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I. Introduction  

Drosophila, among many other candidates, were used for this study. That is because they 

are a model organism. Model organisms are organisms used to study universal life phenomena. 

There are some reasons why they are used in studies. One reason is that their life cycle is shorter 

than other organisms. The second reason is that the genome of Drosophila is open. In addition to 

this, there are many mutant Drosophila. Because of this, it is possible to choose mutants of 

Drosophila to use based on the research results. 

 

II. Materials and Method 

In this experiment, a normal food agar medium, a carbon dioxide bottle, equipment made 

by a 3D printer, a plastic sheet, an aspirator dish, and cotton were utilized. For the Condition 

Experiment, normal food was placed at the side of the V-shaped track, followed by placing 5 

flies in a fasting state at the starting point. The covered equipment was left in place for 10 

minutes, and the scene was recorded to observe the flies' movement towards the normal food. 

The Odor Experiments involved placing normal food and different types of food at the V-shaped 

track's tip and dampening cotton with water, yeast, and propionic acid at each end of the track. 

Five fasting flies were placed at the starting point, and the covered equipment was left for 10 

minutes while recording the scene and measuring the flies' movement. Lastly, after the control 

experiment, flies were narcotized, and their sex was determined using microscopy.  

 

Fig.1 Drosophila melanogaster (Oregon-R) 
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III. Data Ana lysis 
 
Pre-Experiment  

In a preliminary experiment, when flies were placed at the center of the V-shaped track, as 

shown in Fig. 13 to observe the movement of the flies, many of them did not move at all or did 

not go toward the medium, making it impossible to test whether the flies acted according to the 

smell of the food (Table 4). Therefore, similar experiments were conducted with flies fasting for 

1.5, 4, 5, 6.5, 9, and 24 hours, and we found that the flies moved toward the food most frequently 

after the 24-hour fasting period (Table 3). Thus, individuals fasted for 24 hours were used in 

subsequent experiments.  

The flies' conditions were tested to increase the accuracy of the experiment. First, a normal 

medium was placed on one end of the V-shaped track. Then, 5 flies in a fasting state were placed 

at the start point. The equipment was then covered and left in place. A video recording of the 

scene was taken, and the number of flies that moved toward the normal medium was observed 

for approximately 10 minutes. A good condition was defined as one where at least 70% of all the 

flies went towards the normal medium. If  flies were in good condition, the experiment continued. 
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the area with the odor and the area with water, it was found that the flies were more attracted to 

the area with the odor. The results also show that the five individual flies in the experiment were 

more active on the track than those with only one fly. 
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Abstract 

The objective of this research is to find the substances that affect the suppression of mold growing 

on bread. The bread was placed in a container with lemon, grated garlic, and wasabi paste, all of 

which had a strong odor, and observed for about two weeks. Later, focusing on allicin, a 

component of garlic, an experiment was conducted on mold suppression by comparing two garlic 

samples. One sample contained a clove of garlic cut, and the other was grated, then heated. The 

results showed that allicin, a volatile antimicrobial component in garlic, affected the inhibition of 

mold growth. From there, the focus shifted to elucidating the mechanism of the inhibitory effect 

of allicin on mold. Alliin was extracted from American peeled garlic and added to an alliinase 

enzyme solution to make an allicin solution. Future research should focus on the thermostability 

of allicin, concentrating on the variation of its inhibitory effect with temperature change. 

Keywords: mold, growth suppression, lemon, garlic, wasabi, allicin 
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I. Introduction  

In the third grade of junior high school, curiosity arose about the duration it took for mold 

to grow on expired bread and the measures required to prevent mold growth. An experiment 

titled "Mold Development and Control Using Bread" was conducted then. The experiment led to 

a desire to investigate mold further. The objective shifted to studying the causes of mold 

suppression, an aspect that had not been explored before. 

I I . Materials and Method 

Materials 

One slice of bread, water, atomizer, aluminum foil, wrap, 500 mL beaker, lemon, grated 

garlic, wasabi paste (tube), fruit knife, 3D printer, and polyethylene gloves were used. 

Method 

First, a slice of bread was prepared, and polyethylene gloves were worn to prevent direct 

contact with the bread. The bread was then cut into six squares, removing the crust. The squares 

were sprayed with water using an atomizer twice and left to air for 20 seconds. 

Second, parts of the platform corresponding to the size of the bread and beaker were made 

using a 3D printer and assembled (Fig. 1). 

Third, the bread from the first step was pressed into the stand made in the second step as if 

it was stamped, and then assembled using polyethylene gloves to prevent touching the bread with 

hands, and a small aluminum foil case with a base of about 4 cm was placed inside a 500 mL 

beaker (Fig. 2). The aluminum foil case was placed in the space under the beaker (Fig. 3). 

Various samples were placed in the aluminum foil case. 
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III. Data Analysis 

Experiment 1 

Lemon (fresh lemon cut into wedges), grated garlic, and wasabi paste (from a tube) was 

used.   These were placed in aluminum foil and observed at room temperature (25°C) for two 

weeks. The results are shown in Figure 4. 
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Experiment 2 

This experiment focused on whether the inhibitory effect of mold development persists 

when the state is changed. Another experiment was conducted with garlic, which can easily 

change its state. The results are shown in Figures 5 and 6. 

 

Experiment 3 

From the results of Experiment 2, it was found that allicin, a "volatile antimicrobial 

ingredient," was responsible for the inhibitory effect of garlic on mold, so an allicin solution was 

made. 

 

To make the alliin solution, 450 g of American peeled garlic was dried, powdered, and 

stirred in 80% methanol for 24 h, This was done three times. The extract was then concentrated 

under reduced pressure using a vacuum pump. For the alliinase enzyme solution, 10 grams of 

garlic were ground, repeatedly centrifuged at 3000 rpm for 2 minutes, and the supernatant 
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solution was collected. The sediment was finely divided, the pH was adjusted to 4, and after the 

third centrifugation, 10 mL of PBS was dissolved in the sediment, and two drops of toluene were 

added to prevent bacterial contamination. The allicin solution was created using 0.5 mL of 

alliinase enzyme solution per 1 mL of alliin solution. The following experiment was conducted 

to confirm this. After two weeks, the bread in the beaker with the allicin solution did not have 

any mold growth (Figure 10). 

 

IV. Discussion 

Experiment 1 

From the results of Experiment 1, it was found that none of the bread in the beaker with 

grated garlic and wasabi paste had mold, even though they were under the same conditions as the 

others. The bread in the beaker with grated garlic and the bread in the beaker with wasabi paste, 

both of which had no mold growth in this experiment, continued to be monitored. The same 

experiment was conducted with grated garlic and kneaded horseradish at different times and 

under the same conditions. Two weeks later, the bread was again free of any mold. These results 

suggest that grated garlic and wasabi paste had an inhibitory effect on mold growth. 
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The objective of this research is to find the substances that affect the suppression of mold growing on bread. The bread was placed in a container with lemon, grated garlic, and wasabi
paste, all of which have a strong odor, and observed for about two weeks. Later, focusing on allicin, a component of garlic, an experiment was conducted on mold suppression by
comparing two samples of garlic. One sample contained a clove a garlic that was cut and the other was grated, then heated. The results showed that allicin, a volatile antimicrobial
component in garlic, had an effect on the inhibition of mold growth. From there, the focus shifted to elucidating the mechanism of the inhibitory effect of allicin on mold. Alliin was extracted
from American peeled garlic an added to an alliinase enzyme solution to make an allicin solution. Future research should focus on the thermostability of allicin, concentrating on the
variation of its inhibitory effect with temperature change.

When I was in the third grade of junior high school, I was curious about how long it took for
mold to grow on expired bread and what kind of measures were needed to prevent mold
from growing, so I conducted an experiment titled "Mold Development and Control Using
�%�U�H�D�G�´. This experiment led me to want to investigate mold further. I wanted to study the
causes of mold suppression, something which I had not been able to do before.

�� Materials ��
one slice of bread, water, atomizer, aluminum foil, wrap, 500 mL beaker, lemon, grated
garlic, wasabi paste (tube), fruit knife, 3D printer, and polyethylene gloves.

�� Method ��
�� STEP 1�� A slice of bread was prepared, and polyethylene gloves were worn to prevent

direct contact with the bread. The bread was then cut into six squares,
removing the crust. The squares were sprayed with water using an atomizer
twice and left to air for 20 seconds.

�� STEP 2�� Parts of the platform corresponding to the size of the bread and beaker were
made using a 3D printer and assembled (Fig. 1).

�� STEP 3�� The bread from�� STEP 1�� was pressed into the stand made in�� STEP 2�� as
if it were stamped, and then assembled using polyethylene gloves to prevent
touching the bread with hands, and a small aluminum foil case with a base of
about 4 cm was placed inside a 500 mL beaker (Fig. 2). The aluminum foil
case was placed in the space under the beaker (Fig. 3). Various samples were
placed in the aluminum foi l case.

Bread

Sample

Wrap

Aluminum foil

Fig.1 3D printed platform Fig.2 Sealed container Fig.3 Schematic diagram

�� Sample �� Lemon (Fresh lemon cut into wedges), Grated garlic, Wasabi paste(from a tube)

These were placed in aluminum foil and observed at room temperature (25°C) for 
two weeks.

�� Result & Discussion ��

From the results of Experiment 1, it was found that none of the bread in the beaker with
grated garlic and wasabi paste had mold, even though they were under the same conditions
as the others. The bread in the beaker with grated garlic and the bread in the beaker with
wasabi paste, both of which had no mold growth in this experiment, were continued to be
monitored. The same experiment was conducted with grated garlic and kneaded
horseradish at different times and under the same conditions. Two weeks later, the bread
was again free of any mold. These results suggest that grated garlic and wasabi paste had
an inhibitory effect on mold growth.

�� Sample �� This experiment focused on whether the inhibitory effect of mold development
persists when the state is changed. Another experiment was conducted with
garlic, which can easily to change its state.

�� Result & Discussion ��

Alliin

GSAC

Allicin

Alliinase

Fig.5 A clove of garlic
with small cuts

Fig.6 Heated grated garlic Fig.7 Mechanism of 
garlic's anti-mold effect

After two weeks, the bread was found to be moldy, as was seen in Fig. 5 and Fig. 6. This is
due to the mechanism of �J�D�U�O�L�F�¶�Vanti-mold effect. Garlic contains allicin, a "volatile
antimicrobial ingredient" that is formed when alliin is activated by the alliinase enzyme,
which is produced when garlic is grated. Also, GSAC is the foundation of �J�D�U�O�L�F�¶�Vanti-mold
effect. In other words, in Experiment 2, the cut garlic was not abraded, so alliin was not
activated because alliinase was not generated, and the grated garlic that was heated was
inactivated by the heat, so it lost its mold inhibitory effect.

From the results of Experiment 2, it was found that allicin, a "volatile antimicrobial
ingredient," was responsible for the inhibitory effect of garlic on mold, so an allicin solution
was made.

Alliin solution Allicin solutionAlliinase enzyme solution

To make the alliin solution, 450 g of American peeled garlic was dried, powdered, and
stirred in 80% methanol for 24h, This was done three times. The extract was then
concentrated under reduced pressure using a vacuum pump. For the alliinase enzyme
solution, 10 g of garlic was ground, centrifuged repeatedly at 3000 rpm for 2 min, the
supernatant solution was taken, the sediment was finely divided, adjusted to pH 4, and after
the third centrifugation, 10 mL of PBS was dissolved in the sediment and 2 drops of toluene
was added to keep bacteria out. The allicin solution was created using 0.5 mL of alliinase
enzyme solution per 1 mL of alliin solution. The following experiment was conducted to
confirm this.
�� Result & Discussion ��

Through previous experiments, it was found that allicin, a volatile antimicrobial ingredient in
garlic, had an effect on the inhibition of mold growth. However, since all the experiments
were conducted at room temperature (25�¥ ), the thermostability of allicin has not been
explored. Future research should elucidate the thermostability of antimicrobial activity in
garlic using Ref.1 as a prior research.

Fig.10 Allicin solutionFig.9 Garlic supernatant

After two weeks, the bread in the
beaker with the allicin solution did not
have any mold growth (Fig. 10). It is
thought that the garlic supernatant was
one that contained little or no
antimicrobial components.
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Fig.8 Produce of Allicin solution
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Abstract 

The theme of this research focused on three problems. First, the effects of sunscreen on the human 

body. Second, the effects of sunscreen on marine life. Third, finding a use for food waste from the 

wine industry. Sunscreen is applied daily to many people's bodies, and the ingredients in sunscreen 

get absorbed by the skin into the bloodstream. Some of these ingredients may contain harmful 

compounds. Also, if we enter the sea after applying sunscreen, some of it can come off in the water, 

causing harm to marine life. Meanwhile, pomace, the dry or pulpy residue of grapes consisting of 

grape seeds and skins, is something that the global wine industry produces close to 12 million tons 

of each year. It is typically discarded during wine production; however, research on grape pomace 

has revealed that it is rich in anthocyanins. Anthocyanins have photoprotective capabilities. 

Therefore, if it were possible to make sunscreen out of grape skins, it would solve these three 

problems. This research was done as part of an International Collaborative Research Project with 

National Junior College in Singapore. 

Keywords: sunscreen, pomace, grapes, anthocyanin, photoprotection 
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I. Introduction  

In conventional sunscreen, there are a lot of harmful ingredients. In the global wine 

industry, 12 million tons of grape pomace is produced every year. The skins of grapes, high in 

anthocyanins, make up 50% of this pomace by weight. According to Costa et a�O���������������������³Grape 

anthocyanins are the 3-O-monoglucosides of delphinidin, cyanidin, petunidin, peonidin, and 

malvidin��� ́Anthocyanins are water-soluble pigments produced via the flavonoid pathway in the 

cytoplasm of the colored plant cell. They are responsible for the deep red, blue, and purple 

pigments found in plants. 

Light is the main source of energy for photosynthesis. However, under strong light 

conditions, plants may capture more light than photo utilization capacity. So, plants develop their 

systems to protect themselves from these photooxidative stresses, and anthocyanin is a prime 

example. In the case of eggplants, most of the color is deep purple, but the bottom of the calyx, 

which is not exposed to sunlight, has a slightly lighter blue-purple color (Anthocyanin, 2023). 

Thus, anthocyanins may be a safer alternative for photo-protection. The UV-inhibiting properties 

of anthocyanins found in grapes and the optimal proportion for maximum sun protection are 

investigated and compared in this research. 

I I . Materials and Method 

1. Making Sunscreen from Grape Skin 

1.1: Extraction of Anthocyanin 

First, the grapes (Vitis vinifera) were peeled to remove their skins. Then they were frozen 

using liquid nitrogen. Finally, they were finely ground using a mortar and pestle, allowing for the 

complete rupture of cells and, thus, very high anthocyanin extraction rates. The prepared raw 

material was kept at -20 °C until extraction. 
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For extraction, the grape skins were mixed with 0.1% HCl at a ratio of 2.5:1, W/W. The 

resulting mass was heated in a water bath at 50°C for 2 hours using a hot stirrer. After that, it 

was stored in a refrigerator. 

1.2: Purification of Anthocyanin 

The crude extract was filtered using a suction filter. After that, it was centrifuged at 4000 

pm for 5 minutes, 6000 rpm for 5 minutes, and 8000 rpm for 30 minutes. There was a precipitate, 

which was removed. The main factors considered were the purity, yield, operating components, 

and production cycle of the target substance. 

1.3 Quantification of Anthocyanin 

After obtaining the anthocyanin extract from the grape pomace, quantification of the 

concentration of anthocyanin was done through the pH Differential Method. 300 L of 

anthocyanin solutions was added to 3 mL of buffers. Each of the pH 1, pH 4, and pH 7 buffered 

anthocyanin solutions were placed in a cuvette and then into a UV-vis spectrophotometer to read 

the absorbance of UV light. 

2. Mixing with Creme 

2.1 Aqueous Phase Preparation 

6g of anthocyanin extract 20g of Glycerin were dissolved in deionized 10 mL Water to be 

heated to 80°C for 3 minutes. 

2.2 Oil Phase Preparation 

20g of Stearic acid and 4g of Cetyl alcohol were mixed and heated at 80°C for 10 minutes. 
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2.3 Mixing Phase 

Oil phase was added to the aqueous phase at 80°C with continuous stirring for 30 minutes 

till a uniform emulsion was formed. Then, triethanolamine was added till the pH value became 8. 

The pH value was measured using a pH test paper. 

3. Measurement of the Photoprotective Capabilities of Sunscreen 

35g of methylene blue solution (see results for concentration) was mixed with 0.05g of 

titanium dioxide. A piece of aluminum foil with a 4.5 cm × 6.5 cm rectangular hole was placed 

on top of a Mini Size UV Transilluminator (Ultra-Lum, Inc., UVB-10, 300 nm) with the hole 

above the UV irradiation area. Over the hole, place sunscreen with the sickness of three sheets of 

cellophane tape between two glass slides (referred as �� ), and then stack two slide glasses 

without sandwiching the sunscreen (referred as �� ) was placed. A mixture of titanium dioxide 

and methylene blue solution was poured into six vials (5 mL each), and three vials each were 

placed on top of ��  and �� . UV light was then irradiated from the UV transilluminator for 5, 10, 

and 15 minutes to check how much the methylene blue solution was decolorized. Experiments 

were conducted in the dark. 

 
Fig.1 Setup of UV irradiation 
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4. Quantification of the Concentration of Methylene Blue Solution Used in Experiment 3 

The absorbance of methylene blue solution used in experiment 4 diluted twice with ion-

exchanged water was measured using an UV-vis spectrophotometer, and the molar concentration 

of the methylene blue solution was calculated using the Beer-Lambert Law, represented by the 

formula: �# 
L ���Ý�?�H�� 

A = absorbance of methylene blue solution; 

�0 = molar extinction coefficient of methylene blue at 665 nm (91,000 L/(mol�í cm)) 

(Nishizaka et al., 1993); 

c = molar concentration of methylene blue solution; l = cell length (1 cm) 

III. Result and Discussion 

About the Buffered Anthocyanin Solution 

Anthocyanins change their structure depending on the pH value, and the wavelength of 

light absorbs changes depending on the structure. Therefore, since the absorption spectrum 

changed at pH 1, 4, 7, it was determined that the extracted liquid was anthocyanin. The pH 

values of pH 1, 4, and 7 buffered anthocyanin solutions were 0.4, 3.7, and 6.7. 

According to reference 3, the maximum absorption wavelength at pH 1.1, pH 3.0, and pH 

5.0 was 521.5 nm, 523.0 nm, and 532.0 nm. 

 

Solution pH value 

pH1 buffered anthocyanin 0.4 

pH 4 buffered anthocyanin 3.7 

pH 7 buffered anthocyanin 6.7 

Table.1 pH value of each buffered anthocyanin solution 

Fig.2 Centrifuged liquid 
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A possible cause of the absorbance value of UV light being too high is that the 

concentration of the measurement solution was too high and could not be measured accurately. 

About the Sunscreen Made with Anthocyanins Extracted from Grape Skin 

The pH value of the sunscreen was read using a pH test paper and it was 8. 

 

The Photoprotective Capabilities of Sunscreen 

The mixture of methylene blue and titanium dioxide in a viral (5 mL each) was exposed to 

UV light for 5, 10, and 15 minutes with a UV irradiator from under a sunscreen sandwiched 

Fig.3 Graphs showing the absorption spectrum of pH 1, 4, and 7 buffered anthocyanin solutions 

Fig.4 Graphs showing the UV absorption spectrum of pH 1, 4, and 7 buffered anthocyanin solutions 

Fig.5 Sunscreen made with anthocyanins 
extracted from grape skin 
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between two glass slides, without anything between the two glass slides, and no UV light. The 

difference in methylene blue decolorization of the seven solutions is shown in Figure 6 below. 

 
 
As shown in Figure 6, the degree of discoloration of the methylene blue solution is smaller 

when it is exposed to UV light from below with a sunscreen between the glass slides than when 

it is exposed to UV light from below without the sunscreen between the glass slides. From this 

result, it can be said that this sunscreen has photoprotective capabilities. 

The Concentration of Methylene Blue Solution Used in Experiment 3 

The absorbance of the solution of methylene blue used in experiment 4, diluted twofold 

with ion-exchange water, was 0.27 at 665 nm. By substituting this absorbance into the formula 

and doubling the calculated concentration, the molar concentration of methylene blue was found 

to be 5.89 × 10-6 mol/L. 

 

Fig.6 (From left to right) Methylene blue solution without UV irradiation, UV irradiated for 5, 10, 15 
minutes from under two glass slides with sunscreen in between, and UV irradiated for 5, 10, 15 
minutes from under two glass slides without sunscreen in between 

Fig.7 The absorption spectrum of solution of methylene blue used in 
experiment 4 after it was diluted twofold with ion-exchange water 
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IV. Conclusion 

In conclusion, sunscreen prototypes containing anthocyanin extracts of grapes were 

successfully formulated, with significant photoprotective effects observed when tested for with 

the set up using methylene blue-titanium dioxide solution. 

V. Future Research 

Control Experiment 

The same experiment as in experiment 3 should be conducted with a cream without 

anthocyanin extract and a commercial sunscreen with SPF 30 to verify whether the 

photoprotective effect obtained in the experiment is really due to the anthocyanin extract and to 

compare its performance with that of the commercial sunscreen. 

Homogeneity Test 

Creams will be analyzed under a microscope for grittiness and aggregations. 

SPF Determination 

To determine the SPF of the cream, it should be transferred to a 100 mL volumetric flask 

and diluted to volume with ethanol. Then, 1 mL aliquot is to be transferred to a 10 mL 

volumetric flask, and the volume is to be adjusted with ethanol. The absorption data is to be 

obtained in the range of 290-320 nm every 5 m interval. After obtaining absorbance values of 

anthocyanins, SPF is to be calculated using the following formula: 

SPF(Spectrometry) = CF × 23EE(��) × I(2) × Abs(��) 

CF = 10 (Correction Factor); EE(��) = Erythemogenic effect of radiation at wavelength ��; 

I(��) = Intensity of solar light at wavelength ��; Abs(��) = Absorbance of wavelength �� 

Water Resistance Test 

Creams should also be tested in terms of their water resistance to determine their viability. 
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Introduction

Experiment 1: Extraction of Anthocyanin

Experiment 3: Quantification of 
Anthocyanin

Exploring the Photoprotective Capabilities
of Anthocyanin Ritsumeikan High School

Abstract
The theme of this research focused on three problems. First, the effects of sunscreen on the human body. Second, the effects of sunscreen on marine life. Third, finding a use for food waste from the wine 
industry. Sunscreen is applied daily to many �‰���}�‰�o���[�•bodies, and the ingredients in sunscreen get absorbed by the skin into the bloodstream. Some of these ingredients may contain harmful compounds. 
Also, if we enter the sea after applying sunscreen, some of it can come off in the water causing harm to marine life. Whereas, pomace, the dry or pulpy residue of grapes consisting of grape seeds and 
skins, is something that the global wine industry produces close to 12 million tons of each year. It is typically discarded during wine production, however, research on grape pomace has revealed that it is 
rich in anthocyanins. Anthocyanins have photoprotective capabilities. Therefore, if it were possible to make sunscreen out of grape skins, it would solve these three problems. Since the types of grapes 
available in Japan and Singapore are different, grapes available in each country were used to investigate whether the effectiveness of sunscreen changes depending on the type of grape. To make 
sunscreen that solves the food waste problem, while containing little to no chemicals, aloe vera is also used in the cream.

In conventionalsunscreen,there are a lot of harmful ingredients. In the globalwine industry,12
million tons of grape pomace is produced every year. The skins of grapes,which are high in
anthocyanins,makeup 50%of this pomaceby weight. Anthocyaninsare water-solublepigments
produced via the flavonoid pathway in the cytoplasm of the colored plant cell. They are
responsiblefor the deepred,blueandpurplepigmentsfound in plants.
Light is the main sourceof energyfor photosynthesis. However,under strong light conditions,
plants may capture more light than for photoutilisation capacity. So plants develop their own
systemsto protect themselvesfrom these photooxidative stress and anthocyanin is a prime
exampleof this. Thus,anthocyaninsmay be a saferalternative for photo-protection. We will be
investigatingandcomparingthe UV-inhibitingpropertiesof anthocyaninsfound in grapes,andthe
optimalproportion for maximumsunprotection.

First, the grapeswere peeled to remove their skins(Fig.1), Then they were frozen using liquid
nitrogen. Finally,they were finely ground usinga mortar and pestle (Fig.2). Thisallowed for the
completerupture of cellsandthusveryhighanthocyaninextractionrates.
Thepreparedraw material waskept at -20�¥ until extraction. After that, it wasfrozenby liquid
nitrogenandthen wasground.
For extraction, the grape skinswere mixed with 0.1% HClat a ratio of 2.5:1, W/W(Fig.3). The
resultingmasswasheatedin a water bath at 50�¥ for 2 hoursusinga hot stirrer. After that, it was
storedin a refrigerator.

Fig.1 Peeled grapes Fig.2. Frozen using liquid nitrogen Fig.3  Mixed with 0.1% HCl

Experiment 2: Purification of Anthocyanin
Thecrudeextractwasfiltered usinga suctionfilter. After that, it wascentrifugedat 4000rpm for
5 minutes; 6000rpm for 5 minutes; and8000rpm for 30minutes.
Therewasa precipitate,soit wasremoved.
Themain factorsconsideredwere the purity, yield, operatingcomponents,and productioncycle
of the targetsubstance.

Fig.4  Suction filter Fig.5 Suction filtering Fig.6 Filtered liquid Fig.7 Filtered liquid

Fig.8 Centrifuge Fig.9 Centrifuge Fig.10 Centrifuged liquid Fig.11 Precipitate

Fig.12 Buffered anthocyanin solutions
(left: pH 1, middle: pH 4, right: pH 7)

Future Plan
Experimentsto bedonein the future areExperiments4,5,6, and7.
[Experiment4: Makeit mildly acidic]
A strongacidhasa higherpreventativepower, so it must be madea weakacidwhile maintaining
that power. Becauseif it remainsa strongacid,it cannotbe appliedto the skin.
[Experiment5: Testthe viabilityassunblock]
Anthocyaninsare chemicalcompounds,so they may decomposeat high temperatures. To be a
viable sunblock it needs to remain heat stable under a temperature at which people apply
sunscreen. It is necessaryto considerwhether the effectivenessof sunscreencanbe maintained
andwhat to do if it cannotbemaintained.
[Experiment6: Mix with aloevera]
Aloeveracreamwill be usedto makea creamysunscreen. Aloeveracreamis naturallyderived,so
it hasno negativeeffectson peopleor the environment.
[Experiment7: With ready-made]
TheExperiment6 mixtureandready-madeproductswill be testedto seehow muchUVprotection
they provide.
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Fig.13 Graph 1, 2, 3 : Absorption spectrum of pH 1, 4, 7 buffer and pH 1, 4, 7 buffered anthocyanin solutions

Anthocyaninschangetheir structure dependingon the pH value, and the wavelengthof light
absorbschangesdependingon the structure. Therefore,sincethe absorptionspectrumchangedat
pH 1, 4, 7, it wasdeterminedthat the extractedliquid wasanthocyanin. ThepH valuesof pH 1, 4
and7 bufferedanthocyaninsolutionswas0.4, 3.7, and6.7.
Accordingto the reference3, the maximumabsorptionwavelengthat pH 1.1, pH 3.0, pH 5.0 was
521.5 nm, 523.0 nm, 532.0 nm.

Sunscreen Prototypes

The extracted anthocyaninsolution was mixed with
glycerinandwhite petrolatumat a ratio of 1:1, weight
by weight. Whenit is mixedwith white petrolatum, it
becomessticky,and when it is mixedwith glycerin,it
becomesliquid, so neither is the best ingredient for
sunscreen.

Fig.15 Mixed with White PetrolatumFig.16 Mixed with glycerin

Solution pH value
PH 1 buffered 
anthocyanin 0.4

PH 4 buffered 
anythocyanin 3.7
PH 7 buffered 
anthocyanin 6.7
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The absorbanceof UV light was read usinga UV-vis spectrophotometer. A possiblecauseof the
absorbancevaluebeing too high is that the concentrationof the measurementsolution was too
highandcouldnot be measuredaccurately.

Graph 4 Graph 5 Graph 6
Fig.14 Graph 4, 5, 6 : UV Absorption spectrum of pH 1, 4, 7 buffer and pH 1, 4, 7 buffered anthocyanin solutions

Table 1  pH value of each buffered anthocyanin solution

After obtaining the anthocyanin extract from the grape pomace, quantification of the
concentration of anthocyanin was done through the pH Differential Method. 300 �…�>of
anthocyaninsolutionswas addedto 3 ml of buffers. Eachof the pH 1, pH 4, and pH 7 buffered
anthocyaninsolutionswereplacedin a cuvetteandthen into a UV-visspectrophotometer.
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