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Dehydration of Opuntia ficus-indica and Aloe vera Slices Using Polyethylene
Glycol and Comparison with Other Drying Methods

Dong-Jin Yu, Suk-Mae Wang, and Kyung Bin SongJr

Dept. of Food Science & Technology, Chungnam National University, Daejeon 305-764, Korea

Abstract

Opuntia ficus-indica and Aloe vera slices were dried using 20, 30, and 40% polyethylene glycol (PEG) 4,000
as a dehydration agent, and the dried samples were compared with the hot-air dried and freeze dried in terms
of rehydration ratio, color, and sensory evaluation. The moisture content of the PEG-treated samples decreased
with increasing concentrations of polyethylene glycol. The rehydration ratio of the PEG-treated samples was
better than those of the hot air—-dried or freeze-dried samples. The color of the PEG-treated samples was similar
to that of the freeze-dried samples and better than that of the hot air—-dried samples. The sensory evaluation
of PEG-treated samples was better than those of the hot air—-dried or freeze—dried samples. These results suggest
that dehydration of Opuntia ficus-indica and Aloe vera slices using PEG is very effective in terms of rehydration

ratio and minimal damage of cell structure.
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Fig. 1. Change in moisture content during drying of Opuntia ficus-indica and Aloe vera using polyethyleneglycol (PEG).
Bars represent standard error. (a) Opuntia ficus-indica, (b) Aloe vera. @: 20%, A: 30%, H: 40%.
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Fig. 2. Rehydration ratio of dried Opuntia ficus-indica and Aloe vera.
Bars represent standard error. (a) Opuntia ficus—indica, (b) Aloe vera. @: 20%, A: 30%, B: 40% O: freeze dried []: hot-air dried.
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Fig. 3. Photos of polyethyleneglycol (PEG)-treated, freeze
dried, and hot-air dried Opuntia ficus-indica before/after
rehydration. PEG-treated before (a)/ after (b), freeze dried before
(c)/ after (d), hot—air dried before (e)/ after (f).

Table 1. Hunter color values of freeze dried, hot-air dried,
and polyethyleneglycol (PEG)-treated Opuntia ficus-indica

Fig. 4. Photos of polyethyleneglycol (PEG)-treated, freeze
dried, and hot-air dried Aloe vera before/after rehydration.
PEG-treated before (a)/ after (b), freeze dried before (c)/ after
(d), hot-air dried before (e)/ after (f).

Table 2. Hunter color values of freeze dried, hot-air dried,
and polyethyleneglycol (PEG)-treated Aloe vera

Color parameter

Color parameter

L a’ b* L a" b*
Control” 26.73+0.13%  17.61+0.27° 1.30+0.11% Control” 1840+0.15  -329+0.08"  4.35+0.11
FD 44.46+0.48° 2458+0.38"  -4.27+0.34° FD 33.77+0.25" -3.86+£0.04¢  10.17+0.07
HD 409440787 14214045  -0.76+0.20° HD 29.67 +0.24 -1.96+006"  871+0.10°
PEG 20%  51.96+040°  2011+0.40°  -2.46+0.14° PEG 20% 26.84+0.20° -370+0.03°  7.64+0.03°
PEG 30%  49.84+070  1851+0.16°  -1.13+0.15° PEG 30% 28.33+0.03° -411+002°  9.27+0.01°
PEG 40%  49.49+0.44" 19.76+0.14>  -2.46+0.11¢ PEG 40% 26.95+0.27 -325+0.03"  7.81+0.05"

UControl: raw, FD: freeze dried, HD: hot-air dried.
2)Any means in the same column followed by different letters
are significantly different (p<0.05).

TH(Table 1). Reynoso 5(19)9] &JalHA wihdxo] 2 k0)
betalains®] 33 = &9} pHoll o|&3stH, A9 &) 3}
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HEFET Hunter a” gte] Zgteh 42l o] 4% PEG
A2 d=2o 9 Hunter L™ 3ho] EZAZ Y 52AZ} =
2] 27 AA g2 o] 18409 B ZHAUAT F=
w2 fo el ol Holx| th(Table 2). Hunter a’

YControl: raw, FD: freeze dried, HD: hot-air dried.
Y Any means in the same column followed by different letters
are significantly different (p<0.05).
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Table 3. Sensory evaluation of freeze dried, hot-air dried, and polyethyleneglycol (PEG)-treated Opuntia ficus-indica

Organoleptic parameter

Texture Color Odor Appearance Overall
Control” 9.00+0* 9.00+0* 9.00+0" 9.00+0" 9.00£0
FD 7.13+1.13° 7.20+1.01° 7.07£0.80° 6.87+0.83¢ 6.73+1.58°
HD 6.00+0.85° 5.93+1.03 6.00£1.41° 567+1.18° 5.53+1.36
PEG 20% 8.00+0.85 7.9340.70° 7.9340.80 7.93+0.80™ 8.17+0.70®
PEG 30% 7.73+0.70 7.53+0.74" 7.93+0.70 7.33+0.82™ 7.67+£0.72°
PEG 40% 8.00+£0.76 7.73+£0.70™ 7.87+0.83" 7.7340.70° 7.80+£0.94

DControl: raw, FD: freeze dried, HD: hot-air dried.

?Any means in the same column followed by different letters are significantly different (p<0.05).

Table 4. Sensory evaluation of freeze dried, hot-air dried, and polyethyleneglycol (PEG)-treated Aloe vera

Organoleptic parameter

Texture Color Odor Appearance Overall
Control” 9.00+0* 9.00+0° 9.00+0° 9.00+0 9.00+0°
FD 5.13+1.20° 5.25+0.89¢ 6.50+1.07 525+1.16¢ 5.38+1.06°
HD 5.13+0.83° 6.00+0.76° 5.88+0.64 6.25+1.04° 6.00£0.76°
PEG 20% 6.88+1.36 7.50+0.76" 7.13+1.36™ 6.88+1.25™ 7.13+1.36"
PEG 30% 7.38+£0.74 7634052 7.50+0.93" 7.50+0.76" 7.50+0.93"
PEG 40% 7.75+0.46" 7.63+0.74 7.75+0.71° 7.75+0.71° 7.88+0.64"

YControl: raw, FD: freeze dried, HD: hot-air dried.

?YAny means in the same column followed by different letters are significantly different (p<0.05).

5529) Zpolo] u}

e, o)A A% 4
1

ok
) o

ERRUEE
s

offl Lo
Y &
o

me IR
R
2

o

iin)
*
D

N
o & 5

R V- R -
DR

i
o 2 o > o

%

g oro M
>

=
Mo

9 Ao 58 HaHs,
B2 %98 5 o)), Ay
dol $4 Az WMUZ I

adaHH, ol21g PEG A2, dx
7157 gE 98RY F8o] 7

o
el N > 19

3
2
o
32
0

it
>,
b
it

1
IS
f!
)
i
i
O

fo

oF
2

2
[t
=
i
i)

Z(PEG) 4,000 20, 30, 40%

ARG A% & GE

o
&
1=
rL
B
'S
e
fr
2

ke
flo
ELr:lo
)
b
2
S oo

PNCof 1o 2

fo bk A

Z= Agd Ns
=

>,
)
2
o &

o
o
X2
i) flo
e
rio,
o
2,
X
rr
ne
ol
)

FANZ g AEHRT PEG X2 A8V O & BEU8S

-0
AT AEANE $AAZ AT GFAERT
£ s BB NE dFAxY FAAER

PEG A2jgt A&7 O f-sisich. wepd £ o5 Aot
PEGE o] 83 Mzl d2o] AAe] Hxs A8 AxE
WA g Haseta A AR 2] dEHE 599
= g mEARl Axgieleta daH, Axd A
< FF 715d8F 98 5= &8o] Thssittal ¥
e

4

e o

o
rot

1. Krokida MK, Marinos-Kouris D. 2003. Rehydration of de-
hydrated products. J Food Eng 57: 1-7.

2. Simal S, Femenia A, Llull P, Rossello C. 2000. Dehydration
of aloe vera: simulation of drying curves and evaluation of
functional properties. J Food Eng 43: 109-114.

3. George JP, Datta AK. 2002. Development and validation of
heat and mass transfer models for freeze-drying of vegeta—
ble slices. J Food Eng 52: 89-93.

4. Rastogi NK, Raghavarao K, Niranjan K, Knorr D. 2002.
Recent developments in osmotic dehydration: methods to
enhance mass transfer. Trends Food Sci Technol 13: 48-59.

5. Matusek A, Meresz P. 2002. Modeling of sugar transfer
during osmotic dehydration of carrots. Periodica Poly—
technic Ser Chem Eng 46: 83-92.

6. Singh B, Panesar PS, Nanda V. 2008. Osmotic dehydration
kinetics of carrot cubes in sodium chloride solution. /nt J
Food Sci Technol 43: 1361-1370.

7. Kim MK, Kim MH, Yu MS, Song YB, Seo W], Song KB.
2009. Dehydration of carrot slice using polyethylene glycol
and maltodextrin and comparison with other drying
methods. Korean J Food Sci Nutr 38: 111-115.

8. Kim MH, Kim MK, Yu MS, Song YB, Seo W], Song KB.



10.

11.

12.

13.

14.

gAY E Aol AT Mdx, g2 FH

2008. Drying of green pepper using maltodextrin. Korean
J Food Preserv 15 694-698.

. Kim MH, Kim MK, Yu MS, Song YB, Seo W], Song KB.

2009. Dehydration of sliced ginger using maltodextrin and
comparison with hot-air dried and freeze-dried ginger.
Korean J Food Sci Technol 41: 146-150.

Lee KS, Oh CS, Lee KY. 2005. Antioxidative effect of the
fractions extracted from a cactus cheonnyuncho (Opuntia
humifiisa). Korean J Food Sci Technol 37: 474-478.
Chung MS, Kim KH. 1996. Stability of betanine extracted
from Opuntia ficus-indica var. saboten. Korean J Soc Food
Cookery Sci 12: 506-510.

Lee YC, Hwang KH, Han DH, Kim SD. 1997. Compositions
of Opuntia ficus-indica. Korean J Food Sci Technol 29:
847-853.

Grindlay D, Reynolds T. 1986. The aloe vera phenomenon:
a review of the properties and modern uses of the leaf pa-
renchyma gel. J Ethnopharmacol 16: 117-151.

AOAC. 1990. Official methods of analysis. 15th ed. Associa—

15

16.

17.

18.

19.

20.

i

g5 2 Az} 7|E AF A v 1029

tion of Official Analytical Chemists, Washington, DC, USA.
. SAS Institute. 2001. SAS system for windows. Version 8.2.
SAS Institute Inc Cary, NC, USA.
Mayor L, Mreira R, Chenlo F, Sereno AM. 2006. Kinetics
of osmotic dehydration of pumpkin with sodium chloride
solutions. J Food Eng T4: 253-262.
Krokida MK, Maroulis ZB. 2001. Structural properties of
dehydrated products during rehydration. /nt J Food Sci
Technol 36: 529-538.
Antonio VG, Roberto LM, Cristina BS, Fito, Andrés. 2008.
Effect of air drying temperature on the quality of rehy-
drated dried red bell pepper (var. Lamuyo). J Food Eng
85: 42-50.
Reynoso R, Garcia FA, Morales D, Gonzlez E. 1997. Stability
of betalain pigments from a cactacea fruit. / Agric Food
Chem 45: 2884-28%9.
Krokida MK, Maroulis ZB, Saravacos GD. 2001. The effect
of the method of drying on the colour of dehydrated pro—
ducts. Int J Food Sci Technol 36 53-59.

(2010 39 169 A< 20109 4€ 169 =49)



