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Exploring Melanin Expression through Immunohistochemistry in Skin Grafts after Robusta 

coffee BP-42 extract Gel Administration: A Novel Approach to Understanding Pigmentation 

and Regeneration" 

 

 

ABSTRACT:  

 

This study examines the efficacy of kojic acid and Robusta BP-42 coffee bean extract in 

reducing skin hyperpigmentation in rats with skin grafts. Kojic acid is a commonly used 

compound for pigmentation reduction; however, it can cause adverse effects like skin 

irritation, redness, and itching in some patients. Robusta BP-42 is a superior variety of 

robusta coffee found in Indonesia, specifically provided by the Indonesian Coffee and Cocoa 

Research Institute in Jember Regency, East Java. BP-42 coffee beans are distinguished by 

their exceptional quality and sensory attributes compared to other strains. The experiment 

involved three groups of rats with grafted skin: one group was treated with a 2% kojic acid 

gel (positive control), another with a 5% robusta BP-42 coffee extract gel, and the third with 

a placebo gel (negative control). The grafted skin was observed and photographed on days 0, 

4, 7, 11, 18, and 21, with skin pigmentation measurements conducted using Image J software. 

Histological analysis was performed on days 7, 14, and 21 for all treatment groups.These 

preparations were stained immunohistochemically with anti-tyrosinase antibody (T311). The 

results of the immunohistochemical examination in the negative control group showed the 

presence of melanocyte cell anti-tyrosinase antibody expression that was immunopositive on 

days 7, 14, and 21. Meanwhile, the positive control and treatment groups showed the same 

results, decreasing melanocyte cell anti-tyrosinase antibody expression from immunopositive 

to immunonegative starting on day 14. This research proves that the gel of robusta coffee 

extract administration decreases melanin production in skin graft wound healing. So robusta 

coffee extract gel can be an alternative to prevent the process of increasing pigmentation after 

skin grafting. 

 

KEYWORDS: Coffee, hyperpigmentation, robusta, tyrosinase, skin graft, melanin 

 

  

1. Introduction 
 

One of the best methods to cure wounds is the skin graft, although it has drawbacks like 

hyperpigmentation. Hyperpigmentation occurs due to : 

 the DOPA reaction and melatonin enzymes such as Tyrosinase, Tyrosinase-Related 

Protein (TYRP1), and DOPA-chrome Tautomerase (TYRP2) 

 The overexpression of these enzymes can last for four weeks after the skin graft.  

 The contraction process of the skin graft causes melanin accumulation and aggravates 

the degree of pigmentation.  

 Melanosomes in the skin grafted become more prominent, more pigmented, and 

resistant to lysosomes, leading to more severe pigmentation 

 Numerous medical interventions have been identified to address the concern of 

hyperpigmentation like hydroquinone and kojic acid 
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 Nevertheless, hydroquinone and kojic Acid has the potential to cause localized skin 

irritation, itching, readness 

 Hydroquinone is leading to a phenomenon known as post inflammatory 

hyperpigmentation, which could worsen the overall skin pigmentation condition. 

 

2. Material and Method 

 

The experiment involved three groups of long Evans Rats with grafted skin: one group was 

treated with: 

1. a 2% kojic acid gel (positive control),  

2. a 5% robusta BP-42 coffee extract gel,  

3. the third with a placebo gel (negative control).  

 

 

 

 

 

 

 

 

The grafted skin was observed and photographed on days 0, 4, 7, 11, 18, and 21, with skin 

pigmentation measurements conducted using Image J software and Histological analysis was 

performed on days 7, 14, and 21 for all treatment groups.These preparations were stained 

immunohistochemically with anti-tyrosinase antibody (T311). 

 

         Disinfection of rat backs 

         Make a graft size 

         Graft retrieval with a humby knife 

         Acquired graft 

         Donor wounds 

         Graft suturing on the original donor 

         Skin graft on donor wounds ready for treatment 
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3. Results 

The results of immunohistochemical examination in the negative control group showed the 

expression of immunopositive melanocyte cell tyrosinase antibodies on days 7, 14 and 21. 

While in the negative control group and treatment showed the same results where there was a 

decrease in the expression of melanocyte cell tyrosinase antibodies from immunopositive to 

immunonegative starting on day 14. This suggests that the administration of robusta coffee 

extract gel has an effect on decreasing melanin production on skin graft wound healing. So 

that robusta coffee extract gel can be an alternative to prevent the process of increasing 

pigmentation after skin graft. 

 

4. Discussion 

The results show that robusta coffee extract BP-42 has an excellent clinical appearance and is 

similar to kojic acid as a positive control Robusta coffee BP-42 has similar effectiveness to 

kojic acid because it has a variety of active compounds that support tyrosinase inhibition : 

hydroquinone, free fatty acid, trigonelline, chlorogenic acid and caffeine. Chlorogenic acid 

could inhibit melanogenesis by binding to the active side of the tyrosinase enzyme. 

In silico research shows that the mechanism of tyrosinase inhibition by caffeine 

occurs due to the formation of a stable protein-ligand complex called the enzyme-caffeine 

complex. The presence of this complex causes inhibition of enzymatic reactions so that the 

melanogenesis process cannot enter the next stage. The presence of hydroquinone in Robusta 

coffee extract BP 42 strengthens the reason that it can be used as a natural depigmentation 

agent. 

1

4
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Trigonelline is an appropriate compound for reducing inflammation due to the activity 

of hydroquinone. The decrease in the inflammatory process will reduce the stimulation of the 

mechanism of pigmentation formation after wound healing.  

 

5. Conclusion 

Robusta BP-42 coffee extract from the Jember district has bioactive compounds related to 

skin graft pigmentation and is proven to have an antityrosinase effect. It results in 

pigmentation changes in clinical appearance and histologically in skin graft wounds. So 

robusta coffee extract gel can be an alternative to prevent the process of increasing 

pigmentation after skin grafting. 
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INTRODUCTION 

- One of the best methods to cure wounds is the skin graft, although it has 
drawbacks like hyperpigmentation. 

 

- Hyperpigmentation occurs due to : 

1.the DOPA reaction and melatonin enzymes such as Tyrosinase, Tyrosinase-Related 
Protein (TYRP1), and DOPA-chrome Tautomerase (TYRP2) 

2. The overexpression of these enzymes can last for four weeks after the skin graft.  

3. The contraction process of the skin graft causes melanin accumulation and 
aggravates the degree of pigmentation.  

4.Melanosomes in the skin grafted become more prominent, more pigmented, and 
resistant to lysosomes, leading to more severe pigmentation  

2 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


INTRODUCTION 

• Numerous medical interventions have been identified to 
address the concern of hyperpigmentation like hydroquinone 
and kojic acid 

 

•  Nevertheless, hydroquinone and kojic Acid has the potential to 
cause localized skin irritation, itching, readness 

 

•  Hydroquinone is leading to a phenomenon known as post 
inflammatory hyperpigmentation, which could worsen the 
overall skin pigmentation condition 

 3 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


INTRODUCTION 
• Our previous study showed that Robusta BP-42 has the excellent potential of an 

anti-tyrosinase agent. 

• Anti-tyrosinase agent included chlorogenic acid, caffeine, trigonelline, palmitic 
acid, and hydroquinones to improve anti-tyrosinase activity  

This study examines the efficacy of kojic acid and Robusta BP-42 coffee 

bean extract in reducing skin hyperpigmentation in rats with skin 

grafts 

4 
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5 

Desinfeksi punggung 

tikus 

Membuat ukuran graft Pengambilan graft dengan 

pisau humby 

Graft yang didapat 

Penjahitan 

graft pada 

donor asal 

Luka donor 
Skin graft pada luka donor 

siap memdapatkan 

perlakuan 

1 2 3 

4 5 6 7 

Material and Method 

true experimental 

laboratories with post 

test only control group 

design.  
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Material and Method 

The experiment involved three 

groups of long Evans Rats with 

grafted skin: one group was treated 

with: 

1. a 2% kojic acid gel (positive 

control),  

2. a 5% robusta BP-42 coffee 

extract gel,  

3. the third with a placebo gel 

(negative control).  

6 
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Material and Method 

• The grafted skin was observed and photographed on days 0, 4, 7, 11, 18, and 21, 
with skin pigmentation measurements conducted using Image J software 

 

• Histological analysis was performed on days 7, 14, and 21 for all treatment 
groups.These preparations were stained immunohistochemically with anti-
tyrosinase antibody (T311). 

7 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


RESULT 

8 

.Analysis color intensity observations based on Image J and two-way repeated measures ANOVA method: 

-the comparission between negative control group , positive  and treatment group was a significant 

difference (p<0.05)   
-the comparission between positive control group and  treatment  group was  no a significant difference 

(p>0.05) 
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The results of the immunohistochemical examination 

9 

Control group day 7 

positive group day 7 

Treatment group day 7 

Control group day 7 
Control day 14 

Treatment group day 14 

positive group day 14 

Control day 21 

Treatment group day 21 

positive day 21 
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The results of the immunohistochemical 
examination 

10 

• The negative control group showed the presence of melanocyte cell anti-
tyrosinase antibody expression that was immunopositive on days 7, 14, and 
21 

 

 

• Meanwhile, the positive control and treatment groups showed the same 
results, decreasing melanocyte cell anti-tyrosinase antibody expression from 
immunopositive to immunonegative starting on day 14 
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Discussion 

11 

The results show that robusta coffee extract BP-42 has an excellent clinical 

appearance and is similar to kojic acid as a positive control 

 

 

Robusta coffee BP-42 has similar effectiveness to kojic acid because it has a 

variety of active compounds that support tyrosinase inhibition : hydroquinone, 

free fatty acid, trigonelline, chlorogenic acid and caffeine. 

 

Chlorogenic acid could inhibit melanogenesis by binding to the active side of 

the tyrosinase enzyme.  
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Discussion 

• In silico research shows that the mechanism of tyrosinase inhibition by caffeine 
occurs due to the formation of a stable protein-ligand complex called the enzyme-
caffeine complex.  

• The presence of this complex causes inhibition of enzymatic reactions so that the 
melanogenesis process cannot enter the next stage.    

 

• The presence of hydroquinone in Robusta coffee extract BP 42 strengthens the 
reason that it can be used as a natural depigmentation agent  

 

12 
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Discussion 

• Trigonelline is an appropriate compound for reducing inflammation 
due to the activity of hydroquinone.  

 

• The decrease in the inflammatory process will reduce the stimulation 
of the mechanism of pigmentation formation after wound healing.  

 

13 
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Conclusion 

• Robusta BP-42 coffee extract from the Jember district has bioactive 
compounds related to skin graft pigmentation and is proven to have an 
antityrosinase effect.  

• It results in pigmentation changes in clinical appearance and 
histologically in skin graft wounds  

 

• So robusta coffee extract gel can be an alternative to prevent the 
process of increasing pigmentation after skin grafting. 

 

14 
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Thank You 
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