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Abstract12

Ultraviolet (UV) light can be a major factor in skin problems such as aging,13
erythema, hyperpigmentation, wrinkles, dermatitis and skin cancer. Natural14
chemicals such as polyphenols as flavonoids from natural ingredients can be an15
alternative anti-aging products. Development of dosage forms in the form of16
anti-aging cream is needed so that it can be used by the public. The aim of this17
research is to determine the concentration of Averrhoa bilimbi extract that can18
provide good anti-aging properties. Averrhoa bilimbi was extracted with 70%19
ethanol by remaceration. W/O cream preparation was made with various20
concentrations of F1 (1%), F2 (3%), and F3 (5%) with Averrhoa bilimbi extracts.21
The cream was tested for characteristics such as organoleptic, homogeneity, pH22
and viscosity. Irritation test was conducted on animals. All creams were also23
evaluated for its anti-aging effects with parameters of sebum, moisture,24
pigment, pore, elasticity, and collagen fibers with skin analyzer on human25
subjects who had used the cream for 30 days. The results showed that F3 has26
the best anti-aging effect by increasing moisture, reducing pigmentation,27
shrinking pores, and increasing skin elasticity. After statistical testing of t-test28
on each anti-aging parameter, F3 anti-aging cream has been proven to be29
effective in having the potential to reduce skin pores and increase skin30
elasticity.31
Keywords: Averrhoa bilimbi, Cream Formulation, Anti-aging, Human Trial32

Abstrak33

Sinar ultraviolet (UV) dapat menjadi faktor utama dalam masalah kulit seperti34
penuaan dini, eritema, hiperpigmentasi, keriput, dermatitis dan kanker kulit.35
Zat kimia alami seperti polifenol dan flavonoid dari bahan alam dapat menjadi36
alternatif produk anti-aging. Pengembangan bentuk sediaan berupa krim anti-37
aging diperlukan agar dapat digunakan oleh masyarakat. Tujuan dari penelitian38
ini adalah untuk menentukan konsentrasi ekstrak belimbing wuluh yang dapat39
memberikan sifat anti-aging yang baik. Belimbing wuluh diekstraksi dengan40
etanol 70% secara remaserasi. Sediaan krim A/M dibuat dengan berbagai41
konsentrasi F1 (1%), F2 (3%), dan F3 (5%) dengan ekstrak belimbing wuluh.42
Krim diuji karakteristiknya seperti organoleptik, homogenitas, pH dan43
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viskositas. Uji iritasi dilakukan pada hewan. Semua krim juga dievaluasi efek44
anti-penuaannya dengan parameter sebum, kelembaban, pigmen, pori-pori,45
elastisitas, dan serat kolagen dengan skin analyzer pada subjek manusia yang46
telah menggunakan krim selama 30 hari. Hasil penelitian menunjukkan bahwa47
F3 (5%) memiliki efek anti-penuaan terbaik dengan meningkatkan kelembaban,48
mengurangi pigmentasi, mengecilkan pori-pori, dan meningkatkan elastisitas49
kulit. Setelah pengujian statistik t test pada masing-masing parameter anti-50
aging, krim F3 telah terbukti efektif memiliki potensi untuk memperkecil pori-51
pori kulit dan meningkatkan elastisitas kulit.52
Kata Kunci: Averrhoa bilimbi, Formulasi krim, Antipenuaan, Percobaan pada53
Manusia54

Introduction55

Skin aging is accelerated by 80% in areas exposed to sunlight (ultraviolet56

radiation), a process known as photoageing and occurs primarily on the face,57

neck, hands, and lower arms and legs (Aramo, 2012). Photoaging occurs due to58

a combination of short wavelengths (UVB) that hit the outer layer of the skin59

(epidermis) and long wavelengths (UVA) to the middle layer (dermis) (Binic et60

al., 2013). This exposure results in direct damage to the skin cell nucleus in the61

formation of reactive oxygen species (ROS) and other free radicals and reacts62

with important molecules in connective tissue and cell membranes. Clinically,63

acute UV-induced skin damage is seen as erythema, edema, and blistering of64

the sunburned skin followed by peeling, then tanning (a sign of long-term65

damage). Characteristics of skin aging for Asian skin types are a decrease in66

sebum levels, increased pigment and wrinkles in the skin, and loss of skin67

moisture (Dayan, 2008).68

Cosmetic products have one of the benefits to protect the skin because of69

the ingredients they contain, so they can affect the biological function of the70

skin. Some plant extracts and antioxidants obtained from natural sources are71

able to prevent aging and can improve skin health. To prevent skin from aging72

or wrinkles, natural phytochemical sources are preferred. Plant extracts rich in73

secondary metabolites, such as flavonoids, phenolic acids, saponins and74

alkaloids, which have collagen synthesis activity, are being widely used for the75

development of topical anti-aging skin cosmetic products (Suharsanti et al.,76

2019). One of the natural sources that contains phenolic compounds, flavonoids77

is Averrhoa bilimbi fruit.78
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The total phenolic content of Averrhoa bilimbi fruits extract is 19.8022 ±79

1.6696 mg GAE/g more than leaves ethanolic extract 6.5886±0.0590 mg GAE/g80

and total flavonoids 24.7458 ± 0.3291 mg RE/g more than leaves ethanolic81

extract 13.3126±0.5695 mg RE/g. The SPF (Sun Protecting Factor) value of the82

ethanol extract concentration of 300 ppm fruit can be described in the category83

of sunblock assessment with maximum protection. Averrhoa bilimbi fruit84

extract has an IC50 value of antioxidant activity of 2.33 ± 0.33 mg/ml and85

tyrosinase inhibitor activity with an IC50 value of 186.85 ± 9.37 mg/mL86

(Suharsanti et al., 2019). Research on Averrhoa bilimbi has been conducted for87

wound healing but on leaf samples. Based on the results of the study88

qualitatively ethanol extract 70% Averrhoa bilimbi fruits contains flavonoids,89

alkaloids, saponins, and terpenoids and quantitatively has an IC50 value of90

74,625 ppm which is included in the category of strong antioxidants (Kusuma91

et al., 2023). In other research, The test results of antioxidant activity with the92

DPPH method using the most effective UV-Vis spectrophotometer as the93

antioxidant cream of the Averrhoa bilimbi leaves extract has a value of IC5094

0.118 ppm and vitamin C as comparator has a value of IC50 0.0327 ppm (Ariem95

et al., 2020). Shooting gel preparation with a combination of Aloe vera and96

Averrhoa bilimbi fruits formula I (85%) can increase the moisture value of97

human skin between before and after use (Ariani & Suharsanti, 2018a). Cream98

containing of 2% Bilimbi leaf extract (Averrhoa bilimbi) has favorable physical99

characteristics and effectively heals incision wounds in male white mice (Suena100

et al., 2024). The irritation test showed that all concentrations of the shooting101

gel preparation formula didn’t cause irritation to the skin of mice (Ariani &102

Suharsanti, 2018b). Based on this, Averrhoa bilimbi fruit which has been proven103

to contain efficacious compounds and has activity as a skin whitener in vitro104

needs to be developed into an anti-aging skin cosmetic preparation.105

Methods106

a. Material107

Averrhoa bilimbi dried powder fruits, ethanol (Bratachem, Indonesia), TEA,108

glycerin, stearic acid, cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV.109
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Setia Jaya Distributor, Indonesia), New Zealand Rabbits aged 12-16 weeks,110

Voluneteers include subjects aged 19–25 years, pH meter ( Hanna instrument,111

Indonesia), viscometer (Brookfield, United State), skin analyzer (Rista Clinic112

Beauty Care (Demak Regency, Central Java, Indonesia).113

b. Extraction of Averrhoa bilimbi114

The 200 g dried and powdered fruits were remaserated with 70% ethanol115

for 3 days at room temperature. Liquid extract was evaporated at 60°C, 100116

RPM, to viscous extract (Rahardhian et al., 2019).117

c. Formula Preparation118

The extract obtained was made into cream preparations with119

concentrations of 1, 3, and 5%. The formula preparation of Averrhoa bilimbi120

extract can be seen in table 1.121

Averrhoa bilimbi Fruits extract cream preparation is made by melting122

method. Water-soluble ingredients consisting of TEA, nipagin, glycerin are123

mixed and heated in distilled water at a temperature of 70°C. The oil phase124

consisting of stearic acid, cetyl alcohol, stearyl alcohol, and nipasol is heated at125

the same temperature. After that, the water phase is added little by little into126

the oil phase mixture while stirring until a homogeneous cream mass is formed.127

After that, the extract is added and mixed until homogeneous.128

d. Physical Characteristics of Anti-aging Cream129

Organoleptic Test130

This examination is carried out by visually viewing the preparation131

including form, color and odor. This aims to determine the visual physical132

properties of cream (Ariem et al., 2020)133

Homogeneity Test134

This examination is carried out by placing the preparation between two135

glass objects and then observing it. The purpose of this test is to determine the136

mixing between each particle of the preparation made. The requirements for137

this test are that there are no visible coarse particles and they are perfectly138

homogeneously mixed (Ariem et al., 2020).139

pH Test140
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Determination of the pH of the preparation is done using a digital pH meter141

solution. A good clay stick has a pH of 4.5-6.5 which is the ideal pH for topical142

preparations. This is in line with the pH of the skin which ranges from 4.5-6.5143

(Ariem et al., 2020).144

Viscosity Test145

Determination of the viscosity of the cream preparation was carried out146

using a digital brookfield viscometer using the R7 spindle and by knowing the147

changes in viscosity in each cream formula. Reading the viscosity results in Cp148

(Ramdhan & Yusuf, 2023).149

e. Ethical Clearance150

Ethical clearance is a written ethical eligibility issued by the151

Medical/Health Research Bioethics Commission of the Faculty of Medicine,152

Sultan Agung Islamic University, Semarang with the number No.153

313/V/2019/Bioethics Commission after meeting the established requirements.154

The creation of ethical clearance is necessary because this study uses living155

subjects, test animals and humans, so it is necessary to ensure that this study156

has met the principle of respecting human dignity.157

f. Irritation Test on test animals158

Irritation Test was conducted with the help of New Zealand Rabbits aged159

12-16 weeks with the OECD method. The fur of the back and sides was shaved160

carefully ± 24 hours before application. The area is about 6 cm². Apply 0.5 g of161

cream to each formula. Wrap the area with a semi-occlusive bandage (half-162

closed, but still allows air exchange). Observe the animal after 1 hour, 24 hours,163

48 hours, and 72 hours directly to the open skin. Irritation tests were also164

conducted on humans with the same treatment. Observe the presence of165

erythema (redness) and edema (swelling) and write down the irritation score166

(Draize Scoring System) according to table 2. Calculate the average score for167

each parameter at 24, 48, and 72 hours (OECD, 2021). Irritation conditions168

were also observed during application of the cream to humans during the initial169

3 days of use.170

g. Informed Consent171
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In this study, the subject was asked to sign an informed consent. The172

informed consent statement contains confirmation from the research subject173

that the person understands the research process, and rights including the right174

to refuse or withdraw from the study without any negative consequences, and175

an understanding that participation in the study is voluntary. Inclusion criteria176

include subjects aged 19–25 years, subjects not consuming skin vitamins or177

mineral supplements, all subjects in good condition based on health history.178

Exclusion criteria are subjects with degenerative diseases, skin diseases,179

inflammatory diseases, or consuming drugs, antioxidants, vitamins, or health180

supplements, subjects who are pregnant or breastfeeding. Signature of the181

research subject, date, place, and others if needed.182

h. Human Trial of Anti-aging Cream183

Anti-aging testing of Averrhoa bilimbi Fruits Cream preparation was184

conducted for 30 days with 24 volunteer. On the first day, the volunteer's skin185

was checked using a skin analyzer performed by a doctor at the Rista Clinic186

Beauty Care (Demak Regency, Central Java, Indonesia) to determine the skin187

condition before treatment, after 30 days it was checked again using a skin188

analyzer. For 30 days, the cream was used on the back of the volunteer's hand189

(according to the formula group) every morning and evening. Checks by the190

clinic’s doctor included aging parameters such as sebum, moisture, pigment,191

pore, elasticity, and collagen fibers. To control the volunteer's compliance,192

every day the volunteer was required to check their skin with a portable skin193

analyzer that can check the water content and oil content of the volunteer.194

i. Analysis Data195

The results of each skin parameter before and after using the cream for 30196

days were statistically tested using a paired t-test at each concentration. From197

the three formulas, one formula was chosen that had the best anti-aging effect.198

Results and Discussion199

a. Characteristics of Anti-aging Cream200

Anti-aging cream preparations F1, F2, and F3 are semi-solid, have a201

fragrant odor, and have colors ranging from pale yellow to deep yellow. Anti-202
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aging cream preparations F1, F2, and F3 are homogeneous. The results of203

organoleptic and homogeneity tests can be seen in table 3.204

The results of the pH test on anti-aging creams F1, F2, and F3 can be seen205

in Figure 1A. The increase in pH value occurs as the extract increases but is still206

within a safe pH range. The requirements for a good pH preparation are 4.5 -207

8.0 to match the natural pH of the skin and prevent irritation (Ariem et al.,208

2020; SNI, 1996). Viscosity also increases with increasing extract but remains209

within a safe pH range. Based on SNI 16-4399-1996, the viscosity quality210

requirements for sunscreen preparations (creams) are 2000 – 50.000 cPs (SNI,211

1996; Firdaus et al., 2024). So all cream preparation formulas have met the pH212

and viscosity quality requirements. The viscosity results for F1, F2, and F3 can213

be seen in Figure 1B.214

b. Irritation Test of Anti-aging Cream215

The results of the irritation test on test animals using rabbits and human216

hand skin after 72 hours did not find any signs of irritation such as redness217

(erythema) and swelling (edema) (OECD, 2021). Skin reactions that have been218

assessed quantitatively using the Draize scale can be seen in the table 4. Based219

on table 4, it is proven that the Averrhoa bilimbi fruit cream doesn’t cause220

irritation.221

c. Human Trial of Anti-aging Cream222

The study continued by observing the anti-aging parameters on the use of223

human hand skin. because no signs of irritation were found in the trial use of224

anti-aging cosmetics. After using the anti-aging cosmetics for 30 days, the225

results showed that the cosmetic preparation affected the condition of sebum,226

moisture, pigmentation, pore diameter, skin elasticity and collagen fibers.227

There was a decrease in pores and skin pigment after using the anti-aging228

cream for 30 days and is shown in Figure 2.229

Skin Sebum230

Sebum is part of the oil found on the surface of the skin. Sebum is231

produced by the sebaceous glands, or oil glands, and plays a role in helping to232

keep the skin and hair moist (Jadoon et al., 2015). Its components consist of233
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triglycerides, free fatty acids, wax esters, squalene, cholesterol esters, and234

cholesterol. Too much sebum can cause body odor. Sebum also has other roles235

for the skin, including maintaining moisture, skin flexibility, and also working236

as a skin protector from bacteria. However, high sebum content will clog pores237

and mix with various types of dirt. If left continuously, acne will eventually238

appear (Mahmood et al., 2010).239

The skin sebum condition was reduced well after using F1 anti-aging240

cream compared to F2 and F3. The increase in sebum levels after the use of241

bases and formulations in F2 and F3 may be due to the oily nature of the W/O242

emulsion which has a thick oily liquid of stearic acid and glycerin (Rowe et al.,243

2006). Increased sebum also occurs in the topical cream of Calendula officinalis244

Extract formula due to the W/O emulsion type uses liquid paraffin (Akhtar et245

al., 2011). The results of the statistical test with paired t test on each246

concentration (base, F1, F2, F3) with baseline (skin condition before being247

given anti-aging cream) didn’t show any effect of using anti-aging cream on248

skin sebum condition (sig>0.05).249

Skin Moisture250

Moisture barrier is the outer layer of the skin that provides protection to251

maintain water and moisture in the skin, and protects the skin from external252

irritants such as dust and bacteria (Akhtar et al., 2011; Jadoon et al., 2015). The253

moisture barrier layer is made of lipids (oils) that bind skin cells, and when254

this layer is intact and undisturbed, this layer functions to make your skin feel255

soft and well-groomed. An example of an intact moisture barrier layer can be256

seen on baby skin that is supple, smooth, and soft. When the moisture barrier is257

disturbed or damaged, there will be small, invisible cracks in the skin. Although258

invisible, through these cracks, skin moisture can escape and disappear, and259

the danger of irritation can enter the skin more easily. As a result, your skin,260

which has lost its 'protection', will feel dry, 'tight', and become more261

vulnerable and sensitive (Sugihartini, 2017).262

F3 anti-aging cream is able to increase skin moisture better than F1 and263

F2. F3 can reduce skin pigmentation by 15.08% better than F1 and F2. F3 has264
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increased skin moisture by 22,34%. Although F3 has been able to increase skin265

moisture, statistics show something different. The results of statistical tests266

with paired t-tests on each concentration with baseline (skin condition before267

being given anti-aging cream) did not show any effect of using anti-aging268

cream on skin moisture because sig>0.05. Several studies on cream formulas269

from extracts have also been able to increase skin moisture, such as in anti-270

aging potential of a cream containing milk thistle extract. The increase in skin271

moisture after application of the formulation may be due to the flavonoids from272

milk thistle because flavonoids increase the water content in the skin due to273

swelling of corneocytes on the skin surface (Rasul & Akhtar, 2012). Due to the274

presence of vitamin E and essential fatty acids, Sauropus Androgynus leaf275

extract may help moisture retention in the epidermis and resistance to dryness276

(Siallagan et al., 2024). Averrhoa bilimbi fruit also contains phenolic and277

flavonoid content which may also have an effect on increasing skin moisture278

activity (Rahardhian et al., 2020). With the paired sample t-test it was clear279

that a significant difference in skin moisture values ​ ​ was produced at week280

2 when the base was compared with the formulation (Akhtar et al., 2011).281

Skin Pigment282

Pigmentation or another name for hyperpigmentation is one of the skin283

problems where dark spots appear on some areas of the skin. These dark spots284

cause the overall skin color to become uneven. Skin pigmentation itself can be285

caused by several reasons. Among them are environmental pollution, UV rays,286

hormonal problems or other health problems. Hyperpigmentation is a skin287

condition caused by an increase in melanin, a substance in the body that is288

responsible for skin coloring (pigment)(Ohguchi et al., 2003). When a person is289

healthy, their skin color will appear normal. In cases of illness or injury, a290

person's skin can change color, becoming darker (hyperpigmentation) or291

lighter (hypopigmentation). Tyrosinase is the key responsible enzyme for292

synthesis of melanins (Khan et al., 2014; Nur et al., 2017). The reason is that293

Averrhoa bilimbi contains tyrosinase inhibitors, which have skin depigmenting294

effects (Rahardhian & Suharsanti, 2019).295
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F3 anti-aging cream is able to reduce skin pigmentation better than F1 and296

F2. F3 can reduce skin pigmentation by 15.08% better than F1 and F2. Although297

F3 appears to be the most effective in reducing skin pigmentation, results of the298

statistical test with a paired t test on each concentration with the baseline (skin299

condition before being given anti-aging cream) didn’t show any effect of using300

anti-aging cream on skin pigmentation because sig>0.05. This may be due to301

the time the cream was applied was not long enough, in other studies the302

depigmentation effect appeared very well after 8 weeks (Khan et al., 2014).303

Skin Pores304

Basically, pores are the opening of follicles (gland pockets) to the surface305

of the skin. These pores function as an exit for oil and hair growth. In other306

words, pores are small openings in the skin that can pass good skin oil (also307

known as sebum) and hair to reach the surface of the skin. Pores are said to be308

large if their size is larger than the average hair follicle. Some of the impacts309

experienced when skin pores enlarge include excess oil. The smaller the pore310

value, the better the skin quality (Aramo, 2012). Conversely, if you have large311

pores, then the hair or fur that grows on the skin will increase. From the312

research data above, it is proven that using the cream for 1 month can shrink313

pores (Sugihartini, 2017).314

F3 anti-aging cream is able to reduce the diameter of skin pores better315

than F1 and F2. Based on figure 2, F3 has the ability to shrink pores by up to316

54.18%. The results of statistical tests with paired t-tests on each concentration317

with baseline (skin condition before being given anti-aging cream) show that318

anti-aging F2 and F3 cream has an effect on the condition of skin pores because319

sig <0.05. It can be concluded that Averrhoa bilimbi F2 and F3 creams have320

anti-aging activity in shrinking pores.321

Skin Elasticity322

F3 anti-aging cream is able to improve skin elasticity better than F1 and F2.323

The results of statistical tests with paired t-tests on each concentration with324

baseline (skin condition before being given anti-aging cream) show that F3325

anti-aging cream has an effect on skin elasticity because sig <0.05. One of the326
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characteristics of healthy, fresh and always young skin is having good elasticity.327

Another characteristic is that when touched, the facial skin feels fresh and328

supple. The use of F3 cream can increase skin elasticity by up to 16,85%329

compared to the first day. In other hand, The W/O cream of flower extract of330

Calendula officinalis exhibited aptitude of stimulating skin tightness and331

improved skin elasticity leading to delayed aging process (Jadoon et al., 2015).332

In areas that are often exposed to direct sunlight, changes such as333

wrinkles and loss of skin elasticity will appear, causing the skin to sag and334

appear to be pulled downwards, causing the pores to widen (Sugihartini, 2017).335

Based on the statistical results of the pore data and skin elasticity, there is a336

match, where F3 has an effect on skin elasticity so that the skin pores also337

shrink.338

Skin Collagen Fibers339

Collagen is a type of fibrous and insoluble protein that is most abundant in340

the human body. Collagen is the main foundation of bones, skin, veins, and341

ligaments to give them structure and strength. Collagen is also found in many342

other parts of the body, including blood vessels, corneas and teeth (Jadoon et343

al., 2015). People who are deficient in collagen can be identified by the344

appearance of sagging skin, as well as the appearance of fine lines and wrinkles345

(Young, 2006).346

F3 anti-aging cream is able to increase collagen fibers better than F1 and347

F2. The increase in skin collagen fibers due to F3 was only 1.12%. The results of348

the statistical test with a paired t test on each concentration with the baseline349

(skin condition before being given anti-aging cream) did not show any effect of350

using anti-aging cream on increasing skin collagen fibers because sig>0.05.351

Conclusion352

Based on the anti-aging parameter data that has been presented, anti-353

aging cream has the potential to reduce skin pores and increase skin elasticity354

and has been proven to be effective after statistical testing. While for other355

parameters, Averrhoa bilimbi cream with a concentration of 5% (F3) was356

reported to be the most able to improve skin conditions in a better direction but357
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has not been statistically effective. This can be caused by the application of358

anti-aging cream only 1 month of use and the skin conditions of each359

respondent are so diverse that of course this will affect these results.360

Acknowledgment361

This research was supported by Direktorat Riset dan Pengabdian Masyarakat362

(DRPM) from Kementerian Ristek Dikti through the “PKPT (Program Kerjasama363

Perguruan Tinggi)” program.364

References365

Akhtar, N., Shahiq-uz-zaman, Khan, B. A., Haji, M., Khan, S., Ahmad, M., Rasool,366
F., Mahmood, T., & Rasul, A. (2011). Evaluation of Various Functional Skin367
Parameters Using a Topical Cream of Calendula officinalis Extract. African368
Journal of Pharmacy and Pharmacology, 5(2), 199–206.369
https://doi.org/10.5897/AJMR10.368370

Aramo. (2012). Skin and Hair Diagnosis System.371
Ariani, L. W., & Suharsanti, R. (2018a). Pelembab Alami Sediaan Shooting Gel372

Kombinasi Lidah Buaya dan Buah Rambutan. Jurnal Cendekia Eksata373
Unwahas, 3(1), 1–5. https://doi.org/https://doi.org/10.3194/ce.v3i1.2144374

Ariani, L. W., & Suharsanti, R. (2018b). Sifat Fisik dan Indeks Iritasi Sediaan375
Shooting Gel Kombinasi Lidah Buaya dan Buah Rambutan. Jurnal Farmasi376
Sains Indonesia, 1(1), 1–5.377
https://repository.stifar.ac.id/Repository/article/view/139378

Ariem, F., Yamlean, P. V. ., & Lebang, J. S. (2020). Formulasi dan Uji Efektivitas379
Antioksidan Sediaan Krim Ekstrak Etanol Daun Belimbing Wuluh (Averrhoa380
bilimbi L. ) dengan Menggunakan Metode DPPH (1,1-diphenyl-2-381
picrylhydrazyl). PHARMACON, 9(4), 501–511.382
https://doi.org/10.35799/PHA.9.2020.31355383

SNI, Pub. L. No. 4399–1996 (1996).384
https://www.scribd.com/document/455711907/SNI-Tabir-Surya385

Binic, I., Lazarevic, V., Ljubenovic, M., Mojsa, J., & Sokolovic, D. (2013). Skin386
ageing: natural weapons and strategies. Evidence-Based Complementary387
and Alternative Medicine : ECAM, 2013, 827248.388
https://doi.org/10.1155/2013/827248389

Dayan, N. (2008). Skin aging handbook : an integrated approach to biochemistry390
and product development. William Andrew.391
https://www.sciencedirect.com/book/9780815515845/skin-aging-392
handbook393

Firdaus, S., Utari, A. U., Alifah, D. Y., & Jumardin, W. (2024). Penentuan Nilai394
SPF ( Sun Protection Factor ) Krim Ekstrak Etanol Daun Belimbing Wuluh395
( Averrhoa bilimbi L .) Menggunakan Metode Spektrofotometri. 12(2), 67–396
77. https://doi.org/10.37824/jkqh.v12i2.2024.675397

Jadoon, S., Karim, S., Bin Asad, M. H. H., Akram, M. R., Khan, A. K., Malik, A.,398
Chen, C., & Murtaza, G. (2015). Anti-Aging Potential of Phytoextract399



13

Submission of Manuscript

Loaded-Pharmaceutical Creams for Human Skin Cell Longetivity. Oxidative400
Medicine and Cellular Longevity, 2015, 709628.401
https://doi.org/10.1155/2015/709628402

Khan, H., Akhtar, N., & Ali, A. (2014). Effects of cream containing Ficus carica L.403
fruit extract on skin parameters: In vivo evaluation. Indian Journal of404
Pharmaceutical Sciences, 76(6), 560. https://doi.org/10.4103/0250-405
474X.147245406

Kusuma, M. H. P., Rakhmatullah, A. N., & Yunarti, A. (2023). Uji Aktivitas407
Antioksidan Ekstrak Etanol 70% Buah Belimbing Wuluh (Averrhoa bilimbi408
L.) Menggunakan Metode DPPH. Jurnal Surya Medika (JSM), 9(1), 27–33.409
https://doi.org/10.33084/JSM.V9I1.5130410

Mahmood, T., Akhtar, N., Khan, B. A., Khan, H. M. S., & Saeed, T. (2010).411
Outcomes of 3% Green Tea Emulsion on Skin Sebum Production In Male412
Volunteers. Bosnian Journal of Basic Medical Sciences, 10(3), 260.413
https://doi.org/10.17305/BJBMS.2010.2697414

Nur, S., Rumiyati, R., & Lukitaningsih, E. (2017). Screening of Antioxidants,415
Anti-aging and Tyrosinase Inhibitory Activities of Ethanolic and Ethyl416
Acetate Extracts of Fruit Flesh and Fruit Peel Langsat (Lansium domesticum417
Corr) In Vitro. Majalah Obat Tradisional, 22(1), 63.418
https://doi.org/10.22146/tradmedj.24342419

OECD. (2021). Pedoman OECD untuk Pengujian Bahan Kimia, Bagian 4,Uji Iritasi420
Kulit In Vitro: Metode Uji Epidermis Manusia yang Direkonstruksi. OECD.421
https://doi.org/https://doi.org/10.1787/9789264242845-en .422

Ohguchi, K., Tanaka, T., Kido, T., Baba, K., Iinuma, M., Matsumoto, K., Akao, Y.,423
& Nozawa, Y. (2003). Effects of hydroxystilbene derivatives on tyrosinase424
activity. Biochemical and Biophysical Research Communications, 307(4),425
861–863. http://www.ncbi.nlm.nih.gov/pubmed/12878190426

Rahardhian, M. R. R., Murti, B. T., Wigati, D., Suharsanti, R., Wigati, D., & Putri,427
C. N. (2019). Solvent concentration effect on total flavonoid and total428
phenolic contents of Averrhoa bilimbi leaf extract. Pharmaciana, 9(1), 137–429
144. https://doi.org/10.12928/pharmaciana.v430

Rahardhian, M. R. R., & Suharsanti, R. (2019). Potency Of Purification Extract431
From Belimbing Wuluh (Averrhoa Bilimbi) As Antioxidant And Anti-432
Tyrosinase. Journal of Pharma Research, 8(5), 318–322.433
https://doi.org/https://doi.org/10.5281/zenodo.3236703434

Rahardhian, M. R. R., Yuniarti, N., Ariani, L. W., & Suharsanti, R. (2020). In435
Vitro Determination of Antioxidant Activity , Total Phenolics , Total436
Flavonoid , Anti-cholesterol of Extracts Saffron (Crocus sativus). Journal of437
Global Pharma Technology, 12(9), 223–230.438

Ramdhan, B., & Yusuf, A. L. (2023). Formulation and Evaluation of Avocado439
Leaf Extract (Persea americana Mill.) Cream Based on Variations Stearic440
Acid Concentration. Ad-Dawaa : Journal of Pharmacy, 1(2), 78–86.441
https://doi.org/10.52221/DWJ.V1I2.412442

Rasul, A., & Akhtar, N. (2012). Anti-aging potential of a cream containing milk443
thistle extract: Formulation and in vivo evaluation. African Journal of444
Biotechnology, 11(6), 1509–1515. https://doi.org/10.5897/AJB11.2678445



14

Submission of Manuscript

Rowe, R. C., Sheskey, P. J., Owen, S. C., & American Pharmacists Association.446
(2006). Handbook of pharmaceutical excipients. Pharmaceutical Press.447

Siallagan, J., Paulina Kano, C., Ruth Yabansabra, Y., Andiva Pramesti, S., Fajar448
Fitriyana, D., Parlaungan Siregar, J., Cionita, T., & Fonseca Da Silva449
Guterres, N. (2024). Formulation and Evaluation of Face Moisturizing450
Cream from Katuk Leaf Extract (Sauropus Androgynus Merr). Jurnal Bahan451
Alam Terbarukan, 13(1), 65–74. https://doi.org/10.15294/JBAT.V13I1.50297452

Suena, N. M. D. S., Nayaka, N. M. D. W., Wardani, I. G. A. A. K., & Antari, N. P. U.453
(2024). Bilimbi (Averrhoa bilimbi L.) Leaf Extract Cream: Formulation and454
Efficacy in Accelerating Wound Healing in Male White Mice. Jurnal455
Kefarmasian Indonesia, 14(2), 223–235.456
https://jkefarind.com/index.php/jki/article/view/6661/2949457

Sugihartini, N. (2017). Formulation Cream of Extract Moringa oleifera Leave as458
Antiaging. Berkala Ilmu Kesehatan Kulit Dan Kelamin, 29(1), 1–7.459
https://doi.org/https://doi.org/10.20473/bikk.V29.1.2017.1-7460

Suharsanti, R., N, S., E, L., & Rahardhian MRR. (2019). Potency of Belimbing461
Wuluh (Averrhoa bilimbi) as Antioxidant and Tyrosinase Inhibitor For Skin462
Whitening Products. Journal Of Pharma Research, 8(4), 151–154.463
https://doi.org/10.5281/ZENODO.2647866464

Young, A. R. (2006). Acute effects of UVR on human eyes and skin. Progress in465
Biophysics and Molecular Biology, 92(1), 80–85.466
https://doi.org/10.1016/j.pbiomolbio.2006.02.005467

468
469

Table 1. Averrhoa bilimbi Fruits Cream Formula470

Ingredients F1(g) F2(g) F3 (g)

Extract 1 3 5

Stearic Acid 48 48 48

Cetyl Alcohol 6 6 6

Stearyl alcohol 4 4 4

Nipasol 1 1 1

Nipagin 1 1 1

Glycerin 54 54 54

TEA 4 4 4

Aquadest Ad Ad Ad

471

472

473
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474

475

Table 2. Irritation Score (Draize Scoring System)476

Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2

Heavy 3

Very heavy 4

477

Table 3. Organoleptic and Homogeneity Test Results of Anti-aging Cream478

Formula Organoleptic Homogenity
Smell Form Colour

Base Averrhoa
bilimbi fruit

Semi solid White Homogeneous

F1 Averrhoa
bilimbi fruit

Semi solid Light yellow Homogeneous

F2 Averrhoa
bilimbi fruit

Semi solid Deep Yellow Homogeneous

F3 Averrhoa
bilimbi fruit

Semi solid Deep yellow Homogeneous

479

Table 4. Results of Irritation Tests on Test Animals and Human480

Formula Irritation Index

Animal Human

F1 0 0

F2 0 0

F3 0 0

Base 0 0

481

482

483

484

485
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486
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488
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490

491

492

493

494

495

Figure 1. Results of pH (A) and Viscosity (B) tests on anti-aging cream496
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Figure 2. Skin Condition Against Anti-aging Parameters after 30 days of cream546

use (A) Sebum, (B) Moisture, (C) Pigment, (D) Pore, (E) Elasticity, (F)547

Collagen Fibers548

549
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Abstract10

Ultraviolet (UV) light can be a major factor in skin problems such as aging, erythema,11

hyperpigmentation, wrinkles, dermatitis and skin cancer. Natural chemicals such as12

polyphenols as flavonoids from natural ingredients can be an alternative anti-aging products.13

Development of dosage forms in the form of anti-aging cream is needed so that it can be14

used by the public. The aim of this research is to determine the concentration of Averrhoa15

bilimbi extract that can provide good anti-aging properties. Averrhoa bilimbi was extracted16

with 70% ethanol by remaceration. W/O cream preparation was made with various17

concentrations of F1 (1%), F2 (3%), and F3 (5%) with Averrhoa bilimbi extracts. The cream18

was tested for characteristics such as organoleptic, homogeneity, pH and viscosity. Irritation19

test was conducted on animals. All creams were also evaluated for its anti-aging effects with20

parameters of sebum, moisture, pigment, pore, elasticity, and collagen fibers with skin21

analyzer on human subjects who had used the cream for 30 days. The results showed that22

F3 has the best anti-aging effect by increasing moisture, reducing pigmentation, shrinking23

pores, and increasing skin elasticity. After statistical testing of t-test on each anti-aging24

parameter, F3 anti-aging cream has been proven to be effective in having the potential to25

reduce skin pores and increase skin elasticity.26

Keywords: Averrhoa bilimbi, Cream Formulation, Anti-aging, Human Trial27

Abstrak28

Sinar ultraviolet (UV) dapat menjadi faktor utama dalam masalah kulit seperti penuaan dini,29

eritema, hiperpigmentasi, keriput, dermatitis dan kanker kulit. Zat kimia alami seperti30
polifenol dan flavonoid dari bahan alam dapat menjadi alternatif produk anti-aging.31

Pengembangan bentuk sediaan berupa krim anti-aging diperlukan agar dapat digunakan32

oleh masyarakat. Tujuan dari penelitian ini adalah untuk menentukan konsentrasi ekstrak33
belimbing wuluh yang dapat memberikan sifat anti-aging yang baik. Belimbing wuluh34

diekstraksi dengan etanol 70% secara remaserasi. Sediaan krim A/M dibuat dengan berbagai35
konsentrasi F1 (1%), F2 (3%), dan F3 (5%) dengan ekstrak belimbing wuluh. Krim diuji36

karakteristiknya seperti organoleptik, homogenitas, pH dan viskositas. Uji iritasi dilakukan37
pada hewan. Semua krim juga dievaluasi efek anti-penuaannya dengan parameter sebum,38

kelembaban, pigmen, pori-pori, elastisitas, dan serat kolagen dengan skin analyzer pada39

subjek manusia yang telah menggunakan krim selama 30 hari. Hasil penelitian menunjukkan40

bahwa F3 (5%) memiliki efek anti-penuaan terbaik dengan meningkatkan kelembaban,41

mengurangi pigmentasi, mengecilkan pori-pori, dan meningkatkan elastisitas kulit. Setelah42

pengujian statistik t test pada masing-masing parameter anti-aging, krim F3 telah terbukti43

efektif memiliki potensi untuk memperkecil pori-pori kulit dan meningkatkan elastisitas kulit.44
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Kata Kunci: Averrhoa bilimbi, Formulasi krim, Antipenuaan, Percobaan pada Manusia45

Introduction46

Skin aging is accelerated by 80% in areas exposed to sunlight (ultraviolet radiation), a47

process known as photoageing and occurs primarily on the face, neck, hands, and lower48

arms and legs (Aramo, 2012). Photoaging occurs due to a combination of short wavelengths49

(UVB) that hit the outer layer of the skin (epidermis) and long wavelengths (UVA) to the50

middle layer (dermis) (Binic et al., 2013). This exposure results in direct damage to the skin51

cell nucleus in the formation of reactive oxygen species (ROS) and other free radicals and52

reacts with important molecules in connective tissue and cell membranes. Clinically, acute53

UV-induced skin damage is seen as erythema, edema, and blistering of the sunburned skin54

followed by peeling, then tanning (a sign of long-term damage). Characteristics of skin aging55

for Asian skin types are a decrease in sebum levels, increased pigment and wrinkles in the56

skin, and loss of skin moisture (Dayan, 2008).57

Cosmetic products have one of the benefits to protect the skin because of the58

ingredients they contain, so they can affect the biological function of the skin. Some plant59

extracts and antioxidants obtained from natural sources are able to prevent aging and can60

improve skin health. To prevent skin from aging or wrinkles, natural phytochemical sources61

are preferred. Plant extracts rich in secondary metabolites, such as flavonoids, phenolic62

acids, saponins and alkaloids, which have collagen synthesis activity, are being widely used63

for the development of topical anti-aging skin cosmetic products (Suharsanti et al., 2019).64

One of the natural sources that contains phenolic compounds, flavonoids is Averrhoa bilimbi65

fruit.66

The total phenolic content of Averrhoa bilimbi fruits extract is 19.8022 ± 1.6696 mg67

GAE/g more than leaves ethanolic extract 6.5886±0.0590 mg GAE/g and total flavonoids68

24.7458 ± 0.3291 mg RE/g more than leaves ethanolic extract 13.3126±0.5695 mg RE/g. The69

SPF (Sun Protecting Factor) value of the ethanol extract concentration of 300 ppm fruit can70

be described in the category of sunblock assessment with maximum protection. Averrhoa71

bilimbi fruit extract has an IC50 value of antioxidant activity of 2.33 ± 0.33 mg/ml and72

tyrosinase inhibitor activity with an IC50 value of 186.85 ± 9.37 mg/mL (Suharsanti et al.,73

2019). Research on Averrhoa bilimbi has been conducted for wound healing but on leaf74

samples. Based on the results of the study qualitatively ethanol extract 70% Averrhoa75

bilimbi fruits contains flavonoids, alkaloids, saponins, and terpenoids and quantitatively has76
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an IC50 value of 74,625 ppm which is included in the category of strong antioxidants (Kusuma77

et al., 2023). In other research, The test results of antioxidant activity with the DPPH78

method using the most effective UV-Vis spectrophotometer as the antioxidant cream of the79

Averrhoa bilimbi leaves extract has a value of IC50 0.118 ppm and vitamin C as comparator80

has a value of IC50 0.0327 ppm (Ariem et al., 2020). Shooting gel preparation with a81

combination of Aloe vera and Averrhoa bilimbi fruits formula I (85%) can increase the82

moisture value of human skin between before and after use (Ariani & Suharsanti, 2018a).83

Cream containing of 2% Bilimbi leaf extract (Averrhoa bilimbi) has favorable physical84

characteristics and effectively heals incision wounds in male white mice (Suena et al., 2024).85

The irritation test showed that all concentrations of the shooting gel preparation formula86

didn’t cause irritation to the skin of mice (Ariani & Suharsanti, 2018b). Based on this,87

Averrhoa bilimbi fruit which has been proven to contain efficacious compounds and has88

activity as a skin whitener in vitro needs to be developed into an anti-aging skin cosmetic89

preparation.90

Methods91

a. Material92

Averrhoa bilimbi dried powder fruits, ethanol (Bratachem, Indonesia), TEA, glycerin,93

stearic acid, cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor,94

Indonesia), New Zealand Rabbits aged 12-16 weeks, Voluneteers include subjects aged 19–95

25 years, pH meter ( Hanna instrument, Indonesia), viscometer (Brookfield, United State),96

skin analyzer (Rista Clinic Beauty Care (Demak Regency, Central Java, Indonesia).97

b. Extraction of Averrhoa bilimbi98

The 200 g dried and powdered fruits were remaserated with 70% ethanol for 3 days at99

room temperature. Liquid extract was evaporated at 60°C, 100 RPM, to viscous extract100

(Rahardhian et al., 2019).101

c. Formula Preparation102

The extract obtained was made into cream preparations with concentrations of 1, 3,103

and 5%. The formula preparation of Averrhoa bilimbi extract can be seen in table 1.104

Averrhoa bilimbi Fruits extract cream preparation is made by melting method. Water-105

soluble ingredients consisting of TEA, nipagin, glycerin are mixed and heated in distilled106

water at a temperature of 70°C. The oil phase consisting of stearic acid, cetyl alcohol, stearyl107

alcohol, and nipasol is heated at the same temperature. After that, the water phase is added108
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little by little into the oil phase mixture while stirring until a homogeneous cream mass is109

formed. After that, the extract is added and mixed until homogeneous.110

d. Physical Characteristics of Anti-aging Cream111

Organoleptic Test112

This examination is carried out by visually viewing the preparation including form, color113

and odor. This aims to determine the visual physical properties of cream (Ariem et al., 2020)114

Homogeneity Test115

This examination is carried out by placing the preparation between two glass objects116

and then observing it. The purpose of this test is to determine the mixing between each117

particle of the preparation made. The requirements for this test are that there are no visible118

coarse particles and they are perfectly homogeneously mixed (Ariem et al., 2020).119

pH Test120

Determination of the pH of the preparation is done using a digital pH meter solution. A121

good clay stick has a pH of 4.5-6.5 which is the ideal pH for topical preparations. This is in122

line with the pH of the skin which ranges from 4.5-6.5 (Ariem et al., 2020).123

Viscosity Test124

Determination of the viscosity of the cream preparation was carried out using a digital125

brookfield viscometer using the R7 spindle and by knowing the changes in viscosity in each126

cream formula. Reading the viscosity results in Cp (Ramdhan & Yusuf, 2023).127

e. Ethical Clearance128

Ethical clearance is a written ethical eligibility issued by the Medical/Health Research129

Bioethics Commission of the Faculty of Medicine, Sultan Agung Islamic University, Semarang130

with the number No. 313/V/2019/Bioethics Commission after meeting the established131

requirements. The creation of ethical clearance is necessary because this study uses living132

subjects, test animals and humans, so it is necessary to ensure that this study has met the133

principle of respecting human dignity.134

f. Irritation Test on test animals135

Irritation Test was conducted with the help of New Zealand Rabbits aged 12-16 weeks136

with the OECD method. The fur of the back and sides was shaved carefully ± 24 hours before137

application. The area is about 6 cm². Apply 0.5 g of cream to each formula. Wrap the area138

with a semi-occlusive bandage (half-closed, but still allows air exchange). Observe the139

animal after 1 hour, 24 hours, 48 hours, and 72 hours directly to the open skin. Irritation140

Are there any gender criteria in both animals

and humans? If it is not needed, it can be explained in the

method or discussion

Comment[da1]:
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tests were also conducted on humans with the same treatment. Observe the presence of141

erythema (redness) and edema (swelling) and write down the irritation score (Draize Scoring142

System) according to table 2. Calculate the average score for each parameter at 24, 48, and143

72 hours (OECD, 2021). Irritation conditions were also observed during application of the144

cream to humans during the initial 3 days of use.145

g. Informed Consent146

In this study, the subject was asked to sign an informed consent. The informed consent147

statement contains confirmation from the research subject that the person understands the148

research process, and rights including the right to refuse or withdraw from the study149

without any negative consequences, and an understanding that participation in the study is150

voluntary. Inclusion criteria include subjects aged 19–25 years, subjects not consuming skin151

vitamins or mineral supplements, all subjects in good condition based on health history.152

Exclusion criteria are subjects with degenerative diseases, skin diseases, inflammatory153

diseases, or consuming drugs, antioxidants, vitamins, or health supplements, subjects who154

are pregnant or breastfeeding. Signature of the research subject, date, place, and others if155

needed.156

h. Human Trial of Anti-aging Cream157

Anti-aging testing of Averrhoa bilimbi Fruits Cream preparation was conducted for 30158

days with 24 volunteer. On the first day, the volunteer's skin was checked using a skin159

analyzer performed by a doctor at the Rista Clinic Beauty Care (Demak Regency, Central Java,160

Indonesia) to determine the skin condition before treatment, after 30 days it was checked161

again using a skin analyzer. For 30 days, the cream was used on the back of the volunteer's162

hand (according to the formula group) every morning and evening. Checks by the clinic’s163

doctor included aging parameters such as sebum, moisture, pigment, pore, elasticity, and164

collagen fibers. To control the volunteer's compliance, every day the volunteer was required165

to check their skin with a portable skin analyzer that can check the water content and oil166

content of the volunteer.167

i. Analysis Data168

The results of each skin parameter before and after using the cream for 30 days were169

statistically tested using a paired t-test at each concentration. From the three formulas, one170

formula was chosen that had the best anti-aging effect.171

Results and Discussion172



6

Manuscript revision request form reviewer 1

a. Characteristics of Anti-aging Cream173

Anti-aging cream preparations F1, F2, and F3 are semi-solid, have a fragrant odor,174

and have colors ranging from pale yellow to deep yellow. Anti-aging cream preparations F1,175

F2, and F3 are homogeneous. The results of organoleptic and homogeneity tests can be176

seen in table 3.177

The results of the pH test on anti-aging creams F1, F2, and F3 can be seen in Figure178

1A. The increase in pH value occurs as the extract increases but is still within a safe pH range.179

The requirements for a good pH preparation are 4.5 - 8.0 to match the natural pH of the skin180

and prevent irritation (Ariem et al., 2020; SNI, 1996). Viscosity also increases with increasing181

extract but remains within a safe pH range. Based on SNI 16-4399-1996, the viscosity quality182

requirements for sunscreen preparations (creams) are 2000 – 50.000 cPs (SNI, 1996; Firdaus183

et al., 2024). So all cream preparation formulas have met the pH and viscosity quality184

requirements. The viscosity results for F1, F2, and F3 can be seen in Figure 1B.185

b. Irritation Test of Anti-aging Cream186

The results of the irritation test on test animals using rabbits and human hand skin187

after 72 hours did not find any signs of irritation such as redness (erythema) and swelling188

(edema) (OECD, 2021). Skin reactions that have been assessed quantitatively using the189

Draize scale can be seen in the table 4. Based on table 4, it is proven that the Averrhoa190

bilimbi fruit cream doesn’t cause irritation.191

c. Human Trial of Anti-aging Cream192

The study continued by observing the anti-aging parameters on the use of human193

hand skin. because no signs of irritation were found in the trial use of anti-aging cosmetics.194

After using the anti-aging cosmetics for 30 days, the results showed that the cosmetic195

preparation affected the condition of sebum, moisture, pigmentation, pore diameter, skin196

elasticity and collagen fibers. There was a decrease in pores and skin pigment after using the197

anti-aging cream for 30 days and is shown in Figure 2.198

Skin Sebum199

Sebum is part of the oil found on the surface of the skin. Sebum is produced by the200

sebaceous glands, or oil glands, and plays a role in helping to keep the skin and hair moist201

(Jadoon et al., 2015). Its components consist of triglycerides, free fatty acids, wax esters,202

squalene, cholesterol esters, and cholesterol. Too much sebum can cause body odor. Sebum203

also has other roles for the skin, including maintaining moisture, skin flexibility, and also204

1. Please add to the discussion the

relationship between the characterization of the preparation

and the test results on animals and humans

Comment[da2]:
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working as a skin protector from bacteria. However, high sebum content will clog pores and205

mix with various types of dirt. If left continuously, acne will eventually appear (Mahmood et206

al., 2010).207

The skin sebum condition was reduced well after using F1 anti-aging cream208

compared to F2 and F3. The increase in sebum levels after the use of bases and209

formulations in F2 and F3 may be due to the oily nature of the W/O emulsion which has a210

thick oily liquid of stearic acid and glycerin (Rowe et al., 2006). Increased sebum also occurs211

in the topical cream of Calendula officinalis Extract formula due to the W/O emulsion type212

uses liquid paraffin (Akhtar et al., 2011). The results of the statistical test with paired t test213

on each concentration (base, F1, F2, F3) with baseline (skin condition before being given214

anti-aging cream) didn’t show any effect of using anti-aging cream on skin sebum condition215

(sig>0.05).216

Skin Moisture217

Moisture barrier is the outer layer of the skin that provides protection to maintain218

water and moisture in the skin, and protects the skin from external irritants such as dust and219

bacteria (Akhtar et al., 2011; Jadoon et al., 2015). The moisture barrier layer is made of220

lipids (oils) that bind skin cells, and when this layer is intact and undisturbed, this layer221

functions to make your skin feel soft and well-groomed. An example of an intact moisture222

barrier layer can be seen on baby skin that is supple, smooth, and soft. When the moisture223

barrier is disturbed or damaged, there will be small, invisible cracks in the skin. Although224

invisible, through these cracks, skin moisture can escape and disappear, and the danger of225

irritation can enter the skin more easily. As a result, your skin, which has lost its 'protection',226

will feel dry, 'tight', and become more vulnerable and sensitive (Sugihartini, 2017).227

F3 anti-aging cream is able to increase skin moisture better than F1 and F2. F3 can228

reduce skin pigmentation by 15.08% better than F1 and F2. F3 has increased skin moisture229

by 22,34%. Although F3 has been able to increase skin moisture, statistics show something230

different. The results of statistical tests with paired t-tests on each concentration with231

baseline (skin condition before being given anti-aging cream) did not show any effect of232

using anti-aging cream on skin moisture because sig>0.05. Several studies on cream233

formulas from extracts have also been able to increase skin moisture, such as in anti-aging234

potential of a cream containing milk thistle extract. The increase in skin moisture after235

application of the formulation may be due to the flavonoids from milk thistle because236
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flavonoids increase the water content in the skin due to swelling of corneocytes on the skin237

surface (Rasul & Akhtar, 2012). Due to the presence of vitamin E and essential fatty acids,238

Sauropus Androgynus leaf extract may help moisture retention in the epidermis and239

resistance to dryness (Siallagan et al., 2024). Averrhoa bilimbi fruit also contains phenolic240

and flavonoid content which may also have an effect on increasing skin moisture activity241

(Rahardhian et al., 2020). With the paired sample t-test it was clear that a significant242

difference in skin moisture values   was produced at week 2 when the base was243

compared with the formulation (Akhtar et al., 2011).244

Skin Pigment245

Pigmentation or another name for hyperpigmentation is one of the skin problems246

where dark spots appear on some areas of the skin. These dark spots cause the overall skin247

color to become uneven. Skin pigmentation itself can be caused by several reasons. Among248

them are environmental pollution, UV rays, hormonal problems or other health problems.249

Hyperpigmentation is a skin condition caused by an increase in melanin, a substance in the250

body that is responsible for skin coloring (pigment)(Ohguchi et al., 2003). When a person is251

healthy, their skin color will appear normal. In cases of illness or injury, a person's skin can252

change color, becoming darker (hyperpigmentation) or lighter (hypopigmentation).253

Tyrosinase is the key responsible enzyme for synthesis of melanins (Khan et al., 2014; Nur et254

al., 2017). The reason is that Averrhoa bilimbi contains tyrosinase inhibitors, which have skin255

depigmenting effects (Rahardhian & Suharsanti, 2019).256

F3 anti-aging cream is able to reduce skin pigmentation better than F1 and F2. F3 can257

reduce skin pigmentation by 15.08% better than F1 and F2. Although F3 appears to be the258

most effective in reducing skin pigmentation, results of the statistical test with a paired t259

test on each concentration with the baseline (skin condition before being given anti-aging260

cream) didn’t show any effect of using anti-aging cream on skin pigmentation because261

sig>0.05. This may be due to the time the cream was applied was not long enough, in other262

studies the depigmentation effect appeared very well after 8 weeks (Khan et al., 2014).263

Skin Pores264

Basically, pores are the opening of follicles (gland pockets) to the surface of the skin.265

These pores function as an exit for oil and hair growth. In other words, pores are small266

openings in the skin that can pass good skin oil (also known as sebum) and hair to reach the267

surface of the skin. Pores are said to be large if their size is larger than the average hair268
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follicle. Some of the impacts experienced when skin pores enlarge include excess oil. The269

smaller the pore value, the better the skin quality (Aramo, 2012). Conversely, if you have270

large pores, then the hair or fur that grows on the skin will increase. From the research data271

above, it is proven that using the cream for 1 month can shrink pores (Sugihartini, 2017).272

F3 anti-aging cream is able to reduce the diameter of skin pores better than F1 and F2.273

Based on figure 2, F3 has the ability to shrink pores by up to 54.18%. The results of statistical274

tests with paired t-tests on each concentration with baseline (skin condition before being275

given anti-aging cream) show that anti-aging F2 and F3 cream has an effect on the condition276

of skin pores because sig <0.05. It can be concluded that Averrhoa bilimbi F2 and F3 creams277

have anti-aging activity in shrinking pores.278

Skin Elasticity279

F3 anti-aging cream is able to improve skin elasticity better than F1 and F2. The results280

of statistical tests with paired t-tests on each concentration with baseline (skin condition281

before being given anti-aging cream) show that F3 anti-aging cream has an effect on skin282

elasticity because sig <0.05. One of the characteristics of healthy, fresh and always young283

skin is having good elasticity. Another characteristic is that when touched, the facial skin284

feels fresh and supple. The use of F3 cream can increase skin elasticity by up to 16,85%285

compared to the first day. In other hand, The W/O cream of flower extract of Calendula286

officinalis exhibited aptitude of stimulating skin tightness and improved skin elasticity287

leading to delayed aging process (Jadoon et al., 2015).288

In areas that are often exposed to direct sunlight, changes such as wrinkles and loss of289

skin elasticity will appear, causing the skin to sag and appear to be pulled downwards,290

causing the pores to widen (Sugihartini, 2017). Based on the statistical results of the pore291

data and skin elasticity, there is a match, where F3 has an effect on skin elasticity so that the292

skin pores also shrink.293

Skin Collagen Fibers294

Collagen is a type of fibrous and insoluble protein that is most abundant in the human295

body. Collagen is the main foundation of bones, skin, veins, and ligaments to give them296

structure and strength. Collagen is also found in many other parts of the body, including297

blood vessels, corneas and teeth (Jadoon et al., 2015). People who are deficient in collagen298

can be identified by the appearance of sagging skin, as well as the appearance of fine lines299

and wrinkles (Young, 2006).300
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F3 anti-aging cream is able to increase collagen fibers better than F1 and F2. The301

increase in skin collagen fibers due to F3 was only 1.12%. The results of the statistical test302

with a paired t test on each concentration with the baseline (skin condition before being303

given anti-aging cream) did not show any effect of using anti-aging cream on increasing skin304

collagen fibers because sig>0.05.305

Conclusion306

Based on the anti-aging parameter data that has been presented, anti-aging cream307

has the potential to reduce skin pores and increase skin elasticity and has been proven to be308

effective after statistical testing. While for other parameters, Averrhoa bilimbi cream with a309

concentration of 5% (F3) was reported to be the most able to improve skin conditions in a310

better direction but has not been statistically effective. This can be caused by the311

application of anti-aging cream only 1 month of use and the skin conditions of each312

respondent are so diverse that of course this will affect these results.313
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Table 1. Averrhoa bilimbi Fruits Cream Formula410

Ingredients F1(g) F2(g) F3 (g)

Extract 1 3 5

Stearic Acid 48 48 48

Cetyl Alcohol 6 6 6

Stearyl alcohol 4 4 4

Nipasol 1 1 1

Nipagin 1 1 1

Glycerin 54 54 54

TEA 4 4 4

Aquadest Ad Ad Ad

411

412

413

414
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415

Table 2. Irritation Score (Draize Scoring System)416

Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2

Heavy 3

Very heavy 4

417

Table 3. Organoleptic and Homogeneity Test Results of Anti-aging Cream418

Formula Organoleptic Homogenity
Smell Form Colour

Base Averrhoa
bilimbi fruit

Semi solid White Homogeneous

F1 Averrhoa
bilimbi fruit

Semi solid Light yellow Homogeneous

F2 Averrhoa
bilimbi fruit

Semi solid Deep Yellow Homogeneous

F3 Averrhoa
bilimbi fruit

Semi solid Deep yellow Homogeneous

419

Table 4. Results of Irritation Tests on Test Animals and Human420

Formula Irritation Index

Animal Human

F1 0 0

F2 0 0

F3 0 0

Base 0 0

421

422

423

424

425

426
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435

Figure 1. Results of pH (A) and Viscosity (B) tests on anti-aging cream436
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Figure 2. Skin Condition Against Anti-aging Parameters after 30 days of cream use (A)486

Sebum, (B) Moisture, (C) Pigment, (D) Pore, (E) Elasticity, (F) Collagen Fibers487

488
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Abstract10

Ultraviolet (UV) light can be a major factor in skin problems such as aging, erythema,11

hyperpigmentation, wrinkles, dermatitis and skin cancer. Natural chemicals such as12

polyphenols as flavonoids from natural ingredients can be an alternative anti-aging products.13

Development of dosage forms in the form of anti-aging cream is needed so that it can be14

used by the public. The aim of this research is to determine the concentration of Averrhoa15

bilimbi extract that can provide good anti-aging properties. Averrhoa bilimbi was extracted16

with 70% ethanol by remaceration. W/O cream preparation was made with various17

concentrations of F1 (1%), F2 (3%), and F3 (5%) with Averrhoa bilimbi extracts. The cream18

was tested for characteristics such as organoleptic, homogeneity, pH and viscosity. Irritation19

test was conducted on animals. All creams were also evaluated for its anti-aging effects with20

parameters of sebum, moisture, pigment, pore, elasticity, and collagen fibers with skin21

analyzer on human subjects who had used the cream for 30 days. The results showed that22

F3 has the best anti-aging effect by increasing moisture, reducing pigmentation, shrinking23

pores, and increasing skin elasticity. After statistical testing of t-test on each anti-aging24

parameter, F3 anti-aging cream has been proven to be effective in having the potential to25

reduce skin pores and increase skin elasticity.26

Keywords: Averrhoa bilimbi, Cream Formulation, Anti-aging, Human Trial27

Abstrak28

Sinar ultraviolet (UV) dapat menjadi faktor utama dalam masalah kulit seperti penuaan dini,29

eritema, hiperpigmentasi, keriput, dermatitis dan kanker kulit. Zat kimia alami seperti30
polifenol dan flavonoid dari bahan alam dapat menjadi alternatif produk anti-aging.31

Pengembangan bentuk sediaan berupa krim anti-aging diperlukan agar dapat digunakan32

oleh masyarakat. Tujuan dari penelitian ini adalah untuk menentukan konsentrasi ekstrak33
belimbing wuluh yang dapat memberikan sifat anti-aging yang baik. Belimbing wuluh34

diekstraksi dengan etanol 70% secara remaserasi. Sediaan krim A/M dibuat dengan berbagai35
konsentrasi F1 (1%), F2 (3%), dan F3 (5%) dengan ekstrak belimbing wuluh. Krim diuji36

karakteristiknya seperti organoleptik, homogenitas, pH dan viskositas. Uji iritasi dilakukan37
pada hewan. Semua krim juga dievaluasi efek anti-penuaannya dengan parameter sebum,38

kelembaban, pigmen, pori-pori, elastisitas, dan serat kolagen dengan skin analyzer pada39

subjek manusia yang telah menggunakan krim selama 30 hari. Hasil penelitian menunjukkan40

bahwa F3 (5%) memiliki efek anti-penuaan terbaik dengan meningkatkan kelembaban,41

mengurangi pigmentasi, mengecilkan pori-pori, dan meningkatkan elastisitas kulit. Setelah42

pengujian statistik t test pada masing-masing parameter anti-aging, krim F3 telah terbukti43

efektif memiliki potensi untuk memperkecil pori-pori kulit dan meningkatkan elastisitas kulit.44
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Kata Kunci: Averrhoa bilimbi, Formulasi krim, Antipenuaan, Percobaan pada Manusia45

Introduction46

Skin aging is accelerated by 80% in areas exposed to sunlight (ultraviolet radiation), a47

process known as photoageing and occurs primarily on the face, neck, hands, and lower48

arms and legs (Aramo, 2012). Photoaging occurs due to a combination of short wavelengths49

(UVB) that hit the outer layer of the skin (epidermis) and long wavelengths (UVA) to the50

middle layer (dermis) (Binic et al., 2013). This exposure results in direct damage to the skin51

cell nucleus in the formation of reactive oxygen species (ROS) and other free radicals and52

reacts with important molecules in connective tissue and cell membranes. Clinically, acute53

UV-induced skin damage is seen as erythema, edema, and blistering of the sunburned skin54

followed by peeling, then tanning (a sign of long-term damage). Characteristics of skin aging55

for Asian skin types are a decrease in sebum levels, increased pigment and wrinkles in the56

skin, and loss of skin moisture (Dayan, 2008).57

Cosmetic products have one of the benefits to protect the skin because of the58

ingredients they contain, so they can affect the biological function of the skin. Some plant59

extracts and antioxidants obtained from natural sources are able to prevent aging and can60

improve skin health. To prevent skin from aging or wrinkles, natural phytochemical sources61

are preferred. Plant extracts rich in secondary metabolites, such as flavonoids, phenolic62

acids, saponins and alkaloids, which have collagen synthesis activity, are being widely used63

for the development of topical anti-aging skin cosmetic products (Suharsanti et al., 2019).64

One of the natural sources that contains phenolic compounds, flavonoids is Averrhoa bilimbi65

fruit.66

The total phenolic content of Averrhoa bilimbi fruits extract is 19.8022 ± 1.6696 mg67

GAE/g more than leaves ethanolic extract 6.5886±0.0590 mg GAE/g and total flavonoids68

24.7458 ± 0.3291 mg RE/g more than leaves ethanolic extract 13.3126±0.5695 mg RE/g. The69

SPF (Sun Protecting Factor) value of the ethanol extract concentration of 300 ppm fruit can70

be described in the category of sunblock assessment with maximum protection. Averrhoa71

bilimbi fruit extract has an IC50 value of antioxidant activity of 2.33 ± 0.33 mg/ml and72

tyrosinase inhibitor activity with an IC50 value of 186.85 ± 9.37 mg/mL (Suharsanti et al.,73

2019). Research on Averrhoa bilimbi has been conducted for wound healing but on leaf74

samples. Based on the results of the study qualitatively ethanol extract 70% Averrhoa75

bilimbi fruits contains flavonoids, alkaloids, saponins, and terpenoids and quantitatively has76

What is the correct writing? photoagingComment[L1]:

The same as aboveComment[L2]:
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an IC50 value of 74,625 ppm which is included in the category of strong antioxidants (Kusuma77

et al., 2023). In other research, The test results of antioxidant activity with the DPPH78

method using the most effective UV-Vis spectrophotometer as the antioxidant cream of the79

Averrhoa bilimbi leaves extract has a value of IC50 0.118 ppm and vitamin C as comparator80

has a value of IC50 0.0327 ppm (Ariem et al., 2020). Shooting gel preparation with a81

combination of Aloe vera and Averrhoa bilimbi fruits formula I (85%) can increase the82

moisture value of human skin between before and after use (Ariani & Suharsanti, 2018a).83

Cream containing of 2% Bilimbi leaf extract (Averrhoa bilimbi) has favorable physical84

characteristics and effectively heals incision wounds in male white mice (Suena et al., 2024).85

The irritation test showed that all concentrations of the shooting gel preparation formula86

didn’t cause irritation to the skin of mice (Ariani & Suharsanti, 2018b). Based on this,87

Averrhoa bilimbi fruit which has been proven to contain efficacious compounds and has88

activity as a skin whitener in vitro needs to be developed into an anti-aging skin cosmetic89

preparation.90

Methods91

a. Material92

Averrhoa bilimbi dried powder fruits, ethanol (Bratachem, Indonesia), TEA, glycerin,93

stearic acid, cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor,94

Indonesia), New Zealand Rabbits aged 12-16 weeks, Voluneteers include subjects aged 19–95

25 years, pH meter ( Hanna instrument, Indonesia), viscometer (Brookfield, United State),96

skin analyzer (Rista Clinic Beauty Care (Demak Regency, Central Java, Indonesia).97

b. Extraction of Averrhoa bilimbi98

The 200 g dried and powdered fruits were remaserated with 70% ethanol for 3 days at99

room temperature. Liquid extract was evaporated at 60°C, 100 RPM, to viscous extract100

(Rahardhian et al., 2019).101

c. Formula Preparation102

The extract obtained was made into cream preparations with concentrations of 1, 3,103

and 5%. The formula preparation of Averrhoa bilimbi extract can be seen in table 1.104

Averrhoa bilimbi Fruits extract cream preparation is made by melting method. Water-105

soluble ingredients consisting of TEA, nipagin, glycerin are mixed and heated in distilled106

water at a temperature of 70°C. The oil phase consisting of stearic acid, cetyl alcohol, stearyl107

alcohol, and nipasol is heated at the same temperature. After that, the water phase is added108

Samples used by dried fruit or powder?Comment[L3]:

citationComment[L4]:
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little by little into the oil phase mixture while stirring until a homogeneous cream mass is109

formed. After that, the extract is added and mixed until homogeneous.110

d. Physical Characteristics of Anti-aging Cream111

Organoleptic Test112

This examination is carried out by visually viewing the preparation including form, color113

and odor. This aims to determine the visual physical properties of cream (Ariem et al., 2020)114

Homogeneity Test115

This examination is carried out by placing the preparation between two glass objects116

and then observing it. The purpose of this test is to determine the mixing between each117

particle of the preparation made. The requirements for this test are that there are no visible118

coarse particles and they are perfectly homogeneously mixed (Ariem et al., 2020).119

pH Test120

Determination of the pH of the preparation is done using a digital pH meter solution. A121

good clay stick has a pH of 4.5-6.5 which is the ideal pH for topical preparations. This is in122

line with the pH of the skin which ranges from 4.5-6.5 (Ariem et al., 2020).123

Viscosity Test124

Determination of the viscosity of the cream preparation was carried out using a digital125

brookfield viscometer using the R7 spindle and by knowing the changes in viscosity in each126

cream formula. Reading the viscosity results in Cp (Ramdhan & Yusuf, 2023).127

e. Ethical Clearance128

Ethical clearance is a written ethical eligibility issued by the Medical/Health Research129

Bioethics Commission of the Faculty of Medicine, Sultan Agung Islamic University, Semarang130

with the number No. 313/V/2019/Bioethics Commission after meeting the established131

requirements. The creation of ethical clearance is necessary because this study uses living132

subjects, test animals and humans, so it is necessary to ensure that this study has met the133

principle of respecting human dignity.134

f. Irritation Test on test animals135

Irritation Test was conducted with the help of New Zealand Rabbits aged 12-16 weeks136

with the OECD method. The fur of the back and sides was shaved carefully ± 24 hours before137

application. The area is about 6 cm². Apply 0.5 g of cream to each formula. Wrap the area138

with a semi-occlusive bandage (half-closed, but still allows air exchange). Observe the139

animal after 1 hour, 24 hours, 48 hours, and 72 hours directly to the open skin. Irritation140
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tests were also conducted on humans with the same treatment. Observe the presence of141

erythema (redness) and edema (swelling) and write down the irritation score (Draize Scoring142

System) according to table 2. Calculate the average score for each parameter at 24, 48, and143

72 hours (OECD, 2021). Irritation conditions were also observed during application of the144

cream to humans during the initial 3 days of use.145

g. Informed Consent146

In this study, the subject was asked to sign an informed consent. The informed consent147

statement contains confirmation from the research subject that the person understands the148

research process, and rights including the right to refuse or withdraw from the study149

without any negative consequences, and an understanding that participation in the study is150

voluntary. Inclusion criteria include subjects aged 19–25 years, subjects not consuming skin151

vitamins or mineral supplements, all subjects in good condition based on health history.152

Exclusion criteria are subjects with degenerative diseases, skin diseases, inflammatory153

diseases, or consuming drugs, antioxidants, vitamins, or health supplements, subjects who154

are pregnant or breastfeeding. Signature of the research subject, date, place, and others if155

needed.156

h. Human Trial of Anti-aging Cream157

Anti-aging testing of Averrhoa bilimbi Fruits Cream preparation was conducted for 30158

days with 24 volunteer. On the first day, the volunteer's skin was checked using a skin159

analyzer performed by a doctor at the Rista Clinic Beauty Care (Demak Regency, Central Java,160

Indonesia) to determine the skin condition before treatment, after 30 days it was checked161

again using a skin analyzer. For 30 days, the cream was used on the back of the volunteer's162

hand (according to the formula group) every morning and evening. Checks by the clinic’s163

doctor included aging parameters such as sebum, moisture, pigment, pore, elasticity, and164

collagen fibers. To control the volunteer's compliance, every day the volunteer was required165

to check their skin with a portable skin analyzer that can check the water content and oil166

content of the volunteer.167

i. Analysis Data168

The results of each skin parameter before and after using the cream for 30 days were169

statistically tested using a paired t-test at each concentration. From the three formulas, one170

formula was chosen that had the best anti-aging effect.171

Results and Discussion172
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a. Characteristics of Anti-aging Cream173

Anti-aging cream preparations F1, F2, and F3 are semi-solid, have a fragrant odor,174

and have colors ranging from pale yellow to deep yellow. Anti-aging cream preparations F1,175

F2, and F3 are homogeneous. The results of organoleptic and homogeneity tests can be176

seen in table 3.177

The results of the pH test on anti-aging creams F1, F2, and F3 can be seen in Figure178

1A. The increase in pH value occurs as the extract increases but is still within a safe pH range.179

The requirements for a good pH preparation are 4.5 - 8.0 to match the natural pH of the skin180

and prevent irritation (Ariem et al., 2020; SNI, 1996). Viscosity also increases with increasing181

extract but remains within a safe pH range. Based on SNI 16-4399-1996, the viscosity quality182

requirements for sunscreen preparations (creams) are 2000 – 50.000 cPs (SNI, 1996; Firdaus183

et al., 2024). So all cream preparation formulas have met the pH and viscosity quality184

requirements. The viscosity results for F1, F2, and F3 can be seen in Figure 1B.185

b. Irritation Test of Anti-aging Cream186

The results of the irritation test on test animals using rabbits and human hand skin187

after 72 hours did not find any signs of irritation such as redness (erythema) and swelling188

(edema) (OECD, 2021). Skin reactions that have been assessed quantitatively using the189

Draize scale can be seen in the table 4. Based on table 4, it is proven that the Averrhoa190

bilimbi fruit cream doesn’t cause irritation.191

c. Human Trial of Anti-aging Cream192

The study continued by observing the anti-aging parameters on the use of human193

hand skin. because no signs of irritation were found in the trial use of anti-aging cosmetics.194

After using the anti-aging cosmetics for 30 days, the results showed that the cosmetic195

preparation affected the condition of sebum, moisture, pigmentation, pore diameter, skin196

elasticity and collagen fibers. There was a decrease in pores and skin pigment after using the197

anti-aging cream for 30 days and is shown in Figure 2.198

Skin Sebum199

Sebum is part of the oil found on the surface of the skin. Sebum is produced by the200

sebaceous glands, or oil glands, and plays a role in helping to keep the skin and hair moist201

(Jadoon et al., 2015). Its components consist of triglycerides, free fatty acids, wax esters,202

squalene, cholesterol esters, and cholesterol. Too much sebum can cause body odor. Sebum203

also has other roles for the skin, including maintaining moisture, skin flexibility, and also204
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working as a skin protector from bacteria. However, high sebum content will clog pores and205

mix with various types of dirt. If left continuously, acne will eventually appear (Mahmood et206

al., 2010).207

The skin sebum condition was reduced well after using F1 anti-aging cream208

compared to F2 and F3. The increase in sebum levels after the use of bases and209

formulations in F2 and F3 may be due to the oily nature of the W/O emulsion which has a210

thick oily liquid of stearic acid and glycerin (Rowe et al., 2006). Increased sebum also occurs211

in the topical cream of Calendula officinalis Extract formula due to the W/O emulsion type212

uses liquid paraffin (Akhtar et al., 2011). The results of the statistical test with paired t test213

on each concentration (base, F1, F2, F3) with baseline (skin condition before being given214

anti-aging cream) didn’t show any effect of using anti-aging cream on skin sebum condition215

(sig>0.05).216

Skin Moisture217

Moisture barrier is the outer layer of the skin that provides protection to maintain218

water and moisture in the skin, and protects the skin from external irritants such as dust and219

bacteria (Akhtar et al., 2011; Jadoon et al., 2015). The moisture barrier layer is made of220

lipids (oils) that bind skin cells, and when this layer is intact and undisturbed, this layer221

functions to make your skin feel soft and well-groomed. An example of an intact moisture222

barrier layer can be seen on baby skin that is supple, smooth, and soft. When the moisture223

barrier is disturbed or damaged, there will be small, invisible cracks in the skin. Although224

invisible, through these cracks, skin moisture can escape and disappear, and the danger of225

irritation can enter the skin more easily. As a result, your skin, which has lost its 'protection',226

will feel dry, 'tight', and become more vulnerable and sensitive (Sugihartini, 2017).227

F3 anti-aging cream is able to increase skin moisture better than F1 and F2. F3 can228

reduce skin pigmentation by 15.08% better than F1 and F2. F3 has increased skin moisture229

by 22,34%. Although F3 has been able to increase skin moisture, statistics show something230

different. The results of statistical tests with paired t-tests on each concentration with231

baseline (skin condition before being given anti-aging cream) did not show any effect of232

using anti-aging cream on skin moisture because sig>0.05. Several studies on cream233

formulas from extracts have also been able to increase skin moisture, such as in anti-aging234

potential of a cream containing milk thistle extract. The increase in skin moisture after235

application of the formulation may be due to the flavonoids from milk thistle because236
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flavonoids increase the water content in the skin due to swelling of corneocytes on the skin237

surface (Rasul & Akhtar, 2012). Due to the presence of vitamin E and essential fatty acids,238

Sauropus Androgynus leaf extract may help moisture retention in the epidermis and239

resistance to dryness (Siallagan et al., 2024). Averrhoa bilimbi fruit also contains phenolic240

and flavonoid content which may also have an effect on increasing skin moisture activity241

(Rahardhian et al., 2020). With the paired sample t-test it was clear that a significant242

difference in skin moisture values   was produced at week 2 when the base was243

compared with the formulation (Akhtar et al., 2011).244

Skin Pigment245

Pigmentation or another name for hyperpigmentation is one of the skin problems246

where dark spots appear on some areas of the skin. These dark spots cause the overall skin247

color to become uneven. Skin pigmentation itself can be caused by several reasons. Among248

them are environmental pollution, UV rays, hormonal problems or other health problems.249

Hyperpigmentation is a skin condition caused by an increase in melanin, a substance in the250

body that is responsible for skin coloring (pigment)(Ohguchi et al., 2003). When a person is251

healthy, their skin color will appear normal. In cases of illness or injury, a person's skin can252

change color, becoming darker (hyperpigmentation) or lighter (hypopigmentation).253

Tyrosinase is the key responsible enzyme for synthesis of melanins (Khan et al., 2014; Nur et254

al., 2017). The reason is that Averrhoa bilimbi contains tyrosinase inhibitors, which have skin255

depigmenting effects (Rahardhian & Suharsanti, 2019).256

F3 anti-aging cream is able to reduce skin pigmentation better than F1 and F2. F3 can257

reduce skin pigmentation by 15.08% better than F1 and F2. Although F3 appears to be the258

most effective in reducing skin pigmentation, results of the statistical test with a paired t259

test on each concentration with the baseline (skin condition before being given anti-aging260

cream) didn’t show any effect of using anti-aging cream on skin pigmentation because261

sig>0.05. This may be due to the time the cream was applied was not long enough, in other262

studies the depigmentation effect appeared very well after 8 weeks (Khan et al., 2014).263

Skin Pores264

Basically, pores are the opening of follicles (gland pockets) to the surface of the skin.265

These pores function as an exit for oil and hair growth. In other words, pores are small266

openings in the skin that can pass good skin oil (also known as sebum) and hair to reach the267

surface of the skin. Pores are said to be large if their size is larger than the average hair268

should be eliminated because of double wordComment[L5]:
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follicle. Some of the impacts experienced when skin pores enlarge include excess oil. The269

smaller the pore value, the better the skin quality (Aramo, 2012). Conversely, if you have270

large pores, then the hair or fur that grows on the skin will increase. From the research data271

above, it is proven that using the cream for 1 month can shrink pores (Sugihartini, 2017).272

F3 anti-aging cream is able to reduce the diameter of skin pores better than F1 and F2.273

Based on figure 2, F3 has the ability to shrink pores by up to 54.18%. The results of statistical274

tests with paired t-tests on each concentration with baseline (skin condition before being275

given anti-aging cream) show that anti-aging F2 and F3 cream has an effect on the condition276

of skin pores because sig <0.05. It can be concluded that Averrhoa bilimbi F2 and F3 creams277

have anti-aging activity in shrinking pores.278

Skin Elasticity279

F3 anti-aging cream is able to improve skin elasticity better than F1 and F2. The results280

of statistical tests with paired t-tests on each concentration with baseline (skin condition281

before being given anti-aging cream) show that F3 anti-aging cream has an effect on skin282

elasticity because sig <0.05. One of the characteristics of healthy, fresh and always young283

skin is having good elasticity. Another characteristic is that when touched, the facial skin284

feels fresh and supple. The use of F3 cream can increase skin elasticity by up to 16,85%285

compared to the first day. In other hand, The W/O cream of flower extract of Calendula286

officinalis exhibited aptitude of stimulating skin tightness and improved skin elasticity287

leading to delayed aging process (Jadoon et al., 2015).288

In areas that are often exposed to direct sunlight, changes such as wrinkles and loss of289

skin elasticity will appear, causing the skin to sag and appear to be pulled downwards,290

causing the pores to widen (Sugihartini, 2017). Based on the statistical results of the pore291

data and skin elasticity, there is a match, where F3 has an effect on skin elasticity so that the292

skin pores also shrink.293

Skin Collagen Fibers294

Collagen is a type of fibrous and insoluble protein that is most abundant in the human295

body. Collagen is the main foundation of bones, skin, veins, and ligaments to give them296

structure and strength. Collagen is also found in many other parts of the body, including297

blood vessels, corneas and teeth (Jadoon et al., 2015). People who are deficient in collagen298

can be identified by the appearance of sagging skin, as well as the appearance of fine lines299

and wrinkles (Young, 2006).300
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F3 anti-aging cream is able to increase collagen fibers better than F1 and F2. The301

increase in skin collagen fibers due to F3 was only 1.12%. The results of the statistical test302

with a paired t test on each concentration with the baseline (skin condition before being303

given anti-aging cream) did not show any effect of using anti-aging cream on increasing skin304

collagen fibers because sig>0.05.305

Conclusion306

Based on the anti-aging parameter data that has been presented, anti-aging cream307

has the potential to reduce skin pores and increase skin elasticity and has been proven to be308

effective after statistical testing. While for other parameters, Averrhoa bilimbi cream with a309

concentration of 5% (F3) was reported to be the most able to improve skin conditions in a310

better direction but has not been statistically effective. This can be caused by the311

application of anti-aging cream only 1 month of use and the skin conditions of each312

respondent are so diverse that of course this will affect these results.313
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409

Table 1. Averrhoa bilimbi Fruits Cream Formula410

Ingredients F1(g) F2(g) F3 (g)

Extract 1 3 5

Stearic Acid 48 48 48

Cetyl Alcohol 6 6 6

Stearyl alcohol 4 4 4

Nipasol 1 1 1

Nipagin 1 1 1

Glycerin 54 54 54

TEA 4 4 4

Aquadest Ad Ad Ad

411

412

413

414



13

Manuscript revision request form reviewer 2

415

Table 2. Irritation Score (Draize Scoring System)416

Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2

Heavy 3

Very heavy 4

417

Table 3. Organoleptic and Homogeneity Test Results of Anti-aging Cream418

Formula Organoleptic Homogenity
Smell Form Colour

Base Averrhoa
bilimbi fruit

Semi solid White Homogeneous

F1 Averrhoa
bilimbi fruit

Semi solid Light yellow Homogeneous

F2 Averrhoa
bilimbi fruit

Semi solid Deep Yellow Homogeneous

F3 Averrhoa
bilimbi fruit

Semi solid Deep yellow Homogeneous

419

Table 4. Results of Irritation Tests on Test Animals and Human420

Formula Irritation Index

Animal Human

F1 0 0

F2 0 0

F3 0 0

Base 0 0

421

422

423

424

425

426
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Figure 1. Results of pH (A) and Viscosity (B) tests on anti-aging cream436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458



15

Manuscript revision request form reviewer 2

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

Figure 2. Skin Condition Against Anti-aging Parameters after 30 days of cream use (A)486

Sebum, (B) Moisture, (C) Pigment, (D) Pore, (E) Elasticity, (F) Collagen Fibers487

488
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Abstract11

Averrhoa bilimbi fruit is one of the native Indonesian plants that has been proven to have12
antioxidant, sunscreen and tyrosinase enzyme inhibitors activities. Natural chemicals such13
as polyphenols as flavonoids from natural ingredients can be an alternative anti-aging14
products. Development of dosage forms in the form of anti-aging cream is needed so that it15
can be used by the public. The aim of this research is to determine the concentration of16
Averrhoa bilimbi extract that can provide good anti-aging properties. Averrhoa bilimbi was17
extracted with 70% ethanol by remaceration. W/O cream preparation was made with18
various concentrations of F1 (1%), F2 (3%), and F3 (5%) with Averrhoa bilimbi extracts. The19
cream was tested for characteristics such as organoleptic, homogeneity, pH and viscosity.20
Irritation test was conducted on animals. All creams were also evaluated for its anti-aging21
effects with parameters of sebum, moisture, pigment, pore, elasticity, and collagen fibers22
with skin analyzer on human subjects who had used the cream for 30 days. The results23
showed that F3 has the best anti-aging effect by increasing moisture, reducing pigmentation,24
shrinking pores, and increasing skin elasticity. After statistical testing of t-test on each anti-25
aging parameter, F3 anti-aging cream has been proven to be effective in having the26
potential to reduce skin pores and increase skin elasticity.27
Keywords: Averrhoa bilimbi, Cream Formulation, Anti-aging, Human Trial28

Abstrak29

Buah belimbing wuluh merupakan salah satu tanaman asli indonesia yang telah terbukti30
memiliki aktivitas antioksidan, tabir surya dan penghambat enzim tirosinase. Zat kimia alami31
seperti polifenol dan flavonoid dari bahan alam dapat menjadi alternatif produk anti-aging.32
Pengembangan bentuk sediaan berupa krim anti-aging diperlukan agar dapat digunakan33
oleh masyarakat. Tujuan dari penelitian ini adalah untuk menentukan konsentrasi ekstrak34
belimbing wuluh yang dapat memberikan sifat anti-aging yang baik. Belimbing wuluh35
diekstraksi dengan etanol 70% secara remaserasi. Sediaan krim A/M dibuat dengan berbagai36
konsentrasi F1 (1%), F2 (3%), dan F3 (5%) dengan ekstrak belimbing wuluh. Krim diuji37
karakteristiknya seperti organoleptik, homogenitas, pH dan viskositas. Uji iritasi dilakukan38
pada hewan. Semua krim juga dievaluasi efek anti-penuaannya dengan parameter sebum,39
kelembaban, pigmen, pori-pori, elastisitas, dan serat kolagen dengan skin analyzer pada40
subjek manusia yang telah menggunakan krim selama 30 hari. Hasil penelitian menunjukkan41
bahwa F3 (5%) memiliki efek anti-penuaan terbaik dengan meningkatkan kelembaban,42
mengurangi pigmentasi, mengecilkan pori-pori, dan meningkatkan elastisitas kulit. Setelah43
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pengujian statistik t test pada masing-masing parameter anti-aging, krim F3 telah terbukti44
efektif memiliki potensi untuk memperkecil pori-pori kulit dan meningkatkan elastisitas kulit.45
Kata Kunci: Averrhoa bilimbi, Formulasi krim, Antipenuaan, Percobaan pada Manusia46

Introduction47

Skin aging is accelerated by 80% in areas exposed to sunlight (ultraviolet radiation), a48

process known as photoaging and occurs primarily on the face, neck, hands, and lower arms49

and legs (Aramo, 2012). Photoaging occurs due to a combination of short wavelengths (UVB)50

that hit the outer layer of the skin (epidermis) and long wavelengths (UVA) to the middle51

layer (dermis) (Binic et al., 2013). This exposure results in direct damage to the skin cell52

nucleus in the formation of reactive oxygen species (ROS) and other free radicals and reacts53

with important molecules in connective tissue and cell membranes. Clinically, acute UV-54

induced skin damage is seen as erythema, edema, and blistering of the sunburned skin55

followed by peeling, then tanning (a sign of long-term damage). Characteristics of skin aging56

for Asian skin types are a decrease in sebum levels, increased pigment and wrinkles in the57

skin, and loss of skin moisture (Dayan, 2008).58

Cosmetic products have one of the benefits to protect the skin because of the59

ingredients they contain, so they can affect the biological function of the skin. Some plant60

extracts and antioxidants obtained from natural sources are able to prevent aging and can61

improve skin health. To prevent skin from aging or wrinkles, natural phytochemical sources62

are preferred. Plant extracts rich in secondary metabolites, such as flavonoids, phenolic63

acids, saponins and alkaloids, which have collagen synthesis activity, are being widely used64

for the development of topical anti-aging skin cosmetic products (Suharsanti et al., 2019).65

One of the natural sources that contains phenolic and flavonoids compounds is Averrhoa66

bilimbi fruit. So it is very promising to make Averrhoa bilimbi fruit as a cosmetic product.67

The total phenolic content of Averrhoa bilimbi fruits extract is 19.8022 ± 1.6696 mg68

GAE/g more than leaves ethanolic extract 6.5886±0.0590 mg GAE/g and total flavonoids69

24.7458 ± 0.3291 mg RE/g more than leaves ethanolic extract 13.3126±0.5695 mg RE/g. The70

SPF (Sun Protecting Factor) value of the ethanol extract concentration of 300 ppm fruit can71

be described in the category of sunblock assessment with maximum protection. Averrhoa72

bilimbi fruit extract has an IC50 value of antioxidant activity of 2.33 ± 0.33 mg/ml and73

tyrosinase inhibitor activity with an IC50 value of 186.85 ± 9.37 mg/mL (Suharsanti et al.,74

2019). Research on Averrhoa bilimbi has been conducted for wound healing but on leaf75

samples. Based on the results of the study qualitatively ethanol extract 70% Averrhoa76
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bilimbi fruits contains flavonoids, alkaloids, saponins, and terpenoids and quantitatively has77

an IC50 value of 74,625 ppm which is included in the category of strong antioxidants (Kusuma78

et al., 2023). In other research, The test results of antioxidant activity with the DPPH79

method using the most effective UV-Vis spectrophotometer as the antioxidant cream of the80

Averrhoa bilimbi leaves extract has a value of IC50 0.118 ppm and vitamin C as comparator81

has a value of IC50 0.0327 ppm (Ariem et al., 2020). Shooting gel preparation with a82

combination of Aloe vera and Averrhoa bilimbi fruits formula I (85%) can increase the83

moisture value of human skin between before and after use (Ariani & Suharsanti, 2018a).84

Cream containing of 2% Averrhoa bilimbi leaf extract () has favorable physical characteristics85

and effectively heals incision wounds in male white mice (Suena et al., 2024). The irritation86

test showed that all concentrations of the shooting gel preparation formula didn’t cause87

irritation to the skin of mice (Ariani & Suharsanti, 2018b).88

Based on this, Averrhoa bilimbi fruit which has been proven to contain efficacious89

compounds and has activity as a skin whitener in vitro needs to be developed into an anti-90

aging skin cosmetic preparation. Anti-aging cream has a comfortable texture when applied91

to the skin and has good aesthetic value, so it can improve the skin care experience. When92

compared to other dosage forms, anti-aging cream is non-sticky and easier to clean and93

apply.94

Methods95

a. Material96

Averrhoa bilimbi dried powder fruits, ethanol (Bratachem, Indonesia), TEA, glycerin,97

stearic acid, cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor,98

Indonesia), New Zealand Rabbits aged 12-16 weeks, Voluneteers include subjects aged 19–99

25 years, pH meter ( Hanna instrument, Indonesia), viscometer (Brookfield, United State),100

skin analyzer (Rista Clinic Beauty Care (Demak Regency, Central Java, Indonesia).101

b. Extraction of Averrhoa bilimbi102

The 200 g dried fruits powdered were remaserated with 70% ethanol for 3 days at room103

temperature. Liquid extract was evaporated at 60°C, 100 RPM, to viscous extract104

(Rahardhian et al., 2019).105

c. Formula Preparation106



4

First (1st)Revised Manuscript

The extract obtained was made into cream preparations with concentrations of 1, 3,107

and 5% (Iskandar et al., 2016). The formula preparation of Averrhoa bilimbi extract can be108

seen in table 1.109

Averrhoa bilimbi Fruits extract cream preparation is made by melting method. Water-110

soluble ingredients consisting of TEA, nipagin, glycerin are mixed and heated in distilled111

water at a temperature of 70°C. The oil phase consisting of stearic acid, cetyl alcohol, stearyl112

alcohol, and nipasol is heated at the same temperature. After that, the water phase is added113

little by little into the oil phase mixture while stirring until a homogeneous cream mass is114

formed. After that, the extract is added and mixed until homogeneous.115

d. Physical Characteristics of Anti-aging Cream116

Organoleptic Test117

This examination is carried out by visually viewing the preparation including form, color118

and odor. This aims to determine the visual physical properties of cream (Ariem et al., 2020)119

Homogeneity Test120

This examination is carried out by placing the preparation between two glass objects121

and then observing it. The purpose of this test is to determine the mixing between each122

particle of the preparation made. The requirements for this test are that there are no visible123

coarse particles and they are perfectly homogeneously mixed (Ariem et al., 2020).124

pH Test125

Determination of the pH of the preparation is done using a digital pH meter solution. A126

good clay stick has a pH of 4.5-6.5 which is the ideal pH for topical preparations. This is in127

line with the pH of the skin which ranges from 4.5-6.5 (Ariem et al., 2020).128

Viscosity Test129

Determination of the viscosity of the cream preparation was carried out using a digital130

brookfield viscometer using the R7 spindle and by knowing the changes in viscosity in each131

cream formula. Reading the viscosity results in Cp (Ramdhan & Yusuf, 2023).132

e. Ethical Clearance133

Ethical clearance is a written ethical eligibility issued by the Medical/Health Research134

Bioethics Commission of the Faculty of Medicine, Sultan Agung Islamic University, Semarang135

with the number No. 313/V/2019/Bioethics Commission after meeting the established136

requirements. The creation of ethical clearance is necessary because this study uses living137

subjects, test animals and humans, so it is necessary to ensure that this study has met the138
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principle of respecting animal and human dignity. Ethical approval includes animal and139

human testing for irritation tests as well as antiaging tests on humans.140

f. Irritation Test on test animals141

Irritation Test was conducted with male new zealand rabbits aged 12-16 weeks with the142

OECD method. The fur of the back and sides was shaved carefully ± 24 hours before143

application. The area is about 6 cm². Apply 0.5 g of cream to each formula. Wrap the area144

with a semi-occlusive bandage (half-closed, but still allows air exchange). Observe the145

animal after 1 hour, 24 hours, 48 hours, and 72 hours directly to the open skin. Irritation146

tests were also conducted on humans with the same treatment. Observe the presence of147

erythema (redness) and edema (swelling) and write down the irritation score (Draize Scoring148

System) according to table 2. Calculate the average score for each parameter at 24, 48, and149

72 hours (OECD, 2021). Irritation conditions were also observed during application of the150

cream to humans during the initial 3 days of use.151

g. Informed Consent152

In this study, the subject was asked to sign an informed consent. The informed consent153

statement contains confirmation from the research subject that the person understands the154

research process, and rights including the right to refuse or withdraw from the study155

without any negative consequences, and an understanding that participation in the study is156

voluntary. Inclusion criteria include subjects aged 19–25 years, male or female, subjects not157

consuming skin vitamins or mineral supplements, all subjects in good condition based on158

health history. Exclusion criteria are subjects with degenerative diseases, skin diseases,159

inflammatory diseases, or consuming drugs, antioxidants, vitamins, or health supplements,160

subjects who are pregnant or breastfeeding. Signature of the research subject, date, place,161

and others if needed.162

h. Human Trial of Anti-aging Cream163

Anti-aging testing of Averrhoa bilimbi Fruits Cream preparation was conducted for 30164

days with 24 volunteer. On the first day, the volunteer's skin was checked using a skin165

analyzer performed by a doctor at the Rista Clinic Beauty Care (Demak Regency, Central Java,166

Indonesia) to determine the skin condition before treatment, after 30 days it was checked167

again using a skin analyzer. For 30 days, the cream was used on the back of the volunteer's168

hand (according to the formula group) every morning and evening. Checks by the clinic’s169

doctor included aging parameters such as sebum, moisture, pigment, pore, elasticity, and170
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collagen fibers. To control the volunteer's compliance, every day the volunteer was required171

to check their skin with a portable skin analyzer that can check the water content and oil172

content of the volunteer.173

i. Analysis Data174

The results of each skin parameter before and after using the cream for 30 days were175

statistically tested using a paired t-test at each concentration. From the three formulas, one176

formula was chosen that had the best anti-aging effect.177

Results and Discussion178

a. Characteristics of Anti-aging Cream179

Anti-aging cream preparations F1, F2, and F3 are semi-solid, have a fragrant odor,180

and have colors ranging from pale yellow to deep yellow. Anti-aging cream preparations F1,181

F2, and F3 are homogeneous. The results of organoleptic and homogeneity tests can be182

seen in table 3.183

The results of the pH test on anti-aging creams F1, F2, and F3 can be seen in Figure184

1A. The increase in pH value occurs as the extract increases but is still within a safe pH range.185

The requirements for a good pH preparation are 4.5 - 8.0 to match the natural pH of the skin186

and prevent irritation (Ariem et al., 2020; SNI, 1996). Viscosity also increases with increasing187

extract but remains within a safe pH range. Based on SNI 16-4399-1996, the viscosity quality188

requirements for sunscreen preparations (creams) are 2000 – 50.000 cPs (SNI, 1996; Firdaus189

et al., 2024). The appropriate viscosity will help the cream to be easily applied, spread190

evenly on the skin, and increase the absorption of active substances. So all cream191

preparation formulas have met the pH and viscosity quality requirements. The viscosity192

results for F1, F2, and F3 can be seen in Figure 1B.193

b. Irritation Test of Anti-aging Cream194

The results of the irritation test on test animals using rabbits and human hand skin195

after 72 hours did not find any signs of irritation such as redness (erythema) and swelling196

(edema) (OECD, 2021). Skin reactions that have been assessed quantitatively using the197

Draize scale can be seen in the table 4. Based on table 4, it is proven that the Averrhoa198

bilimbi fruit cream doesn’t cause irritation.199

c. Human Trial of Anti-aging Cream200

The study continued by observing the anti-aging parameters on the use of human201

hand skin. because no signs of irritation were found in the trial use of anti-aging cosmetics.202
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After using the anti-aging cosmetics for 30 days, the results showed that the cosmetic203

preparation affected the condition of sebum, moisture, pigmentation, pore diameter, skin204

elasticity and collagen fibers. There was a decrease in pores and skin pigment after using the205

anti-aging cream for 30 days and is shown in Figure 2.206

Skin Sebum207

Sebum is part of the oil found on the surface of the skin. Sebum is produced by the208

sebaceous glands, or oil glands, and plays a role in helping to keep the skin and hair moist209

(Jadoon et al., 2015). Its components consist of triglycerides, free fatty acids, wax esters,210

squalene, cholesterol esters, and cholesterol. Too much sebum can cause body odor. Sebum211

also has other roles for the skin, including maintaining moisture, skin flexibility, and also212

working as a skin protector from bacteria. However, high sebum content will clog pores and213

mix with various types of dirt. If left continuously, acne will eventually appear (Mahmood et214

al., 2010).215

The skin sebum condition was reduced well after using F1 anti-aging cream216

compared to F2 and F3. The increase in sebum levels after the use of bases and217

formulations in F2 and F3 may be due to the oily nature of the W/O emulsion which has a218

thick oily liquid of stearic acid and glycerin (Rowe et al., 2006). In F2 and F3 the amount of219

extract increases so that the amount of water in the preparation decreases, making it more220

oily. Increased sebum also occurs in the topical cream of Calendula officinalis Extract221

formula due to the W/O emulsion type uses liquid paraffin (Akhtar et al., 2011). The results222

of the statistical test with paired t test on each concentration (base, F1, F2, F3) with baseline223

(skin condition before being given anti-aging cream) didn’t show any effect (not different) of224

using anti-aging cream on skin sebum condition (sig>0.05) . The use of creams F1, F2, and225

F3 was shown to have no statistical impact, perhaps the duration of use was not long226

enough or it took more than 30 days to see an impact on skin sebum parameters.227

Skin Moisture228

Moisture barrier is the outer layer of the skin that provides protection to maintain229

water and moisture in the skin, and protects the skin from external irritants such as dust and230

bacteria (Akhtar et al., 2011; Jadoon et al., 2015). The moisture barrier layer is made of231

lipids (oils) that bind skin cells, and when this layer is intact and undisturbed, this layer232

functions to make your skin feel soft and well-groomed. An example of an intact moisture233

barrier layer can be seen on baby skin that is supple, smooth, and soft. When the moisture234
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barrier is disturbed or damaged, there will be small, invisible cracks in the skin. Although235

invisible, through these cracks, skin moisture can escape and disappear, and the danger of236

irritation can enter the skin more easily. As a result, your skin, which has lost its 'protection',237

will feel dry, 'tight', and become more vulnerable and sensitive (Sugihartini, 2017).238

F3 anti-aging cream is able to increase skin moisture better than F1 and F2. F3 has239

increased skin moisture by 22,34%. Although F3 has been able to increase skin moisture,240

statistics show something different. The results of statistical tests with paired t-tests on each241

concentration with baseline (skin condition before being given anti-aging cream) did not242

show any effect of using anti-aging cream on skin moisture because sig>0.05 (not different).243

The use of creams F1, F2, and F3 was shown to have no statistical impact, perhaps the244

duration of use was not long enough or it took more than 30 days to see an impact on245

moisture parameters. The use of anti-aging cream with a higher concentration of moringa246

leaf extract of 9% for 14 days also did not provide a significant effect on skin moisture247

conditions (Sugihartini, 2017). Several studies on cream formulas from extracts have also248

been able to increase skin moisture, such as in anti-aging potential of a cream containing249

milk thistle extract. The increase in skin moisture after application of the formulation may250

be due to the flavonoids from milk thistle because flavonoids increase the water content in251

the skin due to swelling of corneocytes on the skin surface (Rasul & Akhtar, 2012). Due to252

the presence of vitamin E and essential fatty acids, Sauropus Androgynus leaf extract may253

help moisture retention in the epidermis and resistance to dryness (Siallagan et al., 2024).254

Averrhoa bilimbi fruit also contains phenolic and flavonoid content which may also have an255

effect on increasing skin moisture activity (Rahardhian et al., 2020). With the paired sample256

t-test it was clear that a significant difference in skin moisture values ​ ​ was produced at257

week 2 when the base was compared with the formulation (Akhtar et al., 2011).258

Skin Pigment259

Pigmentation or another name for hyperpigmentation is one of the skin problems260

where dark spots appear on some areas of the skin. These dark spots cause the overall skin261

color to become uneven. Skin pigmentation itself can be caused by several reasons. Among262

them are environmental pollution, UV rays, hormonal or other health problems.263

Hyperpigmentation is a skin condition caused by an increase in melanin, a substance in the264

body that is responsible for skin coloring (pigment)(Ohguchi et al., 2003). When a person is265

healthy, their skin color will appear normal. In cases of illness or injury, a person's skin can266
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change color, becoming darker (hyperpigmentation) or lighter (hypopigmentation).267

Tyrosinase is the key responsible enzyme for synthesis of melanins (Khan et al., 2014; Nur et268

al., 2017). Averrhoa bilimbi has a skin depigmentation effect because it contains thyronase269

inhibitors (Rahardhian & Suharsanti, 2019).270

F3 anti-aging cream is able to reduce skin pigmentation better than F1 and F2. F3 can271

reduce skin pigmentation by 15.08% better than F1 and F2. Although F3 appears to be the272

most effective in reducing skin pigmentation, results of the statistical test with a paired t273

test on each concentration with the baseline (skin condition before being given anti-aging274

cream) didn’t show any effect of using anti-aging cream on skin pigmentation because275

sig>0.05 (not different). The use of Moringa leaf extract (3%, 6%, and 9%) cream for 15 days276

in each formula was able to reduce the skin spot value, but the skin spot value before and277

after the use of Moringa leaf extract cream didn’t differ significantly. This may be due to the278

time the cream was applied was not long enough, at least 2 months (8 weeks). In a similar279

study, the depigmentation effect appeared very good after 8 weeks. (Khan et al., 2014).280

Skin Pores281

Basically, pores are the opening of follicles (gland pockets) to the surface of the skin.282

These pores function as an exit for oil and hair growth. In other words, pores are small283

openings in the skin that can pass good skin oil (also known as sebum) and hair to reach the284

surface of the skin. Pores are said to be large if their size is larger than the average hair285

follicle. Some of the impacts experienced when skin pores enlarge include excess oil. The286

smaller the pore value, the better the skin quality (Aramo, 2012). Conversely, if you have287

large pores, then the hair or fur that grows on the skin will increase. From the research data288

above, it is proven that using the cream for 1 month can shrink pores (Sugihartini, 2017).289

F3 anti-aging cream is able to reduce the diameter of skin pores better than F1 and F2.290

Based on figure 2, F3 has the ability to shrink pores by up to 54.18%. The results of statistical291

tests with paired t-tests on each concentration with baseline (skin condition before being292

given anti-aging cream) show that anti-aging F2 and F3 cream has an effect on the condition293

of skin pores because sig <0.05 (different). This means that the concentration of the extract294

has an effect on skin pores. It can be concluded that Averrhoa bilimbi F2 and F3 creams have295

anti-aging activity in shrinking pores. Tannin compounds which are included in phenolics can296

be used as astringents. Astringents in plants are useful for shrinking pores (Puspitasari,297

2011).298
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Skin Elasticity299

F3 anti-aging cream is able to improve skin elasticity better than F1 and F2. The results300

of statistical tests with paired t-tests on each concentration with baseline (skin condition301

before being given anti-aging cream) show that F3 anti-aging cream has an effect on skin302

elasticity because sig <0.05 (different). This means that the concentration of the extract has303

an effect on skin elasticity. One of the characteristics of healthy, fresh and always young skin304

is having good elasticity. Another characteristic is that when touched, the facial skin feels305

fresh and supple. The use of F3 cream can increase skin elasticity by up to 16,85% compared306

to the first day. In other hand, The W/O cream of flower extract of Calendula officinalis307

exhibited aptitude of stimulating skin tightness and improved skin elasticity leading to308

delayed aging process (Jadoon et al., 2015).309

In areas that are often exposed to direct sunlight, changes such as wrinkles and loss of310

skin elasticity will appear, causing the skin to sag and appear to be pulled downwards,311

causing the pores to widen (Sugihartini, 2017). Tannin compounds which are included in312

phenolics can be used as astringents. Astringents in plants are useful for shrinking pores313

(Puspitasari, 2011). If the pores shrink then the skin elasticity increases. Based on the314

statistical results of the pores and skin elasticity data, there is a match where F1, F2, and F3315

affect skin elasticity so that the skin pores also shrink. F3 has better activity than F1 and F2316

because the extract concentration is higher.317

Skin Collagen Fibers318

Collagen is a type of fibrous and insoluble protein that is most abundant in the human319

body. Collagen is the main foundation of bones, skin, veins, and ligaments to give them320

structure and strength. Collagen is also found in many other parts of the body, including321

blood vessels, corneas and teeth (Jadoon et al., 2015). People who are deficient in collagen322

can be identified by the appearance of sagging skin, as well as the appearance of fine lines323

and wrinkles (Young, 2006).324

F3 anti-aging cream is able to increase collagen fibers better than F1 and F2. The325

increase in skin collagen fibers due to F3 was only 1.12%. The results of the statistical test326

with a paired t test on each concentration with the baseline (skin condition before being327

given anti-aging cream) did not show any effect of using anti-aging cream on increasing skin328

collagen fibers because sig>0.05 (not different).329

Conclusion330
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Based on the anti-aging parameter data that has been presented, anti-aging cream331

has the potential to reduce skin pores and increase skin elasticity and has been proven to be332

effective after statistical testing. While for other parameters, Averrhoa bilimbi cream with a333

concentration of 5% (F3) was reported to be the most able to improve skin conditions in a334

better direction but has not been statistically effective. This can be caused by the335

application of anti-aging cream only 1 month of use and the skin conditions of each336

respondent are so diverse that of course this will affect these results. The concentration of337

the extract needs to be increased to obtain a more impactful effect on skin aging338

parameters.339
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Table 1. Averrhoa bilimbi Fruits Cream Formula444

Ingredients F1(g) F2(g) F3 (g)

Extract 1 3 5

Stearic Acid 48 48 48

Cetyl Alcohol 6 6 6

Stearyl alcohol 4 4 4

Nipasol 1 1 1

Nipagin 1 1 1

Glycerin 54 54 54

TEA 4 4 4

Aquadest Ad Ad Ad

445

Table 2. Irritation Score (Draize Scoring System)446
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Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2

Heavy 3

Very heavy 4

447

448

Table 3. Organoleptic and Homogeneity Test Results of Anti-aging Cream449

Formula Organoleptic Homogenity
Smell Form Colour

Base Averrhoa
bilimbi fruit

Semi solid White Homogeneous

F1 Averrhoa
bilimbi fruit

Semi solid Light yellow Homogeneous

F2 Averrhoa
bilimbi fruit

Semi solid Deep Yellow Homogeneous

F3 Averrhoa
bilimbi fruit

Semi solid Deep yellow Homogeneous

450

Table 4. Results of Irritation Tests on Test Animals and Human451

Formula Irritation Index

Animal Human

F1 0 0

F2 0 0

F3 0 0

Base 0 0

452

453

454

455

456

457

458
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460

Figure 1. Results of pH (A) and Viscosity (B) tests on anti-aging cream461
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491

492

493

494

Figure 2. Skin Condition Against Anti-aging Parameters after 30 days of cream use (A)495

Sebum, (B)Moisture, (C) Pigment, (D) Pore, (E) Elasticity, (F) Collagen Fibers496

497
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Abstract11

Averrhoa bilimbi is an Indonesian native plant known for its antioxidant, sunscreen, and12

tyrosinase inhibitory activities due to its polyphenol and flavonoid content. This study aimed13
to evaluate the anti-aging efficacy of a topical cream containing A. bilimbi fruit extract14

through a human clinical trial. The extract was obtained by maceration using 70% ethanol15
and formulated into a water-in-oil (W/O) cream at concentrations of 1% (F1), 3% (F2), and16

5% (F3). Each formulation was evaluated for its physical characteristics, including17

organoleptic properties, homogeneity, pH, and viscosity. Irritation tests were conducted on18
animals and human volunteers. A total of 24 human subjects applied the cream for 30 days.19

Skin condition parameters—sebum, moisture, pigmentation, pore size, elasticity, and20
collagen fibers—were assessed before and after treatment using a skin analyzer. The results21

showed that the F3 formulation produced the most notable improvements, including22

increased skin moisture and elasticity, and decreased pigmentation and pore size. Statistical23

analysis revealed significant improvements (p < 0.05) in pore size and elasticity for the F324

group. These findings indicate that the 5% A. bilimbi extract cream is a safe and effective25

anti-aging topical formulation.26

Keywords: Averrhoa bilimbi, anti-aging cream, herbal cosmetics, clinical trial, skin elasticity,27

pore size28

Abstrak29

Belimbing wuluh (Averrhoa bilimbi) merupakan tanaman asli Indonesia yang mengandung30

senyawa aktif seperti polifenol dan flavonoid, serta memiliki aktivitas antioksidan, tabir31

surya, dan penghambat enzim tirosinase. Penelitian ini bertujuan mengevaluasi efektivitas32

krim yang mengandung ekstrak buah A. bilimbi dalam mengatasi tanda-tanda penuaan kulit33

melalui uji klinis pada manusia. Ekstrak buah diperoleh melalui maserasi dengan etanol 70%34

dan diformulasikan menjadi krim tipe air dalam minyak (A/M) dengan konsentrasi 1% (F1),35

3% (F2), dan 5% (F3). Evaluasi karakteristik sediaan meliputi uji organoleptik, homogenitas,36

pH, dan viskositas. Uji iritasi dilakukan pada hewan dan manusia. Sebanyak 24 subjek37

relawan menggunakan krim selama 30 hari. Evaluasi parameter kulit dilakukan sebelum dan38

sesudah penggunaan dengan bantuan skin analyzer, yang mencakup kadar sebum,39

kelembaban, pigmentasi, diameter pori, elastisitas, dan serat kolagen. Hasil menunjukkan40

bahwa formula F3 memberikan hasil paling optimal, dengan peningkatan kelembaban dan41
elastisitas kulit, serta penurunan pigmentasi dan diameter pori secara bermakna (p < 0,05).42

Oleh karena itu, krim ekstrak buah A. bilimbi konsentrasi 5% berpotensi sebagai sediaan43

antipenuaan yang aman dan efektif.44



2

Editor’s comment

Kata Kunci: Belimbing wuluh, Averrhoa bilimbi, krim antipenuaan, uji klinis, elastisitas kulit,45

pori-pori46

Introduction47

Skin aging is a complex biological process, with approximately 80% of visible signs48

attributed to ultraviolet (UV) exposure, a condition referred to as photoaging. This49

phenomenon primarily affects sun-exposed areas such as the face, neck, hands, and lower50

limbs (Aramo, 2012). UVB rays affect the epidermis, while UVA rays penetrate deeper into the51

dermis, inducing the formation of reactive oxygen species (ROS) and free radicals that52

damage key structural proteins in the skin, such as collagen and elastin (Binic dkk., 2013).53

In Asian skin types, aging is characterized by reduced sebum production, increased54

pigmentation and wrinkling, and diminished moisture retention (Dayan, 2008) . Topical55

cosmetics containing bioactive natural compounds are increasingly favored for their dual56

roles in preventing skin aging and maintaining skin health. Phytochemicals—such as57

flavonoids, phenolic acids, saponins, and alkaloids—are known to stimulate collagen58

synthesis and exert antioxidant effects, making them valuable for the development of anti-59

aging skincare products (Suharsanti dkk., 2019).60

Averrhoa bilimbi, a plant native to Indonesia, has shown potential in this regard. The61

fruit of A. bilimbi contains higher levels of phenolics and flavonoids compared to its leaves,62

with total phenolic content reaching 19.80 ± 1.67 mg GAE/g and total flavonoid content of63

24.75 ± 0.33 mg RE/g (Suharsanti dkk., 2019) . In addition, the fruit extract demonstrates sun64

protection factor (SPF) values indicative of maximum protection at 300 ppm concentration,65

antioxidant activity with an IC₅₀ of 2.33 ± 0.33 mg/mL, and tyrosinase inhibitory activity with66

an IC₅₀ of 186.85 ± 9.37 mg/mL.67

Previous studies on A. bilimbi have primarily focused on wound-healing applications68

using leaf extracts, while the fruit extract remains underutilized, particularly in topical anti-69

aging formulations. Creams are a preferred topical dosage form due to their ease of70

application, favorable aesthetics, and comfort on the skin.71

Given these considerations, this study aimed to evaluate the anti-aging effects of a72

cream containing A. bilimbi fruit extract in a human clinical trial. The effects were assessed73

based on several key skin parameters, including moisture, pigmentation, elasticity, pore size,74

sebum level, and collagen fiber density.75

76
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Materials and Methods77

Materials78

Dried Averrhoa bilimbi fruits were used as the plant material. Other ingredients79

included ethanol 70% (Bratachem, Indonesia), triethanolamine (TEA), glycerin, stearic acid,80

cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor, Indonesia).81

Experimental animals were male New Zealand rabbits aged 12–16 weeks. Human subjects82

were healthy male and female volunteers aged 19–25 years. Equipment included a pH83

meter (Hanna Instruments, Indonesia), a viscometer (Brookfield, USA), and a skin analyzer84

(Rista Clinic Beauty Care, Demak Regency, Central Java, Indonesia).85

Extraction of A. bilimbi86

A total of 200 g of dried powdered A. bilimbi fruit was extracted by maceration with87

70% ethanol for 3 days at room temperature. The extract was then concentrated using a88

rotary evaporator at 60°C and 100 rpm to obtain a viscous crude extract (Rahardhian dkk.,89

2019).90

Cream Formulation91

Creams containing A. bilimbi extract were prepared in concentrations of 1% (F1), 3%92

(F2), and 5% (F3). The formulation method referred to Iskandar et al. (Iskandar dkk., 2016). The93

composition of each cream formula is presented in Table 1. The water-soluble phase—94

comprising TEA, nipagin, and glycerin dissolved in distilled water—was heated to 70°C.95

Simultaneously, the oil phase—comprising stearic acid, cetyl alcohol, stearyl alcohol, and96

nipasol—was also heated to the same temperature. The aqueous phase was then gradually97

added to the oil phase under continuous stirring until a stable emulsion formed. Once the98

emulsion was uniform and slightly cooled, the extract was added and mixed thoroughly until99

homogeneous.100

Table 1. Composition of Averrhoa bilimbi Fruit Extract Cream Formulations101

Ingredient F1 (%) F2 (%) F3 (%)

A. bilimbi extract 1 3 5

Stearic Acid 48 48 48

Cetyl Alcohol 6 6 6

Stearyl alcohol 4 4 4

Nipasol 1 1 1

Cek yang benar, % atau g? Harusnya %

bukan

Comment[WN1]:
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Nipagin 1 1 1

Glycerin 54 54 54

TEA 4 4 4

Distilled water ad 100 ad 100 ad 100

Note: “ad 100” indicates addition of distilled water to make the total quantity 100%.102

103

Evaluation of Cream Characteristics104

Organoleptic evaluation included visual observation of the cream's form, color, and105

odor. Homogeneity was assessed by spreading a small portion of the cream between two106

glass slides and checking for uniformity and absence of coarse particles. The pH was107

determined using a digital pH meter to ensure it remained within the optimal topical range108

of 4.5–6.5. Viscosity was measured using a Brookfield viscometer with R7 spindle and109

recorded in centipoise (cP) units (Ramdhan & Yusuf, 2023).110

111

Ethical Clearance112

Ethical approval for the study was granted by the Bioethics Commission for Medical and113

Health Research, Faculty of Medicine, Sultan Agung Islamic University, Semarang, with114

approval number 313/V/2019/Bioethics Commission. The ethical clearance covered both115

animal testing and human trials, ensuring full compliance with ethical standards.116

Irritation Test117

The irritation test was conducted in accordance with OECD guidelines (OECD, 2021) . On118

each rabbit, a 6 cm² area of shaved dorsal skin was treated with 0.5 g of cream and covered119

using a semi-occlusive bandage. Observations for erythema and edema were made at 1, 24,120

48, and 72 hours, and results were scored using the Draize method (Table 2). The same121

procedure was applied to human subjects, with additional daily observation during the first122

three days of product use.123

Table 2. Irritation Score (Draize Scoring System)124

Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2
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Heavy 3

Very heavy 4

125

Informed Consent126

All human volunteers signed informed consent forms, confirming they understood the127

study objectives and procedures, and agreed to participate voluntarily. Inclusion criteria128

included healthy male or female participants aged 19–25 years, with no history of chronic129

illness, skin disease, supplement intake, or current medication. Exclusion criteria included130

degenerative or inflammatory conditions, pregnancy, and breastfeeding.131

132

Human Trial133

Twenty-four volunteers were assigned to three groups and instructed to apply the134

cream twice daily (morning and evening) to the dorsal area of one hand for 30 days. Skin135

conditions were assessed on day 1 and day 30 using a professional skin analyzer operated by136

a physician. Parameters evaluated included sebum, moisture, pigmentation, pore size,137

elasticity, and collagen fiber density. Daily self-assessments were also recorded using a138

portable skin analyzer to monitor adherence and condition changes.139

Analysis Data140

The data obtained from skin analysis before and after the 30-day treatment were141

analyzed using paired t-tests for each group. A p-value of < 0.05 was considered statistically142

significant. The formulation yielding the most statistically significant improvement was143

considered the most effective.144

145

Results and Discussion146

Characteristics of the Anti-Aging Cream147

The formulated anti-aging creams (F1, F2, and F3) appeared semi-solid with a148

characteristic fruity odor and color ranging from light yellow to deep yellow depending on149

the extract concentration. All formulations were physically homogeneous. Detailed150

organoleptic and homogeneity observations are summarized in Table 3.151

Table 3. Organoleptic and Homogeneity Characteristics of Anti-aging Cream152

Formula Smell Form Color Homogeneity
Base A. bilimbi fruit Semi solid White Homogeneous
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F1 A. bilimbi fruit Semi solid Light yellow Homogeneous

F2 A. bilimbi fruit Semi solid Deep Yellow Homogeneous

F3 A. bilimbi fruit Semi solid Deep yellow Homogeneous

153

The pH values of all formulations increased slightly with increasing extract154

concentration but remained within the acceptable topical range of 4.5–6.5, indicating155

compatibility with skin physiology (Figure 1A). Viscosity was also observed to increase with156

extract concentration but remained within the quality standard of 2,000–50,000 cPs for157

cream preparations (Figure 1B), complying with SNI 16-4399-1996. Optimal viscosity158

enhances cream spreadability and skin absorption.159

160

Figure 1. pH (A) and Viscosity (B) of Anti-aging Cream Formulations161

162

Irritation Test Results163

No visible signs of erythema or edema were observed in either rabbit or human164

subjects after 72 hours of application. Based on Draize scoring (Table 4), all formulations—165

including the base and F1–F3—scored 0, indicating they were non-irritating.166

Table 4. Irritation Scores of Anti-aging Creams on Animals and Humans167

Formula Animal Irritation Index Human Irritation Index

Base 0 0

F1 0 0

F2 0 0

F3 0 0

168

Human Trial: Anti-Aging Parameters169

Satuan viskositas harus ada, bisa dikirimkan

untuk data excelnya? Supaya kami bisa perbaiki dengan lebih

baik

Comment[WN2]:
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Anti-aging efficacy was assessed by comparing skin parameters before and after 30170

days of cream application. The skin condition improvements are visualized in Figure 2.171

Sebum levels slightly increased in F2 and F3 groups, likely due to the higher oil content172

in W/O formulations. However, these changes were statistically non-significant (p > 0.05).173

Excessive sebum can obstruct pores, but the increase here did not exceed normal levels and174

may be counteracted by the formula's other active properties.175

F3 showed the highest increase in skin hydration (22.34%) after 30 days of176

application. Nonetheless, this improvement was not statistically significant (p > 0.05).177

Moisturizing effects of flavonoid-rich extracts have been documented, but a longer duration178

may be needed to observe significant change (Rasul & Akhtar, 2012; Sugihartini, 2017).179

F3 also exhibited the most effective pigmentation reduction (15.08%). However,180

statistical analysis did not support significance (p > 0.05). This result aligns with previous181

studies that reported visible depigmentation only after 8 weeks of application (Khan dkk.,182

2014).183
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184

Figure 2. Changes in Skin Parameters After 30 Days of Application: (A) Sebum, (B) Moisture,185

(C) Pigment, (D) Pore Size, (E) Elasticity, and (F) Collagen Fibers186

Significant reduction in pore diameter was observed in both F2 and F3 groups (p <187

0.05), with F3 achieving the greatest reduction (54.18%). This effect may be attributed to188

Informasi t-test belum disajikan di gambar

ini, mohon dilengkapi! Kemudian gunakan F1, F2, F3 dan base

seperti sebelumnya! Mohon data excelnya dikirimkan juga!

Comment[WN3]:
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phenolic compounds, including tannins, which act as astringents and help tighten skin pores189

(Puspitasari, 2011).190

Skin elasticity improved significantly in the F3 group (p < 0.05), with an increase of191

16.85%. This result suggests that A. bilimbi extract may contribute to collagen preservation192

or synthesis. Improved elasticity correlates well with the observed pore shrinkage, indicating193

restored dermal integrity (Jadoon dkk., 2015).194

Collagen fiber density showed a minimal increase (1.12%) in the F3 group and was not195

statistically significant (p > 0.05). Collagen improvement may require prolonged use or196

higher extract concentrations.197

Among the three cream formulations tested, F3 (5% A. bilimbi extract) demonstrated198

the most consistent improvements across multiple skin-aging parameters. Statistically199

significant changes were observed in pore size and elasticity, suggesting strong anti-aging200

potential. Although other parameters did not show statistical significance, trends in201

moisture and pigmentation improvement were evident. The results indicate that A.202

bilimbi extract is a promising active ingredient for anti-aging cosmetic formulations,203

particularly in W/O cream form.204

205

Conclusion206

Based on the findings from this study, the cream formulation containing 5% Averrhoa207

bilimbi extract (F3) demonstrated the most significant anti-aging effects, particularly in208

reducing skin pore diameter and improving skin elasticity, both of which were statistically209

significant (p < 0.05). Although other parameters such as moisture content, pigmentation,210

and collagen fiber density showed positive trends, they did not reach statistical significance211

within the 30-day application period. The results support the use of A. bilimbi fruit extract in212

topical formulations for anti-aging purposes. Further studies with longer treatment213

durations and higher extract concentrations are recommended to strengthen and expand214

these findings.215
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Abstract11

Averrhoa bilimbi is an Indonesian native plant known for its antioxidant, sunscreen, and12
tyrosinase inhibitory activities due to its polyphenol and flavonoid content. This study aimed13
to evaluate the anti-aging efficacy of a topical cream containing A. bilimbi fruit extract14
through a human clinical trial. The extract was obtained by maceration using 70% ethanol15
and formulated into a water-in-oil (W/O) cream at concentrations of 1% (F1), 3% (F2), and16
5% (F3). Each formulation was evaluated for its physical characteristics, including17
organoleptic properties, homogeneity, pH, and viscosity. Irritation tests were conducted on18
animals and human volunteers. A total of 24 human subjects applied the cream for 30 days.19
Skin condition parameters—sebum, moisture, pigmentation, pore size, elasticity, and20
collagen fibers—were assessed before and after treatment using a skin analyzer. The results21
showed that the F3 formulation produced the most notable improvements, including22
increased skin moisture and elasticity, and decreased pigmentation and pore size. Statistical23
analysis revealed significant improvements (p < 0.05) in pore size and elasticity for the F324
group. These findings indicate that the 5% A. bilimbi extract cream is a safe and effective25
anti-aging topical formulation.26
Keywords: Averrhoa bilimbi, anti-aging cream, herbal cosmetics, clinical trial, skin elasticity,27
pore size28

Abstrak29

Belimbing wuluh (Averrhoa bilimbi) merupakan tanaman asli Indonesia yang mengandung30
senyawa aktif seperti polifenol dan flavonoid, serta memiliki aktivitas antioksidan, tabir31
surya, dan penghambat enzim tirosinase. Penelitian ini bertujuan mengevaluasi efektivitas32
krim yang mengandung ekstrak buah A. bilimbi dalam mengatasi tanda-tanda penuaan kulit33
melalui uji klinis pada manusia. Ekstrak buah diperoleh melalui maserasi dengan etanol 70%34
dan diformulasikan menjadi krim tipe air dalam minyak (A/M) dengan konsentrasi 1% (F1),35
3% (F2), dan 5% (F3). Evaluasi karakteristik sediaan meliputi uji organoleptik, homogenitas,36
pH, dan viskositas. Uji iritasi dilakukan pada hewan dan manusia. Sebanyak 24 subjek37
relawan menggunakan krim selama 30 hari. Evaluasi parameter kulit dilakukan sebelum dan38
sesudah penggunaan dengan bantuan skin analyzer, yang mencakup kadar sebum,39
kelembaban, pigmentasi, diameter pori, elastisitas, dan serat kolagen. Hasil menunjukkan40
bahwa formula F3 memberikan hasil paling optimal, dengan peningkatan kelembaban dan41
elastisitas kulit, serta penurunan pigmentasi dan diameter pori secara bermakna (p < 0,05).42
Oleh karena itu, krim ekstrak buah A. bilimbi konsentrasi 5% berpotensi sebagai sediaan43
antipenuaan yang aman dan efektif.44
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Kata Kunci: Belimbing wuluh, Averrhoa bilimbi, krim antipenuaan, uji klinis, elastisitas kulit,45
pori-pori46

Introduction47

Skin aging is a complex biological process, with approximately 80% of visible signs48

attributed to ultraviolet (UV) exposure, a condition referred to as photoaging. This49

phenomenon primarily affects sun-exposed areas such as the face, neck, hands, and lower50

limbs (Aramo, 2012). UVB rays affect the epidermis, while UVA rays penetrate deeper into the51

dermis, inducing the formation of reactive oxygen species (ROS) and free radicals that52

damage key structural proteins in the skin, such as collagen and elastin (Binic dkk., 2013).53

In Asian skin types, aging is characterized by reduced sebum production, increased54

pigmentation and wrinkling, and diminished moisture retention (Dayan, 2008) . Topical55

cosmetics containing bioactive natural compounds are increasingly favored for their dual56

roles in preventing skin aging and maintaining skin health. Phytochemicals—such as57

flavonoids, phenolic acids, saponins, and alkaloids—are known to stimulate collagen58

synthesis and exert antioxidant effects, making them valuable for the development of anti-59

aging skincare products (Suharsanti dkk., 2019).60

Averrhoa bilimbi, a plant native to Indonesia, has shown potential in this regard. The61

fruit of A. bilimbi contains higher levels of phenolics and flavonoids compared to its leaves,62

with total phenolic content reaching 19.80 ± 1.67 mg GAE/g and total flavonoid content of63

24.75 ± 0.33 mg RE/g (Suharsanti dkk., 2019) . In addition, the fruit extract demonstrates sun64

protection factor (SPF) values indicative of maximum protection at 300 ppm concentration,65

antioxidant activity with an IC₅₀ of 2.33 ± 0.33 mg/mL, and tyrosinase inhibitory activity with66

an IC₅₀ of 186.85 ± 9.37 mg/mL.67

Previous studies on A. bilimbi have primarily focused on wound-healing applications68

using leaf extracts, while the fruit extract remains underutilized, particularly in topical anti-69

aging formulations. Creams are a preferred topical dosage form due to their ease of70

application, favorable aesthetics, and comfort on the skin.71

Given these considerations, this study aimed to evaluate the anti-aging effects of a72

cream containing A. bilimbi fruit extract in a human clinical trial. The effects were assessed73

based on several key skin parameters, including moisture, pigmentation, elasticity, pore size,74

sebum level, and collagen fiber density.75

76
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Materials and Methods77

Materials78

Dried Averrhoa bilimbi fruits were used as the plant material. Other ingredients79

included ethanol 70% (Bratachem, Indonesia), triethanolamine (TEA), glycerin, stearic acid,80

cetyl alcohol, stearyl alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor, Indonesia).81

Experimental animals were male New Zealand rabbits aged 12–16 weeks. Human subjects82

were healthy male and female volunteers aged 19–25 years. Equipment included a pH83

meter (Hanna Instruments, Indonesia), a viscometer (Brookfield, USA), and a skin analyzer84

(Rista Clinic Beauty Care, Demak Regency, Central Java, Indonesia).85

Extraction of A. bilimbi86

A total of 200 g of dried powdered A. bilimbi fruit was extracted by maceration with87

70% ethanol for 3 days at room temperature. The extract was then concentrated using a88

rotary evaporator at 60°C and 100 rpm to obtain a viscous crude extract (Rahardhian dkk.,89

2019).90

Cream Formulation91

Creams containing A. bilimbi extract were prepared in concentrations of 1% (F1), 3%92

(F2), and 5% (F3). The formulation method referred to Iskandar et al. (Iskandar dkk., 2016). The93

composition of each cream formula is presented in Table 1. The water-soluble phase—94

comprising TEA, nipagin, and glycerin dissolved in distilled water—was heated to 70°C.95

Simultaneously, the oil phase—comprising stearic acid, cetyl alcohol, stearyl alcohol, and96

nipasol—was also heated to the same temperature. The aqueous phase was then gradually97

added to the oil phase under continuous stirring until a stable emulsion formed. Once the98

emulsion was uniform and slightly cooled, the extract was added and mixed thoroughly until99

homogeneous.100

Table 1. Composition of Averrhoa bilimbi Fruit Extract Cream Formulations101

Ingredient F1 (%) F2 (%) F3 (%)

A. bilimbi extract 1 3 5

Stearic Acid 24 24 24

Cetyl Alcohol 4 4 4

Stearyl alcohol 2 2 2

Nipasol 0,5 0,5 0,5
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Nipagin 0,5 0,5 0,5

Glycerin 28 28 28

TEA 2 2 2

Distilled water ad 100 ad 100 ad 100

Note: “ad 100” indicates addition of distilled water to make the total quantity 100%.102

103

Evaluation of Cream Characteristics104

Organoleptic evaluation included visual observation of the cream's form, color, and105

odor. Homogeneity was assessed by spreading a small portion of the cream between two106

glass slides and checking for uniformity and absence of coarse particles. The pH was107

determined using a digital pH meter to ensure it remained within the optimal topical range108

of 4.5–6.5. Viscosity was measured using a Brookfield viscometer with R7 spindle and109

recorded in centipoise (cP) units (Ramdhan & Yusuf, 2023).110

111

Ethical Clearance112

Ethical approval for the study was granted by the Bioethics Commission for Medical and113

Health Research, Faculty of Medicine, Sultan Agung Islamic University, Semarang, with114

approval number 313/V/2019/Bioethics Commission. The ethical clearance covered both115

animal testing and human trials, ensuring full compliance with ethical standards.116

Irritation Test117

The irritation test was conducted in accordance with OECD guidelines (OECD, 2021) . On118

each rabbit, a 6 cm² area of shaved dorsal skin was treated with 0.5 g of cream and covered119

using a semi-occlusive bandage. Observations for erythema and edema were made at 1, 24,120

48, and 72 hours, and results were scored using the Draize method (Table 2). The same121

procedure was applied to human subjects, with additional daily observation during the first122

three days of product use.123

Table 2. Irritation Score (Draize Scoring System)124

Condition Score

There isn't any 0

Very Light 1

Clearly Visible 2
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Heavy 3

Very heavy 4

125

Informed Consent126

All human volunteers signed informed consent forms, confirming they understood the127

study objectives and procedures, and agreed to participate voluntarily. Inclusion criteria128

included healthy male or female participants aged 19–25 years, with no history of chronic129

illness, skin disease, supplement intake, or current medication. Exclusion criteria included130

degenerative or inflammatory conditions, pregnancy, and breastfeeding.131

132

Human Trial133

Twenty-four volunteers were assigned to three groups and instructed to apply the134

cream twice daily (morning and evening) to the dorsal area of one hand for 30 days. Skin135

conditions were assessed on day 1 and day 30 using a professional skin analyzer operated by136

a physician. Parameters evaluated included sebum, moisture, pigmentation, pore size,137

elasticity, and collagen fiber density. Daily self-assessments were also recorded using a138

portable skin analyzer to monitor adherence and condition changes.139

Analysis Data140

The data obtained from skin analysis before and after the 30-day treatment were141

analyzed using paired t-tests for each group. A p-value of < 0.05 was considered statistically142

significant. The formulation yielding the most statistically significant improvement was143

considered the most effective.144

145

Results and Discussion146

Characteristics of the Anti-Aging Cream147

The formulated anti-aging creams (F1, F2, and F3) appeared semi-solid with a148

characteristic fruity odor and color ranging from light yellow to deep yellow depending on149

the extract concentration. All formulations were physically homogeneous. Detailed150

organoleptic and homogeneity observations are summarized in Table 3.151

Table 3. Organoleptic and Homogeneity Characteristics of Anti-aging Cream152

Formula Smell Form Color Homogeneity
Base A. bilimbi fruit Semi solid White Homogeneous
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F1 A. bilimbi fruit Semi solid Light yellow Homogeneous

F2 A. bilimbi fruit Semi solid Deep Yellow Homogeneous

F3 A. bilimbi fruit Semi solid Deep yellow Homogeneous

153

The pH values of all formulations increased slightly with increasing extract154

concentration but remained within the acceptable topical range of 4.5–6.5, indicating155

compatibility with skin physiology (Figure 1A). Viscosity was also observed to increase with156

extract concentration but remained within the quality standard of 2,000–50,000 cPs for157

cream preparations (Figure 1B), complying with SNI 16-4399-1996. Optimal viscosity158

enhances cream spreadability and skin absorption.159

160

161

162

163

164

165

166

Figure 1. pH (A) and Viscosity (B) of Anti-aging Cream Formulations167

168

Irritation Test Results169

No visible signs of erythema or edema were observed in either rabbit or human170

subjects after 72 hours of application. Based on Draize scoring (Table 4), all formulations—171

including the base and F1–F3—scored 0, indicating they were non-irritating.172

Table 4. Irritation Scores of Anti-aging Creams on Animals and Humans173

Formula Animal Irritation Index Human Irritation Index

Base 0 0

F1 0 0

F2 0 0

F3 0 0

174

Human Trial: Anti-Aging Parameters175
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Anti-aging efficacy was assessed by comparing skin parameters before and after 30176

days of cream application. The skin condition improvements are visualized in Figure 2.177

Sebum levels slightly increased in F2 and F3 groups, likely due to the higher oil content178

in W/O formulations. However, these changes were statistically non-significant (p > 0.05).179

Excessive sebum can obstruct pores, but the increase here did not exceed normal levels and180

may be counteracted by the formula's other active properties.181

F3 showed the highest increase in skin hydration (22.34%) after 30 days of182

application. Nonetheless, this improvement was not statistically significant (p > 0.05).183

Moisturizing effects of flavonoid-rich extracts have been documented, but a longer duration184

may be needed to observe significant change (Rasul & Akhtar, 2012; Sugihartini, 2017).185

F3 also exhibited the most effective pigmentation reduction (15.08%). However,186

statistical analysis did not support significance (p > 0.05). This result aligns with previous187

studies that reported visible depigmentation only after 8 weeks of application (Khan dkk.,188

2014).189

190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215



8

Second (2nd)Revised Manuscript

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258

Figure 2. Changes in Skin Parameters After 30 Days of Application: (A) Sebum, (B) Moisture,259

(C) Pigment, (D) Pore Size, (E) Elasticity, and (F) Collagen Fibers, Mean  SD (n=6), ns = no260

significant, * = significant (p<0,05) with t test261
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262

Significant reduction in pore diameter was observed in both F2 and F3 groups (p <263

0.05), with F3 achieving the greatest reduction (54.18%). This effect may be attributed to264

phenolic compounds, including tannins, which act as astringents and help tighten skin pores265

(Puspitasari, 2011).266

Skin elasticity improved significantly in the F3 group (p < 0.05), with an increase of267

16.85%. This result suggests that A. bilimbi extract may contribute to collagen preservation268

or synthesis. Improved elasticity correlates well with the observed pore shrinkage, indicating269

restored dermal integrity (Jadoon dkk., 2015).270

Collagen fiber density showed a minimal increase (1.12%) in the F3 group and was not271

statistically significant (p > 0.05). Collagen improvement may require prolonged use or272

higher extract concentrations.273

Among the three cream formulations tested, F3 (5% A. bilimbi extract) demonstrated274

the most consistent improvements across multiple skin-aging parameters. Statistically275

significant changes were observed in pore size and elasticity, suggesting strong anti-aging276

potential. Although other parameters did not show statistical significance, trends in277

moisture and pigmentation improvement were evident. The results indicate that A.278

bilimbi extract is a promising active ingredient for anti-aging cosmetic formulations,279

particularly in W/O cream form.280

281

Conclusion282

Based on the findings from this study, the cream formulation containing 5% Averrhoa283

bilimbi extract (F3) demonstrated the most significant anti-aging effects, particularly in284

reducing skin pore diameter and improving skin elasticity, both of which were statistically285

significant (p < 0.05). Although other parameters such as moisture content, pigmentation,286

and collagen fiber density showed positive trends, they did not reach statistical significance287

within the 30-day application period. The results support the use of A. bilimbi fruit extract in288

topical formulations for anti-aging purposes. Further studies with longer treatment289

durations and higher extract concentrations are recommended to strengthen and expand290

these findings.291

292
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Averrhoa bilimbi, a plant native to Indonesian, exhibits antioxidant, sunscreen, and tyrosinase inhibitory
activities due to its polyphenol and flavonoid content. This study aimed to evaluate the anti-aging efficacy
of a topical cream containing A. bilimbi fruit extract through a human clinical trial. The extract was obtained
by maceration using 70% ethanol and formulated into a water-in-oil (W/O) cream at concentrations of 1%
(F1), 3% (F2), and 5% (F3). Each formulation was evaluated for its physical characteristics, including
organoleptic properties, homogeneity, pH, and viscosity. Irritation tests were conducted on animals and
humanvolunteers. A total of 24 human subjects applied the cream for 30 days. Skin condition parameters—
sebum, moisture, pigmentation, pore size, elasticity, and collagen fibers—were assessed before and after
treatment using a skin analyzer. The results showed that the F3 formulation produced the most notable
improvements, including increased skin moisture and elasticity, and decreased pigmentation and pore size.
Statistical analysis revealed significant improvements (p < 0.05) in pore size and elasticity for the F3 group.
These findings indicate that the 5% A. bilimbi extract cream is a safe and effective anti-aging topical
formulation.
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Averrhoa bilimbi
anti-aging cream
herbal cosmetics
clinical trial
skin elasticity
pore size

Kata kunci: ABSTRAK

Belimbing wuluh
Averrhoa bilimbi
krim antipenuaan
uji klinis
elastisitas kulit
pori-pori

Belimbing wuluh (Averrhoa bilimbi) merupakan tanaman asli Indonesia yang mengandung senyawa aktif
seperti polifenol dan flavonoid, serta memiliki aktivitas antioksidan, tabir surya, dan penghambat enzim
tirosinase. Penelitian ini bertujuanmengevaluasi efektivitas krim yang mengandung ekstrak buah A. bilimbi
dalammengatasi tanda-tanda penuaan kulit melalui uji klinis padamanusia. Ekstrak buah diperoleh melalui
maserasi dengan etanol 70% dan diformulasikan menjadi krim tipe air dalam minyak (A/M) dengan
konsentrasi 1% (F1), 3% (F2), dan 5% (F3). Evaluasi karakteristik sediaan meliputi uji organoleptik,
homogenitas, pH, dan viskositas. Uji iritasi dilakukan pada hewan danmanusia. Sebanyak 24 subjek relawan
menggunakan krim selama 30 hari. Evaluasi parameter kulit dilakukan sebelum dan sesudah penggunaan
dengan bantuan skin analyzer, yang mencakup kadar sebum, kelembaban, pigmentasi, diameter pori,
elastisitas, dan serat kolagen. Hasil menunjukkan bahwa formula F3 memberikan hasil paling optimal,
dengan peningkatan kelembaban dan elastisitas kulit, serta penurunan pigmentasi dan diameter pori secara
bermakna (p < 0,05). Oleh karena itu, krim ekstrak buah A. bilimbi konsentrasi 5% berpotensi sebagai
sediaan antipenuaan yang aman dan efektif.

*Corresponding author:
Ririn Suharsanti (ririnsuharsanti@stifar.ac.id)

1. INTRODUCTION

Skin aging is a complex biological process, with approximately 80% of
visible signs attributed to ultraviolet (UV) exposure, a condition
commonly known as photoaging. This process primarily affects sun-
exposed areas such as the face, neck, hands, and lower limbs (Aramo,
2012). UVB radiation primarily damages the epidermis, whereas UVA
rays penetrate deeper into the dermis, leading to the formation of
reactive oxygen species (ROS) and free radicals that degrade essential
structural proteins, including collagen and elastin (Binic et al., 2013).

In individuals with Asian skin types, aging is often marked by reduced
sebum production, increased pigmentation, formation of wrinkles, and
a decline in moisture retention (Dayan, 2008). Topical cosmetic products
containing natural bioactive compounds are increasingly preferred due
to their dual function of preventing skin aging and maintaining skin
health. Phytochemicals such as flavonoids, phenolic acids, saponins, and
alkaloids are known to stimulate collagen synthesis and exhibit

antioxidant properties, making them particularly suitable for the
formulation of anti-aging skin products (Suharsanti et al., 2019).

Averrhoa bilimbi, a tropical plant native to Indonesia, has demonstrated
significant potential in skin care applications. Its fruit contains notably
higher levels of phenolic and flavonoid compounds compared to its
leaves, with total phenolic content reported at 19.80 ± 1.67 mg GAE/g
and total flavonoid content at 24.75 ± 0.33 mg RE/g (Suharsanti et al.,
2019). Furthermore, the fruit extract has been shown to possess a strong
sun protection factor (SPF) at concentrations of 300 ppm, antioxidant
activity with an IC₅₀ of 2.33 ± 0.33 mg/mL, and tyrosinase inhibition with
an IC₅₀ of 186.85 ± 9.37 mg/mL.

Previous research on A. bilimbi has largely focused on its wound-healing
capabilities, particularly using leaf extracts. However, the potential of
the fruit extract for topical anti-aging applications remains
underexplored. Creams are widely favored as topical delivery systems
due to their ease of application, aesthetic appeal, and skin compatibility.

https://jamu-journal.ipb.ac.id/index.php/JJI/index
https://portal.issn.org/resource/ISSN/2407-7178
https://portal.issn.org/resource/ISSN/2407-7763
mailto:(ririnsuharsanti@stifar.ac.id
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Given these considerations, the present study aimed to evaluate the
anti-aging effects of a cream formulation containing A. bilimbi fruit
extract through a clinical trial involving human participants. The efficacy
was assessed based on key skin parameters, including moisture,
pigmentation, elasticity, pore size, sebum level, and collagen fiber
density.

2. MATERIALS ANDMETHODS

2.1. Materials

Dried A. bilimbi fruits were used as the plant material. Other ingredients
included ethanol 70% (Bratachem, Indonesia), triethanolamine (TEA),

University, Semarang (Approval No. 313/V/2019/Bioethics Commission).
This clearance encompassed both animal and human testing.

2.6. Irritation Test

Irritation tests were conducted in compliance with OECD guidelines
(OECD, 2021). A 6 cm² shaved dorsal skin area of each rabbit was treated
with 0.5 g of cream under a semi-occlusive bandage. Observations for
erythema and edema were recorded at 1, 24, 48, and 72 hours, using the
Draize scoring method (Table 2). he same protocol was applied to human
volunteers, with additional daily monitoring during the first three days
of use.

Table 2. Irritation Score (Draize Scoring System)
glycerin, stearic acid, cetyl alcohol, stearyl alcohol, nipagin, and nipasol
(CV. Setia Jaya Distributor, Indonesia). Experimental animals were male
New Zealand rabbits aged 12–16 weeks. Human subjects were healthy
male and female volunteers aged 19–25 years. Equipment included a pH
meter (Hanna Instruments, Indonesia), a viscometer (Brookfield, USA),
and a skin analyzer (Rista Clinic Beauty Care, Demak Regency, Central
Java, Indonesia).

2.2. Extraction of A. bilimbi

A total of 200 g of dried powdered A. bilimbi fruit was extracted by
maceration with 70% ethanol for 3 days at room temperature. The
extract was then concentrated using a rotary evaporator at 60°C and 100
rpm to obtain a viscous crude extract (Rahardhian et al., 2019).

2.3. Cream Formulation

Creams were prepared with A. bilimbi extract concentrations of 1% (F1),
3% (F2), and 5% (F3) (Table 1), following the method described by
Iskandar et al. (2016). The water-soluble phase—consisting of TEA,
nipagin, and glycerin in distilled water—was heated to 70°C.
Simultaneously, the oil phase—comprising stearic acid, cetyl alcohol,
stearyl alcohol, and nipasol—was heated to the same temperature. The
aqueous phase was gradually added to the oil phase under continuous
stirring to form a stable emulsion. After the emulsion cooled slightly, the
extract was incorporated and mixed thoroughly until homogeneous.

Table 1. Composition of Averrhoa bilimbi Fruit Extract Cream
Formulations

Ingredient F1 (%) F2 (%) F3 (%)
A. bilimbi extract 1 3 5
Stearic Acid 24 24 24
Cetyl Alcohol 4 4 4
Stearyl alcohol 2 2 2
Nipasol 0.5 0.5 0.5
Nipagin 0.5 0.5 0.5
Glycerin 28 28 28
TEA 2 2 2
Distilled water ad 100 ad 100 ad 100

Note: “ad 100” indicates addition of distilled water to make the total quantity
100%.

2.4. Evaluation of Cream Characteristics

Organoleptic evaluation included observations of the cream's color,
odor, and consistency. Homogeneity was assessed by spreading a
sample between two glass slides to ensure uniformity and absence of
coarse particles. The pHwasmeasuredwith a digital pHmeter to confirm
suitability for topical use (pH 4.5–6.5). Viscosity was determined using a
Brookfield viscometer with R7 spindle and recorded in centipoise (cP)
(Ramdhan & Yusuf, 2023).

2.5. Ethical Clearance

The study received ethical approval from the Bioethics Commission for
Medical and Health Research, Faculty of Medicine, Sultan Agung Islamic

Table 3. Organoleptic and Homogeneity Characteristics of Anti-aging Cream

2.7. Informed Consent

All human volunteers signed informed consent forms, confirming they
understood the study objectives and procedures, and agreed to
participate voluntarily. Inclusion criteria included healthy male or female
participants aged 19–25 years, with no history of chronic illness, skin
disease, supplement intake, or current medication. Exclusion criteria
included degenerative or inflammatory conditions, pregnancy, and
breastfeeding.

2.8. Human Trial

Twenty-four volunteers were assigned to three groups and instructed to
apply the cream twice daily (morning and evening) to the dorsal area of
one hand for 30 days. Skin conditions were assessed on day 1 and day
30 using a professional skin analyzer operated by a physician.
Parameters evaluated included sebum, moisture, pigmentation, pore
size, elasticity, and collagen fiber density. Daily self-assessments were
also recorded using a portable skin analyzer to monitor adherence and
condition changes.

2.9. Analysis Data

The data obtained from skin analysis before and after the 30-day
treatment were analyzed using paired t-tests for each group. A p-value
of < 0.05 was considered statistically significant. The formulation yielding
the most statistically significant improvement was considered the most
effective.

3. RESULTS AND DISCUSSION

3.1. Characteristics of the Anti-Aging Cream

The formulated anti-aging creams (F1, F2, and F3) appeared semi-solid
with a characteristic fruity odor and color ranging from light yellow to
deep yellow depending on the extract concentration. All formulations
were physically homogeneous. Detailed organoleptic and homogeneity
observations are summarized in Table 3.

The pH values of all formulations increased slightly with increasing
extract concentration but remained within the acceptable topical range
of 4.5–6.5, indicating compatibility with skin physiology (Figure 1A).
Viscosity was also observed to increase with extract concentration but
remained within the quality standard of 2,000–50,000 cPs for cream
preparations (Figure 1B), complying with SNI 16-4399-1996. Optimal
viscosity enhances cream spreadability and skin absorption.

Formula Smell Form Color Homogeneity
Base A. bilimbi fruit Semi solid White Homogeneous
F1 A. bilimbi fruit Semi solid Light yellow Homogeneous
F2 A. bilimbi fruit Semi solid Deep Yellow Homogeneous
F3 A. bilimbi fruit Semi solid Deep yellow Homogeneous

Condition Score
There isn't any 0
Very Light 1
Clearly Visible 2
Heavy 3
Very heavy 4
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3.2. Irritation Test Results

Figure 1. pH (A) and Viscosity (B) of Anti-aging Cream Formulations

3.3. Human Trial: Anti-Aging Parameters
No visible signs of erythema or edema were observed in either rabbit or
human subjects after 72 hours of application. Based on Draize scoring
(Table 4), all formulations—including the base and F1–F3—scored 0,
indicating they were non-irritating.

Table 4. Irritation Scores of Anti-aging Creams on Animals and Humans

Formula Animal Irritation Index Human Irritation Index
Base 0 0
F1 0 0
F2 0 0
F3 0 0

Skin condition parameters before and after 30 days of application were
evaluated.. The skin condition improvements are visualized in Figure 2.
The F3 formulation (5% A. bilimbi extract) consistently exhibited the
most pronounced improvements. Sebum levels showed a slight increase
in both F2 and F3 groups, possibly due to the oil-rich water-in-oil (W/O)
base; however, the changes were not statistically significant (p > 0.05).
Skin hydration improved in all groups, with F3 achieving a 22.34%
increase, although this was also not statistically significant (p > 0.05). The
moisturizing effect may be attributed to the presence of flavonoids, but
a longer treatment duration may be necessary to observe significant
outcomes (Rasul & Akhtar, 2012).

Figure 2. Changes in Skin Parameters After 30 Days of Application: (A) Sebum, (B)Moisture, (C) Pigment, (D) Pore Size, (E) Elasticity, and (F) Collagen
Fibers, Mean ± SD (n=6), ns = no significant, * = significant (p<0,05) with t test.
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Pigmentation was reduced by 15.08% in the F3 group, although the
decrease did not reach statistical significance (p > 0.05). This finding
aligns with previous research suggesting that visible depigmentation
generally requires longer application periods (Khan et al., 2014). Pore
size reduction was statistically significant (p < 0.05) in both F2 and F3
groups, with F3 demonstrating the most notable effect—a 54.18%
decrease. This result is likely due to the astringent properties of phenolic
compounds, including tannins (Puspitasari, 2011).

A significant increase in skin elasticity was observed in the F3 group
(16.85%, p < 0.05), indicating that the extract may contribute to the
preservation or stimulation of collagen, which in turn improves dermal
structure and function (Jadoon et al., 2015). Although the collagen fiber
density also showed a slight improvement (1.12%) in the F3 group, it was
not statistically significant, suggesting that a longer usage period or a
higher extract concentration might be required for measurable collagen
enhancement.

The F3 formulation demonstrated statistically significant improvements
in pore size and elasticity, while other parameters showed positive
trends. These findings support the use of A. bilimbi extract in topical anti-
aging formulations and suggest that longer treatment periods may yield
more pronounced effects.

4. CONCLUSION

Based on the findings from this study, the cream formulation containing
5% Averrhoa bilimbi extract (F3) demonstrated the most significant anti-
aging effects, particularly in reducing skin pore diameter and improving

skin elasticity, both of which were statistically significant (p < 0.05).
Although the changes in sebum production, moisture content,
pigmentation, and collagen fiber density did not reach statistical
significance, positive trends were observed. These findings indicate that
A. bilimbi fruit extract holds promising potential as a safe and effective
active ingredient in topical anti-aging skincare products. Further studies
with longer application durations and potentially higher extract
concentrations are recommended to confirm and extend these findings.
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 Averrhoa bilimbi, a plant native to Indonesian, exhibits antioxidant, sunscreen, and tyrosinase 
inhibitory activities due to its polyphenol and flavonoid content. This study aimed to evaluate the 
anti-aging efficacy of a topical cream containing A. bilimbi fruit extract through a human clinical 
trial. The extract was obtained by maceration using 70% ethanol and formulated into a water-in-
oil (W/O) cream at concentrations of 1% (F1), 3% (F2), and 5% (F3). Each formulation was 
evaluated for its physical characteristics, including organoleptic properties, homogeneity, pH, and 
viscosity. Irritation tests were conducted on animals and human volunteers. A total of 24 human 
subjects applied the cream for 30 days. Skin condition parameters—sebum, moisture, 
pigmentation, pore size, elasticity, and collagen fibers—were assessed before and after treatment 
using a skin analyzer. The results showed that the F3 formulation produced the most notable 
improvements, including increased skin moisture and elasticity, and decreased pigmentation and 
pore size. Statistical analysis revealed significant improvements (p < 0.05) in pore size and 
elasticity for the F3 group. These findings indicate that the 5% A. bilimbi extract cream is a safe 
and effective anti-aging topical formulation. 
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 Belimbing wuluh (Averrhoa bilimbi) merupakan tanaman asli Indonesia yang mengandung 
senyawa aktif seperti polifenol dan flavonoid, serta memiliki aktivitas antioksidan, tabir surya, 
dan penghambat enzim tirosinase. Penelitian ini bertujuan mengevaluasi efektivitas krim yang 
mengandung ekstrak buah A. bilimbi dalam mengatasi tanda-tanda penuaan kulit melalui uji klinis 
pada manusia. Ekstrak buah diperoleh melalui maserasi dengan etanol 70% dan diformulasikan 
menjadi krim tipe air dalam minyak (A/M) dengan konsentrasi 1% (F1), 3% (F2), dan 5% (F3). 
Evaluasi karakteristik sediaan meliputi uji organoleptik, homogenitas, pH, dan viskositas. Uji 
iritasi dilakukan pada hewan dan manusia. Sebanyak 24 subjek relawan menggunakan krim 
selama 30 hari. Evaluasi parameter kulit dilakukan sebelum dan sesudah penggunaan dengan 
bantuan skin analyzer, yang mencakup kadar sebum, kelembaban, pigmentasi, diameter pori, 
elastisitas, dan serat kolagen. Hasil menunjukkan bahwa formula F3 memberikan hasil paling 
optimal, dengan peningkatan kelembaban dan elastisitas kulit, serta penurunan pigmentasi dan 
diameter pori secara bermakna (p < 0,05). Oleh karena itu, krim ekstrak buah A. 
bilimbi konsentrasi 5% berpotensi sebagai sediaan antipenuaan yang aman dan efektif. 
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1. INTRODUCTION 
Skin aging is a complex biological process, with approximately 
80% of visible signs attributed to ultraviolet (UV) exposure, a 
condition commonly known as photoaging. This process primarily 
affects sun-exposed areas such as the face, neck, hands, and lower 
limbs (Aramo, 2012). UVB radiation primarily damages the 
epidermis, whereas UVA rays penetrate deeper into the dermis, 
leading to the formation of reactive oxygen species (ROS) and free 
radicals that degrade essential structural proteins, including 
collagen and elastin (Binic et al., 2013). 

In individuals with Asian skin types, aging is often marked by 
reduced sebum production, increased pigmentation, formation of 
wrinkles, and a decline in moisture retention (Dayan, 2008). 
Topical cosmetic products containing natural bioactive 
compounds are increasingly preferred due to their dual function 
of preventing skin aging and maintaining skin health. 
Phytochemicals such as flavonoids, phenolic acids, saponins, and 
alkaloids are known to stimulate collagen synthesis and exhibit 
antioxidant properties, making them particularly suitable for the 
formulation of anti-aging skin products (Suharsanti et al., 2019). 

Averrhoa bilimbi, a tropical plant native to Indonesia, has 
demonstrated significant potential in skin care applications. Its 
fruit contains notably higher levels of phenolic and flavonoid 
compounds compared to its leaves, with total phenolic content 
reported at 19.80 ± 1.67 mg GAE/g and total flavonoid content 
at 24.75 ± 0.33 mg RE/g (Suharsanti et al., 2019). Furthermore, 
the fruit extract has been shown to possess a strong sun protection 
factor (SPF) at concentrations of 300 ppm, antioxidant activity 
with an IC₅₀ of 2.33 ± 0.33 mg/mL, and tyrosinase inhibition with 
an IC₅₀ of 186.85 ± 9.37 mg/mL. 

Previous research on A. bilimbi has largely focused on its wound-
healing capabilities, particularly using leaf extracts. However, the 
potential of the fruit extract for topical anti-aging applications 
remains underexplored. Creams are widely favored as topical 
delivery systems due to their ease of application, aesthetic appeal, 
and skin compatibility. 

Given these considerations, the present study aimed to evaluate 
the anti-aging effects of a cream formulation containing A. 
bilimbi fruit extract through a clinical trial involving human 
participants. The efficacy was assessed based on key skin 
parameters, including moisture, pigmentation, elasticity, pore 
size, sebum level, and collagen fiber density. 

2. METHOD 
2.1. Materials 

Dried A. bilimbi fruits were used as the plant material. Other 
ingredients included ethanol 70% (Bratachem, Indonesia), 
triethanolamine (TEA), glycerin, stearic acid, cetyl alcohol, stearyl 
alcohol, nipagin, and nipasol (CV. Setia Jaya Distributor, 

Indonesia). Experimental animals were male New Zealand rabbits 
aged 12–16 weeks. Human subjects were healthy male and female 
volunteers aged 19–25 years. Equipment included a pH meter 
(Hanna Instruments, Indonesia), a viscometer (Brookfield, USA), 
and a skin analyzer (Rista Clinic Beauty Care, Demak Regency, 
Central Java, Indonesia). 

2.2. Extraction of A. bilimbi 

A total of 200 g of dried powdered A. bilimbi fruit was extracted 
by maceration with 70% ethanol for 3 days at room temperature. 
The extract was then concentrated using a rotary evaporator at 
60°C and 100 rpm to obtain a viscous crude extract (Rahardhian 
et al., 2019). 

2.3. Cream Formulation  

Creams were prepared with A. bilimbi extract concentrations of 1% 
(F1), 3% (F2), and 5% (F3) (Table 1), following the method 
described by Iskandar et al. (2016). The water-soluble phase—
consisting of TEA, nipagin, and glycerin in distilled water—was 
heated to 70°C. Simultaneously, the oil phase—comprising stearic 
acid, cetyl alcohol, stearyl alcohol, and nipasol—was heated to the 
same temperature. The aqueous phase was gradually added to the 
oil phase under continuous stirring to form a stable emulsion. After 
the emulsion cooled slightly, the extract was incorporated and 
mixed thoroughly until homogeneous. 

Table 1. Composition of A. bilimbi Fruit Extract Cream 
Formulations 

Ingredient F1 (%) F2 (%) F3 (%) 
A. bilimbi extract 1 3 5 
Stearic Acid 24 24 24 
Cetyl Alcohol 4 4 4 
Stearyl alcohol 2 2 2 
Nipasol 0.5 0.5 0.5 
Nipagin 0.5 0.5 0.5 
Glycerin 28 28 28 
TEA 2 2 2 
Distilled water ad 100 ad 100 ad 100 

Note: “ad 100” indicates addition of distilled water to make the total 
quantity 100% 

2.4. Ethical Clearance 

The study received ethical approval from the Bioethics 
Commission for Medical and Health Research, Faculty of 
Medicine, Sultan Agung Islamic University, Semarang (Approval 
No. 313/V/2019/Bioethics Commission). This clearance 
encompassed both animal and human testing. 

2.5. Irritation Test 

Irritation tests were conducted in compliance with OECD 
guidelines (OECD, 2021). A 6 cm² shaved dorsal skin area of each 
rabbit was treated with 0.5 g of cream under a semi-occlusive 
bandage. Observations for erythema and edema were recorded at 
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1, 24, 48, and 72 hours, using the Draize scoring method (Table 
2). he same protocol was applied to human volunteers, with 
additional daily monitoring during the first three days of use. 

 

Table 2. Irritation Score (Draize Scoring System) 

Condition Score 
There isn't any 0 
Very Light 1 
Clearly Visible 2 
Heavy 3 
Very heavy 4 

2.6. Informed Consent 

All human volunteers signed informed consent forms, confirming 
they understood the study objectives and procedures, and agreed 
to participate voluntarily. Inclusion criteria included healthy male 
or female participants aged 19–25 years, with no history of chronic 
illness, skin disease, supplement intake, or current medication. 
Exclusion criteria included degenerative or inflammatory 
conditions, pregnancy, and breastfeeding. 

2.7. Human Trial 

Twenty-four volunteers were assigned to three groups and 
instructed to apply the cream twice daily (morning and evening) 
to the dorsal area of one hand for 30 days. Skin conditions were 
assessed on day 1 and day 30 using a professional skin analyzer 
operated by a physician. Parameters evaluated included sebum, 
moisture, pigmentation, pore size, elasticity, and collagen fiber 
density. Daily self-assessments were also recorded using a portable 
skin analyzer to monitor adherence and condition changes. 

2.8. Analysis Data 

The data obtained from skin analysis before and after the 30-day 
treatment were analyzed using paired t-tests for each group. A p-
value of < 0.05 was considered statistically significant. The 
formulation yielding the most statistically significant 
improvement was considered the most effective. 

3. RESULTS AND DISCUSSION 
3.1. Characteristics of The Anti-Aging Cream 

The formulated anti-aging creams (F1, F2, and F3) appeared semi-
solid with a characteristic fruity odor and color ranging from light 
yellow to deep yellow depending on the extract concentration. All 
formulations were physically homogeneous. Detailed organoleptic 
and homogeneity observations are summarized in Table 3. 

The pH values of all formulations increased slightly with 
increasing extract concentration but remained within the 
acceptable topical range of 4.5–6.5, indicating compatibility with 
skin physiology (Figure 1A). Viscosity was also observed to 
increase with extract concentration but remained within the 
quality standard of 2,000–50,000 cPs for cream preparations 
(Figure 1B), complying with SNI 16-4399-1996. Optimal viscosity 
enhances cream spreadability and skin absorption. 

 
Figure 1. pH (A) and Viscosity (B) of Anti-aging Cream 
Formulations 

Table 3. Organoleptic and Homogeneity Characteristics of Anti-aging Cream 
Formula Smell Form Color Homogeneity 
Base A. bilimbi fruit Semi solid White Homogeneous 
F1 A. bilimbi fruit Semi solid Light yellow Homogeneous 
F2 A. bilimbi fruit Semi solid Deep Yellow Homogeneous 
F3 A. bilimbi fruit Semi solid Deep yellow Homogeneous 

3.2. Irritation Test Results   

No visible signs of erythema or edema were observed in either 
rabbit or human subjects after 72 hours of application. Based on 
Draize scoring (Table 4), all formulations—including the base and 
F1–F3—scored 0, indicating they were non-irritating.  

Table 4. Irritation Scores of Anti-aging Creams on Animals and 
Humans 

Formula Animal Irritation 
Index 

Human Irritation 
Index 

Base 0 0 
F1 0 0 

F2 0 0 
F3 0 0 

3.3. Human Trial: Anti-Aging Parameters 

Skin condition parameters before and after 30 days of application 
were evaluated. The skin condition improvements are visualized 
in Figure 2. The F3 formulation (5% A. bilimbi extract) 
consistently exhibited the most pronounced improvements. Sebum 
levels showed a slight increase in both F2 and F3 groups, possibly 
due to the oil-rich water-in-oil (W/O) base; however, the changes 
were not statistically significant (p > 0.05). Skin hydration 
improved in all groups, with F3 achieving a 22.34% increase, 
although this was also not statistically significant (p > 0.05). The 
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moisturizing effect may be attributed to the presence of 
flavonoids, but a longer treatment duration may be necessary to 
observe significant outcomes (Rasul & Akhtar, 2012). 

 
Figure 2. Changes in Skin Parameters After 30 Days of Application: (A) Sebum, (B) Moisture, (C) Pigment, (D) Pore Size, (E) Elasticity, 
and (F) Collagen Fibers, Mean  SD (n=6), ns = no significant, * = significant (p<0,05) with t test 

Pigmentation was reduced by 15.08% in the F3 group, although 
the decrease did not reach statistical significance (p > 0.05). This 
finding aligns with previous research suggesting that visible 
depigmentation generally requires longer application periods 
(Khan et al., 2014). Pore size reduction was statistically significant 
(p < 0.05) in both F2 and F3 groups, with F3 demonstrating the 
most notable effect—a 54.18% decrease. This result is likely due 
to the astringent properties of phenolic compounds, including 
tannins (Puspitasari, 2011). 

A significant increase in skin elasticity was observed in the F3 
group (16.85%, p < 0.05), indicating that the extract may 
contribute to the preservation or stimulation of collagen, which in 
turn improves dermal structure and function (Jadoon et al., 2015). 
Although the collagen fiber density also showed a slight 
improvement (1.12%) in the F3 group, it was not statistically 
significant, suggesting that a longer usage period or a higher 

extract concentration might be required for measurable collagen 
enhancement. 

The F3 formulation demonstrated statistically significant 
improvements in pore size and elasticity, while other parameters 
showed positive trends. These findings support the use of A. bilimbi 
extract in topical anti-aging formulations and suggest that longer 
treatment periods may yield more pronounced effects. 

CONCLUSION 
Based on the findings from this study, the cream formulation 
containing 5% A. bilimbi extract (F3) demonstrated the most 
significant anti-aging effects, particularly in reducing skin pore 
diameter and improving skin elasticity, both of which were 
statistically significant (p < 0.05). Although the changes in sebum 
production, moisture content, pigmentation, and collagen fiber 
density did not reach statistical significance, positive trends were 
observed. These findings indicate that A. bilimbi fruit extract holds 
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promising potential as a safe and effective active ingredient in 
topical anti-aging skincare products. Further studies with longer 
application durations and potentially higher extract 
concentrations are recommended to confirm and extend these 
findings. 
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