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Abstract
Corncobs (Zea mays) are beneficial to human health as they contain tyrosinase inhibitors
and natural antioxidants, but they are not used as they are considered as waste. This
research evaluated the inhibition test towards tyrosinase enzyme and antioxidant activity
of corncob fraction using in-vitro DPPH method and its correlation to phenolic and
flavonoids. Corncob fraction was extracted using the maceration method applying 70%
ethanol solvent. The ethanol extract of corncob was suspended by water and then
partitioned with chloroform, ethyl acetate, and aquadest to produce three fractions
(chloroform, ethyl acetate, and aquadest fractions). These fractions were analyzed through
the tyrosinase inhibition test, applying in vitro tyrosinase enzyme inhibition and
antioxidant activity using radical scavenging test DPPH (2 2,2-diphenyl-1-picrylhydrazyl).
Meanwhile, the total phenolic and flavonoids content tests were determined
spectroscopically. The results showed ethyl acetate fraction had the highest tyrosinase
activity with IC50 values of 185.76 µg/mL, followed by the aquadest fraction (IC50
676.44µg/ml) and the chloroform fraction (IC50 709.26 µg/mL). The antioxidant activity
using DPPH radical scavenging method exhibited that ethyl acetate fraction had the
highest antioxidant activity with IC50 of 25.79 µg/mL followed by the chloroform fraction
(IC50 of 29.15 µg/mL) and the aquadest fraction (IC50 of 32.41 µg/mL). The total phenolic
content of the corncob fraction ranged between 1.73 to 7.43% (w/w) gallic acid
equivalents (GAE), while the entire flavonoid content ranged between 0.01 to 1.34% (w/
w) quercetin equivalent (QE). The tyrosinase activity and antioxidants of the corncob
fractions correlated with the total phenolic and flavonoid contents.

1. Introduction
Indonesia is an agrarian country abundant in the
availability of crop resources. Corn is one of the major
crops in Indonesia. Based on Badan Pusat Statistik
(2019), corn yields in 2015 were 19.612.435 tons and
increased by 604,009 thousand tons compared to 2014.
Corn kernel is a food source while the corncob is
discarded resulted in a large amount of waste. The data
from Direktorat Jenderal Tanaman Pangan, the Ministry
of Agriculture (2015) showed about 13 million tons of
corncob waste were produced in Indonesia.
Although corncobs are commonly discarded, they do
have some health benefits. Dong et al. (2014) found that
*Corresponding author.
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corncobs contain flavonoids that were proven to
correlate with antioxidant. Aside from flavonoids,
corncobs are claimed to have other health properties,
such as anti-tumor (Melo-Silveira et al., 2019), antifungus (Asadollahi et al., 2012), and antioxidants (Li et
al., 2014).
An antioxidant can inhibit reactive oxygen species
(ROS) and/or reactive nitrogen species (RNS) as well as
free radicals (Halliwell, 2006). An antioxidant can be
obtained from natural and synthetic sources (Herlina et
al., 2018). The synthetic antioxidants included BHA
(Butylated Hydroxy Anisole), BHT (Butylated Hydroxy
Toluene), PG (Propyl Gallate), and TBHQ (Tertiary
Butyl Hydro Quinone). Synthetic antioxidants are more
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effective, but in the recent studies had proven that some
synthetic antioxidants can cause toxic and mutagenic
effects (Alnajar et al., 2012). Therefore, it is necessary to
perform research on natural antioxidants. The phenolics
content in corncob was reported to have good
antioxidants in preventing free radicals (Lumempouw et
al., 2012; Dong et al., 2014).
Flavonoids compound is reported to have acted as
tyrosinase enzyme inhibitor (Jegal et al., 2016). The skin
has melanin, which is black pigment that protect
human’s skin from excessive Sun’s ultraviolet exposure,
while tyrosinase is an enzyme that plays an essential role
in melanin production (Jin et al., 2018). A whitening
agent works in the melanin production stage with a
mechanism to inhibit tyrosinase enzyme maturation or
inhibit
granule
pigment
(melanosomes)
from
melanocytes to keratinocytes around them. The
whitening agent mechanism works by controlling
exosome secretion which is secreted from melanocytes
(Bin, 2018). Therefore, a phytochemical compound that
can inhibit tyrosinase enzyme as melanin producer is
needed.
The antioxidant activity of corncob fractions has
previously been reported using DPPH radical scavenging
method. The result showed that ethyl acetate fraction has
the highest DPPH radical scavenging, compared to
butanol, ethanol, petroleum ether, and water fractions
(Suryanto and Momuat, 2017). The previous study also
reported that corncob extracts of ethanol 50% ethanol
extract, 80% methanol extract, 50% methanol extract,
80% methanol, and ethyl acetate extract exhibited
antioxidant activities using DPPH, ABTS (acid 2,2Azinobis-3-etilbenzatiazolin-6-sulfonate) and FRAP
(Ferric reducing-antioxidant power) methods (Dong et
al., 2014). However, corncob fractions (chloroform,
ethyl acetate, and water) toward tyrosinase enzyme
inhibitor and DPPH assay method and its correlation
with total phenolic and flavonoid contents have not been
reported yet. Therefore, this research aimed to evaluate
the activity of tyrosinase enzyme inhibition and evaluate
antioxidant activity using the DPPH method and its
correlation to phenolic and flavonoids.
2. Materials and methods
2.1 Materials
Corncobs were obtained from local farmers in
Klaten, Central Java, Indonesia. In addition, this research
used 2,2-diphenyl-1-picrylhydrazyl (DPPH, from Sisco
Research Laboratories), Kojic Acid (p.a., Tokyo
Chemical Industry), Mushroom Tyrosinase (from SigmaAldrich), L-Beta-3,4-dihydroxyphenylalanine (L-DOPA,
p.a Sigma-Aldrich), methanol (E. Merck, Darmstadt
eISSN: 2550-2166

Germany), dimethyl sulfoxide (DMSO from SigmaAldrich), quercetin (p.a., Sigma-Aldrich), gallate acid
(p.a., Sigma-Aldrich), chloroform (p.a., Merck).
2.2 Sample preparation
Corncobs were dried and ground into powder form
with a specific advanced degree according to the mesh
measurement standard. Extraction was carried out using
100 g of corncob powder in 1 L 70% ethanol via
maceration. The macerated liquid was then evaporated
using a rotary evaporator water bath. The concentrated
corncob extract was then dissolved in pre-heated water/
aquadest and further separated using chloroform and
ethyl acetate to produce three types of fractions:
chloroform, ethyl acetate and water (Suryanto et al.,
2017).
2.3 Qualitative identification of flavonoids and
antioxidants using thin-layer chromatography (TLC)
Each corncob fraction was dissolved in 100 mg/mL
of solvent, then 10-20 µL was smeared onto the silica gel
plate and eluted using a chloroform-methanol solvent
with a ratio of 8:2 as the elution phase. After the elution,
the silica gel plate was then dried, and the separation was
observed under UV 254 and UV 366, and was sprayed
with cytoborate reagent and DPPH reagent.
2.4 Total phenolic determination

The determination of total flavonoids was performed
according to Farmakope Herbal Indonesia (Kemenkes,
2017). Approximately 100 mg of the fraction was
weighed into an Erlenmeyer flask and added with 25 mL
of methanol P. The mixture was stirred for an hour with
a magnetic stirrer before filtered into a 25 mL flask.
Methanol P was added until the mark.
For pure compound solution, 10 mg of gallic acid
was weighed into 25 mL flask and added with methanol
P until the mark. A series of dilution was performed on
the mixture to make different concentration levels of
100, 70, 50, 30, 15, and 5 µg/mL. An aliquot of 1 mL of
the test solution was added into each series of the pure
compound solution. Approximately 5 mL of retail FolinCiocalteu LP (7.5% in water) was added and allowed to
stand for 8 mins. After that 4.0 mL 1% NaOH was added
and incubated for 1 hr. The absorption of each solution
was measured at 730 nm. A calibration curve was
produced, and blank was conducted in the same manner
without adding test solutions. The total phenolic content
was expressed as gram equivalent gallate acid every 100
g subfraction dry weight (% w/w EAG).
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2.5 Total flavonoids determination

2.6 Antioxidant activity determination
The antioxidant activity was determined using the
DPPH method (Kikuzaki et al., 2002). Each 50 µL of
corncob fraction with varied concentration was added
with 1.0 mL 0.4 mM DPPH and 3.950 mL of ethanol of
then mixed in the vortex. After 30 mins, the absorbance
was measured at 517 nm wavelength. The absorbance
level was also examined in the blank solutions (50 µL of
fraction and 4.950 mL of ethanol) and the control
solution (1.0 mL of 0.4 mM DPPH and 4.0 mL of
ethanol).
The amount of antioxidant activity was counted
using the formula:

2.7 In vitro tyrosinase inhibition test
Exactly 4.96 mg of L-DOPA was dissolved in 10 mL
phosphate-buffered solution (pH = 6.8). The mixture was
protected from light (Arung et al., 2005). Approximately
1 mg of tyrosinase was dissolved in 10 mL phosphatebuffered solution (pH = 6.8) and protected from light.
The dissolved tyrosinase had an activity of 496 units/mL.
The solutions were kept at low temperature (2–8°C)
(Arung et al., 2005). To prepare the positive control,
exactly 20 mg kojic of acid powder was dissolved in 10
mL phosphate-buffered solution (2000 µg/mL) and
serially diluted to form concentrations of 1500, 1000,
500, 250, 125, and 62.5 µg/mL (Batubara et al., 2010).
eISSN: 2550-2166

The corncob fraction was weighed 20 mg and then
dissolved in 1 mL of DMSO. The mixture was added
with 10 mL phosphate-buffered solution (pH = 6.8) and
serially diluted to form concentrations of 1500, 1000 and
500 µg/mL (Batubara et al., 2010). In four test tubes (A,
B, C and D), 110 µL of 2.5 mM L-DOPA solution and 3
mL of phosphate-buffered solution (pH = 6.8) was
transferred. The tubes were incubated for 10 mins.
Approximately 0.13 mL of phosphate-buffered solution
and 70 µL of tyrosinase enzyme was transferred to Tube
A; 0.2 mL of a phosphate-buffered solution was
transferred to Tube B; 0.13 mL of the sample solution
and 70 µL tyrosinase enzyme solution was transferred to
Tube C; and 0.1 phosphate-buffered solutions and 0.1
sample solution was transferred to Tube D. All tubes
were incubated for 25 mins and their absorbance levels
were read at 475 nm wavelength. The inhibition
percentage was calculated using the formula as follows:

Where A is the absorbance blank solution is negative
with enzyme, B is the absorbance blank solution is
negative without enzyme, C is the absorbance sample
solution with enzyme, and D is the absorbance sample
solution without enzyme.
3. Results and discussion
3.1 Qualitative flavonoids and antioxidant contents by
TLC
There are different kinds of tests to measure
antioxidant activity, but this research prefers to use the
DPPH method because it is easier, faster, and more
sensitive and uses little amount of sample. Moreover,
this DPPH method has been reported as an antioxidant
test on corncob (Li et al., 2014). The qualitative test on
antioxidant activity can be done by using Thin Layer
Chromatography (TLC). The corncob fraction was eluted
in silica gel F254 plate and eluted by chloroform:
methanol (8:2) as a mobile phase. The reason behind
choosing chloroform: methanol (8:2) mobile phase,
which polarity is semipolar, aims to elute all fractions
with a different polarity. DPPH was then sprayed the
eluted TCL plate. The spotted part has color change into
yellow, which shows that there is antioxidant activity
(Molyneux, 2004). The antioxidant compound will react
with DPPH employing a hydrogen atom donation
mechanism to be color shedding, form purple to yellow
(Molyneux, 2004).
The eluted corncob fraction spots can be detected at
UV 254 ray, UV 366 ray, cytoborate sprayed reagent for
flavonoids compound’s specific reagent, and DPPH
reagent to know the antioxidant profile. Figure 1 shows
the results of observations of spots on the corncob
© 2021 The Authors. Published by Rynnye Lyan Resources
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Total flavonoid was also determined according to
Farmakope Herbal Indonesia (2017). Approximately 50
mg of the corncob fraction was weighed into an
Erlenmeyer flask and added with 25 mL ethanol P. The
mixture was stirred with a magnetic stirrer for 1 hr and
then filtered into a 25 mL flask. The filter paper was
rinsed with 70% LP ethanol. 70% LP ethanol was added
into the 25 mL flask to top up. Approximately 10 mg of
quercetin was weighed into a 25 mL volumetric flask.
Ethanol P was added to dissolve and further top up to the
mark. A series of dilutions was prepared at 100, 75, 50,
and 25 μg/mL. For each dilution prepared, 0.5 mL of the
test solution, 1.5 mL ethanol P, 0.1 mL of 10%
aluminum chloride P, 0.1 mL 1 M sodium acetate and
2.8 mL was added. The mixture was allowed to stand for
30 mins at room temperature. The absorption of each
solution was measured at 730 nm. A calibration curve
was produced, and blank was conducted in the same
manner without adding test solutions. The total flavonoid
content was expressed as gram equivalent quercetin
every 100 g subfraction (% w/w EK).
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chloroform fraction almost reaching the elution limit
because the chloroform fraction content is a non-polar
compound, whereas, in the aqueous fraction, there are
spots on the bottling base which show a polar compound
so that it does not elute with a semipolar mobile phase.
The corncob ethyl acetate fraction has many spots, which
in UV 254 offers fluorescence damping. In contrast, UV
366 has faded yellow fluorescence after sprayed with
yellow fluorescence cytroborate reagent, so it can be
concluded based on the detection results that the positive
ethyl acetate fraction contains flavonoids (Kemenkes,
2017). The result of spot observation after it was sprayed
with cytoborate showed that the ethyl acetate fraction
undergoes colour intensity change at UV 366 nm, from
purple (before being sprayed by cytoborate) to yellow
(after being sprayed by cytoborate). Cytoborate reagent
is a specific reagent with the highest sensitivity to detect
flavonoid content and specific for an orto-dihidroxi
cluster, so it can be concluded that ethyl acetate fraction
is the most dominant fraction which contains flavonoids
content.

the compounds which take responsibility for the
antioxidant activity are phenolic and flavonoids, so the
antioxidant action from natural ingredients correlated
with phenolic and flavonoids compounds (Petrillo et al.,
2016; Rohman et al., 2017; Riswahyuli et al., 2019). The
result of phenolic and flavonoids content measurement
can be seen in Table 1.
Table 1. Total phenolic and flavonoids content of corncob
fraction
Fraction
Phenolic (*) content
Chloroform
1.78
Ethyl acetate
7.43
Aquadest
1.73
(*) = % w/w EAG
(**)= % w/w EK

Flavonoids (**) content
0.01
1.34
0.1

Table 1 shows that ethyl acetate fraction has
phenolic content valued 7.43% w/w EAG higher than
chloroform fraction and aqueous fraction, whereas for
flavonoids result is also reported that ethyl acetate
fraction has flavonoids content valued 1.34% w/w EK. It
is the highest among the other fractions. This result
corresponds
with
the
qualitative
antioxidant
identification result, which shows that the dominant spot
result comes from ethyl acetate fraction.
3.3. Antioxidant activity determination

Figure 1. TLC profile with corncob fraction on silica gel F254
plate with chloroform: methanol (8:2) mobile phase and
detected with I. UV254, II. UV366, III. UV 366 after being
sprayed with Citroboric reagent and IV. Ray appeared after
being sprayed by DPPH. FC: Fraction of Chloroform; FEA:
Fraction of Ethyl Acetate, FA: Fraction of Aqueous

The TLC plate's detection result after sprayed by
DPPH reagent shows that the most dominant yellow
spots are ethyl acetate fraction, which means ethyl
acetate fraction is the more potent antioxidant activity of
a sample. This has more ability to ward off the DPPH
free radicals’ compound (Molyneux, 2004), therefore
qualitatively concluded that corncob’s ethyl acetate
fraction has the most dominant antioxidant activity.
3.2 Total phenolic and flavonoids content
Based on the previous research, it was proven that
eISSN: 2550-2166

DPPH method was chosen to conduct in vitro on the
antioxidant activity of the corncob fraction. The DPPH
method principle of measurement is based on the
compound’s ability to experience DPPH radical color
intensity decrease by counting its absorbance level at 517
nm wavelength (Sehwag and Das, 2014). The parameter
to interpret that a compound has antioxidant activity
ability is the IC50 value, which means the concentration
from a substrate causes 50% of DPPH activity
(Molyneux, 2004). The smaller IC50 value shows that the
compound is more active as an antioxidant. The result of
the IC50 value antioxidant activity of corncob fraction is
shown in Table 2.
Table 2. IC50 value antioxidant activity of corncob fraction

Fraction
Chloroform
Ethyl acetate
Aquadest

IC50 value (µg/mL)
93.79
25.79
32.41

The result in Table 2 shows that the largest
antioxidant activity is corncob ethyl acetate fraction with
IC50 value parameter 25.79 µg/mL, Meanwhile the
aqueous and chloroform fractions have bigger IC50 value
is 32.41 µg/mL and 93.79 µg/mL. Based on this result so
it can be concluded that ethyl acetate fraction had
antioxidant activity correlation with flavonoids and total
© 2021 The Authors. Published by Rynnye Lyan Resources
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Figure 3 shows that the R values 0.7038 which means
that the total flavonoid content can also contribute as
much as 70.38% towards an antioxidant activity.

3.4 Tyrosinase enzyme inhibition
The purpose of tyrosinase enzyme inhibition testing
is to know the corncob fraction's ability to inhibit
tyrosinase in forming melanin. The enzyme used in this
test is mushroom tyrosinase with substrate L-DOPA and
kojic acid as a positive control. It is known that kojic
acid is a tyrosinase inhibitor that is clinically used to
overcome skin hyperpigmentation (Hashemi and Emami,
2015). The result of corncob fraction tyrosinase enzyme
inhibition with IC50 value parameter can be seen on
Table 3.

Figure 2. Correlation between total phenolic content valued
IC50 corncob fractions with antioxidant activity

Table 3. IC50 Value tyrosinase enzyme inhibitor corncob
fraction
Fraction
Chloroform
Ethyl acetate
Aquadest
Kojic acid

IC50 value (µg/mL)
709.26
185.76
676.44
150.79

Table 3 shows that the highest activity of inhibiting
tyrosinase enzymes is corncob ethyl acetate fraction with
the smallest IC50 value 185.76 µg/mL, and its value is
very close to positive control IC50 kojic acid 150.79 µg/
mL. It is proven that corncob ethyl acetate fraction also
can inhibit the tyrosinase enzyme.
3.5 Correlation total phenolic and flavonoid content
corncob fractions with antioxidant activity
A parameter to describe total phenolic and
flavonoids content towards free radicals capture is the
determination coefficient (R2) so that the correlation
between antioxidant activity and entire phenolic and
flavonoids content can be acknowledged (Rohman et al.,
2017). Based on the correlation between entire phenolic
content towards antioxidant activity shown Figure 2, the
R2 value is 0.7646; this result indicates that the total
phenolic content contributes 76.46% antioxidant activity.
On the other hand, the correlation between entire
flavonoid content towards antioxidant activity shown in

Figure 4. Correlation between total phenolic content valued
IC50 corncob fraction with tyrosinase enzyme inhibitor
eISSN: 2550-2166

Figure 3. Correlation between total flavonoids content valued
IC50 corncob fractions with antioxidant activity

Several researchers have reported previous research
about the correlation between total phenolic and
flavonoid content towards an antioxidant activity.
Herlina et al. (2018) said that there was a correlation
between entire phenolic content (R2 = 0.7309) and total
flavonoid content (R2 = 0.3096) towards antioxidant
activity in Kepel apple (Stelechocarpus burahol) extract
and methanol fraction.
3.6 Correlation total phenolic and flavonoid content
corncob fractions with a tyrosinase enzyme inhibitor
Figures 4 and 5 shows that the correlation of
phenolic valued R2 is 0.9959 and total flavonoids valued
R2 is 1 towards tyrosinase enzyme inhibition. This strong
correlation is shown between tyrosinase enzyme

Figure 5. Correlation between total flavonoids content valued
IC50 of corncob fractions with tyrosinase enzyme inhibitor
© 2021 The Authors. Published by Rynnye Lyan Resources
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inhibition on corncob fraction and total phenolic and
flavonoids content. Thus, it can be concluded that
phenolic and flavonoids contents have a significant
contribution towards tyrosinase inhibition activity on
corncob fraction. It is reported that the total phenolic and
flavonoids content is correlated by contributing to
inhibiting tyrosinase enzyme (Petrillo et al., 2016).
4. Conclusion
Based on the tyrosinase inhibitor test result, the
highest tyrosinase activity is the ethyl acetate fraction
with IC50 value of 185.76 µg/mL compared to the
aqueous fraction (IC50 676.44 µg/mL) and the
chloroform fraction (IC50 709.26 µg/mL). The result of
antioxidant activity using the DPPH method shows that
the highest antioxidant activity is the ethyl acetate
fraction with IC50 value of 25.79 µg/mL compared to the
chloroform fraction (IC50 29.15µg/mL) and the aqueous
fraction (IC50 32.41 µg/mL). The ethyl acetate corncob
fraction contained a total phenolic content was 7.43% w/
w EAG, while the total flavonoid content was 1.34% w/
w EK. The ethyl acetate corncob fraction had tyrosinase
and antioxidant activity, which correlates with total
phenol and total flavonoid levels.
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