51
Henderson and Pabis  £=0.366 1,a=1.021 0 0.918 6 0.048 95 0.107 30
Two-term £=0.179 5,a=-2.146 0, b=3.158 0,5=0.223 8 0.955 3 0.022 93 0.068 25
Midilli and Kucuk £=0.227 0,a=0.999 8,n=1.359 0,5=-0.000 6 0.977 9 0.016 05 0.015 04
Wang and Singh a=-0.246 1,6=0.014 8 0.906 2 0.060 95 0.117 15
AR Lewis £k=0.2859 0.927 3 0.042 38 0.098 42
Page £=0.2329,n=1.138 0 0.980 1 0.010 14 0.010 83
Logarithmic £=0.2669,a=1.036 0, ¢=-0.029 0 0.949 0 0.020 87 0.073 22
Parabolic a=0.949 8,6=-0.174 2,¢=0.007 9 0.914 6 0.048 42 0.101 81
Henderson and Pabis ~ £=0.289 2,a=1.013 0 0.947 5 0.022 17 0.079 03
Two-term £=0.228 7,a=-6.617 0, b=7.631 0,4=0.235 8 0.938 5 0.031 29 0.087 92
Midilli and Kucuk £=0.2354,a=1.000 0, n=1.125 0,5=-0.000 3 0.930 9 0.035 11 0.085 34
Wang and Singh a=-0.187 5,6=0.008 6 0.900 6 0.056 98 0.123 20
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Table 5 Parameters of equations and validation results of Page model

TEAHE BB S TRMEL kawm ks BTOE i

55 CAS £=0.1419, n=1.331 30 0.924 1 0.945 2 2.11 2.56
60 0.885 1 0.867 7 1.74 1.97
90 0.819 1 0.783 9 3.52 4.29
150 0.634 8 0.618 5 1.63 2.57

65 CALiE £=0.224 5, n=1.376 30 0.905 8 0.917 1 1.13 1.25
60 0.770 3 0.798 9 2.86 3.71
90 0.705 8 0.675 6 3.02 4.28
150 0.471 0 0.452 9 1.81 3.84

7 A I k=0.2329, n=1.138 30 0.967 2 0.949 6 1.76 1.82
60 0.885 2 0.862 2 2.30 2.60
90 0.782 7 0.771 1 1.16 1.48
150 0.569 2 0.586 5 1.73 3.04

PR (2] JEWESS  BlAm C, NEEAR , 4. T R EOB A A 40 0 b ok 35 B R
3 45 SEHEIEL I, KAl REE: 2014,20(6) :97-102.

G3 M7 PN V) TOA% 5 B 6 2 11 L S O A 5 e A
TR AR, R IUAE R R TR B T T 20 5%
PET 2 UI2H b TE 2059 48 AR TRt ], PRk, DA
e e Rb 3R 75 DB TT A% JEE B 46 2 114 7 ity 1 o) ) it
A e g b — 20 JE e i i 2 o A A s AR
PR Al R

Xof TOA% R B A5 2 D) AURIIE B 2L A 088 7= i
JEHRPRIFEAT LEA A BT, 45 SR 3R W1 4% 2 4 26 T A
FEARIRARTE T2 55 T LR A S B Fs bR dncdis, 2
VIR Je 85 260 T MR ot 1) ot JO 0 T T T B o 2 T4
FE B T, FLE L B 35.32,a7 B 7.22,b7
M 6. 12, B KL 0.33  JBCETF4 8.4 43, 6 & (i
0.42 N, 4i/E % C &4 4.4 mg/kg, I, 765 F2
PR A P SR FHD AL B AT A 3 B AR
(472 i, (RS BEFE AR, T i (R B

LT 8 Fh AR ALK R* SSE F RMSE 1A,
R I Page B AU AT G 24 DI IS K ) 40 1 T R Pk AT
A YR e, I TG A% B B A 2 TR A 7 B KR I A
b, R T R A O A R4 i S S BRI AR

S E 3k
(1] FrSbk. AR AR K R 4 (D). SN 5 AT, 2000
(4) :63-65.

[3] SR3CE, T, 2258 2%, 55 AT PR S AR
HOTLI]. TERL AR, 2010,22(5) :133-134,158.

[4] FErdsk. AETHEARLER RSN TR R )], BCH
HmHAR R4, 2016(9) :114-115.

[5] E 58 RHI5 AL, 5. OB RE TRt SO &
I T]. BMFFE,2016(5) :62-66.

(6] F K&, 2 85, WbIRx T A A HOT R
PERIRZNAL D). B AL 2014(5) 1 119-123.

[7] THAKUR A K, SAHARAN V K, GUPTA R K. Drying of ‘ Per-
lette” grape under different physical treatment for raisin making
[J]. Journal of Food Science and Technology,2010,47(6) :626-
631.

[8] DOYMAZ I. Effect of pretreatment solution on drying and color
characteristics of seedless grapes[ J]. Food Science & Biotechnolo-
gy, 2012, 21(1) :43-49.

[9] ZEPCH,ZR0H MR 55, 4 Ry Be a3 i A8 0 JA X T
FEPELT]. Al TRR2A4R ,2014,30(3) :271-276.

[10] BBEN: ARWUK, EHER, 5. 2258 ar BB iR T T T2
[J]. BMATFESTT % ,2007,28(9) :85-87.

(11] R, F3rm, R Wl TR BORTE & R AE LT h A B
FTRFEL]. BB, 2001,1(5) :41-43.

[12] CHONG C H, LAW C L. M2 A5 R M BT (1], TR
54, 2013(1) ; 23-42.

[13] dentR TR e TR, BTk I AE - GB 5009.3-2010
[s]. deat, it A RIEAIE TAR 2010

[14] Al AR e it BThE B ARG 30 i bt (RO . SR i 121
NYT1041-2010[ S]. 4bxt, e NRILFIE ARV E, 2010.

(157 golb A8 it o Mg A A 36 W rhos (A0 7). TR 4 T



1152

AN NI A

2018 4F & 34 % 5 M

[16]

[17]

[18]

NYT705-2003[ S]. dbxt, A ARFAEARHE, 2003.
SRS R P2, JOA% P A PR KT B B o R 5 P 4 Ak T
PERYAEAGL )] BRI, 2013(5) :55-59.

TRYERE. TORE LA % K FHRE TR R BB [ D). AT ¥ A
T RAE,2009.

AR, BT B AR IRIRBEX A A b BT i 5 R
(3] EH R4, 2001,7(3) 1 1-5.
W3k, BEIRTT LI 45 VRSB RE b il T R O A% B2 A 4 S
SIS AT A0l TR %4 ,2009,25(4) :237-242.
PAHLAVANZADEH H, BASIRI A, ZARRABI M. Determination
of parameters and pretreatment solution for grape drying[ J]. Dr-
ying Technology,2001,19(1) :217-226.

FIR SC. JoR% 1 2 T 3 1 2 K Bl R AL 5T [ D . b
AU RO R, 2014,

WZARE, T RRFEAR A ANIR] R T2 R B
[7]. Al TR ,2007,23(5) :227-231.

23, IR T MR [ D], o8 1L K2 ,2008.
OCARER AL, A B BAR M T RO RS TR T

[25]

(28]

[29]

[30]

[31]

217, 40l T4, 2012, 1(28) :270-274.

NANTAWAN T. Characterization of microwave vacuum drying and
hot air drying of mint leaves( Mentha cordifolia Opiz ex Fresen[ J].
Journal of Food Engineering,2009,91(3) :482-489.

Begig gy R, TR WERREEBA TR T 20
[J]. ARl T A4 ,2009,25(10) :334-339.
HRARFIBE G I %, AR AR C & E .
(2,6- S BEMMETE) :GB/T 6195-1986[ S]. b 5¢, E% 5
#EJ),1986.

TRICFS MG, He 0. S P RILL AN TR TR T ]
iRk 2016,37(6) 144-51.

. WA IR 2 A TR T2 ()], e
SR, 2014, 14(6) :110-119.

IR RO, B W, A SO R B X R e 22 M AL 1k
ATHRTZLT]. TEEMH, 2016,16(2) :173-180.
DOYMAZ 1. Drying kinetics of black grapes treated with different
solutions [ J]. Journal of Food Engineering, 2006, 76(2) ; 212-
217.

=
=
=]

(TG R E)



