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ABSTRACT

Sunscreens protect the skin from the harmful effects of Ultraviolet radiation in the sunlight. However, most commer-
cial sunscreens pose health and environmental hazards, lose effectivity over time, or are simply unpleasant to use,
making it imperative to search for greener, safer, and efficacious alternatives. Plant-based oil extractions are promising
given their hydrophobicity, nontoxicity, and availability. This paper aims to determine the absorptive capabilities of
five common cooking (vegetable) oils using UV A spectrophotometry and analyze the properties of the oils that relate
to their efficacy. Oils high in tocols, such as Rice Bran Oil, had the highest extinction coefficient. The analysis suggests
that plant-based oil extractions high in phytonutrients with aromatic rings and m-systems, such as tocols and carote-
noids, present the greatest potential to serve as UV chemical filters.

Background

Excessive exposure to the harmful ultraviolet (UV) radiation in sunlight can cause skin damage, from erythema to
skin cancers. UV radiation wavelengths range from 200 nm to 400 nm and can be divided into UVA (320400 nm),
UVB (280-320 nm), and UVC (200-280 nm)."? Although UVC is blocked by the ozone layer of the atmosphere,
UVA and UVB can still pass through, of which UVA comprises over 90% of sun rays.? Since UVA has a longer
wavelength, UVA can penetrate deeper into the skin as compared to UVB but has less energy.'* UVA can especially
reach keratinocytes of the stratum basale, where most of the damage manifests, such as immunosuppression and pho-
tocarcinogenesis.*® Particularly, UVB is mostly absorbed by the epidermis (outermost layer) at most, while UVA can
penetrate deeper into the dermis.*

Skin exposure to UV rays can induce a photoreactivation reaction in DNA and form UV-induced pyrimidine
dimers or lead to oxidative damage by generating oxygen radicals.'* Unless these photoreactions can be reversed by
antioxidants such as Vitamin C and E, or DNA nuclear excision repair (NER), these damages can subsequently man-
ifest into skin damage and malignancies.>® Epidemiologic data suggest that UV radiation is directly responsible for
most melanoma and non-melanoma skin cancers.” General protective measures have been developed and advocated
to reduce the risk of UV-related pathologies from sunlight. These include preventative strategies such as minimizing
outdoor times during peak UV hours, to incorporating protective attire.'® Topical products known as sunscreens are
also available commercially to protect against harmful UV radiation.

Sunscreens

Sunscreen chemicals can be categorized into two types: mineral filters and chemical filters.!""'> Mineral filters serve
to scatter UV radiation and are also known as sunblocks.'>? Common mineral filters include titanium dioxide (TiO,)

and zinc oxide (ZnO) due to their inert nature and broad-spectrum properties.'*'?

However, there are safety concerns
with these nanoparticles.!® TiO; has been classified by the International Agency for Research on Cancer (IARC) as an

TARC Group 2B carcinogen, and topical application may impose risks through the respiratory or digestive tracts.'*!6
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Further, mineral filters are generally unpleasant due to their adhesive properties and are difficult to design.'™'® Con-
versely, chemical filters absorb UV rays before they can penetrate the skin, and dissipate the radiation as heat.'” Avo-
benzone, oxybenzone, and octinoxate are common active ingredients.”’ However, these ingredients contaminate ma-
rine ecosystems and are suspected to adversely impact the endocrine system given their transdermal penetration ca-
pabilities. 2223

In general, several compounds present in commercially available sunscreens, whether mineral or chemical
filters, are not suitable for all populations and can serve as skin irritants themselves. They also may not be practical
and can easily wash away with water. Several products also have questionable photostability or compound stability
upon UV radiation exposure.?** Therefore, regardless of how well a sunscreen can absorb or scatter UV rays, its
efficacy deteriorates over time upon sunlight exposure.? Thus, it has been imperative in recent years to develop sun-
screens that are effective and safe for wide use.

Whereas mineral filters are developed based on scattering capability, chemical filters are considered based
on absorptive capabilities. However, across all sunscreens, inertness, photostability, hydrophobicity, nontoxicity, ap-
peal, emollience, and acceptable smell are all qualities key to designing a good sunscreen.”®?’ Inertness and nontoxicity
allow the filter for safe topical use without irritating the skin.'? Hydrophobicity ensures that the filter does not wash
away with water.”* Emollience confers consistency and smoothness upon topical application.*® Having good appeal
and having an acceptable fragrance would not deter individuals from applying it.'?

Chemical filters are typically molecules with extensive conjugated m systems leading up to a carbonyl
group.’!* Conjugation refers to alternating double bonds, such that every adjacent carbon is sp*-hybridized and con-
nected by p orbitals. This extensive conjugation will allow the molecule to absorb at a longer wavelength, making it
especially effective against UVA radiation. The body’s natural pigment, melanin, protects against UV radiation and
has extensive conjugation.**3* The absorptive power at a particular wavelength is also crucial in determining effectiv-
ity. A high molar absorptivity constant, or extinction coefficient, suggests that the compound can absorb more UV

radiation and implies high photostability.*

Oils as Alternatives

Oils are triacylglycerols with melting points below room temperature and are therefore liquids.***” As the degree of
unsaturation increases, the melting point reduces. Further, frans m bonds (substituents about the 7 bond point in oppo-
site directions) have higher melting points due to strong packing. Oils also contain emollient properties and their
hydrophobicity, consistency, scent, and nontoxicity provide for widespread topical application.*® Vegetable (cooking)
oils, in particular, are unique in that they are triacylglycerols with different proportions along with free phytonutrients
and tocols, such as vitamin E.**° Tocopherols and tocotrienols demonstrate antioxidant ability and are amphipathic
molecules, with a chromanol ring system and an alkyl chain.*'=** Whereas tocopherols have a saturated alkyl chain,
tocotrienols have units of unsaturation on their chain. Figure 1 depicts the general structure of tocols.
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3

Figure 1. Tocotrienols (left) and Tocopherols (right)
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Little research has been done in evaluating the potential of vegetable oils to serve as a chemical filter for
sunscreens. The oils are obtained by extraction of dried plant leaves or fruit rind. Table 1 depicts the percent saturation
and approximate concentration of tocols in various cooking oils used in the study.** Although exact figures may
differ by brand and oil extraction method, Almond oil has the greatest concentrations of unsaturated fatty acids overall.
Furthermore, Grapeseed oil has the highest concentration of polyunsaturated fats, particularly linoleic acid. Mean-
while, Rice Bran oil had the highest total tocopherols.

Table 1. Common Cooking oils, their percent saturated fat breakdown, and total tocols (mg/kg). Exact values vary by
brand. It is hypothesized that the oil with the greatest tocol content will be most effective in absorbing UVA radiation.

Cooking Oil | % Saturated Fat | Total Tocols (mg/kg)
Almond 6% 528.28
Avocado 8% 222.65

Grape Seed 7% 454
Rice Bran 14% 867.2
Sunflower 8% 768

Methods

The objective of this investigation is to assess the UVA absorptive capabilities of common vegetable (cooking) oils.*’
UV-Vis spectrophotometry was used to obtain absorption spectra for the pure oils and determine the wavelength of
maximum absorption (Ama) in the UVA range. The photostability of the oils was determined by performing serial
dilutions of the oils to obtain a standard curve and compute the extinction coefficient € at the wavelength of maximum
absorption using the Beer-Lambert Law, A = €Lc, where A is the absorbance, L is the path length (1 cm), and c is the
concentration (M).

5E-5 M solutions were made using molar equivalents of each cooking oil in a coconut oil solvent, followed
by reflux. The standard curve was obtained following serial dilutions, to determine the concentration at SE-5 M, 5.6E-
5M, 6.4E-5 M, 7.5E-5 M, and 9E-5 M. Observable properties such as hue were noted.
The following cooking oils were tested: Rice Bran Oil, Sunflower Oil, Grape Seed Oil, Avocado Oil, and Almond
Oil. Coconut oil was used as a solvent. Distilled water was used as a blanking solution.

Results

The oils were tested in the UVA range, from 320—-400 nm. Figure 2 depicts the absorption spectra of the oils, with
the average peak absorption among the 100% cooking oils at Amex=330 nm. For all oils, the absorbance spectra were
right-skewed, and the peak for the average absorption was 330 nm.
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Figure 2. Absorption Spectra for Pure Oils. UVA absorption spectra of tested oils, blanking solution (water), and the average
among oils.

The standard curve for each of the oils was made at Amax=330 nm to calculate their extinction coefficient at
330 nm (e330). The solvent’s absorbance at 330 nm was 0.620. Absorbances for each oil were obtained at the five
different concentrations using serial dilutions. Points following the linear portion of the standard curve were used to
determine €330 for each oil (Table 1). The absorption maximum for sunflower oil could not be concluded from figure
1 as the UV-Vis spectrophotometer used only covered UV A-equivalent wavelengths.

Table 2. Extinction coefficient (g33) of tested oils.

Cooking Oil | Rice Bran | Sunflower | Grape Seed | Avocado | Almond

€a40 (M 'em™) 3825 661 2215 1676 550

After stirring and refluxing the cooking oil solutions in their coconut oil solvent, all of the oil solutions were
transparent. The Rice Bran oil had an observable yellow hue, which was also faintly present in the Grape Seed and
Avocado oils. These observations complement the results of the study.

Discussion

The absorbance spectra and extinction coefficient suggest that Rice Bran was able to absorb to the greatest extent at
UVA-equivalent wavelengths without disintegrating. Particularly, Rice Bran oil had the highest absorbances among
all the oils throughout the UVA range tested, followed by Avocado and Grape Seed oils. The extinction coefficients
also agree with this analysis: Rice Bran Oil had more than double the €33 as compared to Grape Seed Oil, and triple
as compared to Avocado. The visual observations also complement the results of the study. The Rice Bran vial had a
yellow hue, suggesting the ability to absorb deep-violet wavelengths. The yellow color could be due to the presence
of tocopherols, which serve as yellow chromophores. Hence, Rice Bran can also be protective against some forms of
visible-light-induced skin damage, such as erythema.*##

It was originally expected that the oil with the most tocol content, in this case, Rice Bran oil, would have the

greatest absorptive power. The results agreed with the hypothesis. The presence of the conjugated m-systems on the
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tocol allows for n-rt* and m-r* electronic transitions. However, the results could not be explained by the proportion of
unsaturated fatty acids. As the concentration of unsaturated fats increases, it would be expected that the Am. and
extinction coefficient would also increase. Nevertheless, this was not demonstrated. The conjugated m-systems of the
tocols may have been more influential as compared to the presence of unsaturated fatty acids.

A similar study by Kaur et al. tested the absorbances of various herbal oils from 290-320 nm using the same
UV spectrophotometric method applied in this study.® The study used absorbances to determine the sun-protection
factor (SPF) of the herbal oils. Among the 12 herbal oils they studied, there was not a clear correlation between the
concentration of unsaturated fats and absorptive power or SPF, which was also the case in this study. Coconut oil,
consisting of almost 80% of saturated fat had one of the highest SPF. This points to other compounds present in the
oils such as phytonutrients, or compounds present in plants, with aromatic ring structures and large conjugated -
systems, or traces of transition metals such as manganese.

Considering the natural antioxidant activity of tocols, sunscreens can incorporate oils high in antioxi-
dants.*'*? Antioxidants can protect against damage from oxygen radicals and stabilize UV chemical filters. The re-
sults present oils as a cost-effective chemical filter, as vegetable oils are much more widely available and economical
as compared to other emulsifiers or chemicals in sunscreens with the same efficacy. Sunscreens can also incorporate
plants high various phytonutrients with conjugated 7t systems, such as carotenoids, and perform extractions to produce
and test their oils.

This paper adds to a growing collection of research searching for safe and efficacious sunscreen alternatives.
The results and literature review point to the promising aspect of oils as a potential chemical filter. Future research
can examine the potential of extracted tocols, conjugated fatty acid systems, or carotenoids and design chemical filters
using these compounds. Studies can also test the absorptive capabilities of extracted oils from plants high in the
abovementioned phytonutrients. Future studies can also test the efficacy of vegetable oils in other factors that are key
to designing good sunscreens. The conclusions from this paper encourage studying or manipulating oils to design
more efficient, safer, and economical sunscreens.

A future phase of this study can build upon the results and study the photostability of various cooking oils
by identifying changes in the physical and chemical properties after sunlight exposure. A common problem with
conventional sunscreens is the photo-destabilization of chemical filters upon sunlight exposure. The instability of
chemical filters can jeopardize their efficacy in protecting the skin and thus warrant reapplication after a certain dura-
tion of time. This information can help determine other factors that are key to designing good sunscreens.

Conclusion

In conclusion, the objective of this study was to determine the efficacy of common household cooking oils in absorbing
UV A-equivalent wavelengths. It was originally hypothesized that high tocol content would confer a greater influence
over the degree of unsaturated fatty acids, and this was reflected in the UV spectrophotometric results. Rice Bran oil
emerged as the most promising oil with the highest extinction coefficient (¢) at 330 nm, although all of the compounds
tested have the potential to be incorporated as UV chemical filters. Oils high in various phytonutrients with aromatic
structures, such as tocols and carotenoids, carry the highest potential to serve as UV chemical filters. Future studies
can identify oil extractions high in these phytonutrients, test their efficacy and safety, and move forward to implement
them in sunscreens.

Limitations

The study results are restricted to UV A-equivalent wavelengths and thus offer a limited view of how efficient the oils
are in protecting against UVB wavelengths. Thus, the absorbance maximum for Sunflower Seed oil could not be
determined. Although UVA wavelength comprises most of the sunlight and penetrates deeper into the skin, UVB has
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higher energy and can be much more detrimental. Another limitation is that the contribution of other compounds
present in the oils in absorbing the UV radiation could not be determined. In future, this could be addressed by em-
ploying chromatographic techniques to separate compounds and individually test their function.

References

1. D’Orazio J, Jarrett S, Amaro-Ortiz A, Scott T. UV Radiation and the Skin. Int J Mol Sci. 2013;14(6):12222-
12248. doi:10.3390/ijms 140612222

2. Maverakis E, Miyamura Y, Bowen MP, Correa G, Ono Y, Goodarzi H. Light, Including Ultraviolet. J
Autoimmun. 2010;34(3):J247-J257. doi:10.1016/j.jaut.2009.11.011

3. Lopes DM, McMahon SB. Ultraviolet Radiation on the Skin: A Painful Experience? CNS Neurosci Ther.
2016;22(2):118-126. doi:10.1111/cns.12444

4. Wang PW, Hung YC, Lin TY, et al. Comparison of the Biological Impact of UVA and UVB upon the Skin
with Functional Proteomics and Immunohistochemistry. Antioxidants. 2019;8(12):569.
doi:10.3390/antiox8120569

5. Antoniou C, Kosmadaki M, Stratigos A, Katsambas A. Sunscreens — what’s important to know. J Eur Acad
Dermatol Venereol. 2008;22(9):1110-1119. doi:10.1111/j.1468-3083.2007.02580.x

6. Keen MA, Hassan I. Vitamin E in dermatology. Indian Dermatol Online J. 2016;7(4):311-315.
doi:10.4103/2229-5178.185494

7. Pullar JM, Carr AC, Vissers MCM. The Roles of Vitamin C in Skin Health. Nutrients. 2017;9(8):866.
doi:10.3390/nu9080866

8. Budden T, Bowden NA. The Role of Altered Nucleotide Excision Repair and UVB-Induced DNA Damage in
Melanomagenesis. Int J Mol Sci. 2013;14(1):1132-1151. doi:10.3390/ijms14011132

9. Kim Y, He YY. Ultraviolet radiation-induced non-melanoma skin cancer: Regulation of DNA damage repair
and inflammation. Genes Dis. 2014;1(2):188-198. doi:10.1016/j.gendis.2014.08.005

10.  Adam J. Sun-protective clothing. J Cutan Med Surg. 1998;3(1):50-53. doi:10.1177/120347549800300115

11. Kuritzky LA, Beecker J. Sunscreens. CMAJ Can Med Assoc J. 2015;187(13):E419. doi:10.1503/cmaj.150258

12.  Yamada M, Mohammed Y, Prow TW. Advances and controversies in studying sunscreen delivery and
toxicity. Adv Drug Deliv Rev. 2020;153:72-86. doi:10.1016/j.addr.2020.02.001

13.  Smijs TG, Pavel S. Titanium dioxide and zinc oxide nanoparticles in sunscreens: focus on their safety and
effectiveness. Nanotechnol Sci Appl. 2011;4:95-112. doi:10.2147/NSA.S19419

14.  Skocaj M, Filipic M, Petkovic J, Novak S. Titanium dioxide in our everyday life; is it safe? Radiol Oncol.
2011;45(4):227-247. doi:10.2478/v10019-011-0037-0

15. Baranowska-Woéjcik E, Szwajgier D, Oleszczuk P, Winiarska-Mieczan A. Effects of Titanium Dioxide
Nanoparticles Exposure on Human Health—a Review. Biol Trace Elem Res. 2020;193(1):118-129.
doi:10.1007/s12011-019-01706-6

16.  Sanches PL, Geaquinto LR de O, Cruz R, et al. Toxicity Evaluation of TiO2 Nanoparticles on the 3D Skin
Model: A Systematic Review. Front Bioeng Biotechnol. 2020;8. Accessed April 25, 2022.
https://www.frontiersin.org/article/10.3389/fbioe.2020.00575

17.  Solky BA, Phillips PK, Christenson LJ, Weaver AL, Roenigk RK, Otley CC. Patient preferences for facial
sunscreens: A split-face, randomized, blinded trial. J Am Acad Dermatol. 2007;57(1):67-72.
doi:10.1016/j.jaad.2007.04.003

18.  Draelos ZD. Compliance and Sunscreens. Dermatol Clin. 2006;24(1):101-104. doi:10.1016/j.det.2005.09.001

19.  Butt ST, Christensen T. Toxicity and Phototoxicity of Chemical Sun Filters. Radiat Prot Dosimetry.
2000;91(1-3):283-286. doi: 10.1093/oxfordjournals.rpd.a033219

20.  Schneider SL, Lim HW. Review of environmental effects of oxybenzone and other sunscreen active

ingredients. J Am Acad Dermatol. 2019;80(1):266-271. doi:10.1016/j.jaad.2018.06.033

ISSN: 2167-1907 www.JSR.org 6



@ Journal of Student Research Volume 11 Issue 2 (2022)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

Zhong X, Downs CA, Li Y, et al. Comparison of toxicological effects of oxybenzone, avobenzone,
octocrylene, and octinoxate sunscreen ingredients on cucumber plants (Cucumis sativus L.). Sci Total
Environ. 2020;714:136879. doi:10.1016/j.scitotenv.2020.136879

Suh S, Pham C, Smith J, Mesinkovska NA. The Banned Sunscreen Ingredients and Their Impact on Human
Health: A Systematic Review. Int J Dermatol. 2020;59(9):1033-1042. doi:10.1111/ijd.14824

Schlumpf M, Cotton B, Conscience M, Haller V, Steinmann B, Lichtensteiger W. In vitro and in vivo
estrogenicity of UV screens. Environ Health Perspect. 2001;109(3):239-244.

Gaspar LR, Maia Campos PMBG. Evaluation of the photostability of different UV filter combinations in a
sunscreen. Int J Pharm. 2006;307(2):123-128. doi:10.1016/j.ijpharm.2005.08.029

Nash JF, Tanner PR. Relevance of UV filter/sunscreen product photostability to human safety. Photodermatol
Photoimmunol Photomed. 2014;30(2-3):88-95. doi:10.1111/phpp.12113

Geoffrey K, Mwangi AN, Maru SM. Sunscreen products: Rationale for use, formulation development and
regulatory considerations. Saudi Pharm J SPJ. 2019;27(7):1009-1018. doi:10.1016/].jsps.2019.08.003
Tanner PR. Sunscreen Product Formulation. Dermatol Clin. 2006;24(1):53-62. doi:10.1016/j.det.2005.09.002
Sabzevari N, Qiblawi S, Norton SA, Fivenson D. Sunscreens: UV filters to protect us: Part 1: Changing
regulations and choices for optimal sun protection. Int J Womens Dermatol. 2021;7(1):28-44.
doi:10.1016/.ijwd.2020.05.017

Bernstein EF, Sarkas HW, Boland P, Bouche D. Beyond sun protection factor: An approach to environmental
protection with novel mineral coatings in a vehicle containing a blend of skincare ingredients. J Cosmet
Dermatol. 2020;19(2):407-415. doi:10.1111/jocd.13007

Sohn M, Amords-Galicia L, Krus S, Martin K, Herzog B. Effect of emollients on UV filter absorbance and
sunscreen efficiency. J Photochem Photobiol B. 2020;205:111818. doi:10.1016/j.jphotobiol.2020.111818
He H, Li A, Li S, Tang J, Li L, Xiong L. Natural components in sunscreens: Topical formulations with sun
protection factor (SPF). Biomed Pharmacother Biomedecine Pharmacother. 2021;134:111161.
doi:10.1016/j.biopha.2020.111161

Huck LA, Leigh WJ. A Better Sunscreen: Structural Effects on Spectral Properties. J Chem Educ.
2010;87(12):1384-1387. doi: 10.1021/ed 1004867

Blois MS, Zahlan AB, Maling JE. Electron Spin Resonance Studies on Melanin. Biophys J. 1964;4(6):471-
490. doi:10.1016/S0006-3495(64)86797-7

Riley PA. Melanin. Int J Biochem Cell Biol. 1997;29(11):1235-1239. doi:10.1016/S1357-2725(97)00013-7
Kumler WD, Daniels TC. Sunscreen compounds. J Am Pharm Assoc. 1948;37(11):474-476.
doi:10.1002/jps.3030371111

Harwood FDG and JL. OCCURRENCE AND CHARACTERISATION OF OILS AND FATS. In: The Lipid
Handbook with CD-ROM. 3rd ed. CRC Press; 2007.

Gunstone F. The Chemistry of Oils and Fats: Sources, Composition, Properties and Uses. John Wiley &
Sons; 2009.

Karagounis TK, Gittler JK, Rotemberg V, Morel KD. Use of “natural” oils for moisturization: Review of
olive, coconut, and sunflower seed oil. Pediatr Dermatol. 2019;36(1):9-15. doi:10.1111/pde.13621

Silva SM, Rocco SA, Sampaio KA, et al. Validation of a method for simultaneous quantification of total
carotenes and tocols in vegetable oils by HPLC. Food Chem. 2011;129(4):1874-1881.
doi:10.1016/j.foodchem.2011.05.137

Ayyildiz HF, Topkafa M, Kara H, Sherazi STH. Evaluation of Fatty Acid Composition, Tocols Profile, and
Oxidative Stability of Some Fully Refined Edible Oils. Int J Food Prop. 2015;18(9):2064-2076.
doi:10.1080/10942912.2014.962657

Carpenter AP. Determination of tocopherols in vegetable oils. J Am Oil Chem Soc. 1979;56(7):668-671.
doi:10.1007/BF02660070

ISSN: 2167-1907 www.JSR.org 7



@ Journal of Student Research Volume 11 Issue 2 (2022)

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ahsan H, Ahad A, Igbal J, Siddiqui WA. Pharmacological potential of tocotrienols: a review. Nutr Metab.
2014;11(1):52. doi:10.1186/1743-7075-11-52

Sen CK, Khanna S, Roy S. Tocotrienols: Vitamin E beyond tocopherols. Life Sci. 2006;78(18):2088-2098.
doi:10.1016/].1fs.2005.12.001

Stationary Office. British Pharmacopoeia 2005. London : The Stationery Office; 2005. Accessed April 21,
2022. http://archive.org/details/britishpharmacop(00stat

SECTION 2. Codex Standards for Fats and Oils from Vegetable Sources. Accessed April 21, 2022.
https://www.fao.org/3/y2774e/y2774e04.htm

Ouzir M, Bernoussi SE, Tabyaoui M, Taghzouti K. Almond oil: A comprehensive review of chemical
composition, extraction methods, preservation conditions, potential health benefits, and safety. Compr Rev
Food Sci Food Saf. 2021;20(4):3344-3387. doi:10.1111/1541-4337.12752

Walters C, Keeney A, Wigal CT, Johnston CR, Cornelius RD. The Spectrophotometric Analysis and
Modeling of Sunscreens. J Chem Educ. 1997;74(1):99. doi:10.1021/ed074p99

Mahmoud BH, Hexsel CL, Hamzavi IH, Lim HW. Effects of visible light on the skin. Photochem Photobiol.
2008;84(2):450-462. doi:10.1111/j.1751-1097.2007.00286.x

Lim HW, Kohli I, Ruvolo E, Kolbe L, Hamzavi IH. Impact of visible light on skin health: The role of
antioxidants and free radical quenchers in skin protection. J Am Acad Dermatol. 2022;86(3S):S27-S37.
doi:10.1016/j.jaad.2021.12.024

Kaur CD, Saraf S. In vitro sun protection factor determination of herbal oils used in cosmetics. Pharmacogn
Res. 2010;2(1):22-25. doi:10.4103/0974-8490.60586

Lorigo M, Cairrao E. Antioxidants as stabilizers of UV filters: an example for the UV-B filter
octylmethoxycinnamate. Biomed Dermatol. 2019;3(1):11. doi:10.1186/s41702-019-0048-9

Wen Y, Xu L, Xue C, Jiang X, Wei Z. Assessing the Impact of Oil Types and Grades on Tocopherol and
Tocotrienol Contents in Vegetable Oils with Chemometric Methods. Molecules. 2020;25(21):5076.
doi:10.3390/molecules25215076

ISSN: 2167-1907 www.JSR.org 8





