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Abstract : Corn cob is one of the food waste-material having the phytochemical component
that has healthy benefit. The corn cob was extracted with reflux method using ethanol 80% for
2 hours. After that, the extracts were filtered and the filtrates were combined and concentrated
in a rotary evaporator. This crude ethanolic extract was suspended in water and extracted with
petroleum ether, ethyl acetate, n-butanol, and water, respectively. The anti-photooxidation
effects were evaluated in linoleic acid that containing erythrosine as a sensitizer and exposed
under 4000 lux fluorescent light for up to 5 hours. The photoprotective activity was evaluated
by sun protection factor (SPF) using spectrophotometry UV-Vis. Ethyl acetate fraction shows
the highest total phenolic content followed with butanol fraction, ethanol extract, petroleum
ether fraction and water fraction. Ethyl acetate fraction also exhibited the highest antiphotooxidation activity followed by butanol fraction, extract ethanol, petroleum ether, and
water fraction. The photoprotective activity of ethyl acetate fraction was the highest, as
indicated by higher SPF value as compared with ethanol extract, butanol, water and petroleum
ether fractions. There were strong correlations between the total phenolics content and
antiradical activity and photoprotective activity with R 2 values are 0.9115, 0.9326 and 0.9975,
respectively. These results show that the ethyl acetate fraction of corn cob contains
compounds having anti-photooxidation properties and potential as a sunscreen active
ingredients.
Keywords : corn cob, solvent fractions, anti-photooxidation, photoprotective, SPF.

Introduction
Sunlight exposure on the skin can lead to photochemical reaction such as photooxidation which
produces reactive oxygen species (ROS) such as superoxide anion, singlet oxygen molecule, and hydroxyl
radicals. Singlet oxygen induces a unique oxidation process by attacking directly the electron-rich compounds
without the free radical involvement. The oxidations of biological components (proteins, lipids, vitamins and
DNA) induced by singlet oxygen are associated with various pathological events such as pigmentation, cataract,
skin aging and cancer1,2. Whereas, the oxidation reaction of food components can lead to nutritional losses,
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production of possible toxicants that make food less acceptable or unacceptable to consumers3. Both the
oxidation system in various types of endogenous and foods are very susceptible to photooxidation during
storage under light, especially when photosensitizers such as chlorophylls, riboflavin, myoglobin and
phorphorine present in the systems4,5,6.
Photooxidation can produce singlet oxygen from oxygen triplet with the presence of components that
act as a sensitizer. The sensitizer can transfer its light energy to chemical energy and begin oxidation reaction.
The food contains some components that act as a sensitizer, such as colorants (erythrosine). Erythrosine (FD&C
Red No. 3) is widely used as a coloring agent for foods, beverages, pharmaceutical preparations, and cosmetics.
Synthetic food colorants, which have been used to improve the appearance of food, may act as photosensitizers
due to the highly conjugated double bonds. Erythrosine under light can generate reactive oxygen species such as
superoxide anion and singlet oxygen3,7,8. Skin can also produce singlet oxygen generation when UV light is
absorbed by trans-urocanic acid at 345 nm. Exogenous agents and endogenously occurring compounds
including porphyrins, flavins, DNA bases, or amino acids and their derivatives like urocanic acid are considered
to act as photosensitizing molecules9,10. This highly reactive molecule can react with protein or lipid and the
reaction products, such as lipid peroxides has lost cellular functionality 11.
This became clear and interesting that the predominant exposure to UV light occurs under everyday
circumstances. It is impossible to avoid sun exposure, therefore, everyone needs sun protection. This argues for
the application of a daily UV-A protection ingredient. Sunscreens are chemicals that provide protection against
the adverse effect of solar and particular UV radiation. Natural substances extracted from plants have been
recently considered as potential sunscreens resources because of their ultraviolet radiation absorption in the UV
region and their antioxidant activity. Therefore, natural UV-absorbing substances are a suitable alternative for
daily skin care. The UV-screening substances of plants, phenolic acids and polyphenols are already in use as the
active molecules in a series of cosmetic products against photo-aging.
Corn (Zea mays L.) is one of the most widely cultivated cereals in the world and most popular due to
their nutritional value worldwide and rich sources of beneficial anti-oxidants, minerals, vitamins and fiber 12,13.
Corn is one well known of crops and cultivated in developing countries. The utilization of corn seeds as food
material resulting corn cob as waste. However, the by-products can be used as functional food ingredients such
as phytochemicals, pharmaceuticals, food products, essential oils, seed oil, pectin and dietary fibers 14.
Therefore, corn seed by-products are not only become a good source of bioactive compounds but also usable as
several value-added products15. Corn cob is a phenolic phytochemical containing biomass which recommended
to be used as active antioxidant compound16,17. Hossain et al.18 identified flavonoids from flavonol groups such
as quercetine and its glycoside from corn. Flavonoids are a widely distributed group of polyphenolic
compounds characterized by a common benzo--pyrone structure, that has been reported to act as antioxidants
in various biological systems19,20,21. Many phenolic compounds have antioxidant properties. These compounds
can be used as ingredients in cosmetics, pharmaceuticals, nutraceuticals and food14. The objective of this
research was to determine the anti-photooxidation activity of ethanol extract and a solvent fraction on
erythrosine sensitized photooxidation of linoleic acid and photoprotective activities by determination of sun
protection factor of ethanol extract and solvent fractions.

Experimental
Standards and Chemicals
Corn cob was collected from a local market and dried at room temperature until used. The dried corn
cob was ground using a blender to 40 mesh. The Folin-Ciocalteu reagent, ethanol, petroleum ether, ethyl
acetate, butanol, sodium carbonate and erythrosine used in this experiment were purchased from Merck
(Darmstadt, Germany). The Linoleic acid and 1.1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from
Sigma Chemical Co. (St. Lois, MO).
Sample Preparation
The corn cob powder (300 g) was extracted with reflux method using 1.5 L of 80% ethanol (3 times)
for 2 hours. The extracts were filtered and the filtrates were combined and concentrated using rotary evaporator.
The concentrated filtrate was then oven-dried to yield a solid ethanol extract (EE). The ethanol extract was
stored at 5°C until used for anti-photooxidant and photoprotective assays.
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Solvent Partitioning of Ethanol Extract
Solid EE extract of corn cob (5 g) was suspended in 100 mL of deionized water and then partitioned
sequentially with an equal volume of petroleum ether fraction (PEF), ethyl acetate fraction (EAF), butanol
fraction (BF) and water fraction (WF) using a separating funnel. Each fraction was concentrated using rotary
evaporation and then oven-dried at 37°C to constant weight. To prepare for SOQ and phytochemical assays, the
solid residues of the fractions were dissolved in 80% ethanol.
UV Spectra
Extraction of phenolic compounds by different solvent system was monitored by means of UV
absorption at 200-400 nm using spectrophotometer (Shimadzu 1800). UV spectra of the crude extract and
solvent fractions in ethanol were also measured.
Determination of Total Phenolic Content
The total phenolic content of the ethanol extract and solvent fractions were determined using modified
Folin-Ciocalteu colorimetric method from Li et al. 22. Each sample solution (0.1 mL, 1 mg/mL) was added to
Folin-Ciocalteu reagent (0.1 mL, 50%) in a test tube and then this mixture was vortexed for 3 minutes. After
intervals of 3 minutes, 2 mL of Na 2CO3 2% solution was added. After incubation at room temperature for 30
min, the mixture was kept in the dark for 30 minutes. The supernatant was measured using a spectrophotometer
at 760 nm. The standard curve was prepared using different concentrations of gallic acid and the results were
expressed as gallic acid equivalents in milligrams per milligram extract.
Determination of Free Radical Scavenger
Determination of free radical activity (scavenger) from ethanol extract and solvent fraction measured by
the method from Li et al.22 with slight modification. A total of 2 mL solution of 92 μM 1,1-diphenyl-2picrylhydrazyl (DPPH) in ethanol was added 0.5 mL ethanol extract and a solvent fraction. The level of color
reduction of the solution shows the efficiency of radical scavenger. The last five minutes of the 30 minutes, the
absorbance was measured using a spectrophotometer at 517 nm. Free radical scavenger activity is calculated as
a percentage reduction of DPPH color using the equation:

% activity 1  (

sampelabsorbance at 517 nm
controlabsorbance at 517 nm

) x 100

The IC50 value obtained from sample concentration at 50and activity percentage and calculated from a
calibrations curve of inhibition percentage against extract or solvent fraction concentration. Test of the samples
was carried out in duplicate
Determination of Anti-photooxidation Activity
The procedure of anti-photooxidation activity determination was based on Huang et al.5, with minor
modification. This procedure was to study the effects of ethanol extract and solvent fractions on photosensitized
oxidation of linoleic acid emulsion. Linoleic acid (1.5 g) was added with 0.2 mL of Tween 20 and 1.8 mL of
distilled water. The emulsion was then stirred for 3 minutes at room temperature. After that, samples were
added with 16 mL distilled water and stirred for 30 minutes. Two mg of ethanol extract, solvent fractions and
-tocopherol (as a positive control) were added 10 mL of the emulsion that contained 5 μg/mL of erythrosine as
a photosensitizer. Emulsion samples (10 mL) were transferred into a 30 mL serum bottle. The bottles were airtight sealed with Teflon septa, wrapped with aluminum and then placed in the light box. The light intensity of
the sample level was 4,000 lux, at room temperature. The light storage box consisted of two rectangular
chambers: a glass chamber (60 cm x 30 cm x 50 cm) for sample storage and the wooden box (70 cm x 50 cm x
60 cm) for light sources to the glass chamber was 12 cm. Samples were placed on the wire netting which was
10 cm above the bottom of glass chamber. The light source, 65-watt cool white fluorescence lamps (Philips)
was placed on the 4,000 lux. The temperature of the light storage box was kept constant at room temperature.
Photooxidation stability of stripped corn oil was evaluated by analyzing samples periodically for conjugated
diene hydroperoxides and the conjugated diene absorbance was measured at 234 nm. Results were calculated as
hydroperoxide in millimoles per kilogram of oil using an absorptivity of 26000 for linoleate hydroperoxides 23.
Samples of oil-in-water emulsion (0.30 μL) were into the tube and dissolved with 5 mL of ethanol absolute, the
absorbance was measured at 234 nm. Hydroperoxide value will be measured every time interval of an hour. The
experiment was carried out in triplicate.
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Sun Protection Factor (SPF) Measurements
Determination of photoprotective activity was conducted by examining SPF in vitro value using
spectrophotometer (Spectrophotometer UV-Vis Shimadzu 1800)24,25. Ethanol extract and solvent fractions were
made 10-50 μg/mL in ethanol mixture. Absorbance curve of extract and solvent fraction solution was made in a
1cm cuvette, wavelength of 290 to 320 nm with 5 nm interval. The absorbance of the solution shows the effect
of substance which absorbs or reflect UV light in solution. Mansur et al.24 develop a simple mathematical
equation to calculate SPF value. SPF = CF x I (λ) x absorbance Note: CF: Correction factor (10), EE: erythemal
efficiency, λ: wave length, I: sun light spectrum simulation and Abs: sunscreen product absorbance.
Statistical Analysis
All experiments were performed in duplicate. Experimental data presented as mean values ± standard
deviations and analyzed by the analysis of variance (ANOVA) and the significant differences among means
were determined by Duncan’s multiple range test using SPSS version 18.
Results and Discussion
Extraction and Total Phenolic Content
The results from extraction with ethanol of corn cob (300 g) showed that yield was 4.80% (ethanol
extract), whereas the yields of solvent fractions of petroleum ether, ethyl acetate, butanol, and water were 15.49,
20.54, 14.16 and 49.01%, respectively (Table 1). The yield of water fraction (WF) gave higher yields from
solvent fractions than ethyl acetate fraction (EAF), petroleum ether fraction (PEF) and butanol fraction (BF).
Higher yields for WF could be explained by the presence of tannin compound and a possible extracted protein,
carbohydrate group, and components was that soluble in the water. The EAF and BF were all semi-solid with a
brownish yellow color. Whereas, for the PEF were all oily with a yellow color. Presence of yellow color in PEF
could be explained that they were responsible for the oil. In addition, it must be noted that in PEF, larger
amounts of the fraction were obtained as a possible presence of fatty acids.
Tab. 1: Normalization product function which used to calculate SPF (Sayre et al., 1979)
Wavelength
(λ, nm)
290
295
300
305
310
315
320
Total

EE x I
(ternormalization)
0,015
0,0817
0,2874
0,3278
0,1864
0,0837
0,018
1

Tab. 2: Yield and phenolic total content of ethanol extract and solvent fractions
Samples

Yield
Phenolic total content
(%)
(µg/mL)
a
Ethanol Extract (EE)
4.80±0.64
50.81± 2.17a
Petroleum Ether Fraction (PEF)
16.71±1.40b
24.59±0.58b
Ethyl Acetate Fraction (EAF)
19.53±0.04c 162.14±3,46c
Butanol Fraction (BF)
15.06±0.74d
82.65±5.63d
e
Water Fraction (WF)
47.69±2.70
22.35±3.75e
Values are means ± SD. Values with the same superscript letter are not statistically significant at the 5% level
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Table 2 showed total phenolic content in the extract ethanol and solvent fractions at the sample
concentration of 1 mg/mL. The total phenolic of ethyl acetate fraction (EAF) extract (EA) gave higher content
(162.14 µg/mL) than butanol fraction (82.65 µg/mL), ethanol extract (81.53 µg/mL), water fraction
(22.35µg/mL) and petroleum ether fraction (24.59 µg/mL).
The phenolic compound was extracted with some solvent partitioning that possessed different polarity
to separation phenolic compound in corn cob ethanol. Extraction using petroleum ether could dissolve less polar
phenolic compounds, whereas ethyl acetate and butanol could dissolve semi polar compounds and the use of
water would recover the more polar compounds. The recovery of polyphenols from plant materials is influenced
by the solubility of the phenolic compounds in the solvent used for the extraction process. Furthermore, solvent
polarity will play a key role in increasing phenolic solubility26. Therefore, the semi polar solvents (ethyl acetate,
butanol, and chloroform) are considered to be suitable for the solvent partitioning of all plant phenolic and it is
a standard extraction procedure for solvent fractions is usually used.
The higher phenolic compound content is seen in semi-polar fraction and could be caused the present
kind of phenolic compounds such as phenolic acid groups (ferulic acid, syringic acid, coumaric acid) and
flavonoid groups (kaempferol and quercetine) which have been reported from a type of corn27. According to
Shahidi26, the total phenol content can be resulted from the sum of phenolic compounds such as simple
phenolics (derivatives of hydroxybenzoic and hydroxycinnamic acid), non tannin flavans (anthocyanins,
catechins, and leucoanthocyanins), hydrolysable tannins gallic and ellagic acid) and condensed tannins
(polymers and copolymers of catechins and leucoanthocyanins).
UV Spectra
Figure 1 showed the absorption spectra of ethanolic extract and solvent fractions measured in ethanol
with the wavelength regions of 200-400 nm for the phenolic component. Characteristic phenolic component in
ethanol extracts of corn cob was identified by UV spectrometry. Therefore, the variation of components of
ethanol extracts of corn cob was partitioned in four different solvents such as n-hexane, ethyl acetate, n-butanol,
and water, to fractionate the polar, semi polar and non-polar in the ethanol extract. As shown in Figure 1, the
UV spectra of ethanol extract was greatly dependent on the polarity of the extracting solvent. The ethyl acetate,
ethanol and butanol fractions exhibited maximum absorbance were at 315, 313 and 281 nm respectively,
whereas hexane and water fractions showed no maximum absorption.

Fig. 1: Absorbance spectral of 20 μg/mL hexane fraction (HF), ethyl acetate fraction (EAF), buthanol
fraction (BF), ethanol axtract (EE) and water fraction.
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These result proved that UV spectra of the ethanol extract, butanol, and ethyl acetate fractions showed
ability for extracting phenolics components. In addition to the UV spectra of ethyl acetate fractions was a more
effective solvent for obtaining of phenolic component of corn cob sample. This could be due to the presence of
large amounts phenolic compound, especially flavonoid group that is more soluble in ethyl acetate than ethanol
and butanol. As shown in Figure 1, it can be seen that ethyl acetate fraction possessed two major absorption
peaks in the region 315 dan 285 nm, and gave an absorbance value reading in the region 0.41 to 0.75. These
two peaks are commonly referred to as band I (315 nm) and band II (285 nm). According to Markham29,
flavonoid compound having the wavelength regions at 300-330 nm and 275-295 nm are flavanone and
dihydroflavonol. The flavanon group having two peaks are commonly referred to as band I (300-350 nm) and
band II (270-295 nm). Dihydroflavonol group that have two peaks are commonly referred to as band I (300-320
nm) and band II (270-295 nm)30.
From Figure 1 also found that UV spectra of EAF having characteristic absorption bands in regions
UVA and UVB and capable play role as the photo-protective effect. Sayre et al.31 stated that the radiation ability
of active component in extract to absorb UV associates with sunscreen activity. These results indicate that ethyl
acetate fraction which to contain flavonoid compounds and potential as sunscreen active component.
DPPH Radical Scavenging Activity of The Ethanol Extract and Solvent Fractions
The result tested radical scavenging activity (RSA) in DPPH from the ethanol extract and solvent
fraction showed ethyl acetate fraction (EAF), butanol fraction (BF) and ethanol extract (EE) having the ability
as scavenger free more than 50% at concentration of 1000 μg/mL (Figure 2). In other hand, solvent fractions
prepared from ethanol extract of corn cob have radical scavenging activity. The result showed that there was a
positive relationship between the amounts of total phenolic compounds in corn cob with radical scavenging
activity. For example, ethyl acetate fraction (EAF) showed most phenolic compounds and possessed higher
scavenger activity followed a butanol fraction (BF), ethanol extract (EE), petroleum ether fraction (PEF) and
water fraction (WF). Many researches showed that extract of a plant as fruits, leaves, and vegetables have a
positive correlation among total phenol content and antioxidant activity 32,33.

Fig. 2: Effects of ethanol extract and solvent fractions at different concentrations on scavenging 1,1diphenyl-2-picrylhydrazyl (DPPH) radical. (PEF: petroleum ether fraction, EAF: ethyl acetate fraction,
BF: butanol fraction, WF: water fraction and EE: ethanol extract).
Figure 2 showed that all fractions and ethanol extract examined were found to possess DPPHscavenging activity, indicating that these two fractions (EAF and BF) of phenolic compounds were used the
most potent DPPH scavengers. The effects of ethanol extract and solvent fractions on scavenging DPPH free
radical at the concentration ranging from 250 to 1000 μg/mL. For solvent fractions and ethanol extract, as the
concentrations increased from 250 to 1000 μg/mL, scavenging activity of both fractions and extracts were
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increased significantly (p<0.05). However, radical scavenging activity between EAF or BF and EE obtained
from the same material were statistically significant. Ethyl acetate fraction (EAF) was assumed that most of the
phenolic compounds consisting mainly of flavonoid components were present in the fraction. Ethyl acetate
fraction at concentration 250 to 1000 μg/mL exhibited excellent antiradical activities from 75.25 to 87.19and.
Effect of EAF at 1000 μg/mL on radical scavenging activity was compared to that -tocopherol as a positive
control. EAF exhibited the lower antiradical activity than -tocopherol at 1000 μg/mL (95.16%).
Tab. 3: The free radical scavenging activity of extract ethanol and solvent fractions as expressed by IC 50
IC50
(mg/mL)
Petroleum ether fraction (PEF)
22.52±0.07a
Ethyl acetate fraction (EAF)
0.05±0.01b
Butanol fraction (BF)
0.31±0.01c
Water fraction (WF)
24.29±0.06a
Ethanol extract (EE)
0.21±0.02d
α-Tocopherol
0.02±0.01e
Values are means ± SD. Values with the same superscript letter are not statistically significant at the 5% level
Sample

Table 3 showed IC50 values of ethanol extract and solvent fractions to scavenge 50 and of the DPPH
free radical. The IC 50 values are ranged from 0.05 to 24.29 mg/mL. Ethyl acetate fraction showed low IC 50 (0.05
mg/mL) compared to that EE (0.21 mg/mL), BF (0.31 mg/mL), PEF (22.52 mg/mL) and WF (24.29 mg/mL).
Based on the IC50 value, it can be interpreted that EAF having free radical scavenger activity higher than EE,
BF, PEF, and WF. When compared to α-tocopherol as a positive control with ethyl acetate fraction. It was
found that ethyl acetate fraction showed lower scavenging activity than α-tocopherol.

Fig. 3: Effect of 200 μg/mL ethanol extract and solvent fraction on oxidation of singlet oxygen in linoleic
acid for 5 hours (NF: no fraction, NL: no light).
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Fig. 5: Correlations between total phenolics and antiradical activity by DPPH assay and photoprotective
activity of crude extracts and solvent fractions, A. DPPH radical scavenging activity, B. Photoprotective
activity (SPF values), and C. DPPH radical scavenging activity and Photoprotective activity.
Effect of Extract and Solvent Fraction on Photooxidation of Linoleic aAcid Emulsion
Effect of concentration at 200 μg/mL of ethanol extract and solvent fractions such as hexane fraction
(PEF), ethyl acetate fraction (AEF), butanol fraction (BF) and water fraction (WF) on peroxide value for 0.03
M of linoleic acid in ethanol for expose to light at room temperature (Figure 5). The hydroperoxide values were
increased in linoleic acid that addition erythrosine as a photosensitizer. A probable explanation was that
erythrosine may produce singlet oxygen from triplet oxygen when it was exposed to light. The formation of
singlet oxygen by photosensitizer accelerated lipid peroxidation. Therefore, erythrosine effectively acts as a
photosensitizer for accelerate of linoleic acid oxidation in a model system to expose to light 8. This result agrees
with the previous report on the photosensitizing effect of erythrosine to accelerate the oxidation of soybean oil
in acetone model system under the light storage8. The other research showed that erythrosine photosensitized
oxidation of ascorbic acid in an aqueous system at the pH range from 4 to 73. Data of hydroperoxide value in
linoleic acid were relatively similar for 5 hours under light without sensitizer (WS) and dark (NL). However,
without the presence of sensitizer in linoleic acid oil or in dark system, triplet oxygen could not be converted to
singlet oxygen.
The ethyl acetate fraction showed very strong anti-photooxidative (singlet oxygen quenching) activity
on erythrosine-sensitized photooxidation of linoleic acid for 5 hours exposure to fluorescent light (p<0.05). On
the contrary, petroleum ether fraction indicated decreasing antiphooxidative effect. This is probably due to the
effect of nature sensitizer can act synergistically with erythrosine to generate singlet oxygen so that oxidation
rate of hydroperoxide formation in increase. Endo et al.34 had reported that nature sensitizer as chlorophyll and
its derivate can promote lipid oxidation for storage. In addition, the phenolic compound content in petroleum
ether fraction was lower. This might be caused by the effect of singlet oxygen quenching from petroleum ether
fraction.
Phenolic compounds are the most prevalent antioxidant phytochemicals in the plant kingdom and
reportedly possess both anti-photooxidative activity and radical scavenging activity35. Ethyl acetate fraction
contained the highest total phenolic (163.57 µg/mL). The petroleum ether and water fraction contained the least
amount of total phenolics, showing 23.71 and 23.57 µg/mL. The ethyl acetate fraction showed the highest antiphotooxidative activity contain, hence large quantity of total phenolic. This result suggested that phenolic
compound in ethyl acetate fraction is the major components for singlet oxygen quenching activity. However,
petroleum ether and water fractions showed antiphotooxidative activity, had the least quantity of total phenolic.
It has been reported that phenolic phytochemicals had strong antiphotooxidative activity36. This result clearly
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indicated that phenolic phytochemicals in ethyl acetate fraction are the major components of supporting the all
antiphotooxidative. The antioxidant phytochemicals in food plant contain various antioxidant components such
as flavonoids, anthocyanins, carotenoids, amines, and vitamins. These components have also been known to
possess anti-photooxidative activity. Thus, extracting and fractionating procedure used in the experiment were
favorable conditions for the obtaining phenolic compounds in the ethyl acetate fraction, active components in
ethyl acetate fraction was greatly dependent on the polarity of the extracting solvents. As the polarity of the
extracting solvent increased, the anti-photooxidative activity of the extract also increased. This result indicated
that the anti-photooxidative component in ethyl acetate has strong semi polar properties and are easily
extracted with semi polar solvent as ethyl acetate. Effect of ethyl acetate fraction in model system showed
significant that different with 200 µg/mL -tocopherol (p<0.05). Alpha tocopherol (Toc) is nature compound
that used to inhibit in lipid oxidation for food and reported as a quencher of singlet oxygen in soybean oil 37.
Jung et al.4 reported that methanol extract in edible and nonedible plant from huanglia (Coptis japonica
Makino) and clove (Eugenia caryopylla Thunb.) showed stronger singlet oxygen activities (anti-photoxidative)
in both chlorophyll and methylene blue sensitized photooxidation of linoleic acid. In addition to the methanol
extract of Coptis japonica Makino was fractionated into three fractions (ethyl ether, ethyl acetate, and butanol
fraction) by liquid-liquid partitioning fractionation, butanol fraction showed strongest antiphotooxidative
activity in both chlorophyll and methylene blue sensitized photooxidation of linoleic acid.
Determination of SPF in vitro
Figure 5 shows correlation analyses between the total phenolics content, antiradical (DPPH) and
photoprotective activity (SPF value). In this study, IC50 values were calculated by linear regression analysis will
be the 1/IC50 to depicted correlation graphs between antiradical activity and total phenolic content. The results
showed that there was a positive relationship between the amounts of total phenolics content in phytochemical
crude extract and solvent fractions and antiradical activity (DPPH assay), indicating that phenolic compounds in
crude extracts and solvent fractions were possible to contribute to the anti-radical activity in the corncob. The
results suggested that total phenolic content of crude extract and solvent fractions in line with the development
of antiradical characteristic which evaluated with DPPH assay. There was significant correlation coefficient
(R2) between total phenolic content with antiradical activity in crude extract and fractions of corncob is 0.9115
(Figure 5A). It meant a high correlation coefficient indicated there was a strong linear correlation between
phenolic composition and antiradical activity. Many research showed that extract of edible as fruits, leaves,
spice, and vegetables or medicinal plant material have positive correlation among total phenol content and
antioxidant activity27,45,46,47,48,49,50,51.
A good correlation was observed also between total phenolics content and photoprotective activities
(determined by SPF value) are as shown Figure 5B. The results may be possible there was the presence of
phenolic compounds in corncob crude extract and solvent fractions. There is a trend of corncob extracts to
exhibit phenolic composition in line with the photoprotective activity which measured by SPF values method.
Correlation between total phenolic content and photoprotective activity show a significant correlation using five
points with R2 value is 0.9326 and even better than R2 value of correlation analyses between total phenolics
content and antiradical activity. Many food and medicinal plants containing phenolic compounds such as
hydroxycinnamic acid derivatives and flavonoid have been reported to possess strong antioxidant and sunscreen
activity43,44,52,53,54. The content of phenolic and flavonoid produced by a plant is considered an important factor
for protecting plants against ultraviolet radiation (Silva et al., 2014; Souza et al., 2015). Therefore, there is
positive correlation between photoprotective activities in phytochemicals extract with phenolic content of
secondary metabolites in plants. Figure 5C shows the relationship between the antiradical and photoprotective
activity in the corncob extract crude and its solvent fractions. The results of correlation analyses between
antiradical and photoprotective activity showed strong relationship with R 2 was 0.9975. This indicated that
there was positive relationship between the amounts of antiradical activity and photoprotective activity in crude
extract and solvent fractions. Several studies have been reported that highest SPF value (photoprotective effect)
analogously free radical scavenging activity determine by DPPH assay40,41,55. However, In general, antioxidant
effect from crude extracts and solvent fraction exhibit the ability as electron donor and can react with free
radical to form a stable product, so it ends the chain of radical reaction56.

Edi Suryanto et al /International Journal of ChemTech Research, 2018,11(03): 25-37.

35

Conclusions
The ethyl acetate fraction seems to contain highest phenolic compound and showed good free radical
scavenging in free DPPH system. This study showed also that ethyl acetate fraction could act as antiphotooxidation (singlet oxygen quenching) on linoleic acid photooxidation with present erythrosine as a
sensitizer. The ethyl acetate fraction possesses an active component of sunscreen activity to prevention UVB
radiation. Total phenolic content and radical scavenging and photoprotective activity showed a positive
correlation in crude extract and solvent fraction of corn cob.

Acknowledgement
We are thankful for the support of The Ministry of Research, Technology and Higher Education
(Kemenristekdikti), The Republic of Indonesia, for this research through Fundamental Research Grant for
financial year of 2015/2016.

References
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

16.
17.
18.

Davis KJ, Goldberg AI. Protein damaged by oxygen radicals are rapidly degraded to extracts of red
blood cells. J Bio Chem. 1987. 262: 8227-8234.
Meucci F, Mordente A, Martorana GE. Metal-catalyzed oxidation of human serum albumin:
conformational and fungtional changes, implications in protein aging. J Bio Chem. 1991. 266: 46924699.
Yang TS, Min DB. Quenching mechanisms and kinetics of ascorbic acid on the photosensiting effect of
synthetic food colorant FD&C Red No. 3. J. Food Sci. 2009. 74: 718-722.
Jung MY, Kim JP, Kim SY. Methanol extract of Coptis japonica Makino reduces photosensitized
oxidation of oils. Food Chem. 1999. 67: 261-268.
Huang R, Choe E, Min DB. Kinetics for singlet oxygen formation by riboflavin photosensitizion and
the reaction between riboflavin and singlet oxygen. J Food Sci. 2004. 69: 726-732.
DeRosa MC, Crutchley RJ. Photosensitized singlet oxygen and its applications. Coord Chem Rev.
2002. 234: 351-371.
Umehara T, Terao J, Matsushita S. Photosenstized oxidation of oil with food colors. J Agric Chem Soc
Jap. 1980. 53: 51-56.
Yang WT, Lee JH, Min DB. Quenching mechanisms and kinetics of -tocopherol and -carotene on
the photosensiting effect of synthetic food colorant FD&C Red No. 3. J Food Sci. 2002. 67: 507-510.
Gould JW, Mercurio MG, Elmets CA. Cutaneous photosensitivity diseases induced by exogenous
agents. J Am Acad Dermatol. 1995. 33: 551-73
Haralampus-Grynaviski N, Ransom C, Ye T, Rozanowska M, Wrona M. Photogeneration and
quenching of reactive oxygen species by urocanic acid. J Am Chem Soc. 2002. 124: 3461-3468
Pinnell SR, Durham MD. Cutaneous photodamage, oxidative stress, and topical antioxidant protection.
J Am Acad Dermatol. 2003. 48: 1-19
Bacchetti T, Masciangelo S, Micheletti A, Ferretti G. Carotenoids, phenolic compounds and antioxidant
capacity of five local Italian corn (Zea Mays L.) Kernels. J Nutr Food Sci. 2013. 3: 1-4
Ai Y, Jane J-L. Macronutrients in corn and human nutrition. Compr Rev in Food Sci and Food Saf.
2016. 15: 581-598
Azad AKM, Ali MA, Akter MS, Rahman MJ, Maruf Ahmed M. Isolation and characterization of pectin
extracted from lemon pomace during ripening. J Food Nutr Sci. 2014. 2: 30-35.
Noor F, Rahman MJ, Mahomud, MS, Akter MS, Md. Aminul Islam Talukder MAI, Ahmed M.
Physicochemical properties of flour and extraction of starch from jackfruit seed. Inter J Nutr Food Sci.
2014. 3: 347-354.
Suryanto E, Momuat, LI, Yudistira A, Wehantouw F. The evaluation of singlet oxygen quenching and
sunscreen activity of corncob. Ind J Pharm. 2013. 24: 274-283.
Lumempuow LI, Paendong J, Momuat LI, Suryanto E. Antioxidant Potential of ethanol extract from
corn cob (Zea mays L.). Chem Prog. 2012. 5: 49-56.
Hossain MA, Islam A, Jolly YN, Kabir MJ. New flavonol glycoside from the seeds of Zea mays. Ind J
Chem. 2006. 45: 1319-1321.

Edi Suryanto et al /International Journal of ChemTech Research, 2018,11(03): 25-37.

19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.
38.
39.
40.

41.

42.
43.
44.
45.

36

Morel I, Lescoat G, Cogrel P, Sergent O, Pasdecoup N, Brissot P, Cillard P, Jillard J. Antioxidant and
iron chelating activities of the flavonoids catechin, quercetin and diosmetin on iron-loaded rat
hepatocyte cultures. Biochem Pharmacol. 1993. 1: 13-19.
Salah N, Miller NJ, Paganga G, Tijburg L, Bolwell GP, Rice-Evans C. Polyphenolic flavonols as
scavenger of aqueous phase radicals and as chain-breaking antioxidants. Arch Biochem Biophys. 1995.
2: 339-346.
Balasundram N, Sundram K, Samman S. Phenolic compounds in plants and agri-industrial by-products:
antioxidant activity, occurrence, and potential uses. Food Chem. 2006. 99: 191-203
Li XC, Lin J, Gao Y, Han W, Chen D. Antioxidant ability and mechanism of Rhizoma Atractylodes
macrocephala. Molecules. 2012. 17: 13457-13472.
Chan HW, Levett G. Autoxidation of methyl linoleate. Separation and analysis of isomeric mixtures of
methyl linoleate hydroperoxides and methyl hydroxylinoleates. Lipids. 1977. 12: 99-104.
Mansur JS, Breder MNR, Mansur MCA, Azulay RD. Determinacio do fator de protecllo solar por
espectrofotometria. An B Dermatol. 1986. 61: 121-124.
Walters C, Keeney A, Wigal CT, Johnstom CR, Cornelius RD. The spectrophotometric analysis and
modeling of sunscreens. J Chem Educ. 1997. 74: 99-102.
Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables: Occurrence, extraction and analysis. J
Pharma Biomed Anal. 2006. 41: 1523–1542.
Shahidi F, Naczk M. Food Phenolics. Lancester-Basel: Technomic Pub. Co. Inc. 1995.
Shahidi F. Natural Antioxidants: An Overview. In: Shahidi F, ed. Natural Antioxidants: Chemistry,
Health Effects and Application., Illinois, Champaign: AOCS Press. 1997.
Markham KR. Techniques of flavonoid identification. London, Academic Press. 1982.
Sujata VB. Chemistry of Natural Products. New Delhi: Narosa Publishing House. 2005.
Sayre RM, Agin PP, Levee GJ, Marlowe E. A Comparison of In Vivo and In Vitro Testing of
Sunscreening Formulas. Photochem Photobiol. 1979. 29: 559-566.
Velioglu YS, Mazza G, Gao L, Oomah, BD. Antioxidant activity and total phenolics in selected fruits,
vegetables, and grain products. J Agric Food Chem. 1998. 46: 4113-4117.
Duh PD, Yen GC. Changes in antioxidant activity and components of methanolic extracts of peanut
hulls Irradiated with ultraviolet light. Food Chem. 1997. 54: 127-131.
Endo Y, Usuki R, Kaneda T. Antioxidant effects on chlophylls and pheophytin on the autooxidation of
oils in the dark II. J Am Oil Chem Soc. 1985. 62: 1387-1390.
Oh YS, Jang ES, Boce JY, Yoon SH, Jung MY. Singlet oxygen quenching Activities of various fruit
and vegetable juices and protective effects of apple and pear juices againtst hematolysis and protein
oxidation induced by methhylene blue photosensitization. J Food Sci. 2006. 4: 260-268.
Guo Q, Zhao B, Shen S, Hou J, Hu J, Xin W. ESR study on the structure antioxidant activity
relationship of tea cathecina and epimers. Biochim Biophy. Acta. 1999. 1427: 13-23
Jung MY, Choe E, Min DB. Effects of , , - Tocopherol on Chlorophylls Photosensitized Oxidation
of Soybean Oil. J Food Sci. 1991. 56: 807-515.
Khazaeli P, Mehrabani M. Screening of sun protective activity of the ethyl acetate extracts of some
medicinal plants. Iran J Pharm Res. 2008. 7: 5-9.
Santhanam RK, Ahmad S, Abas F, Ismail IS, Rukayadi Y, Shaari K. Photoprotective properties of
Zanthoxylum rhetsa: an in vitro analysis. J Chem Pharm Res. 2013. 5: 1512-1520
Oliveira-Junior RG, Souza-Araujo C, Souza GR, Guimarales AL, Oliviera AP, Lima-Saraiva SRG,
Morais ACS, Santos JSR, Silva-Almeida JRG. In vitro antioxidant and photoprotective activities of
dried extracts from Neoglaziovia variegta (Bromeliaceae). J App Pharm Sci. 2013. 3: 122-127
Silva EES, Alencar-Filho JMT, Oliveira AP, Guimarães AL, Siqueira-Filho JA, Almeida JRGS, Araujo
ECC. Identification of glycosil flavones and determination in vitro of antioxidant and photoprotective
activities of Alternanthera brasiliana L. Kuntze. Res. J. Phytochem. 2014. 8:148-154.
Food and Drug Administration. Sunscreen Drug Products For Over-The-Counter Human Use; Final
Monograph. Federal register, US 2766-2793. 1999
Bonina F, Lanza M, Montenegro L, Puglisi C. Flavonoid as potential protective agents against
photooxidative skin damage. Int J Pharm. 1996. 145:87-94.
Saewan, N, Jimtaisong, A. Photoprotection of natural flavonoids. J App Pharm Sci. 2013. 3: 129-141.
Siddhuraju P, Becker K. Antioxidant properties of various solvent extract of total phenolic constituents
from three different agroclimatict origins of Grumstick Tree (Moringa Oleifera Lam.) Leaves. J. Agric.
Food Chem. 2003. 51: 2144-2155

Edi Suryanto et al /International Journal of ChemTech Research, 2018,11(03): 25-37.

46.
47.

48.
49.

50.
51.
52.
53.
54.

55.

56.

37

Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic compounds of 112 traditional
Chinese medicinal plants associated with anticancer. Life Sci. 2004. 74:2157-2184
Gorinsteina S, Zachwiejab Z, Katricha E, Pawelzikc E, Haruenkitd R, Trakhtenberge S, MartinBellosof, O. Comparison of the contents of the main antioxidant compounds and the antioxidant activity
of white grapefruit and his new hybrid. Lebensm.-Wiss. u.-Technol. 2004. 37: 337-343
Shan B, Cai YZ, Sun M, Corke H. Antioxidant capacity of 26 spice extracts and characterization of
their phenolic constituents. J. Agric. Food Chem. 2005. 53: 7749-7759
Mahattanatawee K, Manthey JA, Luzio, G, Talcott ST. Goodner K, Baldwin EA. Total Antioxidant
activity and fiber content of select florida-grown tropical fruits J. Agric. Food Chem. 2006. 54: 73557363
Li XC, Wu XT, Huang L. Correlation between antioxidant activities and phenolic contents of radix
Angelicae Sinensis (Danggui). Molecules. 2009. 14: 5349-5361.
Li XC, Chen, DF, Mai, Y, Wen B, Wang XZ. Concordance between antioxidant activities in vitro and
chemical components of Radix Astragali (Huangqi). Nat. Prod. Res. 2012. 26, 1050-1053.
Chen X, Ahn DU. Antioxidant activities of six natural phenolics against lipid oxidation induced by Fe 2+
or ultraviolet light. J. Am. Oil Chem. Soc. 1998. 75: 1717-1721.
Svobodova A, Psotova J, Walterova D. Natural phenolics in the prevention of UV-induced skin
damage, a review. Biomed Paper. 2003. 147: 137-145.
Alencar-Filho JMT, Sampaio PA, Pereira ECV, Oliveira-Júnior RG, Silva1 FS, Silva-Almeida JRG,
R.G, Rolim LA, Nunes XP, and Cruz-Araújo EC. Flavonoids as photoprotective agents: A systematic
review. J. Med. Plants Res. 2016. 9: 207-215.
Souza SKM, Almeida TS, Ferraz CAA, Oliveira AP, Anjos VHA, Siqueira-Filho JA, Araujo ECC,
Almeida JRGS, Silva NDS, Nunes XP. Identification of flavonol glycosides and in vitro
photoprotective and antioxidant activities of Triplaris gardneriana Wedd. J. Med. Plant. Res. 2015.
9:207-215.
Xhou S, Fang Z, Lo Y, Cheng J, Liu D, Ye X. Phenolic and antioxidants properties of Bayberry
(Myrica rubrasieh et Zuca) Pomace. Food Chem. 2009. 112: 394-398

*****

