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Abstract. The use of sunscreen is highly recommended to protect the skin from ultraviolet 
radiation (UV) from the sun. Natural substances from natural source, such as astaxanthin, have 
been considered as potential sunscreen resources due to high UV ray absorption and antioxidant 
activity. However, substances originated from nature usually has low stability especially when 
incorporated into a mixture of ingredients with different physicochemical properties. Thus, this 
study aims to investigate the physicochemical properties of astaxanthin sunscreen cream from 
Haematococcus pluvialis extract at different storage conditions (25 °C, 4 °C, and 40 °C). The 
developed astaxanthin sunscreen cream formulations (F1=0%, F2=0.5% and F3=1.0% 
astaxanthin) were evaluated for SPF, pH and viscosity. Inclusion of astaxanthin in the sunscreen 
cream formulations significantly increase the SPF value at all storage conditions with higher SPF 
were observed at room temperature (25 °C). Astaxanthin significantly lower the pH of the base 
cream (F1) when stored at lower and higher temperatures (4 °C and 40 °C) but had no effect on 
pH at room temperature (25 °C). Viscosity was affected when stored at higher temperature (40 
°C). This study shows that astaxanthin is an excellent natural UV filter that can improve the 
efficacy of the sunscreen and stable at room temperature (25 °C) with higher SPF observed and no 
significant change in pH and viscosity. In summary, the results will benefit the cosmetics industry 
and provide an alternative natural sunscreen cream to consumers. 

 

 

1. Introduction 
Human skin is the first physical protective barrier against various environmental factors that could harm 
the body. Skincare products such as sunscreen cream is specifically formulated to provide protection 
against detrimental effects of prolong UV exposure that could cause premature skin aging and also 
increase the risk of skin cancer [1]. It contains complex molecules of UV filters such as oxybenzone, 
octinoxate, octocrylene and 4-methylbenzylidene camphor that have been shown to affect aquatic 
environment such as causing coral reef bleaching, endangering aquatic life and disturbing the marine food 
web [2,3]. Zinc oxide and titanium dioxide are also commonly used in the sunscreen cream formulation 
due to their photostability, low photoallergy reaction rate and ability to provide opacity to reflect and 
absorb UV [1]. Although both compounds are considered as inert, some studies have shown that the 
nanoparticles of this compounds may cause systemic toxicity and induce DNA-damaging effects when 
exposed to UV [4,5]. 
 An alternative safer UV filters are in need to ameliorate the harmful effects of UV to the skin and 
natural antioxidant such as polyphenols with UV absorptive or photoprotective properties can be a suitable 
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candidate. Natural antioxidants have the ability to exert their photoprotective effect by absorbing the UV 
energy reducing the formation of free radicals generated by UV-induced oxidation reaction [6,7]. Lignin, 
silymarin, plant extracts and marine sources are excellent natural UV blockers with antioxidant properties 
that are able to increase the Sun Protective Factor (SPF) values of formulated sunscreen cream [8]. Natural 
sources from the marine such as microalgae produces mycosporine-like amino acids (MMAs), carotenoids, 
scytonemin and flavonoids that function to reduce environmental stress causes by UV [9]. These 
compounds could prevent sunburn in humans with photosensitive skin and low melanin level [8]. 
      Astaxanthin or commonly known as 3, 3′-dihydroxy-b,b-carotene- 4,   4′-dione belongs   to   the family  
of  Xanthophylls,  the  oxygenated  derivatives  of carotenoid that is naturally  synthesized by bacteria, 
microalgae, and yeasts [10]. Astaxanthin is widely used in nutraceuticals, cosmetics, food and aquaculture 
industries for its health benefits bioactivities such as antioxidant, anti-inflammatory and antimicrobial 
[11,12]. The antioxidant activity of astaxanthin is 65 times more powerful than vitamin C, 54 times 
stronger than β -carotene and 100 times more potent than α -tocopherol [12]. Among the commercially 
important microalgae, Haematococcus pluvialis has been shown to contain the richest source of 
astaxanthin [13]. H. pluvialis produces very large amount of astaxanthin when exposed to stressful climatic 
conditions such as excessive light, high salinity and poor nutrients availability[14]. The “red biomass” of 
astaxanthin is usually harvested through centrifugation process, where the hematocyst containing 
astaxanthin are separated from the water through passive settling and later concentrated with centrifugation 
[12]. This present study utilized astaxanthin from H. pluvialis in sunscreen cream formulation to provide a 
safer and environmentally friendly sunscreen options in the market. Thus, the objective of this study was to 
evaluate the physicochemical properties of sunscreen cream incorporated with astaxanthin from H. 
pluvialis. 
  

  
2. Materials and Methods 
 

2.1 Materials 
H. pluvalis powder (10%) was purchased from Herbertviginia, China and of cosmetic grade; stearic acid, 
liquid paraffin, cetyl alcohol, cetearyl alcohol and ceteareth-20, glycerin, triethanolamine, Euxyl-PE9010 
and fragrance (Ungerer) were of cosmetic grade; ethanol was purchased from Sigma Aldrich and deionized 
water was obtained from water filtration system.  
 
2.2 Sunscreen cream preparation 
The sunscreen formulation consists of water and oil phases. The water phase; glycerin (2 g), TEA (1 g), 
deionized water (80.5 g), Euxyl- PE9010 (0.3 g) and fragrance (0.1 g) were weighed using an analytical 
weighing balance and placed in a beaker. The oil phase; cetearyl alcohol and ceteareth-20 (8 g), stearic 
acid (4 g), cetyl alcohol (2 g) and liquid paraffin (2 g) were weighed and placed in a beaker. Later, the 
water and oil phases were heated up to 80 °C in a separate beaker using a hot plate stirrer until the oil 
phase fully melted. The oil phase was added to the water phase while maintaining the temperature at 80 °C. 
Then, the sunscreen cream formulation was homogenized using a homogenizer at 9000 rpm for 15 minutes 
until a homogenous emulsion was formed. The emulsion was stored at temperature not exceeding 37 °C 
until further tests. 
 
2.3 Sunscreen cream formulation 
Previous formulation was modified to prepare three sunscreen formulations as shown in Table 1[15]. F1 
represented base sunscreen cream with no astaxanthin. While, F2 dan F3 represented sunscreen cream 
formulation with 0.5% and 1.0% of astaxanthin respectively. Each of the sunscreen sample was prepared in 
triplicates. 
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Table 1. Composition of sunscreen cream. 

Materials 
Percentage (% w/w) 

F1 F2 F3 

Oil phase    

Cetearyl alcohol and ceteareth-
20 

8 8 8 

Stearic acid 4 4 4 

Cetyl alcohol 2 2 2 

Liquid paraffin 2 2 2 

Water phase    

Glycerin 2  2 2 

Triethanolamine (TEA) 1 1 1 

Deionized water ad. 100 ad.100 ad.100 

Marshmallow vanilla Fragrance 0.1 0.1 0.1 

Euxyl-PE9010 0.3 0.3 0.3 

Astaxanthin powder - 0.5 1 

Total (%) 100 100 100 

 

2.4 Physicochemical properties 
 
2.4.1 SPF  
The formulated sunscreen cream (0.4 g) was weighed and dissolved in 25 mL of ethanol. The dissolved 
sunscreen sample was pipetted (2 mL) into quartz cuvette Shimadzu. Ethanol was used as a blank. The 
absorbance reading was measured at wavelength ranging from of 290-320 nm, with 5 nm interval using a 
UV-VIS spectrophotometry (Shimadzu). The value of EE x I is as described by Pratama et al., (2019). The 
SPF value was calculated using the formula below:   

SPF = CF x∑ EE (ƛ) x I (ƛ)x abs (ƛ)                                                            (1) 

Where,  

CF= correction factor; EE = spectrum of erytermal effects; I= spectrum of intensity from the sun and Abs 
=absorbance of the sample 

2.4.2 pH 
Each of the prepared sunscreen creams was weighed (0.5g) and dissolved in 50 mL distilled water with on 
a hot plate. The pH of the solution was measured using a pH meter (LAQUA TWIN pH-11) and was 
recorded. Measurements were taken in triplicates. 
2.4.3 Viscosity 
Each of the formulated sunscreen creams (F1, F2 and F3) was weighed (30 g) and placed in a viscometer 
container. The cream was ensured to touch the viscometer electrode and the readings from the viscometer 
were recorded.  All measurements were taken in triplicate. 
 
2.5 Accelerated stability study 
The accelerated stability was performed at different storage conditions (25 °C ± 2), (4 °C ± 2), and (40 °C 
± 2). The physicochemical properties of the sunscreen creams (SPF, pH and viscosity) were observed and 



ARCoFS 2021
IOP Conf. Series: Earth and Environmental Science 756 (2021) 012078

IOP Publishing
doi:10.1088/1755-1315/756/1/012078

4

 

recorded at day 1, 7, 10 or 11 and 14. All data were recorded in triplicate. For comparison, data from day 1 
and day 14 were analyzed. 
 
2.6 Statistical Analysis 
Analysis of variance (ANOVA) was performed in Graphpad Prism 9 and p ≤ 0.05 was considered as 
significant. 

 
3. Results and Discussion 

 
3.1 SPF 
The formulation showed significant difference in SPF between formulations (F1< F2 <F3) for all the 
storage conditions (25 °C, 4 °C and 40 °C), as shown in Figure 1. However, similar formulations showed 
no changes when compared at day 1 and day 14. The results suggest that astaxanthin at 0.5% (F2) and 1% 
(F3) significantly improve SPF value of the sunscreen cream. Astaxanthin pigment produces by H. 
pluvialis is a natural sunscreen pigment. This pigment provides protection against photooxidative stress 
that could cause critical damage to its cells and interfere with its cellular functions through the generation 
of free radical species [11,14]. Similarly, when exposed to UV skin cells also produce reactive free radical, 
thus application of sunscreen is required to ameliorate the effect of UV on the skin [6]. Sunscreen activity 
is usually measured using Sun Protective Factor (SPF), and a product with higher SPF provides more 
protection against the hazardous effects of the UV [16]. The observed results were consistent with 
increasing concentrations, where F3 (1% astaxanthin) had higher SPF than F2 (0.5% astaxanthin). 
However, in this experiment storage conditions had no effect on the formulations, when compared to day 1 
and day 14. Higher SPF was observed in all sunscreen creams stored at room temperature suggesting the 
formulation was stable at 25 °C.  
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Figure 1. Comparison of SPF for sunscreen cream incorporated with astaxanthin; F1 (0%), F2 (0.5%) and F3 

(1.0%) between day 1 and day 14 at different storage conditions (25 °C, 4 °C and 40 °C). Data represent mean ± 
SD of triplicates. Different alphabets indicate significant difference at p<0.05. 

3.1.1 pH 
Most skincare products are formulated to achieve “pH balance” ranging from 4 (acidic) to 7 (neutral) since 
the skin pH is naturally slightly acidic [17]. In this present study, the pH of the base cream (F1) was 
slightly higher than the desired pH, but it was still acceptable since the normal acidic skin pH has been 
shown to shift to higher pH with aging [18]. Moreover, the skin tends to equalize to its normal pH within 
hour of pH change due to any products application. Room temperature (25 °C) had no effect on the pH of 
F1, F2 and F3 but at lower pH (4 °C) when compared with day 1 and day 14, as shown in Figure 2A. 
However, both formulations containing astaxanthin (F2 and F3) had significantly lower pH than F1 at day 
1 and day 14, as shown in Figure 2B. Similar trend was observed at storage condition of 40 °C, except the 
pH of F1 became significantly lower at day 14 as compared with day 1, as shown in Figure 2C. The overall 
results suggest that astaxanthin may have influence the pH of the sunscreen cream to become lower than 
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control (F1) when stored at lower (4 °C) and higher temperature (40 °C). The observed results could be 
explained by the nature of astaxanthin that is resistant to extreme pH [19,20], and stable at lower pH 
ranging from 3.5 to 6.5 [21]. 
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Figure 2. Figure shows the comparison of pH for sunscreen cream incorporated with astaxanthin; F1 (0%), F2 

(0.5%) and F3 (1.0%) between day 1 and 14 at different storage conditions (25 °C, 4 °C and 40 °C). Data 
represent mean ± SD of triplicates. Different alphabets indicate significant difference at p<0.05. 

3.1.2 Viscosity 
Viscosity measures the resistance of a fluid to flow, thus higher viscosity causes higher friction for a 
moving fluid. Viscosity of a product is very critical to its quality since it will affect the texture especially 
the smoothness and the spreadability of the sunscreen cream. At room (25 °C) and lower (4 °C) 
temperatures, F1 and F2 showed lower viscosity than control (F1), but the results were not statistically 
significant, as shown in Figure 3A and 3B. However, F1 showed significantly higher viscosity at day 14 at 
higher temperature (40 °C), as shown in Figure 3C. Similar trends of higher viscosity were observed for F2 
and F3 at day 14 as compared to day 1, but the data was not statistically significant. Higher viscosity 
indicated that the formulations were resistant to flow and the results can be explained by the moisture 
reduction due to high temperature [22]. Water content in all formulation would lose since higher 
temperature caused water to evaporate, and thus would increase the viscosity of all the sunscreen creams. 
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Figure 3. Figure shows the comparison of viscosity for sunscreen cream incorporated with astaxanthin; F1 

(0%), F2 (0.5%) and F3 (1.0%) between day 1 and 14 at different storage conditions. Data represent mean ± SD 
of triplicates. Different alphabets indicate significant difference at p<0.05. 

4. Conclusion 
As a conclusion, inclusion of astaxanthin in the sunscreen cream formulations would significantly increase 
the SPF value at all storage conditions with higher SPF was observed at room temperature, suggesting that 
higher protection would be provided against UV when the sunscreen creams were stored at 25 °C. 
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Astaxanthin would lower the pH of the base cream (F1) when stored at extreme temperatures (4 °C and 40 
°C) but had no effect on pH at room temperature (25 °C). Meanwhile, viscosity was affected when stored 
at higher temperature (40 °C) due to water loss. This study shows that astaxanthin is an excellent natural 
UV filter that can improve the efficacy of the sunscreen and stable at room temperature (25 °C) with higher 
SPF observed and no significant change in pH and viscosity. 
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