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Abstract 
Skin aging is a process most often attributed to UV [1] and also to the use of 
creams and other cosmetic products low in antioxidant compounds [2]. Pho-
tochemically stable pepo Cucurbita oil can be used as an exogenous cosmetic 
supplement due to its high antioxidant content. Incorporated in an agar, me-
dia containing a synthetic melanin solution with added pumpkin oil are sub-
jected to UV light, the aging thus modeled is followed by the measurement of 
photoresistance values correlated with chemical and spectrophotometric 
analyses. This study confirms that pumpkin oil is highly effective in protect-
ing the skin, especially the most sensitive skins such as babies’ skin [3] by 
reinforcing the action of melanin and also that of albinos without melanin. 
Indeed its SPF (Significant Sun Protection Factor) index estimated during 
this work is very consistent, i.e. more than 22% of UVB (280 - 315 nm) radi-
ations are suppressed. 
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1. Introduction 

The Congo, our country, is located in the zone with a high UV exposure index 
[4]. Although diseases related to UV threats are hardly encountered in this 
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country [5], nevertheless, there is still the need to research ways to mitigate the 
effects of UV on our skins by using local products at lower cost. 

Thanks to its great botanical diversity favored by the humid tropical climate, 
the Congo is a large reserve of oil-producing plants, some of which contain an 
oil with a high potential in simple and complex antioxidant compounds that in-
crease its oxidation stability, such as Cucurbita pepo [6]. These oils can be used 
as an exogenous complement in the popularization of a number of cosmetic 
products such as sun creams [2]. 

Aging is all natural and artificial processes that tend to alter the structure of a 
building or an organ such as the skin [7]. These processes result in a certain 
number of chemical and biochemical reactions which, in the case of the skin, are 
most often triggered by UV rays [8]. The inevitable exposure to UV rays is the 
cause of damage to our skin; however, we must take into account the type of skin 
and the quantity of melanin that it can synthesize to efficiently face the UV ray 
threat [9]. 

The agar containing solutions with certain characteristics undergoes the ac-
tion of UV rays and the ensuing aging monitored thanks to a photoresistance 
connected to an ohmmeter. The variation of the resistance coupled with physi-
co-chemical methods made it possible to estimate the impact of the aging thus 
simulated and also the SPF index of this oil. 

2. Materials and Methods 

2.1. Oil Extraction Process 

The dry seeds were bought on the Total market place in Brazzaville. They were 
crushed using an electric grinder equipped with a rotor calibrated at 2500 rpm. 
The grind (powder) also called cake obtained was pressed to extract the oil, the 
extraction rate was determined according to the Afnor standard. The oil ob-
tained was filtered and then stored in dark glass bottles and placed away from 
the light. 

2.2. Fatty Acid Composition 

Fatty acid esters are obtained after direct methylation: 2 drops of oil in 1 mL 
hexane in the presence of 0.4 mL 1 N soda (in methanol) heated for one minute. 
Then 0.4 mL 1 N hydrochloric acid in methanol is added followed by 1 mL hex-
ane [10].  

The chemical composition is determined by GC/FID using an AGILENT 5890 
instrument equipped with a 100 m-long Supelco FAMES column with an inner 
diameter of 0.25 mm and a thickness of 0.25 µm. This apparatus delivers hydro-
gen (H2) as carrier gas at 0.7 mL∙min−1. It is equipped with an oven whose tem-
perature rises to 140˚C and then the temperature continues to rise for 5 minutes 
at a rate of 4˚C∙min−1 up to 240˚C. The temperature of the injector is at 280˚C 
with a split of 1/30 and injecting a volume of 1 µL, that of the detector is at 
300˚C at a rate of 40 mL∙min−1 for hydrogen (H2) and 450 mL∙min−1 for air fi-

https://doi.org/10.4236/gsc.2021.112005


A. H. W. Nakavoua et al. 
 

 

DOI: 10.4236/gsc.2021.112005 51 Green and Sustainable Chemistry 
 

nally a Make up of 45 mL∙min−1 for nitrogen (N2). 

2.3. Physico-Chemical Analyses 

The main physico-chemical indices were determined by referring to internation-
al and French standards [11]. We have thus realized the acid index IA (NF EN 
ISO 660), the saponification index IS (NF EN ISO 3657), the peroxide index IP 
(NF T 60 - 220). The density determination is carried out using a pycnometer 
according to standardized methods (NF ISO 6883). 

2.4. Melanin and Sampling Enzymatic Synthesis 

Melanin is a molecule that is fairly easy to synthesize, in fact, the synthesis of 
melanin does not directly give the molecule but a solution in which we find the 
melanin molecule. Melanin synthesis is mainly controlled by an enzyme, tyrosi-
nase, which is involved in the transformation of tyrosine (Merck type) into me-
lanin. The synthesis is carried out according to the French standard (Table 1). 

For the samples (Table 2), 0.15 g Agar in 10 mL distilled water was prepared. 
However, before pouring into the petri dishes, 5 mL of melanin solution was 
added to form sample 2. After cooling, the sliced agars were coated on both sides 
with pumpkin oil (samples 1 and 3).  
 
Table 1. Synthesis operating mode. 

 Synthesis process 

Step 1 

Preparation of button mushroom extract: 
• Grind 50 g of button mushroom  
• Mix with 100 mL of distilled water 
• Filter all 
• Keep in the refrigerator 

Step 2 

Preparation of the tyrosine solution: 
• Measure 0.1 g of tyrosine powder  
• Mix with 100 mL of distilled water 
• Heat while stirring until the powder dissolves 
• Keep in the refrigerator 

Step 3 

Both reagents mixture: 
• In test tubes, mix 4 mL potato extract and 2 mL tyrosine 
• Immerse the tubes in a calibrated water bath at 37˚C 
• Wait an hour and then observe the color 

 
Table 2. Summary of different samples. 

Samples 

Samp 1 Agar + oil 

Samp 2 Agar + melanin 

Samp 3 Agar + melanin + oil 
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2.5. Aging 

A UV stress, depending on time, allowed to model the aging of each agar sample 
by determining the resistance given by the photoresistance. A photoresistor is an 
electronic component whose electrical resistance R, expressed in ohm (kΩ), va-
ries according to the amount of received light (radiation). Twelve acquisitions 
spaced 5 minutes apart were carried out in each case. 

The sample is attached to the photoresistance cell itself connected to an 
ohmmeter; the whole is placed under a UV lamp of brand (UV lamp 254 and 
365 nm) and capacity 6 W. 

After the acquisitions the agar is immersed in 10 mL of Merck type hexane to 
recover the soaked oil in order to perform the methylation.  

2.6. Spectroscopic Method 

Spectroscopy is an excellent means of comparison, the spectra collected in the 
visible range of solutions (tyrosine and melanin) are thus used to effectively es-
tablish the transition from tyrosine to melanin. The data are processed using the 
scientific workshop software delivered with the spectrophotometer. 

Visible spectroscopy: the sample is diluted so that the absorbance between 380 
and 780 nm is between 0.8 and 1. The solution containing the sample is placed 
in a plastic cell with a 1 cm optical path. It is introduced into the scanning spec-
trophotometer and then the spectrum is recorded with a resolution of 32 acqui-
sitions [11]. 

2.7. Estimation of Oil SPF 

Since the photoresistance reacts according to the amount of UV light reaching 
its surface, it is possible to roughly estimate the protection index (PI) of Cucur-
bita pepo oil spread or mixed with the sample [12]. Indeed, the measured resis-
tance is related to the transmittance and therefore to the absorbance of the sam-
ple, the difference of the values recorded for the different samples constitutes a 
sufficient database to estimate the SPF of this oil by the following calculation.  

samp3

samp2

R
SPF 1 100

R
 

= − ×  
 

 

3. Results and Discussion 
3.1. Physico-Chemical Indices Analysis  

Pumpkin oil is a fatty substance with a high percentage of unsaturated fatty ac-
ids, more than 80% unsaturated. It is therefore a pale yellow liquid oil at room 
temperature, very rich in phenolic compounds that help it resist aging [13]. 

Table 3 shows an average peroxide value close to 0.7, which indicates that the 
pumpkin oil used in this work is of excellent quality and freshness. Indeed, the 
peroxide value is a basic indicator for the characterization of the state of degra-
dation of a fat [14]. The higher this index, the more the fat is degraded.  
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Table 3. Physico-chemical indices results. 

Parameters/Tests Test 1 Test 2 Test 3 mean 

Acid index 10.659 9.537 8.976 9.724 

Saponification index 182.32 190.74 185.13 186.06 

Peroxyde index 0.7 0.6 0.8 0.675 

Esther index 171.661 181.203 176.154 176.339 

Density 1.407 1.398 1.402 1.403 

 
The average acidity of our oil is close to 10, a fairly high value compared to 

that given by [13] for samples of oil qualified as “young” (average value close to 
7.5). 

Such a disagreement suggests that in the press the extraction of pumpkin oil is 
done at the same time as endogenous enzymes present in the ripe seeds. These 
enzymes therefore continue their action within the matrix of the extracted oil, 
thus promoting the hydrolysis of TAGs, hence the increase in the number of free 
FAs in the oil. Indeed, it should be recalled that the author had worked on hot 
extracted oils (Soxhlet), this method has indeed the disadvantage of destroying 
the endogenous enzymes since the temperatures and heating time are very high. 

The average value of the saponification index (Is) close to 175 is also far from 
those given by [13], while it proves the existence in the oil matrix of carbon 
chains of high average molecular weight. Indeed, the saponification index is an 
important indicator that makes it possible to estimate the length of carbon 
chains. This result is certainly related to the extraction process of pumpkin oil. 
Indeed, in the absence of heating, the molecular rearrangements pinpointed by 
the authors cited below do not occur. This result is consistent with the low 
presence of peroxides in this oil whose average value is around 0.7 gram equiva-
lent per kilogram of oil. But also with the very high density measured confirms 
the presence of high molecular weight carbon chains [15].  

It is known that the variation of physical and chemical indices is a basic crite-
rion that is linked to the degradation of a fatty substance. It should be remem-
bered that these characteristics do not allow us to follow the aging of our oil. 
However, it is important to underline them to show the state of used oil. 

Like the saponification index, the ester index allows us here to estimate the 
oxidation state of pumpkin oil. 

3.2. Visible Spectroscopy. 

The visible spectrum (Figure 1) profiles the behavior of tyrosine and synthesized 
melanin extracts. Indeed, during the synthesis of melanin, a complex matrix is 
obtained consisting of a number of compounds including melanin. The synthe-
sis is therefore not specifically focused on obtaining a pure product but a rather 
complex mixture. 
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Figure 1. Profile of tyrosine and synthesized melanin; obtained by visible spectroscopy. 

( : absorbance; : emission). 

 
The comparison of the profiles obtained by spectroscopy of one of the used 

reagents and the obtained product is thus an irrefutable proof of the effective-
ness of a chemical transformation. 

Thus, we notice two profiles quite close but with significant differences 
(Figure 1). Indeed, when an absorption is observed (black arrow in figure) on 
one of the spectra, an emission (white arrow in figure) is visible on the other at 
the same wavelength. These differences indeed indicate that tyrosine reacted well 
and that melanin is well obtained.  

A shoulder near 620 nm on the tyrosine spectrum is observed (Figure 1), 
which is much accentuated at the same wavelength on the melanin spectrum 
(double arrow in figure).  

3.3. UV Stress Analysis 

The evolution of resistance in kΩ given by Figure 2 reveals that melanin is per-
fectly resistant to UV stress. Indeed, the comparison of the evolution of the dif-
ferent samples subjected to stress clearly shows that the values collected for 
Echa.2 are higher than those of Echa.1 which proves the high resistance of mela-
nin to UV compared to pumpkin oil. This result is logical if the electromagnetic 
radiation used is of a luminous nature, as the oil is yellowish and therefore much 
more capable of diffusing light radiation than the melanin solution, which is 
dark and therefore more likely to absorb it. In view of these results, it is clear 
that the UV rays act like light on both substances. We notice over the first 5 mi-
nutes that the two substances diverge in their behavior to UV. It should be noted 
that the amount of UV radiation transmitted by the pumpkin oil does not vary 
over the rest of the duration of the stress, there is a platform. This behavior 
proves that pumpkin oil can be used to help stabilize the impact of UV radiation 
on a substance and confirms the good UV stability of the oil [2].  

The behavior of melanin also shows that there are stages; a first (10 to 35 mi-
nutes) and a second shorter one (40 to 50 minutes); it is as if the capacity of me-
lanin to absorb and diffuse UV increases during stress.  
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Figure 2. Monitoring the effectiveness of the contribution of Cucurbita pepo oil in UV 
resistance. 
 

The analysis of the evolution in Samp.3 shows that the performance of mela-
nin is not only to increase but above all to optimize. 

In fact, everything happens as if a high quality protective layer had been 
placed on top of the melanin in order to reinforce its resistance to UV rays. This 
result is very important in the valorization of Cucurbita pepo oil.  

3.4. FA Composition Analysis 

The composition of pumpkin seed oil summarized in Table 4 confirms that this 
oil, although rich in unsaturated fatty acids, is still a high C18:2 oil. 

There are wide variations in the chemical composition of the oil, including a 
decrease in the content of saturated fatty acids and the appearance of a saturated 
fatty acid with a long carbon chain. 

During the various UV stresses, it is clear that the C18:2 content increases. 
This trend can be explained by the fact that the UV action triggers radical reac-
tions whose impact is much more pronounced on saturated compounds [16]. In 
addition, this increase shows that pumpkin oil, thanks to its antioxidant com-
pounds, resists degradation, in fact, the presence of antioxidant compounds 
creates a reactive competition in the reactivity of different fatty acids, which ra-
ther promotes the protection of C18:2 [17] while being naturally unfavorable to 
C18:3, in fact their content decreases during UV stress. 

The appearance of C20:0 can be analyzed as being the result of molecular 
rearrangements initiated by the action of UV light in the oil matrix. This results 
in a more cross-linked oil matrix that behaves like a biodegradable and protec-
tive polymer film [13]. 

3.5. Pumpkin Oil SPF Estimation 

The following Table 5 shows the estimated SPF of Cucurbita pepo seed oil, 
whose chemical composition is very close to that of grape seed oil and raspberry 
seed oil, the latter two oils having the highest SPF. 

We notice that the protection index of this oil alone is already in the norm, in 
fact, the sunscreen generated by the contribution of pumpkin seed oil blocks 
22% of the hottest UVB and this is even more encouraging given that the Cu-
curbita pepo abundant in tropical areas where the skin is mostly well melanized.  
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Table 4. FA chemical composition. 

% FA 
Test 1 Test 2 Test 3 

Before After Before After Before After 

C16:0 15.76 15.21 16.23 14.30 11.29 11.05 

C18:0 12.92 12.41 13.19 12.32 12.59 11.17 

C18:1 12.71 14.73 14.90 12.60 14.11 13.67 

C18:2 56.83 56.91 54.83 59.49 60.32 62.26 

C18:3 0.30 0.22 0.45 0.25 0.39 0.28 

C20:0 - 0.32 - 0.34 - 0.47 

 
Table 5. SPF calculation. 

 Resistance mean SPF 

Samp.3 1.5Ω 

22% Samp.2 2.49Ω 

Ratio 0.78 

 
This estimate is reliable because the resistance value increases when the UV no 
longer reaches the photoresistance cell [18] and is therefore better reflected or 
absorbed. However, Figure 2 shows that the transmittance is rather high during 
the minutes following the impregnation of the Cucurbita pepo oil, this result 
proves that the sunscreen (protective film) caused by the oil [19] is deployed 
once the oil has undergone the effects of UV, the antioxidants abundant in this 
oil organize a kind of reaction promoting the deployment of the protective film.  

4. Conclusion 

Pumpkin oil (Cucurbita pepo), an oil with multiple uses, finds through this work 
a new form of recovery thanks to its great capacity to resist photochemical ef-
fects. The simulation of aging carried out has enabled us to follow the evolution 
of melanin behavior under UV stress; the results confirm that melanin provides 
perfect protection against photochemical effects of UV [7] and this protection 
can be optimized by adding oil [12] from an unconventional oilseed: Cucurbita 
pepo. Indeed, many antioxidant compounds present in the unsaponifiable mat-
ter of this oil allow fighting considerably against photochemical stress due to UV 
[2]. Moreover, the estimate of its protection index is in the standard and shows 
that this oil has a strong protective power against UV. Spectroscopy was used 
here to compare the spectra in the visible range of the two solutions, the tyrosine 
solution that is the precursor of melanin synthesis from a diluted solution of 
Paris fungus tyrosinase extracts and the melanin solution. The obtained results 
have the merit of showing that our device works and that there is a logical cohe-
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rence between the absorbed radiation, the properties of the photoresistance on 
the one hand and the UV absorbance by the pumpkin seed oil (Cucurbita pepo) 
on the other hand; one more step in the valorization of pumpkin seed oil (Cu-
curbita pepo). 
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