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ABSTRACT

Coffee is one of the most popular beverages around the World, which generates over million
tons of coffee ground waste each year. Using technologies, the waste can be converted into value-
added products such as cosmetic. The objective from this study is to formulate the coffee ground
waste extract to face serum for anti-acne treatment. Samples are collected from several coffee shops,
then macerated using ethanol. Formulation consisting: HPMC, tween 80, glycerin, PEG 400, sodium
EDTA, sodium benzoate and triethanolamine. Evaluation is conducted to the extract antibacterial
activity, face serum bacterial activity and face serum stability. The extract exhibits 0.860 gram/mL
MIC50 Cutibacterium acnes, meanwhile, the face serum provides 15.30 + 4.03 mm inhibition zone.
Ultimately, the face serum is stable after 4 weeks testing using accelerated stability test in terms of
organoleptic, pH and viscosity.
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INTRODUCTION

Coffee is one of the most popular beverages around the World. The coffee business generates
over million tons of coffee ground waste (CGW) each year, which will become environmental
problems in the future (Lee et al., 2023). The waste from coffee business viewed as environmental
problems, but using technologies, it can be converted into value-added products (Lee et al., 2023).

There is a hidden potency in the coffee ground waste because it still contains phenolic,
caffeine, chlorogenic acids and caffeic acids which exhibit various health benefit like antioxidant
(Choi et al,, 2018; Ludwig et al., 2014; Usman et al.,, 2023), anticancer (Mojica et al., 2018), anti-
inflammatory agent (Choi et al.,, 2018) and antibacterial (Ludwig et al., 2014; Singh Arora et al., 2009).

Based on literature study, there are still few research which utilise the CGW for acne
treatment. One of the mechanism for anti-acne treatment is preventing overwhelm Cutibacterium
acnes activity (Banki & Castiglione, 2015). Since crude extract cannot be apply directly onto human
skin, suitable formulation will be needed, not only to optimize the CGW extract activity but also
increasing user convenience. Serum formulation exhibit stable and easy-use application for face
application. Hence, serum formulation can provide high concentration application through the skin,
which crucial for inhibiting bacterial activity on skin (Aggnihotri, 2021; Burlando et al., 2010).

In this research, we formulate CGW into serum to enhance user convenience and maximize its
potency. Also, we evaluate its antibacterial activity and product quality including accelerated stability
test, so it can be further developed as choice for antiacne treatment in the future.

METHODOLOGY
Sample preparation

The coffee ground waste (CGW) sample were collected from several coffee shop in Yogyakarta,
Indonesia. All the coffee ground waste composed by 30% arabica and 70% robusta. The samples
were sieved then dried at oven at 70 °C for 24 hours to remove excessive water content from previous
brewing process. The moisture content was determined using moisture balance.

Extraction of coffee ground waste
Dry coffee ground waste sample was subjected into maceration tube, then ethanol was added
with 1:3 ratio. The mixture was stirred each 3 hours for 48 hours maceration time. Next, the extract
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was filtered then concentrated using water bath. The concentrated extract stored in refrigerator at 4
°C for further use.

Face serum formulation

The face serum was formulated based on formula in table II. The HPMC was developed using
warm water and used as gelling agent. The extract was dissolved in water with tween 80, PEG400,
and glycerin as a co-solvent. While, the sodium EDTA and sodium benzoate were dissolved in water
and act as preservative solution. The extract mixture was added into HPMC solution followed by
gentle stirring. After the extract completely dissolved, the preservative solution and triethanolamine
added.

Accelerated stability test

The accelerated stability test was conducted in 40 °C temperature and 75 % RH for 4 weeks in
climatic chamber. Each week, the organoleptic test, pH, and viscosity were measure, to assess the
stability.

Anti-bacterial activity

To assess antibacterial activity of the coffee ground waste extract, Cutibacterium acnes ATCC
6919 was used, the bacteria was obtained from Faculty of Pharmacy, Gadjah Mada University. The
bacteria was dissolved in 0.9 % NaCl and incubated at 37 °C for 24 hours in anaerobic jar. Next, 40
uL extract was pipetted into microplate, BHI media (150 pL) was added. Then, 10 pL bacterial
suspension was added into microplate. Incubation was performed at 37 °C for 4 hours in anaerobic
condition (Juniatik et al, 2017). DMSO was used as negative control and clindamycin as positive
control. After incubation in chamber incubator, the microplate optical density was measured using
microplate reader in 600 nm. Anti-bacterial activity of sample was indicated based on the decreasing
of optical density compared with bacterial control. Hence, the 50% minimum inhibitory
concentration (MIC50) value was determined using probit analysis (Pum, 2019).

On the other hand, to assess the face serum antibacterial activity, Brain-Heart Infusion (BHI)
agar was used. Fifty microliter of bacterial suspension was pipetted and be diffused using spreader
glass. The paper disk was prepared and 30 pL bacterial suspension was added. Incubation was
carried out at 37 °C using anaerobic jar. Inhibition zone was measured and analyzed (Yosefa et al,,
2023).

RESULT AND DISCUSSION
Coffee ground waste extraction result

The coffee ground waste (CGW) was collected from several coffeeshop in Yogyakarta
Indonesia which had problem with coffee waste disposal. The samples still had strong coffee aroma,
indicating that there were still several substances like caffeine, chlorogenic acids and caffeic acids
although the coffee had been brewed previously. After cleaning and drying process, CGW was
macerated using ethanol 70 % to withdraw non-polar substances from CGW.

The sample was cleaned to remove debris, then dried using oven at 70 °C for 24 hours. Then,
the processed sample weighed and the moisture content measured, which the results can be
observed at table I. After drying process, the moisture content was 3.57 + 0.15 %, in this situation
microbes cannot grow and there will no further hydrolysis reaction. After solvent evaporation to
concentrated extract, 7.57 * 0.89 % of CGW extract obtained.

Antibacterial activity of coffee ground waste extract

The antibacterial activity of the coffee ground waste (CGW) extract was determined using
microdilution assay to calculated 50% minimum inhibitory concentration (MIC50), while
antibacterial of the CGW face serum measure using disk diffusion method using inhibition zone
(Veiga etal, 2019). For microdilution assay, the bacteria was incubated for 48 hours to obtained 0.08
- 0.12 optical density at 600 nm wavelength. This value was equivalent with 1.5 x 108 CFU/mL of
bacteria in exponential phase (Mytilinaios et al, 2012; Zhang et al, 2015). The percentage
Cutibacterium acnes inhibition can be seen in figure 1. To calculate MIC50 can be determined using
probit analysis, the MIC50 of the coffee ground waste extract was 0.860 gram/mL. The MIC50 value
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Figure 1. The antibacterial activity of coffee ground waste extract against Cutibacterium
acnes

Table I. Formula of the coffee ground waste face serum

Ingredients Weight (gram)
Cofffe ground waste extract 2.00
HPMC 0.75
Tween 80 1.00
Glycerin 7.00
PEG 400 4.00
Sodium EDTA 0.10
Sodium Benzoate 0.10
Triethanolamine 0.10

Water Ad 100

Table II. Coffee ground waste extract results

Description Value
Moisture content 3.57+0.15%
Yield 7.57 +0.89 %

can be used to justify the effectivity of antibacterial activity of substances (Butterfield et al., 2012).
The lower the MIC50 value, the better the effectivity of the compound. Compared with other natural
products, CGW extract was effective inhibit Cutibacterium acnes (Hou et al., 2019; Jantarat et al,,
2018; Poomanee et al,, 2018; Weber et al,, 2019). Since the CGW extract came from waste product,
application of CGW extract for antibacterial agent will beneficial not only for health but also for
environment.

Face serum formulation

Extract solubility was one of the most crucial aspects in face serum formulation, so co-solvent
like tween 80 was added to enhance extract solubility. Tween 80 was used because it can enhance
coffee ground waste (CGW) extract solubility (Niazi, 2016). Humectant like glycerin is added to
promote hydration in skin surface, also to assisted extract solubility. Skin hydration also enhanced
active ingredients penetration through stratum corneum (Draelos, 2018). To adjust pH in desired
range 4.5-5.5, TEA was added (Niazi, 2016).

Face serum evaluation
The accelerated stability test was conducted based on International Conference on
Harmonisation (ICH) Guideline with slight modification at 40 °C temperature and 75 % RH for 4
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Figure 2. The pH stability profile in accelerated study test

Table III. The organoleptic test results of accelerated stability test

. Parameters
Weeks Conditions Color Homogenity Odor
0 40°C/RH 75% Dark brown Homogenous Coffee-like
1 40°C/RH75% Dark brown Homogenous Coffee-like
2 40°C/RH 75% Dark brown Homogenous Coffee-like
3 40°C/RH 75% Dark brown Homogenous Coffee-like
4 40°C/RH 75% Dark brown Homogenous Coffee-like

weeks in climatic chamber (Gonzalez-Gonzalez et al.,, 2022). Overall, after 4 weeks test, there was no
significant changes on formulation in terms of organoleptic tests, pH, and viscosity.

Organoleptic tests were important to assess the physical acceptability of the coffee ground
waste (CGW) face serum. The CGW face serum had consistent homogenous dark brown color, the
color came from the CGW extract that had strong black-brown color. The texture was thick but not
greasy in skin and washable by water. There was no lump observed in CGW face serum and no
significant color difference in the product.

In terms of odor, the coffee odor was quite strong followed with tween 80 odor, since the
tween 80 also exhibited strong odor. Moreover, after 4 weeks testing in extreme condition, there was
no significant change observed in terms of the color, homogeneity, and odor. Based on the data
obtained, all the organoleptic tests were acceptable.

The addition of tween 80, glycerin, PEG400 decreased pH value of the product, since tween 80
had low pH (Taurina et al., 2021). Conversely, triethanolamine (TEA) in low amount enhanced
product pH significantly because it had 10.5 in pH value. The balance between these components
majorly contributed to the CGW face serum pH value.

The pH of the CGW face serum must be on the range between 4.1 - 5.8 to prevent stratum
corneum disruption and causing irritation like atopic dermatitis, ichthyosis and dry skin (Draelos,
2018; Patil et al., 2019; Proksch, 2018). Since the pH of the CGW face serum was 5.578 + 0.108 after
4 weeks testing (figure 2), the product can be justified as safe product for face application in terms
of pH acceptability. Moreover, the significant change of pH also can be used as measure product
stability. Significant pH change caused by several factors, microbial contamination and substance
incompatibility. The growing microbe might produce acid metabolic that decreased pH significantly,
so some preservative was needed to prevent microbial contamination. On the other hand, chemical
reaction between each substance may altered pH change caused by release of H+ ion in the product.

The viscosity, HPMC formed hydrogen bridge that absorbs water from face serum
continuously and tend to increased viscosity of the product (Niazi, 2016; Taurina et al., 2021). If the
amount of HPMC added was too high, the thick and gel-like formulation will be obtained, but in this
study, there was no significant viscosity increase caused by excess amount of HPMC. The accelerated
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Figure 3. The viscosity stability profile in accelerated study test
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Figure 4. Antibacterial of the CGW face serum using disk diffusion method

stability test can be observed in figure 3. Based on the figure 3, after 4 weeks there were no significant
change in viscosity. After 4 weeks of test, the CGW face serum had 681.95 * 20.01 cP in viscosity.

Antibacterial activity of CGW face serum

The result of the antibacterial activity of the CGW face serum can be observed in figure 4. There
were clear spots around the disk from the CGW face serum, positive control and face serum basis,
indicated potent antibacterial activity. Meanwhile, in DMSO disk, there was no clear zone observed.
The positive control was used in this research was marketed face serum that had claim for anti-acne
properties and exhibited 18.91 + 1.77 mm of inhibition zone. Meanwhile, the CGW face serum showed
antibacterial activity with 15.30 * 4.03 mm inhibition zone. The larger of the inhibition zone, the
stronger its antibacterial activity. The addition of viscosity enhancer, co-solvent, and other
components were not eliminate antibacterial activity of CGW extract. Even though the extract was
formulated in viscous formulation, the active ingredients like phenolic, caffeine, chlorogenic acids
and caffeic acids of CGW extract can be released from the face serum basis and promoted
antibacterial activity (Irianto et al,, 2023; Ludwig et al., 2014; Singh Arora et al,, 2009).

CONCLUSION

To sum up, both of coffee ground waste extract and its face serum formulation exhibited
antibacterial activity with 0.860 gram/mL MIC50 and 15.3 # 4.03 mm inhibition zone against
Cutibacterium acnes. The coffee ground waste face serum was stable after 4 weeks testing using
accelerated stability test in terms of organoleptic, pH and viscosity.

374 Majalah Farmaseutik, Volume 19(3), 2023



Formulation and Antibacterial Activity of Coffee Ground Waste Extract Face Serum

ACKNOWLEDGEMENT

The authors express their gratitude to Universitas Gadjah Mada for research funding through
“Rekognisi Tugas Akhir 2023” grant mechanism. The authors also thank all parties involved in this
research.

REFERENCES

Aggnihotri, S. (2021). Formulation and development of botanicals-based herbal serum. Pharmaspire,
13(4), 211-217. www.isfcppharmaspire.com

Banki, A., & Castiglione, F. M. (2015). Infections of the Facial Skin and Scalp. In Head, Neck, and
Orofacial Infections: An Interdisciplinary Approach. Elsevier Inc.

Burlando, B., Verotta, L., Cornara, L., & Bottini-Massa, E. (2010). Herbal Principles in Cosmetics. CRC
Press.

Butterfield, ]J., Lodise, T. P, & Pai, M. P. (2012). Applications of Pharmacokinetic and
Pharmacodynamic Principles to Optimize Drug Dosage Selection: Example of Antibiotic
Therapy Management. In Therapeutic Drug Monitoring: Newer Drugs and Biomarkers.
Elsevier Inc.

Choi, S, Jung, S., & Ko, K. S. (2018). Effects of coffee extracts with different roasting degrees on
antioxidant and anti-inflammatory systems in mice. Nutrients, 10(3).

Gonzalez-Gonzalez, 0., Ramirez, I. 0., Ramirez, B. 1., 0’Connell, P., Ballesteros, M. P., Torrado, J. ., &
Serrano, D. R. (2022). Drug Stability: ICH versus Accelerated Predictive Stability Studies.
Pharmaceutics, 14(11).

Hou, H. S, Bonku, E. M., Zhai, R, Zeng, R, Hou, Y. L., Yang, Z. H,, & Quan, C. (2019). Extraction of
essential oil from Citrus reticulate Blanco peel and its antibacterial activity against
Cutibacterium acnes (formerly Propionibacterium acnes). Heliyon, 5(12), e02947.

Irianto, 1. D. K,, Ismiyati, Witaningrum, E., Ayuningtyas, E. N., Ulfah, M. M., & Purwanto. (2023).
Antibacterial activity of cream, ointment, and emulgel of Ocimum basilicum L. essential oil
against Propionibacterium acnes. Majalah Obat Tradisional, 28(1), 40-47.

Jantarat, C., Sirathanarun, P., Chuchue, T., Konpian, A., Sukkua, G., & Wongprasert, P. (2018). In vitro
antimicrobial activity of gel containing the herbal ball extract against propionibacterium
acnes. Scientia Pharmaceutica, 86(1), 1-9.

Juniatik, M., Hidayati, K., Priskaningtyas Wulandari, F., Pangestuti, N., Munawaroh, imatul, Martien,
R, & Utami, S. (2017). FORMULATION OF NANOEMULSION MOUTHWASH COMBINATION OF
LEMONGRASS OIL (Cymbopogon citratus) AND KAFFIR LIME OIL (Citrus hystrix) AGAINST
Candida albicans ATCC 10231 FORMULASI MOUTHWASH NANOEMULSI KOMBINASI MINYAK
SEREH (Cymbopogon citratus) DAN MINYAK JERUK. Traditional Medicine Journal, 22(1),
2017.

Lee, Y. G, Cho, E. ], Maskey, S., Nguyen, D. T., & Bae, H. ]. (2023). Value-Added Products from Coffee
Waste: A Review. Molecules, 28(8), 1-19.

Ludwig, L. A,, Clifford, M. N,, Lean, M. E. ], Ashihara, H., & Crozier, A. (2014). Coffee: biochemistry and
potential impact on health. Food Funct., 5(8), 1695-1717.

Mojica, B. E,, Fong, L. E,, Biju, D., Muharram, A., Davis, . M., Vela, K. 0., Rios, D., Osorio-Camacena, E.,
Kaur, B., Rojas, S. M., & Forester, S. C. (2018). The Impact of the Roast Levels of Coffee Extracts
on their Potential Anticancer Activities. Journal of Food Science, 83(4), 1125-1130.

Mpytilinaios, L., Salih, M., Schofield, H. K., & Lambert, R. ]. W. (2012). Growth curve prediction from
optical density data. International Journal of Food Microbiology, 154(3), 169-176.

Poomanee, W., Chaiyana, W., Mueller, M., Viernstein, H., Khunkitti, W., & Leelapornpisid, P. (2018).
In-vitro investigation of anti-acne properties of Mangifera indica L. kernel extract and its
mechanism of action against Propionibacterium acnes. Anaerobe, 52, 64-74.

Pum, J. (2019). A practical guide to validation and verification of analytical methods in the clinical
laboratory. In Advances in Clinical Chemistry (1st ed., Vol. 90). Elsevier Inc.

Singh Arora, D., Jeet Kaur, G., & Kaur, H. (2009). Antibacterial activity of tea and coffee: Their extracts
and preparations. International Journal of Food Properties, 12(2), 286-294.

Usman, H. N., Pratiwi, L., & Wijianto, B. (2023). Cosmetic Serum Loaded Arabica Coffee ( Coffea
arabica ) Extract : Formulation and Antioxidant Study. 28(August), 93-101.

Majalah Farmaseutik, Volume 19(3), 2023 375



Arif Nur Ikhsan, et al

Veiga, A, Toledo, M. da G. T, Rossa, L. S., Mengarda, M., Stofella, N. C. F., Oliveira, L. ]., Gongalves, A. G.,
& Murakami, F. S. (2019). Colorimetric microdilution assay: Validation of a standard method
for determination of MIC, IC50%, and IC90% of antimicrobial compounds. Journal of
Microbiological Methods, 162(March), 50-61. https://doi.org/10.1016/j.mimet.2019.05.003

Weber, N., Biehler, K., Schwabe, K., Haarhaus, B., Quirin, K. W., Frank, U., Schempp, C. M., & Woélfle, U.
(2019). Hop extract acts as an antioxidant with antimicrobial effects against
Propionibacterium acnes and Staphylococcus aureus. Molecules, 24(2).

Yosefa, S. R., Tandanu, E., Leslie, W., Fransisca, S., Angie, E., & Yosefa, S. R. (2023). In Vitro and In Vivo
Antidiarrheal Activity of Dragon Fruit Peels Methanolic Extract. 28(August), 77-85.

Zhang, X, Wang, Y., Guo, |, Yu, Y,, Li, ], Guo, Y., & Liu, C. (2015). Comparing two functions for optical
density and cell numbers in bacterial exponential growth phase. Journal of Pure and Applied
Microbiology, 9(1), 299-305.

376 Majalah Farmaseutik, Volume 19(3), 2023



