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Abstract
Indonesia has wide cultivation of purple sweet potatoes (PSP) commodities, particularly in East Java province. However,
the difference of phytochemical profiles in PSP among geographical regions has not been fully explored. This study
aimed to analyze the phytochemicals, anthocyanin, and antioxidant activity profiles from two different cultivars of PSP
from Lawang and Kawi Mountain region, East Java, Indonesia. The acidified methanol extract was identified for a
phytochemical compound using standard methods. Antioxidant activity was analyzed using a ferric reducing assay.
Anthocyanins were screened using ultraviolet-visible spectroscopy and total calculation. Both extracts have positive
values in their alkaloid, phenolic, flavonoid, glycoside, and tannin content. Antioxidant activity was high with IC50 value
2.5 and 2.3 µg. mL-1 for Lawang and Kawi Mountain, respectively. Each cultivar has a similar peak at 521 nm at pH 1 and
530 nm at pH 4.5. Total anthocyanin calculation was showed that Lawang has higher anthocyanin content than Kawi
Mountain cultivar. We concluded that PSP from Lawang has better anthocyanin content than the Kawi Mountain
cultivar. We proposed that PSP from the Lawang cultivar has the potential to be explored in further research and
health-related product development.
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INTRODUCTION1
Sweet potatoes (Ipomoea batatas (L) Lam) is
an important annual perennial plant that
contributed as global food security [1]. Indonesia
is one of the major supplier of sweet potatoes
commodity worldwide. The biodiversity of sweet
potatoes in Indonesia is addressed into natural
resources that should be taken into
consideration, especially purple sweet potatoes
varieties [2,3]. Purple sweet potatoes (PSP)
cultivation is dominant in East Java Province,
particularly in Malang District at Lawang and
Kawi Mountain region [4]. The attractive color
pigment and higher anthocyanin compound are
more favorable than another phenotypes. Purple
sweet potatoes are the main source of energy,
amino acid, macronutrient, and anthocyanin.
Anthocyanin in PSP previously reported has
beneficial biological activity on inflammation,
cancer, mutation, oxidative stress, liver
protection, etc. [5,6].
Purple sweet potatoes from the Kawi
Mountain region displayed potential health
benefits in inhibiting the brain cell apoptosis in
an animal model of diabetes as well as enhancing
the antioxidant enzyme in atherogenic rats [7,8].
However, research on the nutritional content of
1
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PSP from Kawi Mountain cultivar is limited to
amino acid characterization [9]. Meanwhile,
nutritional identification of PSP cultivated in
Lawang is limited to a major proximate
composition,
for
instance,
protein,
carbohydrates, fat, water content, and ash [10].
The growth environment is strongly
correlated with the synthesize of plant bioactive
compounds [11]. The validation of plant growth
conditions is important in the functional food
development process to ensure product quality
and safety [12]. Thus, the profiling of biochemical
compounds of PSP from Lawang and Kawi
Mountain is necessary to support the potential of
both cultivars to be developed into functional
food. This research was evaluated the differences
of phytochemicals, anthocyanins, and antioxidant
activity of PSP from those different geographical.
A recent study provides the recommendation of
the utilization of both cultivars according to their
biochemical compounds.
MATERIAL AND METHOD
Plants extraction
Tuber roots of purple sweet potatoes (PSP)
cultivar of Lawang and Kawi Mountain were
obtained from the local traditional farmer and
immediately transfer to the laboratory. Solid
extraction was performed according to a
previous protocol with minor modification. In
brief, the procedure was performed by grinding
the fresh tuber roots (50 g) followed by
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maceration in 100 mL acidified methanol 1% (CAS
No. 67-56-1, Merck) for 24 hours at 25°C. The
homogenates were filtrated using Whatman
paper 0.45 µm. Repeated maceration and
filtration were conducted until colorless extract
was obtained. The filtrates were evaporated at
50°C using a rotary evaporator RE-25C 1L series.
The filtrates were then stored at a temperature
of 4°C until used [13].
Qualitative phytochemical screening
A standard method as previously described
was performed to evaluate the alkaloid,
phenolics, flavonoid, glycosides, and tannin The
absorbance of alkaloid, phenol, flavonoid,
glycoside, and tannin was measured at 470, 280,
430, 210, and 700 nm wavelength, respectively
[13].
Ultraviolet-visible spectroscopy
Anthocyanin
preliminary
structure
determination was conducted by measuring the
absorbance with UV-1700-spectrophotometer
(Shimadzu, Japan) at pH 1 and pH 4.5 conditions.
The maximum absorbance in acidic solution was
used for indicating the basic structure of
anthocyanins. A ratio of 1:100 (v/v) PSP extract
and buffer solution was used for absorbance
measurement. A total 1 mL PSP extract was
dissolved with 0.25 M HCl-KCl (CAS No. 7447-407 , Merck) buffer (pH 1) or 0.5 M sodium acetate
buffer (pH 4.5) [6,13,14].
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ferrcyanide. The mixture was incubated in a
water bath at 50oC for 30 minutes with a slightly
shaking movement. Subsequently, a total of 2.5
mL 10% trichloroacetic acid was added to the
mixture. The mixture (5 mL) was dissolved with
aquadest (5 mL) and 0.1% FeCl3 (1 mL). The
absorbance of the reaction mixtures was
measured at 700 nm. Ascorbic acid was used as a
positive control [16]. The IC50 value was
calculated as previous report [17].
Statistical analysis
The differences of total anthocyanin purple
sweet potatoes Lawang and Kawi mountain were
analyzed using an independent-sample of t-test
by SPSS software. Meanwhile, the IC50 difference
between ascorbic acid of Lawang and Kawi
Mountain cultivar was analyzed using one-way
ANOVA. Data were shown as mean ± SD from
three replication. The level of significance was set
as p<0.05.
RESULT AND DISCUSSION
Phytochemical Profiles of Purple Sweet
Potatoes From Lawang and Kawi Mountain.
Qualitative phytochemical screening was
revealed the presence of alkaloid, phenolic,
flavonoid, glycoside, and tannin in both extracts
of PSP. However, the cultivar of Lawang was a
relatively low color intensity for alkaloid and
higher color intensity for flavonoid (Fig. 1).

Anthocyanin calculation
Total anthocyanin content (TAC) was
expressed as cyanidin-3-glucoside per 100 g
(C3Gmg.100g-1). The calculation of TAC was
conducted using the following formula [15]:

Description:
TAC = Total Anthocyanin Content
A
= Absorbance
MW = molecular weight (449.2 gmol-1)
DF = dilution factor
ɛ
= molar extinction coefficient (26.900 molcm-1)
L
= cuvette diameter
V
= final volume (L)
Wt = extract weight (g)

Antioxidant activity
The reducing power assay method was
performed to measure the antioxidant activity of
both extracts with minor modification. A series of
extract concentration of 0, 2, 4, 6, 8, and 10
µg.mL-1 was made by dilution of 2.5 mL, pH 6.6
pH phospate buffer and 2.5 mL, 1% potassium
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Figure 1. Qualitative phytochemical profies from extracts
of purple sweet potatoes Lawang and Kawi
Mountain cultivars. The presence of tested
compounds was visualized as + low, ++
medium, +++ high and ++++ very high intensity
color

The present study was revealed that both
cultivars have similar phytochemical content.
Phytochemical content in sweet potatoes can be
affected by several factors, for instance, the
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genetic color of tuber roots. The purple and red
color of tuber flesh were reported higher
flavonoid and phenolic content than other white
flesh [18]. The application of plant growth
regulators has increased the quantitative
phytochemical matters in sweet potatoes [19]. A
previous study was suggested that phytochemical
compounds such as alkaloids, glycosides, tannins,
flavonoids, and phenolics in PSP are related to
antioxidant activity [20].
Antioxidant activity of Purple Sweet Potatoes
From Lawang and Kawi Mountain.
Antioxidant activity and IC50 value are
negative correlations. Both PSP cultivars were
shown antioxidant activity was directly
proportional to the increase in concentration.
PSP Lawang cultivar was not significantly
different from PSP Kawi Mountain cultivar at the
IC50 value, i.e 2.5, and 2.3 µg.mL-1 for Lawang and
Kawi Mountain, respectively (Fig. 2). Thereupon,
the antioxidant activity of the Lawang cultivar
was relatively similar to Kawi Mountain cultivar.

Figure 2. Similar antioxidant activity is observed from the
value of IC50. The same notation is reflected no
significant value (p=0.076). Data were shown as
mean value ±SEM.

The higher antioxidant activity is also
influenced by the presence of phenolics and
flavonoids in purple sweet potatoes [21]. In
addition, purple sweet potatoes have higher
levels of anthocyanin as a powerful antioxidant
[22].
Anthocyanin in Purple Sweet Potatoes From
Lawang and Kawi Mountain.
The UV-visible spectroscopy analysis was
demonstrated that both extracts were absorbed
UV light at a range of 200-324 nm and visible
light at a range of 469-572 nm under pH 1
condition. Both cultivars have the same peak of
absorbance at 521 nm in pH 1 and 530 nm in pH
4.5 (Fig. 3A and 3B). The range of peak between
520-530 nm is characterized as anthocyanin
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absorption wavelength. A similar study by Li et al.
reported maximum absorption from purple
sweet potato extracts at 520-530 nm using Uv-vis
spectrophotometer analysis [23].
The similar range of hump and peak on UVspectroscopy indicated that both cultivars have a
similar basic structure of anthocyanin. The peak
of absorbance under the UV-light at 521 nm and
the acid condition was correlated to anthocyanin
pigment content prediction in plants. Basic
structures of anthocyanin in both cultivars are
predicted as acetylated anthocyanin as
previously reviewed. Acetylated anthocyanin is
formed by sugar attachment on anthocyanidin
moiety [6,24].
Even though both cultivars have similar
wavelength hump peaks of absorbance, the 521
nm absorbance was higher in Lawang cultivar
than the Kawi Mountain cultivar. It correlates
with the higher total anthocyanin content in
Lawang cultivar than Kawi Mountain cultivar, i.e.,
10 mg.100g-1 and 5 mg.100g-1 respectively, with
p=0.000 (Fig. 3C). The flesh color of various
potatoes previously was correlated with different
total anthocyanin content. It is supported by
Teow et al., which displayed a not detected level
of anthocyanin in white and orange sweet
potatoes. Despite the different anthocyanin
content among cultivars, the antioxidant activity
was
similar
(p=0.076).
Phytochemical
composition affects the antioxidant activity in
plants, such as phenol, phenols, ortho-diphenols,
flavonoids, and tannins [25].
Environmental factors such as the difference
in growth altitude, soil pH, daily temperature,
and light intensity were contributed to the
content of phytochemical compounds in plants
[26]. The range of daily temperature has affected
the accumulation of anthocyanin biosynthesis.
The increase of night temperature from 12-22°C
and day temperature to 25°C promotes the
increase of anthocyanin as well as radical
absorbance capacity [27]. Soil characteristics
were contributed to anthocyanin synthesis in
plants [28,29]. Lawang and Kawi Mountain region
has distinct environmental characteristics such as
temperature and soil pH. The Lawang region has
a daily temperature of 4°C lower than the Kawi
Mountain region. The soil pH of the Kawi
Mountain region is more acid than Lawang i.e.,
4.71 and 5.25, respectively.
The previous review was reported that the
accumulation of anthocyanin is affected by water
drought and salt stress through cytoplasm
dehydration [11]. However, the potatoes plant
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was shown distinct responses towards drought
stress. Drought has resulted in the decrease of
tuber yield without a significant difference in
anthocyanin and antioxidant measurement.
Nevertheless, simultaneous application of
drought and wound to purple potatoes
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significantly reduce the Trolox equivalent. It
suggested that purple potatoes are more
sensitive to drought, especially during tuber
bulking, with a less pronounced effect on
anthocyanin production [30].

Figure 3. Anthocyanin contents from two cultivars of purple sweet potatoes. A) The aborbance of UV-Vis spectroscopy
profilesof Lawang cultivar and B) Kawi Mountain cultivar. Despite both cultivasr have similar peak at 521 nm
wavelength under pH 1 (blue line) and shifted to 530 nm in pH 4.5 (red line), the absorbance level of Lawang Cultivar
at 521 nm is higher than Kawi Mountain cultivar C). The total anthocyanin of Lawang cultivar significantly higher
than Kawi Mountain cultivar with p=0.000. The (*) notation identified significantly different. The data were shown
mean value ±SEM.

CONCLUSION
Purple sweet potatoes from Lawang and Kawi
Mountain region of East Java Indonesia have
similar qualitative phytochemical profiles and
antioxidant activity. However, anthocyanin
content in Lawang cultivar was higher than Kawi
Mountain cultivar. We proposed the necessary
study related to environmental characteristic
profile in both regions to support the growth
requirements enrichment to enhance the
anthocyanin as well as other secondary
metabolites in both cultivars.
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