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Table 1 Different microwave loading schemes in MMD
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( stage /(W-g )
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Table 2 Pore structure characteristics of Chinese yam at the phase transition point and end of MMD

AR LT SR E AR AR ALT AR

:F}:??%ﬁﬁ q:i%H‘J IEJ . }leﬁl‘ﬁ H//l\ &@}LM& R Non-connected pore average Non-connected pore
Drying schemes Drying time/min Number of pores Connected pore volume/mm® . P g p 3
equivalent diameter/um average volume/um
Ty — 195 (TPgy) 618 3066 705° 759.50+57.28" 18.17+0.15° 6380.47+69.78°
Scheme 1 270 CFHRZ D 485 515+36 879° 708.13+109.07% 18.37+0.28° 7 364.66+723.04°
JE— 155 (TPgy) 452 838+47 638" 688.00+59.40% 19.30+0.18" 9 628.24+593.45"
Scheme 2 220 (TR D 409 562+21 164* 540.00+60.81° 19.98+0.86° 15297.82+6 219.39"
HR= 145 (TPgz) 438 212+28 402° 673.50+40.31%° 19.26+0.07" 8 173.524+899.15"
Scheme 3 210 (AL 336267+55 772° 345.50+47.38° 21.43+0.63° 17 554.99+2 556.83"

W FFRAR EAR R R R B B R (P <0.05).
Note: Different superscript letters in the same column indicate that the samples are significantly different (P < 0.05).
2.4 MMD ZFEHHLARILEDHIE.

AR5 F PR L 2SS RLAR AT N AR 3 TR .
R3 ZHESHETERIRPIRREMES ZRPRLAFHILESTIER

Table 3  Equivalent pore size distribution of Chinese yam in different microwave loading schemes during MMD

M T PUE A S 7E MMD I f2 55 LR R AR TE
&7Ai, LT 20 pm KLY E .

ERCYES T A ) FLIR SR B4R 3 AT AR X A5 Pore equivalent diameter distribution relative frequency/%
Drying schemes Drying time/min 0~20 pm 20~40 um 40~60 pum 60~80 um 80~100 pum >100 pm

. 90 (FHE-1 £55) 77.59140.359" 18.555+0.568" 2.984+0.148" 0.622+0.045" 0.15120.003* 0.097+0.013°
Sﬁ;:; | 195 (TPgy) 81.448+0.417" 15.777£0.057° 2.180+0.264° 0.437+0.095" 0.099+0.011* 0.062+0.009°
270 (453 81.686£0.036° 15.549+0.449° 1.811+0.199" 0.552+0.119° 0.223+0.056" 0.1790.039"
o 90 (FRH-I £550) 77.591+0.359" 18.555+0.568° 2.984+0.148" 0.622+0.045° 0.151+0.003° 0.097+0.013*
sglieé 155 (TPgy) 77.164+1.084* 18.448+1.027° 3.156+0.014% 0.845+0.021* 0.234+0.021° 0.153%0.029"
220 CTREEH0) 79.751+0.715" 17.179+0.563* 2.220+0.135° 0.534+0.009" 0.179+0.005° 0.137+0.002°
o 90 (FHE-1 4550 77.59140.359° 18.555+0.568° 2.984+0.148° 0.622+0.045" 0.151+0.003° 0.097+0.013°
sﬁ&?z 145 (TPgz) 75.225+0.082° 21.063+0.213% 2.828+0.356" 0.609+0.076° 0.179+0.085" 0.096+0.064°
210 (CFERA5HD 72.041+1.453° 19.838+0.359° 4.897+0.513" 2.037+0.330" 0.761+0.157" 0.42620.093*

i ARFETRASSFAE AR TR A BEEER (P<0.05),

Note: Different superscript letters in the same column of different drying schemes indicate that the treatments are significantly different (P < 0.05).

HEHRE-MGTE-F, BERENTF 20 um FFLERE L
FH#a#s . 1E MMD W T80 B, B/ AR Tk
o I PUE TR R B, TR #E RN FLBR B . 5
TR E AR, 7R =FE S BN FLER
(0~20 pm) FifiE AT A WIBEAK, XA RE SRR
I EE A . o 5 R Be & AL BT 0K Ok AR )R
R, WESKEAELEITR TR R R, Bkl
RIS RN AR TN LB B . g, e
(IO Th 2 BE NG T UK S TH4E, FERE S gk kg rp
PR E K R P, S EORE S LR g R AE AR AL
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Fig.5 Maximum pore equivalent diameter of Chinese yam in
different microwave loading schemes of MMD
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Microstructure evolution of Chinese yam in multiphase microwave drying

DUAN Xu'?? , YANG Mengmeng® , LIU Wenchao'*? , LI Linlin**** , CAO Weiwei'** , REN Guangyue®*3

(1. College of Food and Biological Engineering, Henan University of Science and Technology, Luoyang 471023, China; 2. Henan Province
Engineering Research Center of Agricultural Products Processing Equipment, Luoyang 471023, China; 3. Henan Province Engineering
Technology Research Center of Agricultural Product Drying Equipment, Luoyang 471023, China)

Abstract: Microstructural evolution can often dominate the macroscopic shrinkage and deformation of plant-based food
materials. It is very essential to clarify the evolution pattern of pore structure during drying, in order to evaluate the
microstructural variations in the materials. Taking Chinese yam as a raw material, this study aims to investigate the conversion
of the dehydration process during multiphase microwave drying. The samples of Chinese yam were also obtained under
different drying schemes (Scheme 1, 2, and 3, i.e., microwave power densities of 0.1, 0.5, and 0.9 W/g). The microwave power
density (0.1, 0.5, and 0.9 W/g) was adjusted at the drying stage of the second sublimation (after 90 min of drying, recorded as
sublimation-II). X-ray microcomputed tomography (uCT) was used to visualize the internal structure of Chinese yam. The
properties of samples were then acquired for the shrinkage ratio, pore structure, and pore size distribution. The results showed
that the time required to reach the critical temperature at the phase transition point for the samples in Schemes 1, 2, and 3) was
195, 155, and 145 min, respectively. At the transition point, the sample of Scheme 1 exhibited the lowest water content
(26.16%), the highest open pore rate (57.1%), and the highest number of pores. Furthermore, the smallest volume change of the
samples was also observed during evaporation drying. Therefore, the lower microwave power density at the sublimation drying
stage effectively reduced the moisture content of the sample at the transition point. Additionally, the open pores were formed to
minimize the outstanding shrinkage that occurred in the sample. The sample exhibited a greater number of pores and a smaller
volume change during evaporation drying. The open porosity in sublimation-II was reduced by 8.02% and 12.16%,
respectively, for Schemes 2 and 3. Subsequently, the higher moisture content of the samples resulted in damage to the pore
structure during sublimation drying. There was a notable reduction in the porosity of the samples. The pore diameters of the
samples exhibited a non-normal distribution in the three drying schemes. An increasing trend of pores with diameters less than
20 um was also observed in Schemes 1 and 2. In contrast, the tiny pores in the samples of Scheme 3 continued to decrease with
drying, while the number of large pores increased. This trend was related to the larger microwave loading. The equivalent
diameters of connected pores in the dried samples exhibited a reduction of 3.08%, 8.37%, and 20.04%, respectively, in three
drying schemes, compared with the transition point. There was no significant difference (P > 0.05) in the mean diameter and
volume of non-connected pores in the samples at the sublimation drying stage among the three drying schemes. In the samples
with the higher water content at the transition point (Scheme 2 and 3), the removal of moisture resulted in a significant increase
(P < 0.05) in the equivalent diameter of non-connected pores at the evaporation drying stage. The uCT analysis revealed that
there were no significant variations in the internal structure of the sample in Scheme 1, the removal of more moisture at the
sublimation drying stage was facilitated to form the more robust pore structure inside the samples. There was no impact of
water removal on the microstructure of the samples during evaporation drying. These findings can provide empirical evidence
and theoretical insights to efficiently process high-quality dehydrated fruits and vegetables by multiphase microwave drying.
Keywords: Chinese yam; pores; microstructure; multiphase microwave drying; uCT; shrinkage
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