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제주산 자색고구마의 분자압축탈수 중 말토덱스트린

Dextrose Equivalent의 영향에 대한 연구
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Effect of the Dextrose Equivalent of Maltodextrin on the Quality
Characteristics of Jeju Purple Sweet Potato (Ipomoea batatas L.)

during Molecular Press Dehydration

Man Jae Cho and Hyun Jung Kim*

Department of Food Bioengineering, Jeju National University

Abstract Purple sweet potatoes were dehydrated with maltodextrin with different dextrose equivalent (DE) values of 4-
7, 13-17, 16.5-19.5, and 17-20. Maltodextrin was used as a molecular press dehydrating agent. The molecular dehydration
rate of the purple sweet potatoes increased over time. As the DE of maltodextrin increased, the moisture content after 12 h
of dehydration decreased from 65.7% to 40.8, 36.1, 34.9, and 28.6% for DE values of 4-7, 13-17, 16.5-17.5, and 17-20,
respectively. Additionally, total phenolic content, anthocyanin, and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activities decreased as the DE value of maltodextrin increased. While maltodextrins with DE values of 16.5-19.5 and 17-
20 effectively dehydrated the purple sweet potatoes, total phenolic, anthocyanin, and DPPH radical scavenging activities
were lowered during dehydration. The DPPH radical scavenging activities correlated to both the total phenolic content
(r2=0.96) and anthocyanin contents (r2=0.95) of the purple sweet potatoes. These results indicate that the purple sweet
potatoes were effectively dehydrated with maltodextrin whose DE values ranged 16.5-20, although there were losses in the
total phenolic and anthocyanin contents.
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Introduction

Molecular press dehydration which uses a dehydrating agent

is a similar method with the osmotic dehydration and is related

to the cytorrhysis phenomenon occurring outside of the plant cell

walls (1,2). Molecular press dehydration using polymers take

place outside tissue of the cell because the pore size of a

polymer is greater than those of the cell wall while solutes at

osmotic dehydration move through pores of the cell wall (3).

Therefore, molecular press dehydration method dehydrates a

large amount of moisture compared to osmotic dehydration (4).

Choi and Shin (5) reported that potato slices were dehydrated

more effectively using high molecular polymers. Lee et al. (6)

reported that molecular press-dehydrated ginseng indicated stable

color, grain size, and sensory characteristics.

A high molecular weight maltodextrin has been widely used

as an effective dehydrating agent in molecular press dehydration

(7). Characteristically, maltodextrin is a rich and cheap resource

of usage without any restriction to use in foods (8,9). Because

maltodextrin polymers can not penetrate into the plant cells,

molecular press dehydration with maltodextrin can prevent the

change of useful components in the cells as well as other chemical

reactions such as oxidation and browning (10). Moreover,

dehydrated materials could be stable during storage by preventing

the spoilage of microorganisms because the materials were coated

by dehydrated solution, a high concentration of maltodextrin (11).

The recent study reported that high sugar-dehydrated solution

had retarded the spoilage of microorganisms during storage at

room and low temperature (12). Maltodextrin, a dextrin whose

dextrose equivalent (DE) value ranges from 1 to 25 is usually

commercialized (13). The higher DE number of maltodextrin

possesses the smaller molecular weight compounds consisted with

glucose and maltose (14). Therefore, the DE value of maltodextrin

may contribute differently to the results of the molecular press

dehydration.

Purple sweet potatoes contained greater amounts of vitamin

C, vitamin E, β-carotene, and anthocyanin than white, yellow,

and orange colored potatoes and were known to retard aging

and to enhance immune system (15). Anthocyanin in purple

sweet potatoes was known to have antioxidant and antibacterial

activities as well as antihypertensive action (16). The recent study
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reported that purple sweet potatoes had the content of

anthocyanin ranging from 20.02 to 40.79 mg/100 g (17). However,

beneficial activities of anthocyanin could be lost during food

processing, cooking, and storage (18,19). Accordingly, it is

necessary to develop food processing methods for the protection

of anthocyanin in purple sweet potato. The objective of this

study was to investigate the effect of molecular press dehydration

according to different DE values of maltodextrin on the quality

of purple sweet potatoes harvested in Jeju.

Materials and Methods

Materials

Fresh purple sweet potatoes were provided from Jeju Purple

Sweet Potato Farming Association (Jeju, Korea). Maltodextrin

with a DE value of 17-20 (Samyang Genex Co., Seoul, Korea)

was used as a dehydrating agent for the measurement of

dehydration rate and moisture content of the product to determine

the optimum concentration of maltodextrin. Maltodextrins with

DE values of 4-7, 13-17, and 16.5-19.5 were purchased from

Sigma-Aldrich Co. (St. Louis, MO, USA) for the investigation

of the dehydration efficiency according to degrees of DE. Folin-

ciocalteu reagent and DPPH (2,2-diphenyl-l-picrylhydrazyl) for

the measurement of total phenolic content and DPPH free

radical scavenging activity were purchased from Sigma-Aldrich

Co.

Molecular press dehydration process

Washed purple sweet potatoes were peeled and ground using

a blender (SMX-8000EMT, Hanil Electric, Seoul, Korea). For

changing the dehydration rate and moisture content by the

concentration of maltodextrin, maltodextrin with a DE value of

17-20 was added to the purple sweet potatoes at 0, 20, 40, 60,

80, and 100% (w/w) levels. For the measurement of the quality

characteristics as affected by the maltodextrin with different DE

values, maltodextrin with DE values of 4-7, 13-17, 16.5-19.5,

and 17-20 was added to the purple sweet potatoes (100 g) in

LDPE containers (80%, w/w) and were dehydrated for 12 h at

25oC in a shaking (200 rpm) incubator (JSSI-100T, JS Research

Inc., Gongju, Korea). Dehydrated purple sweet potatoes were

recovered from the dehydrating solution by centrifugation at

3,000×g (H50A-8, Hanil Science Industrial Co., Incheon, Korea)

for 5 min.

Dehydration rate

Dehydration rate of molecular press dehydrated purple sweet

potatoes were determined for every 2 h during 12 h of dehydration

according to the method of Lee et al. (20). Dehydration rate

(%) of the product was expressed by the weight proportion of

the supernatant to the original weight resulting from the

centrifugation of the purple sweet potato and maltodextrin

mixture at 3000×g (H50A-8, Hanil Science Industrial Co.) for

5 min.

Moisture content

Moisture contents of molecular press dehydrated purple sweet

potatoes were determined by the method of AOAC (21).

Determination of total phenolic content

Total phenolic content of dehydrated purple sweet potatoes

was measured by the modified method of Wang et al. (22) using

Folin-Ciocalteau reagent. Dehydrated purple sweet potatoes (20 g)

was immersed in 200 mL of 80% methanol with occasional

shaking with hands for 24 h at 15oC and was filtered through

Whatman No. 1 filter paper (GE Healthcare UK Ltd., Bucking-

hamshire, UK). The 100 µL of extracted solution was mixed

with 1.5 mL distilled water and 100 µL of 2 N Folin-Ciocalteu

reagent. After standing for at least 30 s, 300 µL of 20%

Na2CO3 solution was added and the mixture was allowed to

stand for 1 h in a dark room. The absorbance was measured at

765 nm using a UV-Vis spectrophotometer (Optizen 2120UV,

Mecasys Co., Daejeon, Korea). Standard gallic acid solutions

(50-150 mg/L) were prepared in a similar way to the calibration.

Total phenolic acid content was expressed as milligram of gallic

acid equivalents per 100 g of sample (mg GAE/100 g).

Determination of total anthocyanin content

Total anthocyanin content of molecular press dehydrated purple

sweet potatoes was determined according to the pH-differential

method as described by Park et al. (23). The anthocyanin from

dehydrated purple sweet potatoes was extracted with 80%

ethanol containing 0.1% citric acid (Sigma-Aldrich Co.) for 12 h.

The absorbance was measured at pH 1.0 and pH 4.5 with a

UV-Vis spectrophotometer (Optizen 2120UV, Mecasys Co.). The

anthocyanin yield (mg/100 g) was then calculated using the

following equation and expressed as cyanidin-3-glucoside equivalents:

TAC (mg/100 g)= 

where,

A=(Absorbance at 520 nm−absorbance at 700 nm at pH 1.0)

 –(absorbance at 520 nm−absorbance at 700 nm at pH 4.5)

MW=Cyanidin-3-glucoside molecular weight (449.2 g)

DF=Dilution factor

20=Volume of the final concentrated sample (20 mL)

100=Divided value by 10 g of the sample weight of the

  extract solution for the change per 100 g of sample

ε=Cyanidin-3-glucoside molar absorptivity (26,900 L/cm·mol)

1=Path length in cm

DPPH free radical scavenging activity

For the measurement of antioxidant activity, the hydrogen

electron donating ability of molecular press dehydrated purple

sweet potatoes was measured by DPPH methods (24). One-

gram of the dehydrated purple sweet potatoes was extracted

with 9 mL of 99% methanol. After extraction for 24 h at room

temperature, the supernatant was collected by centrifugation at

A MW× DF× 20× 100×

ε 1×
---------------------------------------------------------------
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2,400×g (Labogene, Gyrozen Co., Ltd, Daejeon, Korea) for 20

min. This collected extract (0.2 mL) was mixed with 0.8 mL of

0.4 mM DPPH solution (dissolving in 99% ethanol) and 2 mL

of 99% ethanol was added after 10 sec. Then, this mixture was

strongly shaken at room temperature for 10 min in a dark

room. The absorbance was measured at 517 nm using a UV-Vis

spectrophotometer (Optizen 2120UV, Mecasys Co.). Ethanol was

used as a control in the same way. Butylated hydroxy anisole

(BHA, Sigma-Aldrich Co.) and ascorbic acid (Sigma-Aldrich

Co.) were also used for the comparison with samples. The DPPH

free radical scavenging activity (%) was calculated by the

absorbance difference between the control and dehydrated purple

sweet potatoes.

DPPH free radical scavenging activity (%) = ×100

A0: Absorbance of the control

A: Absorbance of the sample

Color measurement

Color of dehydrated purple sweet potatoes was measured by

a colorimeter (UltraScan & EashMatch VIS, Hunter Lab Inc.,

Reston, VA, USA) after calibration with a white standard plate.

The L* (lightness), a* (redness), and b* (yellowness) values were

measured at least 3 times to express as the average value.

Statistical analysis

All experiments were performed in triplicate. Data were

determined by one-way analysis of variance (ANOVA) followed

by Duncan’s multiple range test using SPSS (PASW Statistics

18, SPSS Inc., Chicago, IL, USA). Significant differences were

considered at p<0.05.

Results and Discussion

Effect of maltodextrin concentration on dehydration rate

and moisture content

For the determination of the optimum concentration of

maltodextrin applicable for molecular press dehydration of purple

sweet potatoes, their dehydration rate and moisture content were

measured by dehydrating with 0, 20, 40, 60, 80, and 100%

maltodextrin as shown in Fig. 1. Purple sweet potatoes were

dehydrated with the dehydration rate of 20% or more.

Dehydration rate of purple sweet potatoes without added

maltodextrin was not changed for 12 h. As the concentration of

maltodextrin increased to 20, 40, 60, 80, and 100%, the

dehydration rates of purple sweet potatoes increased more or less

rapidly to 17.09, 28.61, 34.03, 32.75, and 28.50%, respectively,

after 2 h of dehydration. As the duration of the molecular press

dehydration was extended to 12 h, the dehydration rates were

increased to 18.17 (20%-), 37.72 (40%-), 47.35 (60%-), 49.14

(80%-), and 45.33% (100% maltodextrin). These values were

much less than those during the initial 2 h of dehydration.

Moisture content of the purple sweet potato without added

maltodextrin was remaining unchanged by recording 64.60% at

the end of the treatment of 12 h. At the same moment, as the

concentration of maltodextrin increased to 20, 40, 60, 80, and

100%, the moisture contents decreased to 52.95, 39.70, 34.53,

28.59, and 29.20% after 12 h of dehydration, respectively. The

increased degrees of molecular press dehydration of purple

sweet potatoes according to increasing the concentration of

dehydrating agent could be attributed to the increased osmotic

pressures of the surroundings outside of the cell walls as

provided by the higher concentration of the dehydrating agent.

These results showed the same trends as reported by Kim et

al. (25), Kim et al. (26), and Kim et al. (27) in which moisture

concentrations of green peppers, gingers, and carrots decreased

as the concentration of maltodextrin increased.

When purple sweet potatoes were dehydrated by molecular

press method with 60 and 80% maltodextrin, there was no

noticeable difference in dehydration rate. Dehydration rate and

moisture content of purple sweet potatoes treated with 100%

maltodextrin were the lowest while moisture content of the purple

sweet potatoes dehydrated with 80% maltodextrin was lower than

that with 60% maltodextrin although both samples were among

the lowest value group. In accordance, the concentration of

maltodextrin at 80% was chosen for the further trials to verify

the effect of their DE values on the quality characteristics of

purple sweet potatoes during molecular press dehydration.

1
A

A
0

------–

Fig. 1 Dehydration rate (A) and moisture content (B) of purple

sweet potatoes during molecular press dehydration with different

concentration of dextrose equivalent 17-20 maltodextrin.
Mean±SD (n=3).
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Effect of the dextrose equivalent (DE) of maltodextrin

on dehydration rate and moisture content

Dehydration rates of purple sweet potatoes treated with different

maltodextrin DE values are shown in Fig. 2(A). As the DE

value of maltodextrin increased from 4-7 to 13-17, 16.5-19.5,

and 17-20, the dehydration rates after 2 h dehydration increased

rapidly from 11.50 to 25.57, 24.46, and 28.50% and dehydration

rates after 12 h were 12.55, 42.84, 42.81, and 45.33%, respectively.

In particular, the dehydration rate of purple sweet potatoes

dehydrated with a DE value of 4-7 was significantly lower

than those with other DE values (p<0.05). Because of the low

degree of starch hydrolysis of maltodextrin with a DE value of

4-7, a large molecular size slowed down the absorption of

moisture compared with maltodextrins with DE values of 13-17,

16.5-19.5, and 17-20 (28). Dehydration rates of purple sweet

potatoes dehydrated with DE 13-17 and 16.5-19.5 maltodextrin

were not significantly different after 12 h. The maltodextrin with

DE value of 17-20 dehydrated purple sweet potatoes with greater

dehydration rates than those of 13-17 and 16.5-19.5. This

agreed with the study by Lee et al. (28) who reported that

ginger was effectively molecular press dehydrated with DE 16.5-

19.5 maltodextrin.

Changes in moisture contents of molecular press dehydrated

purple sweet potatoes by the DE values of maltodextrin at 80%

are shown in Fig. 2(B). Moisture content of the purple sweet

potatoes without added maltodextrin was 66.47% and not much

changed after 12 h of dehydration. Purple sweet potatoes quickly

lost their moisture and the moisture contents of sweet potatoes

dehydrated with maltodextrin with DE values of 4-7, 13-17,

16.5-19.5, and 17-20 were 40.59, 37.59, 38.58, and 36.23%,

respectively, after 2 h. As the dehydration time increased to 12 h,

the moisture contents of purple sweet potatoes dehydrated with

maltodextrin with DE values of 4-7, 13-17, 16.5-19.5, and 17-

20 were 40.78, 36.14, 34.92, and 28.59%, respectively. Moisture

content of purple sweet potato dehydrated with DE 4-7

maltodextrin, which had large molecular size, was higher than

those dehydrated with other DE values of maltodextrin. Purple

sweet potato was effectively dehydrated with maltodextrin having

a DE value of 17-20. The DE value of maltodextrin affected

the loss of moisture in purple sweet potatoes during molecular

press dehydration.

Effect of the dextrose equivalent of maltodextrin on

total phenolic and anthocyanin contents

Total phenolic contents of molecular press dehydrated purple

sweet potatoes with maltodextrin having different DE values are

shown in Fig. 3(A). Total phenolic content of purple sweet

potatoes without added maltodextrin was 210.75 mg GAE/100 g

and not significantly changed during dehydration of 12 h. The

phenolic content of purple sweet potatoes decreased during

Fig. 2 Dehydration rate (A) and moisture content (B) of purple

sweet potatoes during molecular press dehydration with different

dextrose equivalent (DE) values of maltodextrin. Mean±SD
(n=3).

Fig. 3 Total phenolic content (A) and total anthocyanin content

(B) of purple sweet potatoes during molecular press dehydration

with different dextrose equivalent (DE) values of maltodextrin.
Mean±SD (n=3).
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molecular press dehydration with maltodextrin at all DE values.

The total phenolic contents of dehydrated purple sweet potatoes

with maltodextrin with DE values of 4-7, 13-17, 16.5-19.5, and

17-20 after 12 h were reduced from 210.75 to 151.48, 114.28,

114.07, and 118.14 mgGAE/100 g, respectively. As the DE values

of maltodextrin increased, the total phenolic contents decreased.

Total phenolic contents of purple sweet potatoes dehydrated with

maltodextrin with DE values of 13-17, 16.5-19.5, and 17-20

were not significantly different for 12 h of dehydration (p>0.05).

Because of low dehydration rate and high moisture content of

molecular press dehydrated purple sweet potatoes with maltodextrin

having a DE value of 4-7, the loss of total phenolic was

lower than those of purple sweet potatoes dehydrated with other

DE values of maltodextrins. The phenolic compounds as

recognized antioxidants (29) were not regardless protected by

molecular press dehydration in purple sweet potatoes.

The change in total anthocyanin contents of purple sweet potatoes

during molecular press dehydration with different DE values of

maltodextrin is shown in Fig. 3(B). Purple sweet potatoes treated

with maltodextrin contained 21.22 mg/100 g anthocyanin which

was not changed for 12 h. Total anthocyanin contents in purple

sweet potatoes decreased during 2 h dehydration. The anthocyanin

contents of purple sweet potatoes dehydrated with maltodextrin

with DE values of 4-7, 13-17, 16.5-19.5, and 17-20 after 2 h

were 14.56, 14.02, 13.74, and 8.59 mg/100 g, respectively. After

12 h of dehydration, they were reduced to 4.30, 5.09, 4.22, and

9.97 mg/100 g, respectively. As the DE values of maltodextrin

increased, the total anthocyanin contents decreased. There were

no significant differences with DE 13-17, 16.5-19.5, and 17-20

of maltodextrin (p>0.05). During the molecular press dehydration,

purple sweet potatoes lost over 50% of their anthocyanin. When

the anthocyanin contents of dehydrating solution were measured,

the anthocyanin lost in purple sweet potatoes during molecular

press dehydration remained in the solution (data not shown).

The similar result reported by Chun et al. (30) showed that

anthocyanin from blue berries were lost during molecular press

dehydration and remained in molecular press dehydrating solution.

Accordingly, dehydrating solution contained useful components

including phenolic and anthocyanin flowed out from purple sweet

potatoes during molecular press dehydration. Therefore, these results

suggested that the dehydrating solution with natural pigments

including anthocyanin after molecular press dehydration of purple

sweet potatoes could further be applied to develop natural food

products.

Effect of dextrose equivalent of maltodextrin on DPPH free

radical scavenging activity

DPPH free radical scavenging activity of molecular press

dehydrated purple sweet potatoes at different DE values of

maltodextrin is shown in Fig. 4. The DPPH free radical

scavenging activity of purple sweet potatoes without added

maltodextrin was 88.85% and not much changed after 12 h

dehydration. The antioxidant capacity of BHA (10% concentration)

was 87.39% and the antioxidant capacity of ascorbic acid (10%

concentration) was 95.14% for 12 h. The DPPH free radical

scavenging activity of molecular press dehydrated purple sweet

potatoes with maltodextrin with DE values of 4-7, 13-17, 16.5-

19.5, and 17-20 after 2 h of dehydration decreased to 77.50,

68.26, 68.25, and 65.36%, respectively. The DPPH free radical

scavenging activity of molecular press dehydrated purple sweet

potatoes with DE 4-7, 13-17, 16.5-19.5, and 17-20 maltodextrin

after 12 h were 56.86, 47.90, 45.57, and 48.48%, respectively.

As the DE values of maltodextrin increased, the DPPH free

radical scavenging activities decreased. The DPPH free radical

scavenging activity of purple sweet potatoes dehydrated with

maltodextrin with DE values of 13-17, 16.5-19.5, and 17-20

was not significantly different for 12 h of dehydration (p>0.05).

The antioxidant capacity of purple sweet potatoes without added

maltodextrin was greater than that of BHA while it was lower

than that of ascorbic acid. The antioxidant capacity of molecular

press dehydrated purple sweet potatoes was decreased during

dehydration. On the other hand, the antioxidant capacity of the

dehydrating solution was increased during dehydration (data not

shown). The DPPH radical scavenging activities were correlated

to both total phenolic (r2=0.96) and anthocyanin contents (r2=0.95)

of purple sweet potatoes. These results indicated that the antioxidant

capacity of purple sweet potatoes decreased during molecular

dehydration because the phenolic and anthocyanin flowed out

from the purple sweet potatoes to the dehydrating solution.

Effect of dextrose equivalent of maltodextrin on color

Changes in the color of purple sweet potatoes dehydrated with

maltodextrin with different DE values are shown in Table 1.

The color of purple sweet potatoes without added maltodextrin

after 12 h changed from L* value 40.34, a* value 25.90, and

b* value −8.83 to 34.69, 6.55, and 2.95, respectively. The L*

value of molecular press dehydrated purple sweet potatoes with

maltodextrin with DE values of 4-7, 13-17, 16.5-19.5, and 17-

20 after 12 h were 30.72, 26.72, 26.89, and 26.99, respectively.

The a* value of molecular press dehydrated purple sweet

potatoes with DE 4-7, 13-17, 16.5-19.5, and 17-20 maltodextrin

after 12 h were 9.56, 5.23, 5.20, and 5.36 and b* value were

Fig. 4 DPPH radical scavenging activities of purple sweet

potatoes during molecular press dehydration with different

dextrose equivalent (DE) values of maltodextrin. Mean±SD
(n=3).
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2.78, 1.05, 1.05, and 1.03, respectively. These results indicated

that L* values of molecular press dehydrated purple sweet

potatoes for 12 h were lower than that of purple sweet potatoes

without added maltodextrin. The a* and b* values of molecular

press dehydrated purple sweet potatoes were not significantly

different during dehydration. The change of color in purple

sweet potatoes during molecular press dehydration was possibly

caused by enzymatic browning reaction occurring often in fruits

and vegetables by the enzyme of polyphenoloxidase (31).

Conclusion

As the DE value of 80% maltodextrin as a dehydrating agent

increased, the dehydration rate of molecular press dehydrated

purple sweet potatoes increased; however, moisture content, total

phenolic, anthocyanin, and DPPH radical scavenging activities

decreased during the molecular press dehydration. These results

indicated that molecular press dehydration was the great method

to dehydrate moisture from purple sweet potatoes although their

antioxidants activities related to total phenolic and anthocyanin

contents were reduced. A further study is necessary to provide

the optimum conditions of molecular press dehydration to maintain

the antioxidant activities of purple sweet potatoes.
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Dehydrating agent
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L*

Non-treated
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035.58±1.44a2) 34.69±0.79 a

DE

4-7 32.06±0.66b 30.72±0.34b

13-17 27.86±0.75b 26.72±0.35c

16.5-19.5 26.71±0.36c 26.89±0.38c

17-20 27.22±0.83c 26.99±0.64c

a*

Non-treated

25.90±0.50a

6.66±0.27b 6.55±0.32b

DE

 4-7 9.99±0.37b 9.56±0.27b

 13-17 5.24±0.65c 5.23±0.33c

 16.5-19.5 5.71±0.19c 5.20±0.36c

 17-20 5.44±0.63c 5.36±0.57c

b*

Non-treated

-8.83±0.47c

2.71±0.29a 2.95±0.16a

DE

 4-7 2.87±0.34a 2.78±0.36a
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