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Fig.1 Cell microstructural parameter distributions of apple
parenchyma during 50°C hot-air drying
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Table 2 Moisture ratio of potato cuts on different drying time
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parenchyma during 50°C hot-air drying

B2 PR R AN K A LU 4 TS
BEAH AT AR . YR EAR . R B G A B
e HIEIATA, i LA AN (X/X=1.000) AR
I3 AT B (R AR HRBILAE 5 100 pm?, L2301 X ) Y8 R 45 3
RHA;, MBHEOMUE N 24~300 um, K070
fE 200 um PAF, (K 97 um; JHK A A va A
107~1 289 um, K553 AifE 1 000 um LR, JiK 1l
E0 400um; (5 50 A IWEAR 2 0.79, K07 B B B AE
0.6 AL, 4 futh n AR B 5 1T .

KA LER 0.605 I, Th 4% S A1 J A AR i B e
5000 um*, JKArEEA 0.081 i, UEAEFEN 2 300 um®, L
BT AU T 10 000 am® FOZ0 L 15 40 5 51K 69.6%. 111
PEEDLAA S BT 67.1%, Ui BH 4 B 40 7E AT 15
IR W, B R L SE A ) s B T A



5 14 34 HOBISE: TR R R L 2P A 0 45 A (D5 265

AR AR T 17 000 um? BIA1IE 5 5.5%, TH:)G &
7.0%, K40 e e AT 38 0, U B SARCT o FE
% % SE A R 2T % T K 4 B %E 3R

TR EE Ny, A 2 A Mo Y i AR IR 20 A7 Y LN
22.3~330 um, WEAE K 80 pm, 11157 Hf JHERE 2H 25 40 i () I
o4 97um; Hrf SR 40 i Y HAR/N T 100 um (1)
M 52.2%, TG AR 62.4%; Brff B4R E
A 24 R AR KT 200 wm B & 3.7%, 10 T4 S BT
LA 2] 6.0%

LB S0 i A ) A A 34 5 3 SR A i R K T AR A
RAAREARE, H 53120 2340 i A b AR AR R B N
Ktk 0.605 B, 4 fE A 1) 2 A dE [l A 90 ~
1400 um, UMK 400 um. BEE T FEAIBEAT, 4100
JAKM B WA L, KA 0.081 B, 4 i &K
Iy AVEFE A 75~1 400 um, WA K 340 um.

TIRIEH, SR E a0 R B4 A fE 0.18~0.95 [A],
I3AT MR AR N 0.67, [ BE/NT 0.5 BT ieE 42 S 40 i
B e/ T 15%, a4 29%, KL% E
0 i AE AT i R AR AR AN R
2.3 AT NERALMEETIRIIE PR

IR 7 8 5 & | 7 BE 2 SU W LR TR L S K RN
89.90%. A~[R]TF-J5ms Z BTl SH 8 N bIE Ak o th sk 3
i, RSG5 A i 3 s,

x3 WHE MIRTEFERERKS B
Table 3 Moisture ratio of carrot cuts on different drying time
T4} [)/min 0 10 20 30 40 50
7Ky b XX, 1.000 0.742 0.631 0.389 0.146 0.104

Kl 3 b T R R 2N S5 R S )
ORI . F AT, BTEEHEE A0 AR R A
A M2 A WA R BIAE 3 300 pom?,  HL K40 20 o XA 4%
BB/ T 6 000 um?®, 7 3 Fhigpkelf 43 A X o) B 4% 5
B HARATIEE A 27~200 um, KE AL 120 um
LR, M8 BRI A 75 pm; JEKIE IR M IE 22>
i, KIS R 97~800 um, KE4>/NT 500 um,
JAK A A VA2 300 pems [ BE 3 A (WA R 0.81, K56
3 40 A AT I AR AR I B 5 AT

AR R A R AR T AR Y B AR N A
M2 B A RS, BERRTH BN T 2 500 am?® (¥140 i 4=
T 7 B9 TR T 0 33.4% F T2 TS 9 50.2%, 45
FAR/ANT 50 pm (R20 0 TR T IK 23.2% BTF 2 T4
G 36%, VBRI S Mo E TR R R AE T
Wi KorHbH 0.631 P 0.104 I, A AR (E
3 000 um” JE/NEE 2 000 pm®, 4024 EH AR 70 m P/
% 60pm, B — Ui T R i g R T e,
RS AEFE A R SRR E A K. TaT)e, 4N
MR ALK T 5 500 um® FORCE 1 8.4%19 5 14.9%, 4
HEARKT 120 um A1 H 8.5%IEE 12.6%, il T4
MR R IR BN S, ERK
ST 7 LB, AE R R i L A A Pl
AL E AT K

I A KA A TR R RN 2, At
LRI AR BR LA R A B Bk . 7K 43 L 0.631 B/ 2
0.104 i, FHIEAE i 300 pum 8/ 22 250 um.

THERT S, BHE D i R B2 A e 0.83 B& % 0.75,
[ /N T 0.5 FIZN MUt 8.7%38 & 15.5%. T4 )5 tH &
I 20 % [53) J5E 2 273 A AE 0.60~0.80 Z[A]

T O TR R IR 3 R R A N B R 5
AN O S BT BT el &, G o AT RAOWE 2
oA B S5 28U, Bt BExd 3 R IR g
LA 0 ke AL 5 ) () 3 S A [R] o B g0 RE 1
AT, AR MpBEARGERTE, SSHEEDN: TG
W, AR ER MRS, SRS EER S
AV AR 8 . AH TR RN 3 b SR B SO 45 # AR AL I R
WFE AN, Ut U mEARE, BT R i
)52 W B O, TR S S S A0 MY R AR W PR AR T
42um, N ThE TE AN IR RS WL, 0T D G ) R
FRBES /N, RIS S D g i > 5 B AR (e A BRI T
15 umo,

27 R HXIX,
y 1.000
0k . -——-0631
N /A PR 0.389
S 8 —-—--0.146
iy — 0104
g h
Jb
g |
2 ki
.',' N
NoRaRE L

4000 6000
AN A AT A um?

1
0 2000

a. 2 A AR 3 A

—

2 L 43 A AT /%

1 1 > -
0 50 100 150 200 250
S 4 38 A%/

b. Al HAR AT
20
18+
16 -
14r
12
10

AL 53 AT %

o N & o
—T T

1 1 1 - 1
200 400 600 800 1000
il & K /pm

c. AR KA



266 Ak TREZHR 2012 4
30 1.1
251
£ 0 & o
g 5 0.8 :
SRENS Y oogl
b i
gj 10+ % 07}
F
5k 06 f
0 2 oo 061 o,l42 o,lzo o,|10
. Ky XX,
B3 SOCHRATHRAY G AELE R e B2 M St A L
Fig.3 Cell microstructural parameter distributions of carrot 1 S
parenchyma during 50°C hot-air drying oE Ee
% 09F LN
2.4 TRIBHEASHERUNSHBIXE 2 osf
PAAHES R, AFEZKF LA R Bk 3 Fh AL 4 2 it
MUY, SR, PRI 4 RO S s ol
WASAIR. A TR B E S S KRR AR,
FHEEMYIBHEAN R ZK 73 EEIHI i 40 M 5 S 80 S T4 %700 0.61 0.42 020 0.0
SREMAMEL, BT 44, GHELL) « PPy AL | didy KA HX,
CHEEAE) « SpSee URIEEL) BE XX, UKarEL) HIAR L d. AR RE
W, AR SEEE SRR R, LA 8. B 4 50°C#FT BT R E Ko bbbl 5 A 40 4R 4m IO A
M 4 FTLEH, #SH09MEES K R LA #ME L

KFR. TGRS H, RA%EXRAFR
Y=aM +b (4)
K, Y R S M 2 L (4/40~ P/Py~ d/dy~ Sr/Sko»
TR €07 R ESETIRATIVIGEIED 5 M 7KL
av b AFRE, ANFFREMEIGEFEAFMHR S, K
EHAE], 1 4 o B A AL A T LA
1320 3 MREAFRIHRSE N av b{E, WK 4.

Lir
Rt LA
S 10% o TR
3 e
S oot s
0.8 e e
% “.‘ Trea T
=071 '
= et ‘.
F o6 o
0.5 . . . '
1.00 0.61 0.42 0.20 0.10
IR HXLY,
a. 4l UREBTAA L
Lip
10%-..,
< T
3 B PR
B 09F
&
m ggl
i
i e
= 07r R
&
0.6
05 . . . \
1.00 0.61 0.42 0.20 0.10

KAy LLXIX,
b. 4l HAR

Fig.4 Average ratio of cell microstructural parameters of
parenchyma under different moisture ratio during 50°C hot-air
drying
R4 3HYRESHUSH TSR REABRIFERE
Table 4 Values of fitting coefficients, correlation coefficients and

standard deviations of three materials under different
microstructural parameters

SHE

- b R Std
FR {E Lk

AlAy 0.4800 0.5403 0.9703 0.33

i PIP, 0.1644 0.8434 0.9193 0.14

didy 0.3997 0.6298 0.9423 0.38

S/ Sro 0.5026 0.5458 0.9238 0.06

AlAy 0.3988 0.6282 0.9361 0.38

) P/P, 0.1384 0.8735 0.9006 0.18
TS

didy 0.3334 0.6907 0.9573 0.28

Si/ Sko 0.4496 0.5910 0.9066 0.07

AlAy 0.2907 0.7225 0.9831 0.18

o PIP, 0.0649 0.9397 0.9011 0.39
A K

didy 0.3140 0.7137 0.9397 0.34

Si/ Sko 0.4565 0.5953 0.9018 0.08

e A/dov P/Pov didy~ Sp/Sro X W AANMRIITIRILL . B, M EA A
B, av b AESH, R NIGERSL, Std NARAEm 2.

HE 475, Y5 MEREREIAE 0.9 ULk, £
AT R PSR TR ORI S S R 4 24 L
TOWL &5 ¥ S HBE 5 7K R D TR PR . R a fH
K, THENS 3 FlpRl a2 . TR B
FREE AN, S S0 M AR A B 38 K T 3HoAth 2 7
Bh, A &S ECR IR RN, IR A A
T R ARG K ARG FILTE, Reis &2 — €M



14 it

SFE: BT SR 1 B 2 2 A0 R 45 40 PR R 267

THRGRAL, TR AR R TR A AE TR KA 32 21 5 B
MMTER. diRi R ERE, R W% b ki
AT S KR IS SRl L IR R R 2 O
9% 28 3 I T 5 0 L A A R A DA T R 45 4 2 B AR
R, MSEEAZINE P B BN A8

3 & it

ARTCEE MR A . HEEE. FARAEKE 4
MR EFIZHL, G xR, SEARIAE b~ 3 FiR
B RLE HA IR 5 I v B 20 23 0 i 45 R 1R AR A AT T R
5, IR 4R

D B BRE. Y MM, TERY
BRI, AApRERRER . K. SR ERA RO
FOERAMER, HEEEREEN 127 pm, B2 N
ff/l, A EEARERDY 75 um, SRFEMAMAT &
ZIA); AESRTHRE R AN 52 2 B0 520 /N LR
SERA M AACRE K, W N AR AR R .

2) FERNTERERES, 3 MRS S8 S T
B RS EANEAG, v REASHE 0.9 BLE. 3R,
DAY NIRRT MRS A
B AR B> T e PE g, L ST AT 7
TR AR N BB T AR D 3 R WA |~ il
AL A S BIIE, DR E R S FR 0
BEABOI TG W 2 10 B A AR W] T A X
TR PSR DRENE SRS S HBE S K
ARG DL, A7 BT R ARG PAY S vt S 14 47 i LA
SRR A T RE R AR R e 5

(& £ x #

[1] Lewicki P P. Effect of pre-drying treatment, drying and
rehydration on plant tissue properties: A review[J].
International Journal of Food Properties, 1998, 1(1): 1 —22.

[2] Mayor L, Moreira R, Sereno A M. Shrinkage, density,
porosity and shape changes during dehydration of pumpkin
fruits[J]. Journal of Food Engineering, 2011, 103(1): 29—37.

[3] Ramirez C, Troncoso E, Munoz J, et al. Microstructure
analysis on pre-treated apple slices and its effect on water
release during air drying[J]. Journal of Food Engineering,
2011, 106(3): 253 —261.

[4] Mayor L, Pissarra J, Sereno A M. Microstructural changes
during osmotic dehydration of parenchymatic pumpkin tissue[J].
Journal of Food Engineering, 2008, 85(3): 326—339.

[5]1 SKai¥, @245, #HB%. REL R4 IT RIRND]. &

M TR, 2002, 18(6): 141—143.
Zhang Jingping, Peng Zheng, Shao Zhenhua. Preliminary
study on the shrinkage equation of boundary of spheral fruit
and vegetables[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2002,
18(6): 141 —143. (in Chinese with English abstract)

[6] Mujumdar A S. Handbook of industrial drying[M]. Boca
Raton: CRC Press, 2006: 666 —669.

[7]1 Garcia-Perez J V, Ortuno C, Puig A, et al. Enhancement of
water transport and microstructural changes induced by

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

high-intensity ultrasound application on orange peel drying[J].
Food and Bioprocess Technology, 2011, 7(8): 1—10.
Troncoso E, Pedreschi F. Modeling of textural changes
during drying of potato slices[J]. of Food
Engineering, 2007, 82(4): 577—584.

Ramos I N, Silva C L M, Sereno A M, et al. Quantification of
microstructural changes during first stage air drying of grape
tissue[J]. Journal of Food Engineering, 2004, 62(2): 159—
164.

Lewicki P P, Pawlak G. Effect of drying on microstructure of
plant tissue[J]. Drying Technology, 2003, 21(4): 657 —683.
Aguilera J] M. Why food microstructure[J]. Journal of Food
Engineering, 2005, 67(1/2): 3—11.

RARDE, AR, TR RN XA i 41 g HE Tl 4G
MR REma]. AL TRE2A4R, 2009, 25(1): 78 —8l.

Zhu Jiying, Wang Xiangyou, Wang Juan. Effects of CA

Journal

storage on ultrastructure of Agaricus  bisporus[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2009, 25(1): 78—
81. (in Chinese with English abstract)

FENVAG, XK, IRFEME, 45 ANFARBNBREER 5 4
TN 20 B i s /) i S ma[T]. A TRE2A4R, 2008, 24(7):
217—221.

Ren Yamei, Liu Xinghua, Xu Chunya, et al. Efffects of different
treatments on the post-harvest physiology and cell ultrastructure
of kiwifruit[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2008,
24(7): 217—221. (in Chinese with English abstract)

Ong S P, Law C L. Microstructure and optical properties of
salak fruit under different drying and pretreatment
conditions[J]. Drying technology, 2011, 29(16): 1954—1962.
Moreno J, Simpson R, Baeza A, et al. Effect of ohmic heating
and vacuum impregnation on the osmodehydration kinetics
and microstructure of strawberries[J]. LWT-Food Science
and Technologies, 2012, 45(2): 148 —154.

SCRIE, TS5EIH, AT/ B SAL IO IE KA SV i
CREEHATOHLEERT]. ARk TARR2AA], 2007, 23(12): 24—28
Wen Yingqgiang, Feng Jiayue, Ren Xiaolin. Mechanism for
prolonging cold storage life of Li jujube fruit by heat air
treatment[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2007,
23(12): 24—28. (in Chinese with English abstract)

MRWDE, BREE, FUAEE, 5. B2 IR S esE e ) 4
B R 7K ey M T JHL A 5 FR S D). AL TR AR
2007, 23(12): 237—240.

Lin Hetong, Chen Lian, Kong Xiangjia, et al. Effects of
packageing on desiccation-induced browning and cellular
ultrastructure of pericarp of longan fruits during storage[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2007, 23(12): 237—
240. (in Chinese with English abstract)

Nieto A B, Salvatori D M, Castro M A, et al. Structural changes
in apple tissue during glucose and sucrose osmotic dehydration:
Shrinkage, porosity, density and microscopic features[J]. Journal
of Food Engineering, 2004, 61(2): 269—278.



268

b TREAAIR

2012 4F

[19]

[20]

[21]

Sansanee S, Sakamon D, Somchart S. Generalized
microstructural change and structure quality indicators of a
food product undergoning different drying methods and
conditions[J]. Journal of Food Engineering, 2012, 109(1):
148—154.

Moreira R, Chenlo F, Chaguri L, et al. Analysis of
chestnut cellular tissue during osmotic dehydration, air
drying, and rehydration processes[J]. Drying Technology,
2011, 29(1): 10—18.

Bolin H R, Huxsoll C C. Scanning
microscope/image analyzer determination of dimensional
postharvest changes in fruit cells[J]. Journal of Food Science,

1987, 52(6): 1649—1650.

electron

[22]

[23]

[24]

Lewicki P P, Drzewucka J. Effect of drying on tissue structure of
selected fruits and vegetables[C]/ Akritidis C B, Marinos-Kouris
D, Saravacos G D. Proceedings of the 11th International Drying
Symposium Drying’ 98. Thessaloniki, 1998, B: 1093 —1099.
M. H RS TR S R ). AR, 2006,
23(1): 45—4e6.

Yang Jiepin. Improvement of traditional paraffin section
preparation methods[J]. Journal of Biology, 2006, 23(1):
45—46. (in Chinese with English abstract)

Mayor L, Silva M A, Sereno A M. Microstructural changes
during drying of apple slices[J]. Drying Technology, 2005,
23(9/11): 2261 —2276.

Effect of hot-air drying on cell structure of fruit and vegetable
parenchyma

Chang Jian, Yang Deyong™, Lu Qianqianz, Liu Xiangdong
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Potato, apple and carrot were chosen to study the effect of hot-air drying on their microstructure. By using the
paraffin technology, the micro-imaging technology and the image processing technology, the microstructure images

under different moisture content during drying were obtained, and the effects of hot-air drying on the parameters, in
terms of cell area, cell perimeter, cell equivalent diameter and cell roundness were analyzed from the cell parameters

distribution curves under different moisture content. Fitting equations were built to describe the positive correlation

between the cell parameter ratios and the moisture ratio during the hot-air drying. The results indicated that the cell

changing with moisture content during drying could be predicted by the fitting equations. This study provided a
theoretical basis for the quality control and the mathematical model of fruits and vegetables during hot-air drying.

Key words: drying, microstructure, moisture, equivalent diameter, fruit and vegetable



