R EmiB Modern Food Science and Technology 2019, Vol.35, No.8

— S MIRGRIRA IR A R TR TR
R ARG F RS2

Bk, TAEY ATE, BEBE, RABE
(1.7 RBEREMFRBLERZ S TR, REFAETRELIERE, | AEARSTmhmIELERE,
A 510610) (2. FHRRLRFRBAFE TEFKR, FHEEA 130118)

WE: ARAZRABIZ T TES A £ B = HOR T IR LM A0, 2R R REZFURE (35, 40, 45 C). &S
(1. 2. 3MPa). B (3. 5. 7h) stAFATHLAE, R TR F R, FrRE R, A3y KA TN, FITEET
BARA A, SOh, ST RRIZRAM T A LML RTHE. REERE T 28RRZNE, 220 TREEZZREG, L
HETIREN., SRmA&MAH 2MPa, 45C. 7 hit, ASueyRay#okbk, BRI AT AR TREREET 47%. SHEE
FARAER F, @it sk T A4k (R2). FF (42) #2354k £ (RMSE), A Modified Page A2R! %t 4 £ id42 K54 a3
SHRRIF. ARMUALRI T, —RMBRTIER T A E NI mILEmAR, HAILRE, RSWPERE AR, SRAY, =
FABIR AT T B LR AEM . R TIRECE AR BRI Hrn, AL TRITPAGT LR T R,

KR —AGLERT (CM); A%, ASHOKTIR (MVD), Flgkd; Koy

YERZS: 1673-9078(2019)08-121-129 DOL: 10.13982/j.mfst.1673-9078.2019.8.019

Effect of Carbonic Maceration Treatment on Vacuum-microwave Drying

Characteristics and Microstructure of Ginger

WEI Lai*?, WANG Zhi-tong?, YU Yuan-shan®, XU Yu-juan', AN Ke-jing*

(1.Sericulture and Agri-Food Research Institute Guangdong Academy of Agricultural Sciences, Key Laboratory of
Functional Foods, Ministry of Agriculture, Guangdong Key Laboratory of Agricultural Products Processing, Guangzhou
510610, China) (2.College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, China)

Abstract: In order to study the effects of carbon dioxide impregnation (CDI) on the microwave-vacuum drying characteristics and
microstructure of ginger, different temperatures (35, 40, 45 “C), pressures (1, 2, 3 MPa) and treatment times (3, 5, 7 h) were selected for CDI to
pretreat ginger. The changes in moisture ratio, drying rate, effective diffusion coefficient of ginger during drying were measured, and the
mathematical model for thin layer drying was fitted. In addition, the microstructures of ginger under different CDI conditions were also studied.
The results showed that after CDI, the rate of drying ginger significantly increased, especially in the late drying stage. When the ginger was
pretreated at 2 MPa and 45 “C for 7 h, the moisture diffusion was the fastest, and the drying time was shortened by 47% compared to that for
the sample dried directly. Among the five thin layer drying models, the Modified Page model exhibited the best fit to the changes in ginger’s
moisture content during drying, based on the coefficient of determination (R?), chi-square (x?) and root mean square error (RMSE). Scanning
electron microscopy revealed that CDI increased the cell area and porosity of ginger tissues, and enhanced the mass and heat transfer of the
material. Therefore, CDI had a positive effect on improving the internal structure and drying efficiency of ginger. The results obtained in this
study provide the theoretical basis for the development of new drying technologies for ginger.
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Table 1 The thin layer drying curves models commonly used

Vi ARA AR PAEW S
1 Lewis MR=exp(-kt)*?
2 Page MR=exp(-kt")*!
3 Henderson and Pabis MR:aexp(-kt)[24]
4 Logarithmic MR:aexp(-kt)+c[25]
5 Modified Page MR=exp(-(kt)")*!
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Table 2 Process parameters of carbonic maceration
pretreatment at different conditions
F5  JEA/MPa BE/MBE/C

CM1 2 3 35
CM2 2 3 40
CM3 2 3 45
CM4 1 3 45
CM5 2 3 45
CM6 3 3 45
CM7 2 3 45
CM8 2 S 45
CM9 2 7 45
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Table 3 Values of effective diffusivity of ginger under MVD with different carbonic maceration temperatures

¥ S5 KAAE AT A2 HEFZHR Dess /(m%/s)
fresh+MVD y=-0.0013x-0.7591 0.8885 3.293x10”
CM1+MVD y=-0.0019x-0.748 0.8646 4.813x10”
CM2+MVD y=-0.002x-0.6105 0.8737 5.066x10”
CM3+MVD y=-0.0025x-0.4558 0.9265 6.333x10”

* 4 T[E) CO.ZEEFIAIE 3= WD £ THIBRUK S 8RR

Table 4 Values of effective diffusivity of ginger under MVD with different carbonic maceration pressures

KAt AR ¢ REFHR Dert (m/s)

fresh+tMVD y=-0.0013x-0.7591 0.8885 3.293x10°

CM4+MVD y=-0.0021x-0.8048 0.8595 5.319x107

CM5+MVD y=-0.0025x-0.4558 0.9265 6.333x10°

CM6+MVD y=-0.0024x-0.4326 0.9544 6.079x10°
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Fig.1 The moisture ratio and drying rate during MVD of ginger
with different carbonic maceration temperatures
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Fig.3 The moisture ratio and drying rate during MVD of ginger
with different carbonic maceration treatment durations
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Table 5 Values of effective diffusivity of ginger under MVD with different carbonic maceration treatment durations

S CACACNEEES RE B R Det (M/5)
fresh+MVD y=-0.0013x-0.7591 0.8885 3.293x10”
CM7+MVD y=-0.0025x-0.4558 0.9265 6.333x10”
CMS8+MVD y=-0.0033x+0.0434 0.988 8.359x10”
CM9+MVD y=-0.0034x-0.1231 0.9915 8.612x10°

& 6 T CO,ZRRFH T HEETIREENE
Table 6 Thin layer drying model fitting under different carbonic maceration conditions

£ RS TR R? XZ RMSE
a k n ¢
1 0.2246 0.9975 6.98x10° 0.0835
2 0.2576 0.9290 0.9974 2.25x10* 0.0150
CM1 3 09992 02245 0.9971 2.46x10* 0.0157
4 09813  0.2407 0.0200  0.9991 7.06x10° 0.0079
5 0.2323 0.9285 0.9974 2.25x10* 0.0150
1 0.1719 0.9947 4.67x10* 0.0216
2 0.1029 1.2566 0.9972 3.81x10™ 0.0195
CM2 3 1.0089  0.1731 0.9939 4.66x10* 0.0216
4 1.0052  0.1753 0.0043  0.9928 5.13x10™ 0.0212
5 0.1637 1.2551 0.9972 3.80x10™ 0.0195
M3 1 0.1958 0.9961 3.73x10™ 0.0193
2 0.1183 1.2589 0.9984 1.77x10* 0.0133
HTR
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#LER
3 1.0068 0.1967 0.9955 3.69x10™ 0.0192
4 1.0079 0.1960 -0.0012  0.9946 4.23x10™ 0.0192
5 0.1835 1.2571 0.9984 1.97x107 0.0044
1 0.2297 0.9990 1.01x10™* 0.0101
2 0.2066 1.0571 0.9990 9.21x10” 0.0096
CM4 3 1.0010 0.2299 0.9989 1.01x10* 0.0100
4 0.9932 0.2363 0.0086 0.9992 7.02x10° 0.0078
5 0.2251 1.0561 0.9990 9.21x10” 0.0096
1 0.1958 0.9961 3.73x10™ 0.0193
2 0.1183 1.2589 0.9984 1.77x10™ 0.0133
CM5 3 1.0068 0.1967 0.9955 3.69x10™ 0.0192
4 1.0079 0.1960 -0.0012  0.9946 4.23x10™ 0.0192
5 0.1835 1.2571 0.9984 1.97x10° 0.0044
1 0.1844 0.9983 1.63x10™ 0.0128
2 0.1463 1.1137 0.9989 9.01x10” 0.0095
CM6 3 1.0047 0.1850 0.9981 1.61x10™ 0.0127
4 1.0035 0.1858 0.0014 0.9978 1.80x10™ 0.0126
5 0.1781 1.1133 0.9989 9.01x10” 0.0095
1 0.1958 0.9961 3.73x10* 0.0193
2 0.1183 1.2589 0.9984 1.77x10" 0.0133
CM7 3 1.0068 0.1967 0.9955 3.69x10™ 0.0192
4 1.0079 0.1960 -0.0012 ~ 0.9946 4.23x10"* 0.0192
5 0.1835 1.2566 0.9984 1.97x10° 0.0044
1 0.1748 0.9894 7.51x10™ 0.0274
2 0.0750 1.4101 0.9990 2.04x10™ 0.0143
CM8 3 1.0162 0.1768 0.9877 7.34x10™ 0.0271
4 1.0524 0.1569 -0.0416  0.9890 9.21x107 0.0888
5 0.1593 1.4090 0.9990 2.03x10™ 0.0142
1 0.2306 0.9992 1.26x10" 0.0112
2 0.2858 0.8872 0.9998 3.37x10° 0.0058
CM9 3 0.9977 0.2302 0.9991 1.25x10" 0.0112
4 0.9881 0.2394 0.0110 0.9995 9.66x10° 0.0090
5 0.2438 0.8872 0.9998 3.37x10° 0.0058

22 £l CM T &% MVD sy Al &

AF CM A T A2 MVD sh A 451 G
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Fig.4 Electron micrographs of dried ginger through different
carbonic maceration temperatures

JE: a: fresh+ MVD; b: CM1+MVD; c¢: CM2+MVD; d:
CM3+MVD.
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Fig.6 Electron micrographs of dried ginger through different
carbonic maceration pressures
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Fig.7 Linear fit curve of Dy and cell area
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