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Abstract

We examined variations in ginger dehydration and recovery rate upon use of dextiose of different equivalence
values. The dehydration rate varied with dextrose equivalent and the dehydration rate increased as the equivalence
value increased. Both dehydmtion and recovery rates varied with dextrose molecular weight. Moisture content was
lowest in samples prepared by freeze-drying, and neither dextiose equivalent nor molecular weight affected moisture
level. Upon color analysis, ginger dried using dextrose varying in equivalence and molecular weight was similar
in color to the original material, unlike ginger dried by other methods. Hot-air-dried ginger scored lowest in all
sensory tests, compared with ginger prepared by melecular press dehydration using dextrose varying in equivalence
and melecular weight. With respect to the appearance of ginger, fieeze-dried samples were optimal, but molecular
press dehydration yielded samples that scored best upon overall evaluation. When all quality evaluation items were
taken together, molecular press dehydration resulted in a better quality product than the older hot-air or freeze-drying

methods.
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Introduction

Ginger (Zingiber officinale Roscas) is native to tropical
and subtropical area including Egypt and Iraque and is a
thizome of perennial herbaceous plant belonging to
Zingiberaceae that has been grown from the prehistoric times
(1). It acts as a spice and has functions for various medical
actions and protective actions for a living body as it contains
unique flavor and taste (2,3). Seosan, Chungchengnam-do
and Wanju, Jellabug-do area produce 40,000 tons of gingers,
which account for 95.6% of the total production (4). Gingers
have physiological disorders below 10T and germinate at
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temperatures above 18T, which makes it difficult to store
and dry for long term storage (5). Typical drying methods
used for vegetables and fruits among food to increase the
storage period are heated-air drying, freeze drying, and
osmotic drying (6). Heated-air drying is a simple treatment
and one of the economic methods among the existing drying
methods but can loose color, nutritive components and taste
by the high temperature during the drying period and cause
a resiliency problem by the rapid contraction of the cellular
tissue (7). Freeze drying makes up for the shortcoming of
heated-air drying with less loss of taste, flavor component
and functional component and has advantage not to destruct
much cellular tissues. Osmotic drying minimizes the damage
of color, taste and flavor by the heat and prevents discoloration
during the drying. It also is a drying method to remove sour
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taste and increase sweetness enhancing the preference but
it can reduce the dehydration efficiency by the separation
of cell membrane and can cause degradation of sample quality
(9). Recently, molecular press dehydration (10), a new drying
method using the cytorrhysis by the pressure generated
between the cell walls without causing separation of cell
membrane is being utilized by using maltodextrin to
supplement the impregnation soaking process with the solute
bigger than the size of sample hole. This molecular press
dehydration was also reported by Lee et al. (11) who studied
quality characteristics of ginseng powder. Therefore, in this
study, the drying method of molecular press dehydration was
applied to dry gingers different from previous drying methods
to prepare drying characteristics by the maltodextrin
equivalent which was applied as the dehydrator, and to prepare
drying characteristics by the molecular weight condition of
the Poly Ethylene Glycol. The possibility to maximize the
dehydration condition and the quality evaluation was also
conducted in the study.

Materials and Methods

Experimental and materials

The ginger used in the experiment was harvested in 2009
in Seosan City, Chungcheongnam-do (producer: Seosan
Ginger Cluster Agency). The ginger prepared by Seosan
Agricultural Cooperative was purchased on the date of
experiment at the Hanaro Mart in Seongnam. Only product
with good appearance was selected and screened out gingers
with any damage or decay. The Maltodextrin (Maltodextrin,
Dac Sang Co., Seoul, Korea) product which was used as
dehydrator were selectively purchased with moisture content
(%) less than 10.0%. Maltodextrin (Maltodextrin, Sigma Co.,
St. Louis, MO, USA) was purchased according to Dextrose
Equivalent and PEG (Polyethylene glycol) 200, PEG 400,
PEG 600, PEG 4000 molecular dehydrating agent
(Polyethylene glycol, DAE JUNG Chem. Co., Siheung,
Korea) and PEG 1000, PEG 2000, PEG 8000 molecular
dehydrating agent (Polyethylene glycol, Yakuri Pure Chem.
Co. Kyoto, Japan) were used according to molecular
equivalent.

Pretreatment of samples

To apply in the experiment, 200 g of ginger sample sliced
in 1-1.5mm was applied to powder type dehydrating agent
maltodextrin with D.E. values (D.E. 4~7, 9~12, 13~17,

16.5~19.5). Then, 80% (w/w) in proportion to weight was
added and well mixed in LPDE container and hydrated for
7 hours with the velocity of 2-3 rpm. In the same manner,
different molecular weights were applied (PEG 200, 400, 600,
1000, 2000, 4000, 8000). After hydration, the samples of
dried matter and hydrated liquid was separated by
centrifugation at 3000 rpm for 5 minutes. The hydrated matter
was stored and dried in the incubator at 30°C. For freeze
drying, 1 kg was mounted on the freeze drying shelf and
was frozen at -20°C for 48 hours, followed by freeze drying
in the free dryer (PVTFD100R, Ilshin Lab Co., Yangjugun,
Korea) for 72 hours(heating device -40C, 999mm torr). For
heated-air drying, heated-air dryer (HK-DO1000F, Korea
General Equipment Manufacturing, Hwaseong, Korea) was
used at 60°C with 1 kg mounted on the rack(wind velocity
0.5mfsec). Thereafter, all dried samples were used in the
product analysis.

Dehydration rate

For Dehydration rate, modified Kim et al’s method (12)
was used. After mixing the input sample and dehydrating
agent, the mixture was centrifugated in proportion to weight
and the rate of the hydrated liquid was calculated using the
following equation.

)= liquidaftercentri fugation
" sample + dehydrating agent

Dehyrationrat{%

Recovery rate

For recovery rate, 50 mL of distilled water was added
to dehydrated dry sample 1 g in 100 mL beaker and soaked
at 25°C water bath for 60 minutes and reabsorbed. Then the
sample was taken out of the bath and moisture was removed,
followed by measurement of weight and the rate of recovery,
which was calculated using the following equation (12).

Reaoverstate (%) = reabsorbed sampe weight —de hydraie@ dry sample weight
reabsorbed sampe weight

%100 ...... {Fln2)

Moisture content

For moisture content, approximately 5 g of sample was
taken in a constant weight dish for each treatment and dried
in the dry oven (Korea General Equipment Manufacturing,
Korea). Experimental was conducted with 105C drying
method and the drying was continued until constant when
the average and standard deviation was determined.
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Color

The color measurement of the dry cut surface of the gingers
by molecular press dehydration, heated-air dried and freeze
dried gingers was conducted using Colorimeter (CR-300
Minolta Chromameter, Minolta Camera Co., Osaka, Japan)
modified with standard plate (L = 9747, a = -0.02, b = 1.67).
Each sample group was repeatedly measured three times for
Hunter L (+White, -Black), a (+Red, -Green) and b (+Yellow,
-Blue) followed by analysis of values. All samples were
measured three times and the averages and standard deviations
were obtained with the results.

Sensory evaluation

Sensory evaluation was conducted with 10 panels, average
age of 20-30, who were selected considering reliability, health
and interest in the experiment among the researchers in the
Sensory Laboratory of the Korea Food Research Institute.
Dextrose equivalent and hydration rate by molecular weight
and the heated-air dried and freeze dried samples were
compared. The purpose and objective of the experiment was
explained to them and pre-training was offered on the sensory
evaluation for them to understand detail items prior to the
evaluation. Sensory evaluation was performed between 3:00
pm and 4:00 pm and each ginger sample was presented on
a white plate with 10 cm diameter. For each evaluation item
of each process, 9 point evaluation was conducted with
Excellent (9 points), Good (7 points), Fair (5 points), Poor
(3 points), Very Poor (1 point) and the average was presented.
Sensory evaluation was performed by the experimental
process on the color, flavor, taste, texture and overall
acceptability of the condition.

Statistical analysis

Statistical analysis was repeatedly performed more than
three independent times and the results were presented in
average and * standard deviation. SAS 6.0 for windows
program (13) was used to verify the significance of the
experimental groups, and the significance was verified with
Duncan’s multiple range test (DMRT) at p < 0.05 and p
< 0.001 levels.

Results and Discussion

Dehydration rate and recovery rate by dextrose
equivalent weight
The variance of dehydration rate by the dextrose equivalent

weight using the molecular press dehydration is shown in
Fig. | and the recovery rate is presented in Fig. 2. The
difference between the dextrose equivalent (D.E. 4~7, D.E.
9-~12, D.E. 13~17, D.E. 16.5~19.5) of the dehydrating
agent was identified and the dehydration rate varied depending
on the dextrose equivalent, showing the increasing trend of
hydration rate with higher equivalent. Except the dextrose
equivalent (D.E. 4~7) at the time injtial dehydration passed
one hour, significance was valid in the error range (p<0.001).
Then, as the dehydration passes 2~6 hours, dehydration rate
increased with higher equivalent. In the 6~7 hour
dehydration, no significant difference was noticed and showed
stable changes. This agrees with the studies by Kim et al
(12) and Kim et al (14) who reported if maltodextrin
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Fig. 1. Change in dehydration rate during drying of ginger by
dextrose equivalent condition.
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Fig. 2. Change in rehydration rate during drying of ginger by

dextrose equivalent condition.
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dehydrating agent was added according to the content, the
dehydration was moderate after a certain period of time. In
the final molecular press dehydration, the dehydration rate
increased as the dextrose equivalent is higher. D.E. 13~17
and D.E. 16.5~19.5 were significant within the error range
(p < 0.001). These results showed same trend as reported
by Choi et al (15) in that the difference in the dextrose
equivalent caused change of dehydration rate. For recovery
rate, dehydrated ginger was rehydrated and measured with
the samples collected every 10 minutes. The recovery rate
was different depending on dextrose equivalent and as the
equivalent becomes greater the recovery rate showed
increasing trend. At the point initial rehydration time passed
10 minutes, significance was observed within the error range
despite of the dextrose equivalent (p < 0.001). Then, as the
rehydration time passed 20~60 minutes, the recovery rate
increased as the equivalent was greater. Modest recovery rate
was noticed with lower dextrose equivalent while the recovery
rate was higher with greater dextrose equivalent. The recovery
rate of the recovered ginger by the rehydration of final
molecular press dehydration process showed increased
recovery rate with higher dextrose equivalent and the D.E.
13~17 and D.E. 16.5~19.5 were significant withing the error
range. The study by Lim (16) also indicated same results
as found in this research. This is similar to the experimental
results of dehydration rate. In the molecular press dehydration
method, dehydration rate and recovery rate are believed to
have correlations.

Dehydration rate and recovery rate for each
molecular weight condition

The variance of dehydration rate for dehydrating agent with
different molecular weight using molecular press dehydration
are shown in Fig. 3 and the recovery rate is presented in
Fig. 4. The difference of molecular weights (PEG 200, 400,
600, 1000, 2000, 4000, 8000) of dehydrating agent are
identified. The dehydration rate was different depending on
the molecular weight of the dehydrating agent and as the
molecular weight became greater, the dehydration rate clearly
showed increasing trend. At the point initial dehydration time
passed 1 hour, dehydration rate started to increase. In case
of low molecular weights (PEG 200, 400, 600), dehydration
progressed by plasmolysis. On the other hand, greater
molecular weights (PEG 1000, 2000, 4000, 8000) caused
molecular press dehydration phenomenon (cytorrhysis) and
the dehydrating agent with high molecular weigh resulted
in higher dehydration rate compared to lower molecular
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weight. These results were reported by Choi et al (15) and
Choi (17) who studied that moisture loss solute penetration
rate increased as the molecular weight increased. In the
dehydration process, dehydration rate increased as the
molecular weight becomes greater and the PEG 4000 and
PEG 8000 was significant within the error range (p < 0.001).
In the case of the recovery rate, recovery ratc changed
depending on the difference of the molecular weight and as
the molecular weight becomes greater the recovery rate
clearly showed increasing trend. As reported in the studies
by Kim et al (14) and Kim et al (18), at the point initial
rehydration time passed 10 minutes, recovery rate started to
increase but the rate was constant after a certain period of
time. For the recovery rate with low molecular weights (PEG
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Fig. 3. Change in dehydration rate during drying of ginger by
molecular weight condition.
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200, 400, 600), the recovery process of the dehydrated matter
from the dehydration was progressed by plasmolysis and
modest. For higher molecular weights (PEG 1000, 2000, 4000,
8000), the recovery rate of the dehydrated matter which was
progressed by molecular press dehydration phenomenon
(cytorrhysis) was higher and the dehydration rate of the
dehydrating agent with high molecular weight showed higher
dehydration rate compared to that of the lower molecular
weight. As the molecular weight increased, the recovery rate
increased and the PEG 4000 and PEG 8000 were significant
within the efror range same as dehydration rate (p < 0.001).
Chot (17) reported that moisture loss increased and solute
penetration rate decreased as molecular weight increased and
it is believed the rate varies depending on the molecular
weight.

Moisture content

The moisture content of the ginger powder prepared by
the heated-air drying and freeze drying applying the molecular
press dehydration by the dextrose equivalent and molecular
weight is presented in Table 2. The results showed that
heated-air drying had 8.120.1%, freeze drying 7.4+0.1% and
the moisture content of the ginger sample applying the
molecular press dehydration was 8.8~8.9%, similar in all
conditions (p < 0.05). In the study of Shin et al (19), the
reason for the lower moisture content of the ginger by freeze
drying was reported it is due to the fact the absorption
characteristics for the temperature is distinct than the
heated-air dried power and because the porosity of the
particles are bigger by its characteristics. In case of ginger
powder applying the molecular press dehydration, the
moisture content and the moisture activity was observed
relatively high as the process does not use heat and the
water-soluble substances applied to the surface moisture of
the dried matter by the cell contraction occurred during the
dehydration.

Color

In the color analysis of ginger samples, the brightness was
64.17 and 66.19, lower than original sample but the brightness
at the condition of the heated-air drying and freeze drying
was higher with 80.21 and 87.27, respectively. Also, the b
value for the ginger samples for dehydrating agent and treated
with recycled dehydrated water showed 30.11, 29.45. At the
heated-air drying and freeze drying conditions, it was 17.29,
23.85, respectively, which indicates the ginger sample
applying the molecular press dehydration process maintains

Table 1. The sensory characteristics of hot-air dried, freeze dried
and molecular press dehydration method using ginger

Treatment Appearance  Color Flavor ~ Texture ~Acceptability

HD 49+128% 51:1.19° 59:L19° 51207 531082

FD 724130 494152 STHL8E 601176 654126
MPD b At g 4 Ay bl tl
OF By STELE 676128 674124 620117 67:098
(DE“{E’;M) 58:080 674106 65:123 62:102°  66:069°
MPD 7b 2 63 2 a
PEG oy SSLAT 67H2E 665108 614122 67:126
MPD b & H a 2
PEC qy  ST0% 67105 6651 60:LA 67:L14

"D : Hot-air drying, FD : Freeze drying, MPD : Molecular press dehydration method,
"DE. : Dextrose Equivalent, PEG : Polyethylene glycol.

“Means with different letters with a row are significantly different from each other
p<0.05 as determined by Duncan’s multiple range test,

Table 2. The moisture contents of ginger prepared by hot-air
dried, freeze dried and molecular press dehydration method

Treatment’ Moisture contents(%)
HD 8.1:0.0"
D 74:0.1°
MPD J
(DE. 13~17) 89+0.1
MPD
(DE 165-195) 8.8102
MPD a
(PEG 4000) §.8:0.1
MPD a
(PEG 8000) 8.8:0.1

'HD : Hotir drying, FD : Freeze drying, MPD : Molecular press dehydration method,
DE. : Dextrose Equivalent, PEG : Polyethylene glycol.

“Means with different letters with a row are significantly different from each other
p<0.05 as determined by Duncan’s multiple range test.

the color of the original (Fig. 5). This represents similar results
as reported by Kim et al (18) who showed there is no
significant difference for the maltodextrin treated by different
concentrations. However, the heated-air drying and freeze
drying resulted in color changes, For heated-air drying,
browning phenomenon occurred by the high temperature than
the molecular press dehydration changing the original color
of the ginger. This is similar to the research results by Jeong
et al (20) who reported heated-air drying can change colors.
In addition, if ginger is continuously frozen at a low
temperature during the freeze drying process, it can degrade
the quality of ginger with the damage to the cell wall by
ice crystals (21). Compared to freeze drying and heated-air
drying, the molecular press dehydration process with the
addition of dehydrating agent decreased the damage to the
cell wall (10) and resulted in stable L, a, and b values.



768 FTAEALTRELEA ALTA A6S (2010)

Color value
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L L L L L L L
cT HD FD MPD1 MPD2 MPD3  MPD4

Treatment~
Fig. 5. Hunter color values of ginger prepared by hot-air
dried, freeze dried and molecular press dehydration method.

i’L(+Lightness), a(+Redness, -Greenness), b(+Yellowness, -Blueness)

'CT : Fresh ginger, HD : Hot-air drying, FD : Freeze drying, MPDI : Maltodextrin(D.E.
13~17), MPD2 : MaltodextrinD.E. 16.5~19.5), MPD3 : Poly Ethylene Glycol 4000,
MPD4 : Poly Ethylene Glycol 8000

“Means with different letters with a row are significantly different from each other
p<0.05 as determined by Duncan’s multiple range test.

Sensory evaluation

For sensory evaluation of the dextrose equivalent of the
dehydrating agent, molecular weight, molecular press
dehydrated matter in slice condition by the reaction time,
and the quality of heated-air drying and freeze drying types,
appearance, color, flavor, texture and overall acceptability
were evaluated by trained 10 sensory panels. For each
evaluation item for each process, 9 point evaluation was
conducted with Excellent (9 points), Good (7 points), Fair
(5 points), Poor (3 points), Very Poor (1 point) and the average
and standard deviation were presented (Table 1). With respect
to appearance, the ginger with freeze drying showed highest
value of 7.2+1.31. The dehydrated dried matters by the
heated-air drying, dextrose equivalent and molecular weight
did not show any significant difference (p < 0.05) but ginger
with heated-air drying had lowest value. This is related to
the contraction phenomenon during the drying period.
According to the report by Azian et al (22), cell wall can
be broken by contraction of the starch component in the tissue
cell of the steam dried gingers. In case of color, the dehydrated
matter by molecular press dehydration was 6.7£1.25,
6.7+1.06, 6.7+£1.24, and 6.7+0.98 which is better compared
to those of the heated-air drying and freeze drying. In addition,
the dehydrated matter by molecular press dehydration showed
better flavor than the ginger by heated-air drying and freeze
drying. This results indicates that the process applying the
molecular press dehydration maintains color and flavor. In

terms of texture, the points for heated-air drying 5.1+0.73
and freeze drying 6.0+1.76 were relatively lower than the
ginger by molecular press dehydration but no significant
difference was observed (p < 0.05). In the overall preference,
the molecular press dehydration applying freeze drying,
dextrose equivalent and dehydrating agent for each molecular
weight showed excellent results with no significant difference
except the ginger by heated-air drying (p < 0.05). Kim et
al (12), Kim et al (14) and Kim (18) also reported better
samples with the molecular press dehydration process. In
overall, the ginger with heated-air drying was evaluated as
the lowest and the ginger by freeze drying and molecular
press dehydration were highly evaluated. The ginger sample
prepared by the molecular press dehydration applying freeze
drying, dextrose equivalent and dehydrating agent for each
molecular weight is determined to be relatively good.
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