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Effect of Water Distribution during Pre-drying on the Microstructure and Texture Properties of Peach Crisps
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Abstract: In this study, experiments were conducted to investigate the effect of moisture distribution during pre-drying
on the microstructure and textural quality of hot air-vacuum freeze dried peach slices. The moisture distribution during the
hot air pre-drying process at different temperatures (40, 60 and 80 “C) and the product temperature during heating were
monitored. Three levels of dry-basis moisture content (7, 6 and 5 g/g) were selected as moisture conversion points for each
temperature. The color, shrinkage rate, microstructure, pore distribution, textural properties and hygroscopicity of peach
crisps were measured. The results showed that drying temperature had a great impact on the moisture distribution during
the pre-drying process, but the overall trends of moisture mobility were consistent among the different drying temperatures.
The lower the moisture content of the pre-dried sample, the closer the color of the final dried sample to that of the fresh
sample. The color of the sample dried at 40 ‘C with a moisture conversion point of 5 g/g was the closest to that of the fresh

sample. Drying time had a greater effect on the shrinkage rate than temperature. It took longer to dry peach slices to the same
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moisture conversion point at 40 ‘C than 60 and 80 C. The sample shrank distinctly during both pre-drying and combined
drying. There was a significant difference in the pore structure between the freeze-dried and combined dried samples. The
sample with a moisture conversion point of 5 g/g had the most heterogeneous pore structure. The average hardness value
of the hot air-vacuum freeze dried sample increased by 52.11% compared with that of the freeze-dried sample. The lower
the moisture content of the pre-dried sample, the higher the hardness value of the hot air-vacuum freeze dried sample. This
study showed that hot air pre-drying can effectively control the crunchiness and hardness of peach crisps. The decrease in
the hygroscopicity of the hot air-vacuum freeze dried sample compared with the vacuum freeze dried one may be related to
the structure changes during the pre-drying process. In summary, hot air-vacuum freeze drying is conducive to improving the
texture quality and storage stability of peach crisps than vacuum freeze drying.
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Fig.1  Effect of hot air pre-drying temperature on drying curves and

drying rates of peach slices
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Y& ][] /min (Ay+A4,,) 1% Ayl % Al %o
10 0.32+0.03 2.82+0.08 96.86+0.12
20 0.69+0.02 4.43+0.18 94.88+0.16
30 1.20£0.72 4.8140.13 93.99+£0.85
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Table 2  Effect of hot air pre-drying and combined drying on the color of peach crisps
- i) B HEFERE
L* a* b* L* a* b* AE L* a* b* AE

FD 64.85+0.81 20.04+£0.85  55.19+1.25 64.56£0.75  12.66=172 35294191  21.35+193¢
407 62.09£131 21444210  55.04£1.87 58944355 22484193 48384525 5.8842.00" 61334255 14074120 32234253 24.04+0.86°
40-6  6242%1.11 19874224 5375+1.44 50024108 22054126 50284296  4.88+2.67" 57164200 1531£133 34144241 21.09£1.90¢
40-5  59.24+142  19.84+142 49774258 48514199  23.67£0.64  32.6814.19  19.9+1.63" 57161252 19234+2.14 34194363  15.92£1.52°
60-7 64731082  1843£1.00  55.61£1.19 65094076  1695+0.68  53.11+191  2.9140.92° 61.05+1.19 11631066  28.66+1.11  28.06%0.61°
60-6  59.28+095 2046074  50.70+1.14 56.58+1.37  19.87+143 49214245 2.88+0.50° 58174129 12484128 29.66+1.88  22.56+191"
60-5  59.17£0.65  18.65£1.08  50.33+1.03 56544220 21424116 46231400  4.61+3.18" 57744260 14384142 3047+154 2056127
80-7  5937£1.06  2027£135  4850+2.93 61724078 1736112 48.00+1.97  538+1.98 5886070 11944042  27.924080  22.38+2.42™
80-6  59.03£1.02  20.99+0.54  46.73+1.81 54234329 21644136 39844486  7.1542.98° 54604340 15124108 28.19+1.53 2016199
80-5  5946+1.18  2259+1.77  4887+£151 58874315 2339116 43474486  4.69+1.28 60.38+£2.81 16091061  30.04+252  20.08+1.07"

e FSVNG FREAFRZROR ZER B (P<0.05) .
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Fig.4  Effect of hot air pre-drying and combined drying on shrinkage

of peach slices
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Fig. 6  Scanning electron microscopic images of hot air-vacuum freeze
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Fig.7 Hardness and crispness of peach crisps produced by hot

air-vacuum freeze drying
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Table 3

Effect of pre-drying temperature and water conversion point on rehydration ratio of hot air-vacuum freeze dried peach crisps

T i FD 40-7 40-6 40-5 60-7

60-6 60-5 80-7 80-6 80-5

HKE 4.814£0.00 5364001 5712044 6.36+£029" 4.62+£0.08° 4.56+0.17" 5344029 4.8040.03* 53640357 5.8440.69"
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Fig.8  Schematic diagram of the rehydration mechanism of peach crisps
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2.9 Bk R KRR S T 5 A R AL AR PR A D

B 7 181 7K 93 0 A1 5 L AR0U 45 4 R 5 4 o 2 D) A
Ky BT it R K o ARk R AN E RS, SR
B T AN AL CRIG 0 FLBRAR R B 25440
FLBRE 2 57 3 SO TR I 2 T BB K i KANAS ], gk
T TE 25 A U5 TR S5 7 LEAS [R) R A R 1 o R 6 oy
I3 TR A ] FAOXUTI T 458 2% A R B T R A O (R K 4 AT
oo ALBREE. BEEE. M. MORPER S KT G
BT, DA IR B AN [ 00 A e 6 ik P & R AR A ) R
PCAZGH (E10) W], PCIMPC2IL[FE AR T M7 Z 1
83%, Uit BAPCLANPC2 ] LLR 4 Hi A BBk v ot ot 45 1k 5 il
T 2[RI R . PCLS Bk IOFLBRBE . e AR i
PERIEMSC, SRR REAMRK, PC2HREKELE
TEAHIG . T K & v A B0 0 s e R T4
FESD I FLBREE o G B AR 1 o TR JR /K 43 & B AR AR
SRR, 5PC2A sk A S E

eFD ©40-7 40-6 ©40-5 ¢60-7
60-6 ¢60-5 ©80-7 80-6 80-5

ki
2 B Vi
— [ ]
s L R
- . . weigft
o . .
3 L S
=k . '
L]
) 1 1 1 |
2 1 0 1 2

PC1 (69.6%)

Bl 10 BN SRR PE S ROM ST B RUT R R Pk A PCA B I
Fig. 10  PCA loading plot of rehydration characteristics, microstructure

and texture characteristics of peach crisps

3 5 #®

AR FEIRDT T A [F) R JR 3 B AAS [7] 7K 7 e
R AR - 2 A VR T AR B G P TROUR 4 ) A5 A R D 5
Wi, R ATT R RE AR BEAE dh A5 R 22 4E,
SRR TR TRRIEEEREMK TR K
Iy BT BR L e A R AL S R AR AL, 3 EORE B AR TR AR
TR T AN BB R R, 2 BT — R e] LA
RO RGBT L ANE B T35 . b, AT R
FEOAE T AR R A JEA A S5 1, 8 m 1 40 i K/ A
PRI FLRE AN 51, H A (A 1k B i, i B JS
FERE I, AT R AR T RGO R R
TR BB G IR R AR, A RR T 1B A AR E
S RE PO E e D RSRE N T SN SR % SN AL 6
AIMRARAE S FE bR I 235 70, IR R 260 °C 1Tk
BT RRBRNE 7 i PR, e SR P TR B R T
TR SRR BRI TR R .



78

2023, Vol.44, No.15

B5oitl F

XA LR

ZE MR-

(1

(2]

B3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Eifp, kBT, A5, 5 AR RBOR 55 R R ).
RrE s NI, 2018(1): 36-38; 42. DOI:10.16693/j.cnki.1671-
9646(X).2018.01.010.

MR, 53, BRaid, 55 8 A RIS B A T 1A R
SRR G P ) it o 5T R R R BE I [D]. A, 2022, 43(17):
117-123. DOI:10.7506/spkx1002-6630-20210507-053.

AN, ek, S, 45 TR A K o e i s B A R
XA T SR 0 R PRI, o [ B AR, 2021, 21(9): 110-
120. DOI:10.16429/j.1009-7848.2021.09.012.

WANG Haiou, LIU Chunju, XUE Youlin, et al. Correlation of
mechanical properties of peach slices with cell wall polysaccharides
and cell morphology during hot air predrying[J]. Journal of Food
Processing and Preservation, 2019, 44(2): e14319. DOI:10.1111/
jfpp.14319.

ANDO Y, MAEDA Y, MIZUTANI K, et al. Impact of blanching and
freeze-thaw pretreatment on drying rate of carrot roots in relation
to changes in cell membrane function and cell wall structure[J].
LWT-Food Science and Technology, 2016, 71: 40-46. DOI:10.1016/
j.Iwt.2016.03.019.

LIU C, LIU J, LI D, et al. Cell wall components, cell morphology, and
mechanical properties of peach slices submitted to drying[J]. Drying
Technology, 2019, 38(13): 1776-1789. DOI:10.1080/07373937.2019.1
662799.

Wl MUETC, TRIE, 5. AN [RIR L AR RUTR A J5 00 4 X - B0 25 VA R
B R SRR K )], BUR AR RHE, 2019, 35(5): 175-83.
DOI:10.13982/j.mfst.1673-9078.2019.5.025.

HALDER A, DHALL A, DATTA A K. Modeling transport in porous
media with phase change: applications to food processing[J]. Journal
of Heat Transfer, 2011, 133(3): 031010. DOI:10.1115/1.4002463.

XU Congcong, LI Yunfei. Correlation of viscoelastic behavior with
water state and ultrastructure in hot air-dried carrots[J]. Food Control,
2015, 50: 23-30. DOI:10.1016/j.foodcont.2014.08.020.

JOARDDER M U, KUMAR C, KARIM M A. Food structure: Its
formation and relationships with other properties[J]. Critical Reviews
in Food Science and Nutrition, 2017, 57(6): 1190-205. DOI:10.1080/1
0408398.2014.971354.

KAMAL T, CHENG S, KHAN I A, et al. Potential uses of LF-NMR
and MRI in the study of water dynamics and quality measurement of
fruits and vegetables[J]. Journal of Food Processing and Preservation,
2019, 43(11): e14202. DOI:10.1111/jfpp.1420.

KAMAL T, SONG Y, TAN Z, et al. Effect of hot-air oven dehydration
process on water dynamics and microstructure of apple (Fuji) cultivar
slices assessed by LF-NMR and MRI[J]. Drying Technology, 2019,
37(15): 1974-1987. DOI:10.1080/07373937.2018.1547312.

B, TR, W, 55 BT AZ SRR I BOXCT R R B
IR K S R[], Aok TRE 24, 2020, 36(10): 252-260.
DOI:10.11975/j.issn.1002-6819.2020.10.031.

DENG Lizhen, PAN Zhongli, MUJUMDAR A S, et al. High-humidity
hot air impingement blanching (HHAIB) enhances drying quality of
apricots by inactivating the enzymes, reducing drying time and altering
cellular structure[J]. Food Control, 2019, 96: 104-111. DOI:10.1016/
j.foodcont.2018.09.008.

WANG Jun, MUJUMDAR A S, DENG Lizhen, et al. High-humidity
hot air impingement blanching alters texture, cell-wall polysaccharides,
water status and distribution of seedless grape[J]. Carbohydrate
Polymers, 2018, 194: 9-17. DOI:10.1016/j.carbpol.2018.04.023.

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

TEVbYb, BEYsE, BH, 2% LE-NMRAIMRIG #4745 K id sk
O3 WRAS B ARG R FE[T]. A Al 2% 3R, 2017, 36(10): 1224-
1229. DOI:10.3969/j.issn.1004-4957.2017.10.010.

WRak, mifl, Traain, 55, MR ML RAE £ dhoin L o iy 52 BT Sk
JE]. &5 Tolk, 2021, 42(2): 274-278.

LI Xiao, BI Jinfeng, JIN Xin, et al. Effect of pectin osmosis or
degradation on the water migration and texture properties of apple
cube dried by instant controlled pressure drop drying (DIC)[J]. LWT-
Food Science and Technology, 2020, 125: 109202. DOI:10.1016/
7. 1wt.2020.10202.

IRME, A, Hegl, SRR S M EN AR -2 BHIE S 5SS
TR O FE R[], &Rk, 2021, 42(1): 139-148. DOI:10.7506/
spkx1002-6630-20191211-115.

HOU Haonan, CHEN Qingqin, BI Jinfeng, et al. Understanding
appearance quality improvement of jujube slices during heat
pump drying via water state and glass transition[J]. Journal
of Food Engineering, 2020, 272: 109874. DOI:10.1016/
j.jfoodeng.2019.109874.

LIU Chunju, XUE Youlin, GUO lJia, et al. Citric acid and sucrose
pretreatment improves the crispness of puffed peach chips by
regulating cell structure and mechanical properties[J]. LWT-
Food Science and Technology, 2021, 142: 111036. DOI:10.1016/
jIwt.2021.111036.

ADILETTA G, RUSSO P, CRESCITELLI A, et al. Combined
pretreatment for enhancing quality of dried and rehydrated eggplant[J].
Food and Bioprocess Technology, 2016, 9(11): 1912-1923.
DOI:10.1007/s11947-016-1778-y.

QIU Yang, BI Jinfeng, JIN Xin, et al. An understanding of the changes
in water holding capacity of rehydrated shiitake mushroom (Lentinula
edodes) from cell wall, cell membrane and protein[J]. Food Chemistry,
2021, 351: 129230. DOI:10.1016/j.foodchem.2021.129230.

ZHOU Mo, LI Cong, BI Jinfeng, et al. Towards understanding the
enhancement of moisture diffusion during intermediate-infrared drying
of peach pomace based on the glass transition theory[J]. Innovative
Food Science & Emerging Technologies, 2019, 54: 143-151.
DOI:10.1016/j.ifset.2019.04.003.

Al SERT R ZE N AR TR L R 5 A T
TRBH: PRBH ALK 2, 2020: 18-30.

SHI X, YANG Y, LI Z, et al. Moisture transfer and microstructure

change of banana slices during contact ultrasound strengthened far-

IR L [D].

infrared radiation drying[J]. Innovative Food Science & Emerging
Technologies, 2020, 66: 102537. DOI:10.1016/j.ifset.2020.102537.
LECA A, CLERJON S, BONNY J M, et al. Multiscale NMR analysis
of the degradation of apple structure due to thermal treatment[J].
Journal of Food Engineering, 2021, 294: 110413. DOI:10.1016/
j.jfoodeng.2020.110413.

AHRHR, BRIR S, Brdt, 45, HE T LF-NMR JAS R F 4 05 1 (s 25
R K S BB RL[T]. Al TR 24, 2021, 37(2): 304-312.
DOI:10.11975/j.issn.1002-6819.2021.2.035.

ANDO Y, HAGIWARA S, NABETANI H, et al. Effects of
prefreezing on the drying characteristics, structural formation
and mechanical properties of microwave-vacuum dried apple[J].
Journal of Food Engineering, 2019, 244: 170-177. DOI:10.1016/
j.jfoodeng.2018.09.026.

LU Keke, GUO Xiaohui, LI Yao, et al. Characterization of moisture
transformation and distribution in mushroom (Lentinus edodes) during
hot-air drying[J]. Journal of Food Processing and Preservation, 2017,
41(2): e12812. DOI:10.1111/jfpp.12812.



MAThh TR B> 2023, Vol.44, No.15 79

[31] LI Xiao, BI Jinfeng, JIN Xin, et al. Effect of the moisture equilibrium [42] RAHMAN M S, AL-ZAKWANI I, GUIZANI N. Pore formation in
process on the expansion behavior of instant controlled pressure drop apple during air-drying as a function of temperature: porosity and pore-
(DIC) drying of dried apple cubes[J]. Journal of the Science of Food size distribution[J]. Journal of the Science of Food and Agriculture,
and Agriculture, 2020, 100(4): 1635-1642. DOI:10.1002/jsfa.10175. 2005, 85(6): 979-989. DOI:10.1002/jsfa.2056.

[32] RICHTER-REIS F, IVAHASHI M M, GUENIAT ROSA A H. Effect [43] WA, KEE, 0k, 5. F 855 SO0 BT 40 BE AL R 45
of vacuum drying temperature on drying kinetics, effective moisture LM [J]. Mol TR 2441, 2021, 6(6): 58-65. DOI:10.13360/
diffusivity and quality of peeled litchi (Litchi chinensis Sonn.)[J]. j-1ssn.2096-1359.202103014.

Journal of Food Process Engineering, 2017, 40(2): e12419. [44] ABBASI S, MOUSAVI S M, MOHEBBAT M. Investigation of
DOI:10.1111/jfpe.12419. changes in physical properties and microstructure and mathematical

[33] B, BRAT, 250E, 55 T80 FEE n T ez mm (i Fo ik RE ). £ modeling of shrinkage of onion during hot air drying[J]. Tranian Food
FBle#, 2023, 44 (13): 368-377. DOI:10.7506/spkx 1002-6630-20220802-022. Science and Technology, 2011, 7: 92-98. DOI:10.22067/ifstrj.v7i1.9369.

[34] YANG X H, DENG L Z, MUJUMDAR A S, et al. Evolution and [45] PAULA A M, CONTI-SILVA A C. Texture profile and correlation
modeling of colour changes of red pepper (Capsicum annuum L.) between sensory and instrumental analyses on extruded snacks[J].
during hot air drying[J]. Journal of Food Engineering, 2018, 231: 101- Journal of Food Engineering, 2014, 121: 9-14. DOI:10.1016/
108. DOI:10.1016/j.jfoodeng.2018.03.013. j-jfoodeng.2013.08.007.

[35] XSO, TR AS[E AT 2O A i g R K2 ()], AET5 [46] RICHTER REIS F, MARQUES C, MORAES A C S D, et al.
2015(23): 134-137. DOI:10.11937/bfyy.201523038. Trends in quality assessment and drying methods used for fruits

[36] RHIM J W, HONG S I. Effect of water activity and temperature on and vegetables[J]. Food Control, 2022, 142: 109254. DOI:10.1016/
the color change of red pepper (Capsicum annuum L.) powder[J]. j-.foodcont.2022.109254.

Food Science and Biotechnology, 2011, 20(1): 215-222. DOI:10.1007/ [47]  Xigo, Mlil, SRR, 55 XSOV IR & TR e vk S IR T
$10068-011-0029-2. i R g AR SR R R[], mR RO RLEE, 2020, 53(10): 2078-2090.

[37] LU Ying, BI Jinfeng, CHEN Qingin, et al. Discoloration investigations DOI:10.3864/.issn.0578-1752.2020.10.014.
of freeze-dried carrot cylinders from physical structure and color- [48] VAN DER SMAN R G M, PAUDEL E, VODA A, et al. Hydration
related chemical compositions[J]. Journal of the Science of Food and properties of vegetable foods explained by Flory-Rehner theory[J].
Agriculture, 2021, 101(12): 5172-5181. DOI:10.1002/jsfa.11163. Food Research International, 2013, 54(1): 804-811. DOI:10.1016/

[38] MONTEIRO R L, LINK J V, TRIBUZI G, et al. Effect of multi- j.foodres.2013.08.032.
flash drying and microwave vacuum drying on the microstructure and [49] VERGELDT F J, VAN DALEN G, DUIJSTER A J, et al.
texture of pumpkin slices[J]. LWT-Food Science and Technology, Rehydration kinetics of freeze-dried carrots[J]. Innovative Food
2018, 96: 612-619. DOI:10.1016/1.1wt.2018.06.023. Science & Emerging Technologies, 2014, 24: 40-47. DOI:10.1016/

[39] APRAJEETA J, GOPIRAJAH R, ANANDHARAMAKRISHNAN j.ifset.2013.12.002.

C. Shrinkage and porosity effects on heat and mass transfer during [50] ZHOU Cunshan, FENG Yabin, ZHANG Lei, et al. Rehydration characteristics
potato drying[J]. Journal of Food Engineering, 2015, 144: 119-128. of vacuum freeze- and hot air-dried garlic slices[J]. LWT-Food Science and
DOI:10.1016/j.jfoodeng.2014.08.004. Technology, 2021, 143: 111158. DOI:10.1016/j.1wt.2021.111158.

[40] W8I, ME T, BRATAE, S5 FOXUT IR L g Bk 2 2340 i 45 4 [51] YANG J, MARTIN A, RICHARDSON S, et al. Microstructure
Frszma[J]. Aol TR 4R, 2012, 28(14): 262-268. DOI:10.3969/ investigation and its effects on moisture sorption in fried potato
j.issn.1002-6819.2012.14.040. chips[J]. Journal of Food Engineering, 2017, 214: 117-128.

[41] VEGA-GALVEZ A, ZURA-BRAVO L, LEMUS-MONDACA R, DOI:10.1016/j.jfoodeng.2017.06.034.
et al. Influence of drying temperature on dietary fibre, rehydration [52] PRIMO-MARTIN C, VAN DALEN G, MEINDERS M B J, et al.

properties, texture and microstructure of Cape gooseberry (Physalis
peruviana L.)[J]. Journal of Food Science and Technology, 2015,
52(4): 2304-2311. DOI:10.1007/s13197-013-1235-0.

Bread crispness and morphology can be controlled by proving
conditions[J]. Food Research International, 2010, 43(1): 207-217.
DOI:10.1016/j.foodres.2009.09.030.





