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Abstract 
The impacts of Ultraviolet (UV) radiation on the human body have received 
increased attention in previous years. The impacts are comprised of a series 
of illnesses, burns, and modifications in the genetic structures. Therefore, the 
current study aimed to identify the effect of sunscreens on yeast to prevent 
ultraviolet damage. The study uses two sunscreens with different sun protec-
tion factors to show how they differently protect the cells from the wrath of 
UV light. The experiment involves the use of yeast as the test organism since 
yeast has DNA that is used for reproduction by budding. UV light affects the 
growth of the bacteria and the limiting factor with the sunscreens. Six Petri 
dishes with agar were inoculated with yeast solution and put under different 
conditions and the growth results will be obtained. The experiment also 
showed how different clothes protect human from the UV radiations. 
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1. Introduction 

The sun emits long wavelength radiation in form of visible and invisible light. 
The invisible light houses the ultra violet light which can be classified in three 
types: UVA, UVB and UVC. UVA is not absorbed by the ozone layer and there-
fore it directly comes to the troposphere; it penetrates on the skin cells causing 
premature aging of the skin and affects the immunity. UVD is absorbed partially 
by ozone its responsible of DNA damage which leads to squamous cell carcino-
ma as well cell as cell apoptosis evidenced by the peeling of the skin after UV 
exposure. UVC is completely absorbed by the ozone layer. 

The negative impacts of these radiations can be minimised by using sun-
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screens which may further be categorised into organic and inorganic materials. 
However, it is also of equal importance that people must be aware of the protec-
tion provided by these sunscreens [1]. Based on materials being used, these can 
be broadly divided into two major categories including organic and non-organic 
sunscreens. For assessing the effectiveness of sunscreens against ultraviolet radi-
ation, sun protection factor (SPF) is widely used as a factor [2]. The ease in cul-
turing Saccharomyces cerevisiae, a yeast, makes it an optimal choice for scien-
tists to use it as experiment material for identifying the impact of UV irradia-
tion-caused damage in DNA [1]. The other rationale for its extensive use in the 
research process is based on similarities in reproduction, metabolism, and che-
mistry of Saccharomyces cerevisiae and human cells. The use of Saccharomyces 
cerevisiae has been used historically to identify the identical impacts of ultravio-
let radiation on the human’s skin cells because it has the same DNA for repair as 
humans. They therefore show the same metabolic change when exposed to UV 
light. When it is exposed to UV, yeast gets mutations make them impossible to 
perform DNA repair leading to the death of yeast cells. 

The problem statement of the current study is to assess the impact of ultra-
violet radiation on the yeast. Precisely, these results will outline the usefulness of 
the available sunscreen in preventing ultraviolet damages. The effects on yeast 
will be assessed for all types of ultraviolet radiation for making the assessment 
comprehensive in nature. The major effect which will be analysed in the current 
study is the effect of sunscreens on the colonial growth of yeast as it outlines the 
growth and development of yeast cells in the presence and absence of ultraviolet 
radiation.  

The main objective of the study is to identify the effect of sunscreens on yeast 
to prevent damage which is caused by UV radiation exposure and therefore get 
the exact effect of sunscreen on human beings in preventive UV radiation toxic-
ity. 

1.1. Abilities of Sunscreens to Screen Ultraviolet Radiations 

Xu and Liu [3] outlined that the use of yeast in researches concerning the impact 
of ultraviolet radiation is not new to the researchers as these have been used ex-
tensively in the researches. They also claimed that ease in culturing yeasts makes 
an optimal choice for the researchers who design their researchers by using yeast 
to identify the efficacy of the sunscreen as well. They also argued that photopro-
tection is important as ultraviolet radiations continue to develop a series of skin 
issues which may continue to increase with an increase in the exposure to ultra-
violet radiation. Rosenthal and Burchum [4] outlined that photoprotection is an 
increasing concern among the common public who may continue to rely on a 
series of sunscreen considering that these screens will be able to serve the pur-
pose. Sudhahar & Balasubramanian [5] conducted a comprehensive study for 
identifying the impacts of sunscreens on microbial. They outlined that the im-
pact of each of sunscreen is different as each of the available sunscreens have 
their own effectiveness. They outlined that some of the sunscreens like zinc oxide 
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may be able to absorb UVA and UVB radiations effectively while UV screening 
capacity of others may not be too high to protect the skin effectively.  

Green et al., [6] conducted a comprehensive study for identifying the efficacy 
of different sunscreen including SPF > 15. They argued that the SPF level of 
more than 15 is selected as it is considered as the highest level of safety in terms 
of screening UVA and UVB. They argued that using sunscreens may be helpful 
in avoiding a series of healthcare issues like Invasive melanoma. They, however, 
pointed out that using sunscreens regularly may result in better outcomes rather 
than using it occasionally. Ghiasvand et al., [7] also identified that using sun-
screens having SPF higher than 15 may be helpful for the people in avoiding the 
negative impacts of ultraviolet radiation. Stiefel et al., [8] also outlined the sun-
screens having SPF lower than 15 may not be considered as appropriate and suf-
ficient for avoiding the impacts of ultraviolet radiations fully as the ability to 
screen ultraviolet radiations is limited in the case of such screens even applied 
regularly. Waldman & Grant-Kels [9] conducted a comprehensive study for 
identifying the efficacy of sunscreens in helping users avoiding serious health-
care issues. They found that using sunscreen having SPF higher than 15 is help-
ful in avoiding serious healthcare issues like melanoma and non-melanoma 
cancers which may, otherwise, be a case due to direct exposure of the skin to the 
sun. Shaath [10] argued that the use of sunscreens does not have straightforward 
outcomes rather some of the sunscreens may fail to protect the skins from such 
effects due to their lower SPF. They also claimed that occasional application or 
thin application of sunscreens including all types of sunscreens may not be 
helpful in avoiding such serious health outcomes.  

On the other hand, Kowalski [11] outlined that using sunscreen may be help-
ful up to some extent only and may not be considered as an optimal solution. He 
argued that sunscreen, irrespective of SPF, fails to stop all of the ultraviolet radi-
ation rather these sunscreens are able to filter fewer of them which results in 
better but not the ultimate protection of skin. Goodman and Fuller [12] have al-
so outlined that sunscreens are only able to filter some ultraviolet radiation and 
are effective in reducing the intensity of these radiations which may be helpful in 
reducing the negative impacts on human skin. They pointed out that sunscreens 
may not be considered as an optimal solution with an ability to complete filtra-
tion of ultraviolet radiation. They also outlined that applying thick layers of 
sunscreen may be helpful up to some extent in reducing the negative impacts 
significantly; however, complete filtration of ultraviolet radiation is not the case 
in even this case. Jansen et al., [13] outlined that higher sensitivity of yeast cells 
is one of the major features which makes it an indicator for the testing processes 
of sunscreen. They also pointed out that changes in the taxonomy of the sun-
screens may change the impact of these solutions on the overall colonial growth 
of yeast which may indicate a lower SPF.  

Hacker et al., [14] conducted a comprehensive study for identifying the effi-
cacy of sunscreens in avoiding damages due to ultraviolet radiation. They out-
lined that the sunscreens significantly reducing the penetration of ultraviolet 

https://doi.org/10.4236/abb.2020.114009


T. Alhamdy, N. S. Al-Sowayan 
 

 

DOI: 10.4236/abb.2020.114009 114 Advances in Bioscience and Biotechnology 
 

radiations, however, these do not prevent all of the ultraviolet radiation. They 
pointed out that some of the factors like sweetening may also impact the per-
formance of the factors which may be followed by a need to reapply the sun-
screens. Mazzarello et al., [15] outlined that sunscreens like sunblock sticks are 
helpful in reducing major skin illnesses. They claimed that some of the serious 
illnesses like Herpes labialis (HL) recurrences may be reduced significantly due 
to lower infiltration of ultraviolet radiation. They, however, asserted that the ap-
plication of sunblock may not be assumed to be a complete solution as they ar-
gued that there was a decrease in the overall prevalence of Herpes labialis (HL) 
recurrences but it does not mean that there was no contact between the ultravio-
let radiations and human skill. They asserted that the decrease is associated with 
a decrease in the ultraviolet radiation passing through the sunscreens. Petersen 
& Wulf [16] also believed that using sunscreens may be helpful up to a limit in 
avoiding the negative impacts of the UV rays; however, it may depend upon SPF 
and thickness of the layer applied. 

1.2. Sunscreens and Yeast Colonies  

Yeast is used as a testing tool is aimed to identify the ability of a sunscreen to 
reduce the number of radiations significantly which can pass through the filter 
[17]. He outlined that extensive exposure of the yeast cells to UV radiations is 
followed by a decrease in the colonial growth of the yeast cells. They pointed out 
that the higher rate of colonial growth indicates that the sunscreen remained 
successful in reducing the ultraviolet radiation below an acceptable level. Sun-
screens decrease the exposure of the yeast cells to the ultraviolet radiations which 
makes the environment favourable for growth [2]. They outlined that the higher 
growth of yeast assay indicates the lower infiltration of ultraviolet radiation 
which is one of the desirable outcomes of a sunscreen. Sunscreens are assumed 
to avoid exposure to ultraviolet radiation which is aimed to minimise the im-
pacts of these radiations [18]. They also outlined that, on the other hand, yeast’s 
colonial growth is highly sensitive to the changes in the environment specifically 
to an increase in the ultraviolet radiation in the environment. They also believed 
that yeast tests, therefore, observe the colonial growth of yeast for drawing a 
conclusion about the efficacy of the sunscreens. The impacts of Bisphenol A and 
Nonylphenol, are as some sunscreens, on the transcriptional profiles of Saccha-
romyces cerevisiae Genome [19]. They found that an increase in SPF may be 
followed by increased growth of Saccharomyces cerevisiae colonies and vice 
versa which indicates the effectiveness and efficacy of Bisphenol A and Nonyl-
phenol as some of the sunscreens. The growth of yeast colonies is very sensitive 
to changes in the prevalence of ultraviolet radiation in the environment [20]. 
They also outlined that the higher rate of growth of yeast assay indicates the 
lower infiltration of ultraviolet radiation which is one of the desirable outcomes 
of a sunscreen. 

A study conducted for verifying the efficacy of ethyl acetate fraction of Zan-
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thoxylum rhetsa bark extract for identifying its usefulness and efficacy in mini-
mising UVA/UVB radiations [21]. They outlined that SPF must be higher than 
15 for making an optimal solution for the testing using yeast. They also outlined 
that the ability of a sunscreen to minimise the inflow of ultraviolet radiation is 
the core criteria for making it a successful tool. The yeast colonial growth of 
yeast is highly associated with the survivability of yeast cells in the presence of 
ultraviolet radiation [2]. They continued claiming that the use of yeast cells as a 
tool for carrying out testing is based on the sensitiveness of yeast cells to these 
radiations. They asserted that the survival of the yeast does not necessarily mean 
an absence of such factors rather it must be interpreted as a lower amount of the 
ultraviolet radiation. The role of yeasts in the manufacturing of sunscreens and 
pointed out that using the yeast as a testing specie is not the sole role of the 
yeasts rather some of the aquatic yeasts may not only even survive in the pres-
ence of high UV but also may use their secretions for avoiding UV filtration 
[22]. They asserted that it may be helpful in using yeast in the biological sun-
screens for increasing the efficacy of sunscreens.  

The increased growth of the yeast test indicates that UV radiation is less per-
meable, which is one of the ideal results for sunscreens [2]. Smaoui et al. [17] 
described that sunscreens are assumed to avoid exposure to ultraviolet radiation 
and are designed to minimize the effects of these radiations. They also stressed 
that the growth of yeast colonies is very sensitive to changes in the environment, 
in particular the changes in the prevalence of ultraviolet radiation in the envi-
ronment. They also believe that a yeast test can observe the growth of yeast co-
lonies and draw conclusions about the effectiveness of sunscreens. Kumar [21] 
described that the use of yeasts in research for identifying the effects of ultravio-
let radiation is not new to researchers since these yeasts have been widely used in 
research preciously as well. They also claimed that the easy-to-grow nature of 
yeast makes it the best option for researchers. 

Most of the yeast colonies are assumed to be sensitive to UV due to their low-
er survivability, however, there are some yeasts that may not only survive but 
also work as sunscreens [1] [22]. They also outlined that using yeast as a testing 
tool may be helpful in determining SPF level of the sunscreen as sunscreen hav-
ing SPF higher than 15 may facilitate the colonial growth of yeast cell while sun-
screen having SPF lower than 15 may fail to protect yeast colonies from ultra-
violet radiations followed by lower colonial growth of yeast cells. Marrot [23] 
analysed different aspects of yeast growth regarding their applicability in pre-testing 
of sunscreen. They outlined that using yeast for retesting purposes is significant 
in nature as it reliably determines the level of yeast growth which in the case of 
lower SPF may be followed by lower colonial growth of yeast. They pointed out 
the use of yeast in pretesting of sunscreens is not new to the industry rather it 
has been heavily used for this purpose for a couple of decades. Kim & Choi [24] 
outlined that higher sensitivity of yeast cells is one of the major features which 
makes it an indicator for the testing processes of sunscreen. They also outlined 
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that yeasts continue to show higher growth in the case of lower exposure to ul-
traviolet radiation. 

The review of previous literature highlights that the previous studies have in-
volved different aspects regarding the use of yeast in pretesting sunscreens [2] 
[25] [26]. It is also found that sunscreens are assumed to avoid exposure to ul-
traviolet radiation and are designed to minimize the effects of these radiations. 
The literature highlighted that ease in culturing yeasts makes an optimal choice 
for the researchers who design their researchers by using yeast to identify the ef-
ficacy of the sunscreen as well. It is also found that higher sensitivity of yeast 
cells is one of the major features which make it an indicator for the testing 
processes of sunscreen. It is also found that extensive exposure of the yeast cells 
to UV radiations is followed by a decrease in the colonial growth of the yeast 
cells. The literature highlighted that the higher rate of colonial growth indicates 
the success of sunscreen broadly. It is also important to consider that the litera-
ture, however, lacks quantitative studies for quantifying the impacts in terms of a 
number of yeast colonies which may require fresh research. This literature gap 
will be used by the current study as it is quite consistent with the research objec-
tives and questions of the current study. 

2. Materials and Methods 

Materials needed for the experiment are the normal baker’s yeast, sugar, nylon 
cloth, polyester cloth, warm water, and six petri dishes with agar, incubator set at 
30 degrees Celsius, pipette, two sunscreens with SPF15, and 50, respectively.  

The procedure starts by creating a yeast solution by mixing a small amount of 
yeast and sugar on 20 mls of warm water. The mixture should be homogenous. 
The petri dishes were labelled as sun, control, SPF 15, SPF 50, cotton and po-
lyester. The labelling is done on the bottom of the petri dishes not on the lid. 
One ml of the yeast solution was put on each petri dish and evenly spread on the 
agar for even distribution of yeast cells. The yeast solution was allowed to drain 
into the agar. The inoculation of yeast was done on a sun free environment. The 
control petri dish was incubated directly while the SPF 15 petri dish top was 
smeared with sunscreen with SPF 15 and the same one to SPF 50 with the sun-
screen with SPF 50. The petri dish labelled with cotton was covered with the 
cotton cloth and the one labelled with polyester was covered with the polyester 
cloth. Then all of the petri dishes including the one labelled sun were taken out-
side to bask on direct sunlight for 6 hours after which the sunscreen was wiped 
and the clothes removes from the petri dish and then they were incubated for 
two to three days. 

3. Results and Discussion 
3.1. Results 

The methods and material mentioned in the methodology section were used in a 
combination for carrying out the experiment of the current study. After the treat-
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ment of all of these plates according to the defined methods, the results of the 
study are noted which are presented below.  

In the control petri dish there were around 75 countable colonies, in the petri 
dish labelled sun had no countable colonies, in the SPF 15 there were 30 colonies 
whereas in SPF 50 there were 60 colonies, in the Cotton petri dish there were 10 
colonies whereas in the nylon there were 25 colonies (Table 1). 

 
Table 1. Number of colonies in reference to the condition. 

No. Conditions Colonial growths 

1 

The control petri dish had around 75 
countable colonies. It marked the  
optimum growth as compared to the 
other petri dishes 

75 colonies 

 

2 
The petri dish whose lid was covered 
with sun screen 50 

60 colonies

 

3 
The petri dish that was covered with a 
cotton cloth 

25 colonies 

 

4 
The petri dish that was covered with  
polyester cloth 

15 colonies 
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Continued 

5 
The petri dish that was protected with 
the sun screen SPF 15 

30 colonies 

 

6 
The sun petri dish had no countable  
colonies 

No colonies 

 

3.2. Analysis and Discussion 

Comparing the growth of yeast cells in the petri dishes it is evident that the petri 
dish which no sun was exposed has the highest growth recording 75 colonies. 
This is what we expected from the results since the Petri dish after inoculation 
was not exposed to sunlight and therefore the yeast cells were not killed and 
therefore were capable to grow in large numbers. In the petri dish labelled sun it 
recorded the least growth and infact had no colony growth on it. This is because 
the UV radiation after being exposed to the sun damaged the repair DNA in the 
yeast cells and therefore led to the death of almost all the cells due to the muta-
tion they could have undergone. The petri dish labelled PSF 15 had less growth 
as compared to the petri dish labelled PSF 50; this can be experienced by the life 
of a sunscreen in protecting photo-radiation. The PSF 50 sunscreen lasted longer 
and therefore was capable to protect the yeast cell for a longer time that the PSF 
15 could do. In comparison between the Petri dish covered with a polyester and 
cotton, the petri dish covered with polyester recorded a higher growth than the 
one covered with cotton. This is because industrial material has less space be-
tween the fibres as compared to cotton whose fibres are apart allowed the UV 
rays past it killing more yeast cells (Figure 1). 

From the results, the yeast cells need to be shielded from sunlight since it has 
disastrous effect on the yeast cells; this is the same situation in human cells since 
have the same effect. The more someone is exposed to the UV radiation the 
more they are likely to experience heart burns, skin cancers and in the worst case  
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Figure 1. Colonial growth of yeast. 
 
low immunity due to the UVA radiations. Prevention is always better than cure 
and although someone cannot manage to prevent 100% of the UV radiation 
there are various ways to prevent the toxicity of the radiation.  

Proper knowledge of the sunscreens can help to curb the UV effects; a sun-
screen with a higher PSF value will protect an individual for a longer time than a 
sunscreen with a lower PSF value. As in the experiment the longer the yeast petri 
dishes were left in the sun for a long time and the PSF 50 shielded the yeast cells 
from the radiation for a longer time.  

Clothes also have a huge part in curbing UV radiation. Polyester and nylon 
clothes have a higher UV insulation as compared to cotton clothes. The fabric 
making cotton is more spread and has more spaces that the industrial made fa-
bric which has less spaces and therefore UV penetrates easily to the skin.  

4. Conclusions 

The findings of the study showed that exposure of the sunlight is necessary for 
maintaining higher level yeast growth as the plates which were not exposed to 
sunlight showed relatively lower growth/ml of the farm as compared to the other 
plates which were exposed to sun with foil or tin plate covers and sunscreens. The 
sunscreens showed their effectiveness up to 50% of concentration with and with-
out foil or tin coverings; however, further increase in the concentration of sun-
screens backfired as no yeast colonies were witnessed in such cases. The sensitivity 
of yeast to UV was considered for keeping some plates in incubators and was ex-
pected to show the highest growth. However, the growth was the second-lowest 
after direct exposure with 100% concentrated sunscreen.  

4.1. Recommendations 

On the basis of conclusions, it is recommended that the combination of cover-
ings for avoiding the extent of exposure and up to 50% or 30% concentrated 
sunscreen can be used for optimal results. In the absence of covering or in the 
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case of direct exposure, sunscreen can be used with a 50% concentration. It is 
also recommended to avoid using foil or tin covering solely in the case of sun 
exposure as it may not be able to facilitate the optimal growth of yeast colonies. 

4.2. Future Directions 

The current study remained limited to the analysis of the effects of sunscreens 
on yeast colonial growth without controlling SPF of sunscreen. There may be an 
impact of SPF factor as well on the protection of yeast from UV damages. For 
instance, a higher SPF may be able to yield some colonial growth rather than ze-
ro growth. Therefore, it is a future direction for the upcoming studies to con-
sider the application of different sunscreens having different SPF for identifying 
the exact impact on the yeast growth. 
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