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ABSTRACT 

Background: Ultraviolet radiation (UV) imposes significant negative consequences upon excessive exposure. It is a 

common misconception in darker skin types that there is no need for photoprotection, hence studies have been done on 

other adjuncts of photoprotection. Cocoa is naturally-occurring antioxidant rich in flavanols that absorbs UV radiation and 

scavenge reactive oxygen species. 

Objective: The study aimed to determine the UVB photoprotective activity through minimal erythema dose 

determination of 100% cocoa powder versus chocolate flavored powder drink. 

Methods: This study was a randomized, double-blind controlled trial, wherein sixty (60) Filipino subjects aged 18 years 

old to 59 years old with Fitzpatrick skin type IV-IV were equally divided into two groups using computer generated 

randomization. Group I received 100% cocoa powder, one (1) tablespoon dissolved in hot water daily for 12 weeks, while 

Group II received chocolate flavored drink powder, one (1) tablespoon dissolved in hot water daily for 12 weeks. Minimal 

erythema dose (MED) were assessed for both groups at baseline, week 6 and week 12. Laboratory testing for fasting 

blood sugar (FBS), blood urea nitrogen (BUN), creatinine, SGPT and SGOT was done baseline and at week 12. 

Results: In the 100% cocoa powder group, the mean MED increased from baseline to week 6 at an average of 5.5% (p-

value 0.64) which were not statistically significant, while from baseline to week 12 an statistically significant increase in 

mean MED was noted at 21% (p-value < 0.01). These results showed that there is significant photoprotective activity of 

100% cocoa powder for intake of 12 weeks as compared to 6 weeks. In the chocolate flavored powder drink, MED 

remained unchanged. No significant adverse clinical symptoms and laboratory test changes were seen in this study.  

Conclusion: Intake of 100% cocoa powder for 12 weeks have significant photoprotective activity compared to baseline 

among Filipinos with Fitzpatrick skin type IV-V. While chocolate flavored drink powder has no such effect. 

Keywords: Cocoa powder, flavanols, photoprotection, Fitzpatrick skin type IV-V 

 

INTRODUCTION 

Ultraviolet radiation plays a beneficial role in the 

production of vitamin D, however excessive exposure has 

negative consequences. These significant negative effects 

include sunburn, phototoxic and photoallergic reactions, 

and development of skin cancers
1
. 

Skin cancer is a preventable disease and a major 

public health concern
1
. There were 2102 basal cell 

carcinomas and 614 squamous cell carcinomas from 2011 

to 2021 based on the Philippine Dermatological Society 

Health Information System
2
. Ultraviolet (UV) radiation or 

sun damage is an established modifiable risk factor for 

carcinomas of the skin. UV avoidance and photoprotective 

practices is not commonly done among Filipinos since 

brown skin has more melanin and many believe it offers 

greater protection. While the incidence of skin cancer 

incidence is not as common among Filipinos as it is 

among Caucasians, it does occur locally, so it is crucial to 

determine other means of photoprotection.  

 

 

Cocoa is a naturally-occurring antioxidant with 

anti-inflammatory molecules that play a role in preventing 

cutaneous UV damage. It is widely available, inexpensive, 

and serves as an efficient food supplement that may help 

with photoprotection. It has a high amount of flavonoids, 

contributing to the bitterness representing the 

fundamental aspects of its organoleptic and palatability 

characteristics
3
. Aside from the photoprotective properties 

of cocoa, it contains methylxanthines such as 

theobromine and caffeine, which have beneficial effects 

on the vascular and central nervous system.
4
  

Few studies on photoprotection have been 

conducted in non-tropical countries with participants of 

Fitzpatrick Skin Types I to II. However, to our knowledge, 

no studies have been done on low- and middle-income 

countries, such as the Philippines, wherein frequent sun 

exposure is often common in daily life, and most 

occupations.
5
 This further emphasizes the significance of 

this study since the Philippines is a tropical country and 

Filipinos are more predisposed to sun exposure.  
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This study highlights the importance of providing 

other means of photoprotection for Filipino patients. 

Dermatologists have been educating patients regarding 

sun protection through the use of topical/oral sunscreens, 

physical barriers and avoidance of prolonged sun 

exposure. However, due to the Philippines being a low-

income country, photoprotection has not been a priority 

among Filipinos. This study will help our patients prevent 

skin cancers brought by UV radiation and promote our 

own economy with the use of cocoa freshly made in our 

country.  

The goal of this randomized clinical trial is to 

determine and compare the photoprotective properties of 

cocoa powder and chocolate flavored powder drink. No 

measurements were done on quantifying the flavanol 

content of the powder drinks. Measurement of ultraviolet 

B (UVB) protection was done through Minimal Erythema 

Dose. 

 

Sun Damage  

Ultraviolet (UV) radiation is one of the most 

critical risk factors for skin cancer.  The most frequently 

exposed are outside workers, those who work outdoors 

for at least three hours between 9 am to 3 pm most days 

of the week.
6
 Limited studies have been done in the 

Philippines, particularly since skin cancers are not as 

common among Filipinos. In a local study among Filipino 

traffic enforcers, researchers concluded that they have 

adequate knowledge and a good attitude towards sun 

exposure but are not applied to practice.
6
 Thus, proper 

education among occupational workers and other 

possible sources of photoprotection may be of aid to 

Filipinos.  

The sun’s UV rays between 10 am in the morning 

and 4 pm in the afternoon release the highest UVA and 

UVB radiation. In studies, direct exposure to the sun 

during these hours amounting to 30 to 50 minutes may 

induce sunburn for skin types Fitzpatrick III and IV. One of 

the major factors for non-melanoma skin cancer is 

exposure to UVB, which promotes inflammation, oxidative 

stress, DNA mutation, and damage. This in turn leads to 

the evolution of non-melanoma skin cancers.
14

 

 

Cocoa and Photoprotection 

Cocoa, from the tree Theobroma cacao, has many 

potential benefits. It contains methylxanthines such as 

theobromine and caffeine.
4
 Theobromine was found to 

have strong inhibitory effects on the activity of nuclear 

enzyme poly (ADP-ribose) polymerase-1 (PARP-1),  

involved in inflammatory diseases such as stroke, 

diabetes, and chronic obstructive pulmonary disease
7
. 

While caffeine is a compound that is associated with 

enhanced cognition
8
 and enhances the vascular and 

central nervous system.
4
  

Cocoa beans fresh from trees are exceptionally 

rich in flavanols, but their high antioxidant capacity may 

be greatly reduced during the manufacturing process. 

Regular consumption of chocolate rich in flavanol confers 

significant photoprotection and can thus be effective at 

protecting human skin from harmful UV effects but low-

flavanol conventional chocolate has no such effect. It was 

mentioned that in human subjects, flavanol-rich chocolate 

improved cardiovascular risk factors including total and 

LDL cholesterol, blood pressure, and insulin sensitivity 

after 12 weeks of ingestion of high flavanol chocolate 

droplet snack.  A study was done on the impacts on 

endothelial function with sugar free and sugar-sweetened 

cocoa consumption and found no significant difference.
19

 

Carotenoids have gained momentum in 

photoprotective properties prior to cocoa. A comparative 

experimental study was done between low-flavanol cocoa 

and high-flavanol cocoa,  with the determination of 

minimal erythema dose (MED) using a blue solar 

simulator. MED is a measurement tool used to examine 

skin tolerance to ultraviolet radiation and defined as the 

lowest dose that produces erythema in which the values 

vary per individual. It measures an individual’s tendency to 

burn, with low MED values associated with increased 

photosensitivity
21

. Carotenoids and products containing 

high-flavanol cocoa have comparable photoprotective 

effects
10

. However, in another study, no statistical 

difference was noted between low-flavanol cocoa and 

high-flavanol cocoa particularly due to changes in 

weather season, wherein participants started the study 

during winter and ended in spring, and lack of 

compliance. Researchers found out that there was an 

increase in MED at week 6 than at weeks 9 and 12 

compared to baseline, indicating patients’ maximum 

compliance with the protocol at 6 weeks
11

. 

A longer trial period of 24 weeks to also assess 

improvement in skin wrinkles as high flavanol is also 

believed to have anti-photoaging effects. It was 

emphasized that the consumption of dietary antioxidants 

is considered to be a good strategy against photo-aging 

and in moderately photo-aged women, regular cocoa 

flavanol consumption had positive effects on facial 

wrinkles and elasticity. Aside from photoprotection, cocoa 

flavanol supplementation may contribute to the 

prevention and progression of photoaging
12

. 
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Safety Profile of Cocoa 

Cocoa extract has photoprotective effects from 

prolonged oral administration of high flavanols which was 

proven by in vitro and in vivo studies. A short period of 

one week of administration of cocoa powder 

demonstrated photoprotective activity, measured by an 

increase in MED. Volunteers did not report any adverse 

effects. Researchers have concluded an increase in 

subjects’ adherence to the protocol with the short 

duration of the study and that cocoa could supplement 

topical sunscreens for photoprotection
13

. 
 

Effects of Cocoa Powder on Glucose, Liver and Kidney 

Long-term ingestion of cocoa was well tolerated 

in one study, wherein adverse effects were evaluated at 

the 12
th

 and 24
th

 week of treatment. Laboratory tests such 

as aspartate aminotransferase, alanine transaminase, 

glucose, blood urea nitrogen, creatinine, and hemoglobin 

and hematocrit concentrations were measured. 

Participants reported no subjective adverse effects and no 

laboratory abnormalities were noted after the 24
th

 week of 

treatment, indicating a wide margin of the safety profile of 

cocoa
12

. In another study, cocoa consumption showed a 

reduction in total cholesterol, fasting blood glucose and in 

systolic and diastolic blood pressure
20

.  

 

Safety Profile of Narrowband UVB Phototherapy 

UVB phototherapy is used to treat a variety of 

skin disorders. A review of literature was done on several 

studies using UVB phototherapy which resulted in no 

increased risk for non-melanoma skin cancers within a 

long follow-up period.  These studies were done on 

Caucasian skin, and would even indicate safer for darker 

skinned individuals.
15 

 Narrowband UVB (NB UVB) 

phototherapy is reported to be safe, but short term 

erythema, pruritus and xerosis may last for up to two days. 

UVB Phototherapy may be discontinued in the case of 

prolonged erythema, pruritus and xerosis existing for 

more than two days.
17

 

 

METHODOLOGY 

STUDY DESIGN AND SETTING  

This study was a randomized double-blind study. 

Patients were randomly allocated using a computer-

generated software into two groups: group I (100% Cocoa 

powder) and group II (Chocolate flavor powder). Patients 

in group I received a supply of Cocoa powder on day 1 of 

study and on the 6th week of treatment, while group II 

received a supply of Chocolate flavored powder drink on 

day 1 of study and on the 6th week of treatment. The 

allocation was kept unknown to the participants and the 

assessor. 

All participants were subjected to screening by 

the primary investigator at Valenzuela Medical Center 

Dermatology Out-Patient Department. The study was 

presented to the Hospital Institutional Review Board (IRB) 

before conducting the process.  

 

SAMPLING DESIGN AND RANDOMIZATION 

The study made use of purposive sampling where 

only those who have satisfied the inclusion and exclusion 

criteria joined part of the research. Participants were 

randomized through block sampling (in 1:1 ratio using 

blocks of four) into group I (100% Cocoa powder) and 

group II (Chocolate flavor powder). 

The primary investigator was blinded on the 

group assignments of the participants. Research assistant 

or staff assigned participants to either control group or 

experimental group while the researcher determined the 

minimal erythema dose of the patients. List of patients 

assigned to either group was kept by the research 

assistant only.   

 

PARTICIPANTS 

The study included adult participants seen in the 

Valenzuela Medical Center Department of Dermatology. 

 

INCLUSION CRITERIA 

● Ages 18 years to 59 years old 

● Fitzpatrick Skin Types IV to V 

 

EXCLUSION CRITERIA 

● History of severe liver, kidney diseases or 

uncontrolled diabetes 

● Immunocompromised patients 

● History of allergies against any component of trial 

food 

● Pregnancy or lactation 

● Chemical dependency or alcoholism 

● Therapy with drugs with known phototoxic 

activities 

● Any dermatological disease in the treatment area, 

and prolonged UV exposure  

 

WITHDRAWAL CRITERIA 

● Unable to undergo blood laboratory tests for safety 

monitoring 

● Unable to have scheduled follow-up during the 

course of study 

● Failure to consume powder drink in at least 80% of 

the expected number of days within the 12-eek 

study 
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● Induction of polymorphous light eruption, 

appearance of blisters, photoconjunctivitis and 

photokeratitis. Erythema, xerosis, and pruritus are 

minor expected side effects of phototherapy 

occurring within 24 hours, which may last up to 48 

hours. 

● Patients with any signs of allergies or serious 

adverse reactions to any of the experimental 

exposures 

● Participants who request to withdraw at any point 

in time in the course of study 

 

SAMPLE SIZE CALCULATION  

Sample size for this study was computed using 

the online sample size calculator from 

powerandsamplesize.com/Calculators with the 

assumption that the mean value of the outcome of cocoa 

is 0.223 MED.
9
 Estimation was done for the study to detect 

a 0.114 difference in outcome values between cocoa and 

chocolate. In comparison of two means carried out at 

<5% level of significance, a sample size of 28 per group 

(total of 56 participants) is needed for the study to have 

80% power of rejecting the null hypothesis if the 

alternative holds. 

 

MATERIALS 

The cocoa powder used is made up of 100% 

cocoa (Family’s choice Pure Cocoa Powder), FDA 

registered, made from the Philippines while the chocolate 

flavor drink (Milo Powdered Choco Malt Milk Drink) is 

made up of cocoa, sugar, milk, and malt extract. The 

appearance and color were similar in both groups. Both 

100% cocoa and chocolate flavor drink were repackaged 

by a research assistant or staff into identical small opaque 

plastic canisters (Figure 1).  

Subjects in the control group were given a 

chocolate flavored powder drink while the treatment 

group was given a 100% cocoa drink. 

 

FLOW OF THE STUDY AND RESEARCH INSTRUMENT  

The participants eligible for the study after the 

screening were divided into two groups, group I (Cocoa) 

and group II (Chocolate). Prior initiation of the study, 

informed consent was given and signed by the 

participant. They were instructed to consume 15 g/day 

(one tablespoon) dissolved in 100-200mL of hot water for 

ingestion in the morning after breakfast. They may add up 

to one teaspoon of sweeteners such as sugar to their 

drink. Both groups were given small plastic canisters filled 

with either 100% cocoa powder or chocolate flavored 

powder, and refilled on the 6
th

 week of treatment.  

All participants had blood sampling for liver 

function tests, kidney function tests and fasting blood 

sugar and was evaluated at baseline and on the 12
th

 week 

of treatment for safety and possible side effects such as 

generalized urticaria, generalized erythema and 

generalized morbilliform eruption. In the event that the 

participant will experience any of the mentioned side 

effects, prolonged short term adverse effects of erythema, 

xerosis and pruritus, and laboratory test abnormalities, 

participants will be assessed, managed and referred to the 

appropriate specialists accordingly based on current 

clinical practice. 

Participants underwent baseline photo testing to 

determine Minimal Erythema Dose (MED) with the use of 

NB-UVB (Medisun Psori-Kamm UVB311) by exposing six 

(6) 1 x 1 cm untanned skin on the back to solar simulation 

with an initial dose of 200 mJ/cm2 and increasing intervals 

of 200 mJ/cm2. Upon completion of the UV exposure, 

adequate skin markings using a permanent marker was 

made prior to the removal of the MED test patch, in order 

to more easily identify the exposed areas after 24 hours. 

Participants were reminded to not wash off the markings 

until after the skin had been examined for the MED 

reading. The participants followed up after 24 hours to 

determine MED. This was done on baseline, on the 6
th

 and 

12
th

 week of treatment. Topical sunscreen was allowed for 

application except on the back. Stopping guidelines were 

induction of polymorphous light eruption, appearance of 

blisters, photo-conjunctivitis and photokeratitis. Erythema, 

xerosis, and pruritus are minor expected side effects of 

phototherapy occurring within 24 hours, which may last 

up to 48 hours.
 17 

If symptoms persist beyond 48 hours, 

patients will be reassessed for other possible causes and if 

there are none, phototherapy will be discontinued.  

 

DATA MANAGEMENT, STORAGE, PROCESSING AND 

ANALYSIS  

In data management, it is paramount to protect 

the patients’ privacy and confidentiality. Therefore, to 

ensure that the results of the study will not be linked 

directly with their personal information and any 

identifiable features, each of the patients were assigned 

with a unique patient code for the study. A database of 

patient records and their equivalent patient code were 

kept. During the recording of the study results, patient 

code was shown instead. 

Two types of data that were generated, one is the 

hard data from the data collection form and one soft 

copy. The hard copies were stored safely in a secured 

cabinet and kept for five years until; they are disposed of 

via shredding. The data were encoded in Google Sheet 

database accessible only to the researcher and the 
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statistician of the study. The Google Sheet contains safety 

features that help in preventing unauthorized access and 

downloading of the data. The database will be securely 

deleted after the analyses based on approved objectives 

and until an ethics protocol closure certificate is issued.  

For the study, several statistical tests were 

performed. For the patients’ demographic profile, 

descriptive statistics were used such as mean and 

standard deviation for continuous data and frequency and 

Chi-square test for the categorical data. 

To determine and compare the overall minimal 

erythema dose at baseline, 8th week and 12th week for 

100% cocoa powder group and chocolate flavored 

powder drink group, Repeated Measures Analysis of 

Variance were used. Pairwise comparisons for baseline to 

week 6 and to week 12 will be analyzed with Tukey’s 

Multiple Comparison test.  

To identify and compare the rate of adverse effects in 

terms of clinical symptoms, generalized urticaria, 

generalized pruritus, and generalized morbilliform 

eruption at 8
th

 week and 12
th

 week, use of t-test for two 

proportions were done. For the laboratory tests in terms 

of fasting blood sugar, AST, ALT, BUN, and Creatinine 

were expressed in terms of mean and standard deviation 

and compared using Repeated Measures ANOVA. 

 

RESULTS AND DISCUSSION 

RESULTS 

 

Table 1. Demographic and Clinical Profiles of participants 

 

 

 

 

 

 

 

 

 

 

 

 

NS: Not significant, SD: Standard deviation 

 

Table 1 revealed notable characteristics in the 

demographic profile, skin type, comorbidities, and 

medications of participants consuming cocoa powder and 

chocolate powder. Overall, no significant statistical 

difference between both groups were noted meaning 

both groups were the same at baseline. 

 

Table 2. Comparative Analysis on the Level of Mean Minimal 

Erythema Dose Between 100% Cocoa Powder and Chocolate 

Flavored Powder Drink  

 

 

 

S: Significant, NS: Not significant, SD: Standard deviation                                                          

Greenhouse-Geisser 29.037 

Linear <0.01 

Quadratic = 0.193 

 

The results of the Repeated Measures ANOVA 

analysis revealed significant variations in erythema dose 

across different time points for cocoa powder group. 

Among cocoa powder users, the minimal erythema dose 

showed a gradual increase from a baseline mean of 

778.57 (± 152.58) to 821.43 (± 175.03) at week 6, and 

further to 942.86 (± 198.80) at week 12. This progressive 

rise was statistically significant, as indicated by a 

Greenhouse-Geisser correction value of 29.037 with 

p<0.001. The increase followed a linear trend, with the per 

protocol analysis yielding a significant linear effect 

(p<0.01). However, the quadratic trend did not reach 

statistical significance (p=0.193), suggesting that the 

changes over time did not follow a curvilinear pattern. 

In contrast, the chocolate powder group 

displayed no changes in mean and standard deviation at 

any point. 

 

Table 3. Percentage Change of Minimal Erythema Dose for 

group I (100% Cocoa Powder) between baseline to week 6 

and to week 12 

 

 

 

 

 
NS: Not significant, S: Significant, CI: Confidence interval 

 

Table 3 shows notable changes in the impact of 

cocoa powder on minimal erythema doses over time. 

Minimal erythema dose increase was noted from baseline 

to week 6 which was not statistically significant. 
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Meanwhile, significant statistical differences were 

demonstrated between mean differences from baseline to 

week 12. No mean differences were noted on chocolate 

powder group, hence pairwise comparison testing was no 

longer done. 

 

Table 4. Adverse Effects of Clinical symptoms at baseline, 

week 6 and week 12 Between 100% Cocoa Powder and 

Chocolate Flavored Powder Drink 

 

 

 

 

 

 

 

 

 
NS: Not significant, Group I: Cocoa powder, Group II: Chocolate 

powder, P: p-value 

 

Table 4 highlights observations regarding 

localized pruritus and stinging sensation in the cocoa 

powder and chocolate powder groups. At baseline, 

localized pruritus lasting less than two days was reported 

in 1 subject (3.6%) of cocoa powder users and 2 subjects 

(8.3%) of chocolate powder users, with a p-value of 0.462, 

indicating no statistically significant difference. By week 6 

and week 12, no occurrences of localized pruritus were 

recorded in either group, and thus, no p-values were 

calculated for those time points. For stinging sensation 

lasting less than two days, no cases were reported in the 

cocoa powder group at baseline, while 1 subject (4.2%) in 

the chocolate powder group experienced this symptom 

(p=0.275). Similar to localized pruritus, no instances of 

stinging sensation were reported in either group during 

the 6th and 12th weeks, eliminating the need for further 

p-value comparisons at those time points. 

 

Table 5. Comparative Analysis on the Laboratory Tests 

Between 100% Cocoa Powder and Chocolate Flavored 

Powder Drink 

 

 

 

 

 

 

 

NS: Not significant 

 

 

The results of the t-test for two means reveal 

variations in laboratory parameters between the cocoa 

powder and chocolate powder groups at baseline and 

week 12. However, these changes were noted to be not 

statistically significant. At baseline, the fasting blood sugar 

(FBS) levels were 5.03 ± 0.32 mmol/L in the cocoa powder 

group and 5.11 ± 0.45 mmol/L in the chocolate powder 

group, with a p-value of 0.447, indicating no significant 

difference. However, by the 12th week, the FBS levels 

showed a slight decrease with the cocoa powder group 

reporting at 4.92 ± 0.48 mmol/L and a minimal increase in 

the chocolate powder group at 4.89 ± 0.38 mmol/L. 

Kidney function tests and liver function tests also showed 

not statistically significant results. 

 

DISCUSSION 

Ultraviolet radiation is a component present in 

sunlight and may also come from artificial sources such as 

halogen, fluorescent and incandescent lamps. Ultraviolet B 

is high in energy that induces erythema and accounts for 

approximately 5% to 10% of the UV light that reaches the 

surface of the earth while Ultraviolet A is low in energy 

and more likely to cause pigmentation and accounts for 

95% of the UV that reaches the earth’s surface
28

. Both 

UVA and UVB contribute to oncogenesis, however, UVB 

has the higher propensity as they cause direct DNA 

damage causing mutations
22

. Several means of 

photoprotection has been the mainstay of prevention to 

excessive UV exposure such as wearing sun protective 

clothing, application of a broad-spectrum sunscreen with 

at least sun protection factor 30, usage of umbrellas, wide 

brimmed hats or sunglasses, as well as behavioral 

practices such as seeking shade when outdoors and 

minimized sun exposure especially during the peak of UV 

radiation between 10:00 am to 4:00 pm
9
. A higher amount 

of melanin is found in the upper layers of the epidermis in 

those with darker skin colors, therefore giving protection 

to the basal keratinocytes and the dermis
24

. This concept 

often misleads the general public to think that 

photoprotection is not a concern in those with darker skin 

color.  

  

Study Participant and Demographic Profile 

Most of the population of the Philippines have 

Fitzpatrick skin types III to V
23

.  Studies on the 

photoprotective properties of cocoa have been done on 

lighter skin groups and non-Asian countries 
9 10 11 12 13

. In 

this study, 35 subjects with Fitzpatrick skin type IV and 19 

subjects were Fitzpatrick skin type V were not statistically 

significant. No statistical significant differences were 

noted on the age, sex, presence and absence of 
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comorbidities and medications between the two groups 

making both groups comparable. Demonstrated in Figure 

1, 30 subjects who received Cocoa powder and another 30 

subjects who received Chocolate powder were included. 

Seven subjects were excluded due to diabetes mellitus 

and refusal to participate.  A total of 2 participants (7.1%) 

dropped out of the Cocoa powder group and 2 

participants (7.1%) out of the Chocolate powder group. 

Reasons for dropout included being unable to undergo 

MED testing (n=2), non-tolerability of taste (n=1) and 

withdrawal of consent (n=1). This however, did not affect 

the overall outcome of this study as intention to treat 

analysis results still showed statistically significant results 

on the 12
th

 week mean MED compared to baseline for the 

cocoa powder group. 

 

Minimal Erythema Dose 

Overall, the data highlighted distinct trajectories 

in minimal erythema dose changes between the groups, 

with the cocoa powder group demonstrating a consistent 

and substantial increase over the 12-week period (Figure 

2-3). Both linear and time-dependent trends were evident, 

emphasizing a statistically significant progression in 

erythema dose. This implies that with the continuous 

intake of cocoa powder, photoprotective properties were 

observed through the increase of mean minimal erythema 

dose with an average of 5.5% increase from baseline to 

week 6 and an even greater increase of 21% from baseline 

to week 12. Upon further comparison analysis, MED 

results from baseline to week 6 showed no statistical 

significant results as compared from baseline to week 12. 

This demonstrates a minimum duration of intake of 12 

weeks of cocoa powder for photoprotective effects. In 

contrast to other studies, increased photoprotective 

activity of cocoa was demonstrated at an even shorter 

duration of just one week administration due to a high 

flavanol and high amount of polyphenols
13

. The chocolate 

powder group demonstrated no changes in minimal 

erythema dose therefore giving no photoprotective 

activity(Figure 4). Similar results were observed in a study 

by William, et al. (2009), wherein intake of high flavanol 

chocolate or those fresh from cocoa beans for 12 weeks 

conferred significant photoprotection through assessment 

of minimal erythema dose with subjects with Fitzpatrick 

skin types II and III
25

.  

 

Adverse Effects 

In this study, adverse events documented were 

localized pruritus and stinging sensation not lasting more 

than 2 days on the irradiated site. These were noted at 

baseline before the introduction of the cocoa powder and 

chocolate powder, and were from the minimal erythema 

dose testing. These findings were not statistically 

significant and did not affect the overall outcome of the 

study. Similar adverse effects are also noted in other 

studies with minimal erythema dose testing and are 

transient
26

. Changes on the mean values of laboratory 

parameters from baseline were identified at week 12. A 

decline in laboratory values were noted on fasting blood 

sugar, blood urea nitrogen and creatinine tests among the 

cocoa powder group, however, these were deemed to be 

not statistically significant. Most studies on cocoa showed 

a beneficial decrease in fasting blood sugar due to its 

positive effects on insulin sensitivity 
27 28

. This study 

showed no statistically significant changes on the 

laboratory parameters for both groups therefore not 

signifying any harmful or beneficial effects. These were 

consistent with a similar study with an even longer course 

of intake of cocoa for 24 weeks proving its safety
12

. 

 

CONCLUSION AND RECOMMENDATION 

CONCLUSION 

This randomized controlled trial demonstrated 

the significant benefits of cocoa powder on 

photoprotection among patients with Fitzpatrick skin type 

IV to V. Results showed that intake of cocoa powder 

increases the minimal erythema dose over 12 weeks 

signifying photoprotection. This study can contribute to 

local data on photoprotective properties of cocoa powder 

on darker skin types as an adjunct to the basic principles 

of photoprotection.  

 

RECOMMENDATION 

 The authors of this study recommend the use of 

total flavonoid content assay for the powder groups for 

better quantification of its contents. This test was however 

unavailable locally at the time of the study. A longer 

follow-up to assess its long term effects is also 

recommended. Minimal erythema dose testing for UVA is 

advocated as well. 

 

DISCLOSURE AND CONFLICT OF INTEREST 

All authors declared that there are no conflicts of interest. 

 

ACHIEVEMENTS 

This paper has been chosen as a research paper 

scholarship recipient from Quezon City Medical Society for 

the year 2025. 

 

 

 

 

Effect of 100% Cocoa Powder on Ultraviolet-B Minimal Erythema Dose versus Chocolate Flavored Drink Powder among Filipinos: 

A Double Blind Study 

 

Page 85 Journal of the Philippine Medical Association 2025-2026   

  



 

REFERENCES 

1. US Department of Health and Human Services. The 

Surgeon General's Call to Action to Prevent Skin 

Cancer. Washington (DC): Office of the Surgeon 

General (US); 2014. Skin Cancer as a Major Public 

Health Problem. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK247164/?fbcli

d=IwAR2kZbllrXzTBdEHpjPlFFeQ_NvN9NJANsaIxDLJ5jE

TPQCQA5YWOketLFM 

2. Tan NMG, Arevalo MVPN, Eala MAB, Siripunvarapon 

AH. Skin cancer in the Philippines: The Filipino 

narrative. JAAD Int. 2022 Jun 4;8:163-164. doi: 

10.1016/j.jdin.2022.05.007. PMID: 35991212; PMCID: 

PMC9382414. 

3. Scapagnini, G., Davinelli, S., Di Renzo, L., De Lorenzo, 

A., Olarte, H. H., Micali, G., Cicero, A. F., & Gonzalez, S. 

(2014). Cocoa bioactive compounds: significance and 

potential for the maintenance of skin 

health. Nutrients, 6(8), 3202–3213. 

https://doi.org/10.3390/nu6083202 

4. Sesso, H. D., Manson, J. E., Aragaki, A. K., Rist, P. M., 

Johnson, L. G., Friedenberg, G., Copeland, T., Clar, A., 

Mora, S., Moorthy, M. V., Sarkissian, A., Carrick, W. R., 

Anderson, G. L., & COSMOS Research Group (2022). 

Effect of cocoa flavanol supplementation for the 

prevention of cardiovascular disease events: the COcoa 

Supplement and Multivitamin Outcomes Study 

(COSMOS) randomized clinical trial. The American 

journal of clinical nutrition, 115(6), 1490–1500. 

https://doi.org/10.1093/ajcn/nqac055 

5. Tan, N. M. G., Arevalo, M. V. P. N., Eala, M. A. B., & 

Siripunvarapon, A. H. (2022). Skin cancer in the 

Philippines: The Filipino narrative. JAAD 

international, 8, 163–164. 

https://doi.org/10.1016/j.jdin.2022.05.007 

6. Ngo, J. L. T., & Rivera, F. D. (2022). Knowledge, attitude 

and practices of traffic enforcers on sun exposure and 

sun protection: A cross-sectional study. Acta Medica 

Philippina, 56(8). 

https://doi.org/10.47895/amp.vi0.1600 

7. Smit H. J. (2011). Theobromine and the pharmacology 

of cocoa. Handbook of experimental pharmacology, 

(200), 201–234. https://doi.org/10.1007/978-3-642-

13443-2_7 

8. Lisko, J. G., Lee, G. E., Kimbrell, J. B., Rybak, M. E., 

Valentin-Blasini, L., & Watson, C. H. (2017). Caffeine 

Concentrations in Coffee, Tea, Chocolate, and Energy 

Drink Flavored E-liquids. Nicotine & tobacco research : 

official journal of the Society for Research on Nicotine 

and Tobacco, 19(4), 484–492. 

https://doi.org/10.1093/ntr/ntw192 

9. Williams, S., Tamburic, S., & Lally, C. (2009). Eating 

chocolate can significantly protect the skin from UV 

light. Journal of cosmetic dermatology, 8(3), 169–173. 

https://doi.org/10.1111/j.1473-2165.2009.00448.x 

10. Heinrich, U., Neukam, K., Tronnier, H., Sies, H., & Stahl, 

W. (2006). Long-term ingestion of high flavanol cocoa 

provides photoprotection against UV-induced 

erythema and improves skin condition in women. The 

Journal of nutrition, 136(6), 1565–1569. 

https://doi.org/10.1093/jn/136.6.1565 

11. Mogollon, J. A., Boivin, C., Lemieux, S., Blanchet, C., 

Claveau, J., & Dodin, S. (2014). Chocolate flavanols 

and skin photoprotection: a parallel, double-blind, 

randomized clinical trial. Nutrition journal, 13, 66. 

https://doi.org/10.1186/1475-2891-13-66 

12. Yoon, H. S., Kim, J. R., Park, G. Y., Kim, J. E., Lee, D. H., 

Lee, K. W., & Chung, J. H. (2016). Cocoa Flavanol 

Supplementation Influences Skin Conditions of 

Photo-Aged Women: A 24-Week Double-Blind, 

Randomized, Controlled Trial. The Journal of 

nutrition, 146(1), 46–50. 

https://doi.org/10.3945/jn.115.217711 

13. Calzavara-Pinton, P., Calzavara-Pinton, I., Arisi, M., 

Rossi, M. T., Scapagnini, G., Davinelli, S., & Venturini, 

M. (2019). Cutaneous Photoprotective Activity of a 

Short-term Ingestion of High-Flavanol Cocoa: A 

Nutritional Intervention Study. Photochemistry and 

photobiology, 95(4), 1029–1034. 

https://doi.org/10.1111/php.13087 

14. Yang, Y., Wu, R., Sargsyan, D., Yin, R., Kuo, H.-C., Yang, 

I., … Kong, A.-N. (2019). UVB drives different stages of 

epigenome alterations during progression of skin 

cancer. Cancer Letters, 449, 20–

30. doi:10.1016/j.canlet.2019.02.0 

15. Lee, E., Koo, J., & Berger, T. (2005). UVB phototherapy 

and skin cancer risk: a review of the literature. 

International Journal of Dermatology, 44(5), 355–

360. doi:10.1111/j.1365-4632.2004.02186.x  

16. Sokolova, A., Lee, A., & D Smith, S. (2015). The Safety 

and Efficacy of Narrow Band Ultraviolet B Treatment in 

Dermatology: A Review. American Journal of Clinical 

Dermatology, 16(6), 501–531. doi:10.1007/s40257-

015-0151-7  

17. Belinchón, I., Sánchez-Pujol, M. J., Docampo, A., 

Cuesta, L., Schneller-Pavelescu, L., & Ramos-Rincón, J. 

M. (2020). Adverse Events Leading to Discontinuation 

of Phototherapy: An Observational Study. Acta 

dermato-venereologica, 100(6), adv00089. 

https://doi.org/10.2340/00015555-3453 

18. InformedHealth.org [Internet]. Cologne, Germany: 

Institute for Quality and Efficiency in Health Care 

Apolonio CA, Coo ER, Yason MMJ 

 

Page 86 Journal of the Philippine Medical Association 2025-2026   

https://www.ncbi.nlm.nih.gov/books/NBK247164/?fbclid=IwAR2kZbllrXzTBdEHpjPlFFeQ_NvN9NJANsaIxDLJ5jETPQCQA5YWOketLFM
https://www.ncbi.nlm.nih.gov/books/NBK247164/?fbclid=IwAR2kZbllrXzTBdEHpjPlFFeQ_NvN9NJANsaIxDLJ5jETPQCQA5YWOketLFM
https://www.ncbi.nlm.nih.gov/books/NBK247164/?fbclid=IwAR2kZbllrXzTBdEHpjPlFFeQ_NvN9NJANsaIxDLJ5jETPQCQA5YWOketLFM
https://doi.org/10.47895/amp.vi0.1600
https://doi.org/10.1111/php.13087


 

(IQWiG); 2006-. How much sun is too much? 2011 Jul 

22 [Updated 2018 Nov 29]. 

19. Njike, V. Y., Faridi, Z., Shuval, K., Dutta, S., Kay, C. D., 

West, S. G., Kris-Etherton, P. M., & Katz, D. L. (2011). 

Effects of sugar-sweetened and sugar-free cocoa on 

endothelial function in overweight 

adults. International journal of cardiology, 149(1), 83–

88. https://doi.org/10.1016/j.ijcard.2009.12.010 

20. Arisi, T.O.P., da Silva, D.S., Stein, E., Weschenfelder, C., 

de Oliveira, P.C., Marcadenti, A., Lehnen, A.M., & 

Waclawovsky, G. (2024). Effects of Cocoa 

Consumption on Cardiometabolic Risk Markers: 

Meta-Analysis of Randomized Controlled Trials. 

Nutrients, 16(12), 1919. 

https://doi.org/10.3390/nu16121919 

21. Clinuvel. (2021, May 21). SCIENTIFIC COMMUNIQUÉ X: 

Photoprotection and the significance of Minimal 

Erythema Dose (MED) testing. CLINUVEL. 

https://www.clinuvel.com/2021/05/scientific-

communique-x-photoprotection-and-the-

significance-of-the-minimal-erythema-dose-med-

testing/ 

22. de Gruijl F. R. (2000). Photocarcinogenesis: UVA vs 

UVB. Methods in enzymology, 319, 359–366. 

https://doi.org/10.1016/s0076-6879(00)19035-4 

23. Budiman, V. (2023). A Validation Study Of Behaviors 

Towards Sun Protection Among Filipino Using 

Filipino-Translated Version Of Readiness To Alter Sun-

Protective Behaviour Questionnaire (RASP-B). Journal 

of Asian Medical Students’ Association, 10(1). 

https://doi.org/10.52629/jamsa.v10i1.248 

24. Krutmann, J., Piquero-Casals, J., Morgado-Carrasco, 

D., Granger, C., Trullàs, C., Passeron, T., & Lim, H. W. 

(2023). Photoprotection for people with skin of 

colour: needs and strategies. The British journal of 

dermatology, 188(2), 168–175. 

https://doi.org/10.1093/bjd/ljac046 

25. Williams, S., Tamburic, S., & Lally, C. (2009). Eating 

chocolate can significantly protect the skin from UV 

light. Journal of cosmetic dermatology, 8(3), 169–173. 

https://doi.org/10.1111/j.1473-2165.2009.00448.x 

26. Torno, Katrina Marie A.; Tinio, Patricia Anne T.; Lacson, 

Stephen Thomas F.. Efficacy of Oral Lycopene 

Supplementation for Photoprotection in Filipino 

Patients in a Tertiary Hospital in Makati: A Single-

blind Randomized Controlled Trial. Journal of the 

Philippine Dermatological Society 32(2):p 96-102, 

November 2023. | DOI: 10.4103/jpds.jpds_7_23  

27. Darand, M., Hajizadeh Oghaz, M., Hadi, A., Atefi, M., & 

Amani, R. (2021). The effect of cocoa/dark chocolate 

consumption on lipid profile, glycemia, and blood 

pressure in diabetic patients: A meta-analysis of 

observational studies. Phytotherapy research : PTR, 

35(10), 5487–5501. https://doi.org/10.1002/ptr.7183 

28. Kang S, & Amagai M, & Bruckner A.L., & Enk A.H., & 

Margolis D.J., & McMichael A.J., & Orringer 

J.S.(Eds.),(2019). Fitzpatrick's Dermatology, 9e. 

McGraw-Hill 

Education.https://accessmedicine.mhmedical.com/con

tent.aspx?bookid=2570&sectionid=210413309 

 

 

APPENDIX 

Appendix 1. Flow diagram of methodology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 2. Figures 

 

 

 

 

 

 

 

Figure 1. Canister containers used for group I (100% cocoa powder) 

and group II (chocolate flavored powder drink 
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Figure 2. Mean MED increase between cocoa powder and chocolate 

flavored powder drink  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Increase in minimal erythema dose from baseline to week 

12 as seen in participant in cocoa powder group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. No increase in minimal erythema dose from baseline to 

week 12 seen in chocolate powder group 
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