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Abstract

Apple, persimmon, and strawberry slices were dehydrated after treating with 30, 50, and 80%o (w/w) maltodex-
trin solution. The dried apple, persimmon, and strawbeny slices were compared with hot air-dried and freeze-dried
samples in terms of rehydration ratio, ascorbic acid, color, and sensory evaluation. The rehydration ratio of malto-
dextrin-treated samples was greater than that of hot-air or freeze-dried samples. Maltodextrin-treated samples had
higher content of ascorbic acid than other dried samples. Additionally, maltodextrin-treated apple, persimmon,
and strawberry slices had better color and sensory evaluations than those of freeze-dried or hot-air dried samples.
These results suggest that, compared to other drying methods, dehydration of apple, persimmon, and strawberry
slices using maltodextrin is very efficient, resulting in good rehydration capacity, minimal destruction of ascorbic

acid, and good color and sensory evaluation.
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INTRODUCTION

Dehydrated fruit provides conveniences in trans-
portation and storage, compared to fresh fruit, and can
be used as ready-to-eat food (1). However, drying of
fruit can cause the loss of quality in flavor and color.
In addition, shrinkage following the loss of water and
low sorption capacity of the dehydrated fruit can be a
problem (1,2).

Freeze-drying is one method for drying food, and is
known to result in good quality dehydrated food, espe-
cially when compared to hot-air drying which usually
causes loss of food quality. However, there are some
issues with freeze-drying, such as a long processing time
and a high cost (2-5). Therefore, osmotic dehydration
is suggested as an alternative to freeze-drying or hot-air
drying for improving the quality of dried food. Osmotic
dehydration is a simple and low cost process, and is ap-
plicable for perishable fruit and vegetable products (4-8).
The quality of dried food prepared by osmotic dehy-
dration can be affected by the type and amount of dehy-
drating agent (1,4,9). In particular, some solutes from
the osmotic solution can get inside the plant cell wall,
resulting in mechanical and textural changes in the cells
(8-10). The amount of water coming out of the fruit is
much larger than the counter flux of osmoactive materi-
als, and the water transfer out of the cell is accompanied
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by loss of vitamins and minerals as well as flavor com-
pounds (11,12).

To resolve the disadvantage of osmotic dehydration
method, molecular press dehydration using maltodextrin
has been investigated. The method is mainly based on
cytorrhysis, which is similar to osmotic dehydration ex-
cept for the size of dehydrating agent. The major differ-
ence is that cytorrhysis occurs outside the plant cell due
to the size of dehydrating agent (13,14). Plant cells can
be dehydrated as they are contracted by diffusion pres-
sure of specific polymer molecules applied to the cell
wall, as long as the polymer’s size is bigger than the
pores of cell wall so that they cannot be transferred
across the cell wall (15). For molecular press dehy-
dration, maltodextrin is suggested as an effective dehy-
drating agent for dehydration of fruits and vegetables
(16,17). It has been also reported that pretreatment of
tomatoes with maltodextrin before drying had a better
color, texture, and firmness than the control (4).

The objectives of this study were to investigate the
effect of maltodextrin as a dehydrating agent on drying
of apple, persimmon, and strawberry slices, and to com-
pare this method with hot-air drying and freeze-drying
in terms of rehydration ratio, color, and sensory eval-
uation.
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MATERIALS AND METHODS

Sample preparation

Apples, persimmons, and strawberries were purchased
from a local market, and sliced using a cutter to ensure
a uniform thickness (1 =0.5 mm). Maltodextrin DE 9~
12 (Daesang, Gunsan, Korea) was used as a dehydrating
agent. The initial moisture contents of apples, persim-
mons, and strawberries were 86.0, 85.2, and 93.1%,
respectively.

Drying process

Sliced apples, persimmons, and strawberries (200 g)
were dehydrated at 25°C for 10 hr in a low density poly-
ethylene bag containing 30, 50, and 80% (w/w) malto-
dextrin solution. Samples were then centrifuged at 376 X
g for 5 min and placed in an incubator at 25°C to elimi-
nate any remaining water. For freeze-drying, samples
(200 g) were frozen at -70°C and lyophilized (FD-5508,
IIshin Lab Co., Seoul, Korea). For hot-air drying, the
same amount of samples were dried using a hot air dryer
(HB-502LP, Hanbaek Co., Bucheon, Korea) at 70°C.
Final moisture contents of all dried apples, persimmons,
and strawberries samples were in the range of 5+ 1%.

Measurement of rehydration ratio

The dried samples were rehydrated in water at 25°C
for 10, 20, 30, 40, 50, and 60 min. Dried samples (1
g) were immersed in 50 mL water. After rehydration,
samples were drained for 2 min to remove excess water
which is physically entrapped on the surface. All sam-
ples were weighed under the same experimental
conditions. Triplicate measurements were carried out and
rehydration ratio was calculated as the ratio of grams
of water absorbed per sample weight (g).

Ascorbic acid content
Extraction of ascorbic acid from the samples was car-
ried out using 5% metaphosphoric acid, and ascorbic
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acid content was determined using high performance lig-
uid chromatography (Young Lin Instrument Co., Ltd.,
Anyang, Korea) with a Ci;g column according to the
method of Lee and Coates (18).

Color measurement

Color of samples was analyzed using a colorimeter
(CR-300 Minolta Chromameter, Minolta Camera Co.,
Osaka, Japan). Samples were placed on a white standard
plate and Hunter values (L, a, b) were determined.
Hunter L, a, and b values for the standard plate were
1=98.34, a=-0.03, and b=1.62. Three measurements
were taken at different locations of each sample.

Sensory evaluation

Samples were analyzed for their freshness, texture,
odor, color, and overall acceptability by 7 trained
panelists. Sensory qualities of samples were evaluated
using a 9-point hedonic scale method. Sensory scores
were 9~8, very good; 7~6, good; 5~4, fair; 3~2,
poor; 1, very poor.

Statistical analysis

Analysis of variance and Duncan’s multiple range
tests were performed to analyze the results using a SAS
program (SAS Institute, Inc., Cary, NC).

RESULTS AND DISCUSSION

Measurement of rehydration ratio

A major advantage of molecular press dehydration is
its rehydration capacity (13-15). The rehydration ratio
of dried fruit over time is shown in Fig. 1. A remarkable
increase in the rehydration ratio for maltodextrin-treated
apple, persimmon, strawberry slices is observed within
the initial period of 30 min, whereas the rehydration ratio
for hot-air and freeze dried samples required more than
30 min to reach equilibrium. Among the samples, the
largest rehydration capacity was observed for maltodex-
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Fig. 1. Rehydration ratio of dried apple, persimmon, and strawberry slices. Bars represent standard error.
o: maltodextrin 30%, a: maltodextrin 50%, m: maltodextrin 80%, o: freeze drying, ~: hot air drying.
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Fig. 2. Photos of maltodextrin-treated apple, persimmon, and strawberry slices after rehydration.

trin-treated fruit slices, in which the mass increased
six-fold during 1 hr soaking in water (Fig. 1). In contrast,
freeze- or hot-air dried fruit slices absorbed less water
than the maltodextrin-treated one. Fig. 1 indicates that
rehydration ratios of 80% maltodextrin-treated apple,
persimmon, strawberry slices were the highest at 6.71,
4.52, and 2.70, while those of hot-air dried samples were
the lowest at 3.29, 3.38, and 1.63. The reason for this
difference is mainly due to the rate of water removal
and degree of shrinkage of the dried samples (1). The
results also indicate that the high temperature of hot-air
drying can cause a detrimental effect, resulting in lower
diffusion of water through the surface during rehydration
(19). Thus, the difference can be attributed to the fact
that different drying methods have differing effects on
lattice forces inside plant tissue as well as interactions
between the surrounding medium and the matrix (20).
In addition, the lower rehydration ratio for the hot-air
dried samples can represent the damage done to the cell
wall by hot air. On the contrary, the maltodextrin-treated
samples showed an increase in rehydration ratio that can
be explained by molecular press dehydration (1).

Our results demonstrate that the three different fruit
slices have a similar rehydration pattern, but the final
rehydration ratio was dependent on the chemical compo-
sition of the sample and its mechanical resistance. Thus,
the different methods affect drying rate as well as final
quality of the dried food (21). Photos of maltodex-
trin-treated fruit slices after rehydration demonstrate the
better quality of the samples dried in this manner, espe-
cially in terms of rehydration capacity (Fig. 2). Therefore,
this study clearly indicates that drying fruit with the mal-
todextrin method is better than either the hot-air or
freeze-drying method to maintain the fruit’s quality clos-
er to that of the raw state. The results also demonstrate
that maltodextrin-treated fruit can be used as an in-
gredient in a fresh salad or a topping on cake or bread
after rehydration, in the place of raw fruit.

Ascorbic acid content

The amount of ascorbic acid in samples is shown in
Table 1. Ascorbic acid content in apple, persimmon, and
strawberry slices were in the range of 0.77~1.44, 2.13~
3.17, and 4.35~6.22 mg/g. These values are in good
agreement with those reported by other studies (22-24).
Ascorbic acid contents of the dried samples represent
an overall decrease compared to the control. Among the
dried samples, those treated with 80% maltodextrin had
the highest content of ascorbic acid. In addition, ascorbic
acid content increased with increasing concentration of
maltodextrin. The results suggest that the maltodextrin
solution acts like an edible coating, resulting in a less
ascorbic acid loss (4). It should be also noted that 30
and 50% maltodextrin-treated samples had similar results

Table 1. Ascorbic acid content of freeze dried, hot-air dried,
and maltodextrin-treated apple, persimmon, and strawberry
slices

Ascorbic acid (mg/g)

Control 1.44+0.060"

Freeze drying 1.15+0.027°

Apple Hot-air drying 0.77+0.024°

Maltodextrin (30%) 1.13+0.026°

Maltodextrin (50%) 1.11+0.085°

Maltodextrin (80%) 1.28+0.140°

Control 3.77+0.064"

Freeze drying 2.70+0.055°

Persimmon Hot-air drying 231+ 0.022°f
Maltodextrin (30%) 2.13£0.001

Maltodextrin (50%)  2.50%0.016°

Maltodextrin (80%) 3.12+0.044°

Control 6.22+0.010%

Freeze drying 5.01+0.134°

Strawberry Hot-air drying 3.35+0.590"

Maltodextrin (30%) 4.671+0.036°

Maltodextrin (50%) 5.1540.030°

Maltodextrin (80%) 5.27+0.001°

Control: raw material.
“"Means with different letters are significantly different
(p<0.05) by Duncan’s multiple range test.



370 Min-Hee Kim et al.

Table 2. Hunter color values of freeze dried, hot-air dried, and maltodextrin-treated apple, persimmon, and strawberry slices

L a b
Control 78.92 +0.93" -5.25+0.17° 23.72+1.45°
Freeze drying 71.02+2.12° -4.5740.89° 27.21+2.83"
Apple Hot-air drying 58.22+1.81° 5.1240.97° 30.63+1.88°
Maltodextrin (30%) 64.69+1.08" -4.87+0.84° 24.99+1.27
Maltodextrin (50%) 76.14+5.88™ -430+0.33 23.93+1.43°
Maltodextrin (80%) 78.90 +0.74" -4.75+2.28" 26.39+1.39°
Control 60.83+0.72° 3.53+0.12° 39.74+2.83"
flretezs> iliryl.ng 80.37+4.07" 1.30+0.34° 31.29+2.12°
: ot-air drying 58.65+0.57° 8.44+1.00" 37.18+1.06
Persimmon .
Maltodextrin (30%) 59.81+0.55" 4.03+1.01° 40.50+1.95°
Maltodextrin (50%) 60.98 +0.38" 3.99+1.58" 41.98+3.62°
Maltodextrin (80%) 69.18+1.70 4.05+0.77° 41.97+3.48°
Control 56.37+3.55" 17.44+2.63" 18.84+0.38"
IIflreez_e ccllry{ng 71.02+2.12° 15.81+3.04° 17.93+2.68"
t-air n c a
Strawbe ot-air drying 31.90+0.78 11.13£2.02 20.89+2.07
Ty Maltodextrin (30%) 50.51+2.07° 16.08 +0.87 17.53+2.71°
Maltodextrin (50%) 51.40+0.46° 16.37+0.73" 17.95+2.50°
Maltodextrin (80%) 56.72+0.64° 17.22+0.90° 15.73 +1.54°

Control: raw material.

““Means with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

with freeze dried samples and had higher ascorbic acid
content than hot-air dried samples. In particular, the as-
corbic acid content of hot-air dried samples was sub-
sequently the lowest among the samples. These results
indicate that the high temperature during hot-air drying
led to a considerable decrease in ascorbic acid content,
likely due to oxidation and destruction of ascorbic acid.

Color measurement and sensory evaluation

The experimental results of lightness (L), redness (a),
and yellowness (b) for the dried apple, persimmon, and
strawberry slices are shown in Table 2. Color differences
were distinct between the control and the hot-air dried
apple, persimmon, and strawberry slices. Hot-air dried
apple slices had lower lightness value than the freeze-
dried or maltodextrin-treated apples. In addition, the
hot-air dried apple slices had higher redness than those
of the other dried samples, and also had more intense
dark color (Table 2). However, there was little difference
between maltodextrin-treated samples and the control.
The dried persimmon also showed no significant differ-
ence in surface color between the control and maltodex-
trin-treated samples (Table 2). The results demonstrate
that maltodextrin treatment delays degradation of chlor-
ophyll and carotene pigments, as previously reported
(25). On the other hand, color values of the freeze- or
hot-air dried samples were changed, compared to the
control. Lightness was significantly higher in the
freeze-dried samples, while redness was lower than the
control, which was presumably affected by whiteness of
the surface of the frozen samples. Yellowness values

were also lower than those of maltodextrin-treated
samples. Color changes by freeze drying were reported
by other studies (4,26). In addition, hot-air dried samples
had considerably lower lightness and higher redness
compared to the control, indicating that high temperature
during drying could result in a dark color (27).

Analysis of the dried strawberry slices also indicated
that there is a color change in the hot-air- and freeze-
dried samples compared to control (Table 2). In partic-
ular, the hot-air dried sample had lower values of light-
ness and redness and higher value of yellowness, com-
pared to the control. In contrast, the freeze dried samples
had higher lightness than the control, while they had
lower value of redness and yellowness. Compared with
hot-air and freeze dried samples, maltodextrin-treated
strawberry slices maintained significant level of the in-
herent lightness, redness, and yellowness. The similar
results were also reported in the previous studies (13,14).
Taken together, our results indicate that maltodex-
trin-treated samples have a minimal damage on color of
fruit.

Sensory qualities of maltodextrin-treated apple, per-
simmon, and strawberry slices are observed to be same
in quality compared to the control, and better than other
drying methods (Table 3). In addition, sensory evalua-
tion results indicate that there is no difference among
maltodextrin-treated samples at different concentrations.
Sensory qualities of the freeze-dried samples were ac-
ceptable, except for the texture, which can be damaged
during the freeze-drying process due to the growth of
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Table 3. Sensory evaluation of freeze dried, hot-air dried, and maltodextrin-treated apple, persimmon, and strawberry slices

Organoleptic parameter

Odor Color Texture Appearance Overall
Control 9.000.00" 9.000.00" 9.00+0.00" 9.00+0.00" 9.00+0.00"
Freeze drying 6.3810.74° 6.38+1.06" 5.1340.99° 6.75+1.39° 6.50+0.93°
Apple Hot-air drying 4.50+0.93° 4.38+1.06° 5.25+0.71° 4.75+0.71° 4.63+0.92°
pp Maltodextrin (30%)  6.13+0.83° 6.75+1.04° 7.63+0.52° 71341083  6.25+0.71°
Maltodextrin (50%)  7.75+0.46° 7.1340.83" 7.63+£0.74° 7.75+0.71° 7.50+0.53"
Maltodextrin (80%)  8.13+0.64° 7.13+0.64° 7.8840.64" 750+0.76®  7.50+0.53"
Control 9.000.00" 9.000.00" 9.000.00" 9.00+0.00" 9.00+0.00"
Freeze drying 6.50+1.73° 6.25+1.20° 5.00+0.93¢ 7.00+1.07° 7.38+1.06"
Persimmon Hot-air drying 3.63+1.73¢ 5.25+0.83¢ 6.00+1.41° 513£2.17° 5.00+2.07°
Maltodextrin (30%)  7.75+0.66" 7.25+0.66" 8.00+0.53" 7.63+£0.92° 7.25+0.71°
Maltodextrin (50%)  8.25+0.43"  7.38+0.70° 8.00+0.76 7.75+1.04° 7.13+0.83
Maltodextrin (80%)  7.25+0.43%  7.38+0.70° 8.00+0.53" 7.50+0.53 7.50+0.53
Control 9.000.00" 9.000.00" 9.00+0.00" 9.000.00" 9.000.00"
Freeze drying 5.00+1.77° 6.75+1.04° 4.00+1.20° 7.50+1.07° 6.75+1.03
Strawhen Hot-air drying 4.00+1.07° 4504 1.69° 4.75+1.04° 3.63+0.92° 425+1.28°
Y Maltodextrin (30%)  7.13+0.64" 7.13+0.64° 6.25+0.71° 5.50+1.60° 7.00+0.93°
Maltodextrin (50%)  7.25+0.71 7.63+0.74° 6.88+0.83" 7.00+0.53 7.25+0.71°

Maltodextrin (80%)  7.50%0.76° 7.50+0.76" 6.88+0.64" 6.880.99 7.00+1.07°

Control: raw material.

“‘Means with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

ice crystals (7). In contrast, hot-air dried samples had
lower scores in terms of odor, color, texture, appearance,
and overall aspect than other drying methods. These re-
sults are in agreement with other reports regarding the
effects of hot-air drying (28,29).

In summary, these results suggest that the drying of
fruit slices using maltodextrin is a very efficient method,
resulting in good rehydration capacity, minimal destruc-
tion of ascorbic acid, and favorable color and sensory
evaluations.
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