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Abstract :
(Dioscorea batatas Drcne) by different extraction solvents including 70% methanol, 70% ethanol

The objective of this study was to investigate the antioxidant activity of Korean yam

and chloroform-methanol mixture (CM, 2:1, v/v). Raw yam was analyzed for its color property,
total phenol content and antioxidant activity. Yam possessed high Z* value and A value, which
were 81.64+2.59 and 83.36+0.15, respectively. Raw yam was found to have great antioxidant
activity through  ABTS [2,2" —azino—bis(3—ethylbenzothiazoline—6-sulfonic  acid)
diammonium salt] radical scavenging activity, DPPH (2,2—diphenyl-1-picrylhydrazyl) radical

evaluated

scavenging activity, reducing power, and ferric reducing antioxidant power. Total phenol contents
of various extracts from raw yam increased in the following order: 70% methanol extract
(37.62+0.88 mg CAE/g), 70% ethanol extract (43.384+0.66 mg CAE/g) and CM extract
(67.17£0.12 mg CAE/g), respectively. The same trend was also could be found in the ABTS
radical scavenging activity, DPPH radical scavenging activity and ferric reducing antioxidant power
assays. These results implied that Korean yam might play an important role in antioxidation and
serve as the bio—health functional food to take a good part in prevention of human diseases and

aging.

Keywords  yam (Dioscorea batatas DECNE.), extraction solvents, color values, total phenol,
antioxidant activities

1. Introduction

Yam (Dioscorea batatas Decne.) is widely
produced throughout East Asia such as Korea,
China and Japan, which is the perennial
trailing herb and belongs to the Dioscoreaceae
family  [1].  Due to its  component
characteristics, yam is usually served as the
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crucial staple food [2] as well as traditional
medicine ingredient in many parts of world.
Yam is mainly composed of starch (75.6-
84.3%) with small amounts of crude protein,
crude fat, crude fiber and crude ash, whose
contents are in the range of 6.7-7.9%,
1.0-1.2%, 1.2-1.8%, 2.8-3.8%, respectively.
Furthermore, yam tubers also contain vitamin
C (13.0-24.7 mg/100 g dry weight), minerals
(K, Na, P, Ca, Mg, Cu, Fe, Mn, Zn) [3],
organic acids (succinic acid, citric acid, malic

- 324 -



2 Yishan Duan - Gyeong—Hwuii Kim - Han-Soo Kim

acid, oxalic acid) [4], steroidal saponins [1],
musin (glycoprotein) (2.11 g/100 g dry weight)
[5] and dioscorins [6]. Numerous studies have
conclusively conducted that dioscorins are the
storage proteins of yam tubers, which exhibit
dehydroascorbate reductase and monodehy-
droascorbate reductase activities as
[6,7]. And glycoprotein
not only has been demonstrated to have an

well as
antioxidant activities
antioxidative potential as one of natural
antioxidants, but also can serve as a potent
anti—inflammatory agent [8,9]. Dioscin is a
steroidal saponin of yam which can be
hydrolyzed to form diosgenin [10,11]. And
diosgenin of yam can be changed into
dehydroepiandrosterone on some degree, which
showed antioxidative against lipid
peroxidation and lowered serum cholesterol
and phospholipids levels as well as increased

activity

high density lipoprotein level in elderly people
[12,13]. The overproduction of
radicals such as reactive oxygen species (ROS)
or reactive nitrogen species (RNS) results in

oxidative

oxidative stress, which can cause many human
diseases, including aging,
diseases and

cancer,
atherosclerosis, coronary heart
neurodegenerative diseases [14,15]. The using
of antioxidant system such as glutathione
(GSH), Se, vitamin C, vitamin E, superoxide
dismutase (SOD) and glutathione peroxidase
(GSH-Px) can help to eliminate the excessive
oxidative radicals [16]. It was reported that
people who have diets rich in natural water—
soluble antioxidants such as fresh fruits and

vegetables can improve the antioxidant activity

and reduce the risk of these mentioned
diseases [17].
In the present study, the total phenol

contents and antioxidant activities of raw yam
extracts by 70% methanol, 70% ethanol and
chloroform—methanol mixture (CM, 2:1, v/v)
were determined and compared in vitro.
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2. Materials and Methods

2.1. Materials and chemicals
Yam  (Dioscorea DECNE)  was
purchased from Andong (Korea), which was

batatas

seeded in March or April and harvested in the
end of October or December. The fresh yam
was washed, sliced (thickness, 0.4-0.6 cm) and
dried in the hot air for 1824 h at 60-70C.
Then the dried chips were smashed (150~
mesh) into raw yam meals (RY, commonly
called white yam).

2.2, Preparation of yam extracts

Yam meals and extraction solvents including
70% methanol, 70% ethanol and chloroform-
methanol mixture (CM, 2:1, v/v) were mixed
in a ratio of 1:10 and kept in the dark about
3 h, and then used the Advantec No. 1 filter
paper (Tokyo, Japan) to filter. The process of
extraction was repeated 3 times. The filtrate
was evaporated by rotary vacuum evaporator
(EYELA, N-N series, Tokyo, Japan) until the
solvents were completely removed. The yam
extracts were collected and sealed in brown
reagent bottles -80C  until
required for further analyses.

and frozen at

2.3. Measurement of total phenol contents
(TPC)

The phenolic compounds were determined
by using Folin-Ciocalteau’s phenol reagent [18]
and caffeic acid was used as a standard for
the calibration curve. In brief, samples (0.5
mL) were mixed with 2.4 mL of distilled
water, 2 mL of 2% sodium carbonate (w/v)
and 0.1 mL Folin-Ciocalteau’s phenol reagent
in the test tubes. Then
incubated in the temperature for 60 min. The

the mixture was

absorbance of the reaction mixture was

measured at 700 nm  using  uv/vis—
spectrophotometer (Specord 200, Analytikjena,
Jena, Germany). Total phenol contents were
expressed as mg of caffeic acid equivalents per

g of extracts (mg CAE/ g extract).
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2.4. ABTS radical scavenging assay

ABTS  radical scavenging activity —was
evaluated according to the method of Sun,
Hayakawa, Ogawa, and Izumori [19]. The
mixture of 30 mL of 7 mM ABTS and 528
uL of 140 mM potassium persulfate was
stored at room temperature in the dark for 16
h to get the green-blue free radical ABTS ~*.
Then the solution was diluted with ethanol
until the absorbance was 0.7 + 0.02 at 734
nm. Samples (0.1 mL) were mixed with 2.9
mL of ABTS working solution. After 6 min of
reaction, the absorbance was taken at 734 nm.
BHA was used as positive control. The
percentage of ABTS radical scavenging effect
was calculated as follow:
ABTS radical scavenging effect (%) =

[1 - (A/AJ] 100

where A is the absorbance in the presence of
sample or BHA, and A. is the absorbance of
control reaction.

2.5. DPPH radical scavenging assay
DPPH radical scavenging activity —was
measured according to the method of Blois
and Duan [20, 21]. Samples (I mL) of yam
extraction were mixed with 0.2 mM DPPH
(1.5 mL) and then vigorously shaken. The
mixture solution was stood in the dark for 30
min at 37°C water bath. BHA was used as
positive control. Then the absorbance of the
reaction mixture was read with spectrophoto—
meter at 517 nm. The percentage inhibition of
DPPH scavenging  activity =~ was
calculated based on the control reading using

radical

the following calculation:
DPPH radical scavenging activity (%) =

[1 - (A/AJ] 100
where A is the absorbance in the presence of
sample or BHA, and A. is the absorbance of
control reaction.

2.6. Reducing power assay

The reducing power of yam was determined
according to the method of Barros et al. [22].
1.5 mL of phosphate buffer (0.2 M, pH 6.6),

Antioxidant Activities of Various Extracts from Korean Yam (Dioscorea batatas Decne) 3

1.5 mL of sample and 1.5 mL of potassium
ferricyanide (1%, w/v) were mixed in test
tubes, incubated at 50°C water bath for 20
min. An aliquot of 1.5 mL trichloroacetic acid
(10%, w/v) was added to the mixture, which
was centrifuged (MF-550, Hanil Science
Industrial Co., Ltd, Incheon, Korea) at 3,000
rpm for 10 min. And then the supernatant (1
mL) was mixed with 3 mL of distilled water
and 0.3 mL of ferric chloride (0.1%, w/v).
BHA was used for the positive control. The
absorbance was measured at 700 nm after 10
min of reaction at room temperature.

2.7. Ferric reducing antioxidant power
(FRAP) assay

The working FRAP reagent was prepared by
mixing 10 mL of 0.3 M sodium acetate buffer
(pH 3.6), 1 mL of 10 mM TPTZ in 40 mM
hydrochloride acid and 1 mL of 20 mM ferric
chloride. The freshly prepared FRAP reagent
(1.5 mL) was incubated at 37°C water bath
for 10 min, at the same time, A reagent blank Was
read. Then sample (150 pl) was added to the
FRAP reagent. The reaction mixture was
incubated at 37°C water bath for 4 min; the
absorbance was read at 593 nm (A4 qmple). The
mixture of sodium acetate buffer (1.5 mL) and
sample (150 pl) was used as sample blank.
BHT was used as the positive control. And
the difference between A qmples A sample blank
and A reagent bank Was used to calculate the
FRAP values. Aqueous solution of FeSO,7H,0
were used for calibration curve and final
results were expressed as uM Fel [23].

2.8, Color assessment

Color determination was performed by using
colorimeter (CR-400, Minolta Co., Osaka,
Japan) and described the color values in CIE
L'a’h color system. The instrument was
standardized each time with a white (L° =
97.79, a° = -0.38, b = 2.05) tile. The L
value is the lightness (dark-light) and
correspond to black (Z'= 0) and white ((Z'=
100). A positive 4 value represent redness and
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negative one is greenness. A positive b value
corresponds to yellowness and negative one is
blueness. C’ for the metric chroma and A for
the hue angle calculated by the
transformation of a4 and 5 the following

WEeEre

equations:

d — (2*2 + b*2)1/2
K =tan! (b'/a) @ 0, b 0)
H = 180" + tan™ (b'/a) (@< 0, b 0)

2.9. Statistical analysis

The experimental data in triplicate were
subjected to analysis of variance (ANOVA)
and expressed as mean =+ standard deviation
(n=3). Analyses of variance were performed by
using the one-way analysis of variance
procedures. Duncan’s multiple-range test was
used to analysis the significant difference of
and p<0.05 was considered to be

significant  for all  statistic

means,
statistically
procedures. IBM SPSS statistic 21 program was
used for data analysis.

3. Results and discussion

3.1, Yields

The various extraction yields of raw yam
(RY) by 70% methanol, 70% ethanol and
chloroform—methanol (CM, 2:1, v/v) were
shown in Table 1. The extraction yield of RY

J. of Korean Oil Chemists” Soc.

by 70% methanol exhibited the maximum
value (25.32%), CM was found to be the
lowest (2.31%). Additionally, the extraction
yield of RY by 70% ethanol was found to be
19.24%.

3.2, Total phenol contents (TPC)

Due to the phenolic structure of hydroxyl
substituent on the aromatic ring, phenolics can
[24]. Furthermore, a
positively and highly significant relationship
total  phenolics and
activity was documented by Velioglu, Mazza,

behave as antioxidants

between antioxidant

Gao, and Oomah [25], which implied a
compound with higher content of phenol
possessed  higher antioxidant activity. Total

phenol contents were determined by according
to the colorimetric Folin-Ciocalteau method
with caffeic acid as a stand compound (y =
2.4819x + 0.0133, R? = 0.9997). The total
phenol contents of RY by different extraction
solvents (70% methanol, 70% ethanol and
CM) were showed in Table 1. Total phenol
contents of various extracts from RY increased
in the order: 70%  methanol extract
(37.62+0.88 mg CAE/g), 70% ethanol extract
(43.38+0.66 mg CAE/g) and CM extract
(67.17£0.12 mg  CAE/g),  respectively.
According to Li et al. [26], there were several
parameters include condition of sample,
temperature of extraction, solvent concentration
and solvent type can influence the extraction
of phenolics presented in yam.

Table 1. Extraction yields, total phenol contents and ICsy values in the antioxidant activity

evaluation assays of raw yam (Dioscorea batatas DrcnE.)

70% methanol 70% ethanol CM
Extraction yields (%)6 25.32 19.24 2.31
Total phenol content (mg GAE/g) 37.62+0.88° 43.38+0.66" 67.17+0.12¢
ABTS (ICso, mg/mL) 2.24+0.10° 2.08£0.20° 1.15+£0.05*
DPPH (ICsp, mg/mL) 1.344+0.02° 1.22+0.03 0.71£0.00°

The values are means+*standard deviation (7=3). Values with the different letters in the same

row are significantly different (p<0.05) by Duncan’s multiple range tests.

CM: chloroform-methanol mixture (2:1, v/v).
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3.3. ABTS radical scavenging activity

The radical-cation ABTS * is produced by
the oxidation of ABTS. In the absence of
antioxidants, ABTS is rather stable, but it reacts
actively with an H-atom donor (i.e. phenolics).
Therefore, the blue/green chromophore would
discolor gradually or be converted into a
non—colored form of ABTS up to the
antioxidant capacity of antioxidants [27]. Fig.
1 showed the inhibitory effect of all kinds of
extract (70% methanol, 70% ethanol and CM
on ABTS radical. ABTS radical
marked  and

extracts)
scavenging  activity =~ was
concentration-related (0.4 mg/mL, 0.7 mg/mL
and 1.0 mg/mL). The ICsy values of different
fractions of RY decreased in the following
order: 70% methanol extract (IC5=2.24+0.10
mg/mL), 70% ethanol extract (IC5=2.08+0.20
mg/mL), respectively. The CM  extract
exhibited the strongest scavenging activity

070% MeOH  @70% EtOH @CM** @EBHA
120.00

d

100.00 4

80.00 -

60.00 -

40.00 A

20.00 -

ABTS radical scavenging activity (%)

0.00 -

Concentration (mg/mL)

. 1. ABTS radical scavenging activities of

=
a3

various  extracts from raw yam
(Dioscorea batatas DECNE.).

*The wvalues are means=*standard
deviation (7=3). Bars with the different
letters  are  significantly  different
(p<0.05) by Duncan’s multiple range
tests.

**CM: chloroform—methanol mixture

2:1, v/v).
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scavenging activity. In our anticipation, the
extracts with higher total phenol content
showed  higher ABTS radical scavenging
activity. There was a positive correlation
between scavenging effects of various extracts
against ABTS radical and their amounts of
total phenol contents. And our results were
consistent with the finding of Velioglu, Mazza,

Gao, and Oomah [25].

3.4. DPPH radical scavenging activity
DPPH is a stable free radical and can be
scavenged by antioxidants through donating
hydrogen. The discoloration from purple to
yellow induces the absorbance of reaction
mixture decreases at 517 nm [28]. Various
fractions obtained by using different extraction
solvents indicated different DPPH scavenging
capacity (Fig. 2 and Table 1). The DPPH
radical scavenging abilities of various extracts
appeared to be associated with increasing
concentrations. All extracts exhibited excellent
DPPH radical scavenging ability even if their
effects were lower than that of BHA. Results
showed that CM extract (IC5=0.71£0.00
mg/mL) and  70%  methanol  extract
(IC5=1.34+0.02 mg/mL) possessed the highest
and lowest activity upon the elimination of
DPPH radical, respectively. From the results
showed in Table 1 and Fig. 2, remarkable
correlation between total phenol contents and
DPPH radical scavenging activities can be
found clearly, which were in keeping with the
results of Hsu et al. [29]. The strong
scavenging capacities of the extracts on DPPH
radical were most likely on account of the
hydrogen donating ability of the phenolic
compounds presented in the extracts.
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B570% MeOH  ©70% EtOH OCM** @EBHA

120.00

100.00 ¢

80.00

60.00

40.00

20.00

DPPH radical scavenging activity (%)

"2 b
7
0.4

0.00

Concentration (mg/mL)

Fig. 2. DPPH radical scavenging activities of

various  extracts from raw yam
(Dioscorea batatas DECNE.).
*The values are means+standard

deviation (=3). Bars with the different
letters  are  significantly  different
(p<0.05) by Duncan’s multiple range
tests.

**CM: chloroform-methanol
Q2:1, v/v).

mixture

3.5. Reducing power

In the reducing power assay, ferric chloride
and potassium ferricyanide combined to form
Fe*'/ferricyanide ~complex. Because of the
presence of reductants (i.e. antioxidants), the
Fe*'/ferricyanide complex was reduced to its
ferrous form. As a consequence, the color of
the test solution changed from yellow to
different shades of green and blue, up to the
antioxidant ability. Hence, the reducing power
can be indicated by the number of the Fe?*
complex, monitored  through
measuring the formation of Perl’s Prussian blue
at 700 nm [22]. The reducing power of
various extracts at varying concentrations was

which  was

measured and the results were depicted in Fig.
3. The reducing power of various extratcs and
reference compound BHA steadily increased
with the increasing concentrations up to 1
mg/mL. BHA showed significantly higher
reducing power than that of RY. As can be
seen from the data, the reducing power values
of various extracts did not have significant

J. of Korean QOil Chemists’ Soc.

difference at a concentration of 1.0 mg/mL. In

contrast to our anticipation, the reducing
power and total phenol content didn't exit a
significant correlation. And our results were
confirmed by the report of Bhandari and
Kawabata [4], who found total phenol content
had no significant correlation with antioxidant
activity. We guessed not only total phenol
content but also some nonphenolic compounds

might affect the antioxidant activity of yam.

E70% MeOH ©70% EtOH BCM** EBHA
2.000

0150 1 e b

ven
o=

55

Reducing Power (OD 700nm)
e
w
S

0.000 -

Concentration (mg/mL)

Fig. 3. Reducing power of various extracts
from raw yam (Dioscorea  batatas
DECNE.).

*The values are means*standard
deviation (#=3). Bars with the different
letters  are  significantly  different
(p<0.05) by Duncan’s multiple range
tests.

**CM: chloroform-methanol mixture
Q2:1, v/v).

3.6. Ferric reducing antioxidant power
(FRAP)

Antioxidant potential of different fractions
from RY was estimated from their ability to
reduce the ferric—tripyridyltriazine (Fe-TPTZ)
complex to (Fel-
TPTZ) at low pH, forming an intense blue
color with an absorption maximum at 593 nm
develops [23]. The antioxidant
through the ferric reducing antioxidant power
model system of RY extracts at 0.4 to 1.0
mg/mL concentrations compared with BHT

ferrous—tripyridyltriazine

activities

were presented in the Fig. 4. The results
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£70% MeOH 270% EtOH SCM** BBHT
1200.00

1000.00

800.00

600.00

(uM Fell)

400.00

200.00

Ferric reducing antioxidant power

0.00

Concentration (mg/mL)

Fig. 4. Ferric reducing antioxidant power of
various  extracts from raw yam

(Dioscorea batatas DECNE.).

*The values are means=standard

deviation (#=3). Bars with the different

letters  are  significantly  different
(p<0.05) by Duncan’s multiple range
tests.
**CM:  chloroform-methanol mixture
(2:1, v/v).

exhibited concentration—dependent ferric

reducing antioxidant activities in all the tested
concentrations  of extracts. At a
concentration of 1.0 mg/mlL, the FRAP values

various

of various extracts increased in the following
order: 70% methanol extract (91.67+0.48 uM
Fe"), 70% ethanol extract (108.33+0.00 uM
Fe!) and CM extract (220.56+0.73 uM Fel),
respectively.  The CM showed
pronounced ferric reducing antioxidant power

extract

values compared with other extracts although
lower than that of BHT. Significant differences
in ferric reducing antioxidant power values
between various extracts could be found.
Similar to the results obtained from DPPH

Antioxidant Activities of Various Extracts from Korean Yam (Dioscorea batatas Decne) 7

radical and ABTS radical scavenging activity,
correlation between FRAP values and total
phenol contents could also be observed from
our research. This significant correlation was
in accordance with the reports of the
Bertoncelj et al. [30], who found total phenol
content strongly correlated with antioxidant
activity evaluated by FRAP assay in the honey.

3.7. Color property

The color values was measured as L, a,
b values and found 81.64+2.59, 1.73+0.01
and 14.87+0.18, respectively (Table 2). C
value and FA value were calculated as
14.97£0.17 and 83.36+0.15, respectively. The
AP value of RY (8336 + 0.15 was
corresponding  to yellow. The L and &
values were significantly higher than the other
values. And the yellowness-blueness () value
was higher than that of redness-greenness (a")
value.

4. Conclusions

Korean yam (Dioscorea batatas DrcnNE) was
analyzed for its color property, total phenol
content and antioxidant activity.  Yam
possessed high Z* value and A value, which
were 81.64+2.59 and 83.36+0.15, respectively.
Raw yam was found to have great antioxidant
activity evaluated through ABTS [2,2" -azino-
bis(3—ethylbenzothiazoline—6-sulfonic acid)
diammonium salt] radical scavenging activity,
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging activity, reducing power, and ferric
reducing

antioxidant power. Total phenol

contents of various extracts from raw yam

Table 2. Color properties (L', a°, &', C and ) of raw yam (Dioscorea batatas DECNE.)

* *

L a

b c H

RY 81.64+2.59°

1.73£0.01* 14.87+0.18°

14.97+0.17* 83.36+0.15°

The values are means =+ standard deviation (7=3). Values with the different letters in
the same row are significantly different (p<0.05) by Duncan’s multiple range tests.
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increased in the following order: 70%
methanol extract (37.62+£0.88 mg CAE/g),
70% ethanol extract (43.38+0.66 mg CAE/g)
and CM extract (67.17£0.12 mg CAE/g),
respectively. The same trend was also could be
found in the ABTS radical scavenging activity,
DPPH radical scavenging activity and ferric
reducing power These
results implied that Korean yam might play an

antioxidant assays.
important role in antioxidation and serve as
the bio—health functional food to take a good
part in prevention of lifestyle related diseases
and aging.
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