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Abstract: Antioxidants protect the skin from the adverse effects of free radicals, which can potentially trigger premature 

aging and even skin cancer. Free radicals, with unpaired electrons, are highly reactive and can damage cellular structures. 

However, the high risk of side effects from synthetic antioxidants, such as skin cancer, has increased interest in natural 

sources. In cosmetic formulations, gel preparations are highly favored because they can optimally and stably deliver active 

ingredients to the skin. This study employed a literature review method by examining and collecting articles from relevant 

scientific journals published over the past 10 years (2014–2024), with 13 articles as primary references. The analysis found 

that several extracts, such as leilem leaf, pandan, and green tea, exhibited strong antioxidant potential, as indicated by low 

IC50 values, making them ideal as active ingredients in gel formulations. In addition to the type of plant leaves, the 

effectiveness of these antioxidants is influenced by the extract concentration used, solvent selection during extraction, and 

the processing techniques employed in formulation. 
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Introduction  

 
Antioxidants have become highly intriguing 

compounds for cosmetics and pharmaceuticals due to their 

significant role in protecting the skin from the detrimental 

effects of free radicals. Free radicals are molecules with 

unpaired electrons in their outer orbitals. These molecules 

continuously seek stability by attacking cellular 

components such as lipids, lipoproteins, proteins, 

carbohydrates, RNA, and DNA [1]. Excessive exposure to 

ultraviolet radiation can generate free radicals, leading to 

skin damage. This damage has the potential to cause 

various health issues, including premature aging, skin 

deterioration, and even skin cancer [2].  

Excessive ultraviolet (UV) radiation exposure 

generates free radicals that can damage skin, highlighting 

the need for antioxidants to protect the skin. Antioxidant 

compounds are sufficiently stable to donate electrons or 

hydrogen atoms to free radicals, thereby neutralizing them 

and reducing their potential to trigger chain reactions, 

triggering free radical formation [3]. In counteracting free 

radicals, antioxidants inhibit the initiation and propagation 

phases of chain oxidation reactions by converting free 

radicals into non-reactive compounds [4]. 

Antioxidants come in various types and can be 

classified based on their origin into synthetic and natural 

antioxidants. Common synthetic antioxidants in cosmetic 

products include BHA, BHT, TBHQ, propyl gallate, 

dioxybenzone, EDTA, and hexylresorcinol [5]. Synthetic 

antioxidants in cosmetic formulations are limited due to 

potential side effects and evidence suggesting that synthetic 

antioxidants may promote cancer cell growth in mice [6]. 

This has led to increasing interest in replacing synthetic 

antioxidants with natural ones. Natural antioxidants can be 

found in various parts of plants, such as stems, bark, leaves, 

flowers, and roots [7]. One of them is the leaves, which are 

part of the herbal plant that can be used as a source of 

antioxidants. A part of the leaves of herbal plants has 

compounds that have the potential to fight free radicals, 

such as flavonoids, carotene, catechins, resveratrol, 

vitamins C and E [8].  

The high content of antioxidant compounds in plant 

leaves has led to the significant use of plant leaf extracts as 

antioxidant products. These products can be formulated into 

cosmetic preparations such as gels, creams, ointments, 

lotions, and powders [9]. Cosmetics are formulations 

designed to be applied to the external surface of the human 

body, such as the skin, nails, hair, lips, teeth, and mucous 

membranes [10]. Using natural antioxidant active 

ingredients in topical cosmetic formulations for skincare 

can help protect the skin from various skin issues. 

Antioxidants have the potential to slow down signs of 

aging, prevent skin inflammation, and stimulate collagen 

production for the skin. [11]. 

A practical and comfortable cosmetic formulation is 

needed to slow down and address skin damage caused by 

the adverse effects of free radicals. In the cosmetic industry, 

gel formulations are one of the preferred choices. A gel is a 

semi-solid substance consisting of a dispersion formed from 

either small inorganic particles or large organic particles 

interspersed with a liquid [12]. Gel formulations are often 

chosen because they offer numerous advantages, such as 

good spreading ability on the skin surface, optimal release 

of active ingredients, and a clear, elegant appearance. When 
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applied, the gel forms a transparent layer, is easy to remove, 

and has good stability during storage [13].  
This literature review aims to examine the 

antioxidant activity in gel formulations containing plant leaf 

extracts, provide recommendations for the best natural 

antioxidant ingredients for gel-based cosmetic products, 

and explore various aspects influencing their effectiveness. 

Consequently, this review study can serve as a solution to 

address skin health issues, such as damage and premature 

aging caused by free radicals, by developing practical, 

convenient, and effective gel-based cosmetic products. 

 

Research Methods 
 

The method employed to collect the data used for 

this review is a literature review article. This process 

involves searching and gathering articles from various 

previously published scientific journals. The literature 

search process follows the guidelines of the Preferred 

Reporting Items for Systematic Review and Meta-Analyzes 

(PRISMA). The keywords for searching journals on the site 

are Antioxidant, Gel Preparation, and Plant Leaf Extract. 

After the articles are found, they are analyzed and 

synthesized according to inclusion criteria. The inclusion 

criteria are: (1) Gel preparations containing plant leaf 

extracts, (2) Gel preparations tested for antioxidant activity 

using the DPPH method, and (3) Containing a single plant 

type. The Population, Intervention, Control, and Outcome 

(PICO) framework is used to establish the inclusion criteria 

for this study. Table 1 presents the PICO framework 

applied in this research. The obtained articles are selected 

to determine their relevance to the desired topic. After 

identifying the relevant articles, they are analyzed to get the 

results. 

 

Results and Discussion 

 
The review results indicate that gel formulations 

with various plant leaf extracts fall into several categories. 

Antioxidant compounds are classified as powerful 

antioxidants if the IC50 value is small or less than 50, 

strong (50-100), moderate (100-150), and weak (151-200). 

Antioxidant activity increases as the IC50 value decreases 

[26]. Gel formulations with vigorous antioxidant activity at 

low concentrations include extracts from fragrant pandan 

leaves (Pandanus amaryllifolius Roxb) and leilem leaves 

(Clerodendrum minahassae Teisjm and Binn.). Meanwhile, 

vigorous antioxidant activity with a high concentration 

(10%) is found in green tea leaf extract (Camellia sinensis). 

The gels with vigorous antioxidant activity at low 

concentrations include extracts from robusta coffee leaves 

(Coffea canephora) and juwet leaves (Syzygium cumini L.). 

Vigorous antioxidant activity with high concentrations is 

found in mulberry leaves (Morus alba L.), starfruit leaves 

(Averrhoa bilimbi L.), and breadfruit leaves (Artocarpus 

altilis). Moderate antioxidant activity in gel formulations 

with extracts is observed in sesewanua leaves 

(Clerodendrum squamatum Vahl) and pacing leaves 

(Cheilocostus speciosus). Additionally, very weak 

antioxidant activity is found in cherry leaves (Antidesma 

bunius L. Spreng) and bidara leaves (Ziziphus mauritiana 

Lamk). 

 

Table 1. PICO Framework 

P (Population) Gel formulation containing plant 

leaf extract 

I (Intervention) Testing antioxidant activity in gel 

formulations containing plant leaf 

extract. 

C ( Comparison) Comparison between various plant 

leaf extracts. 

O (Outcome) Antioxidant activity produced by 

plant leaf extracts in gel 

formulations. 

 

 
Figure 1. Article search flow process 

 

Table 2. Antioxidant activity value of plant leaf extract in gel formulation

  

Plant leaf names 
Extraction 

methods 

Extract 

concentration (%) 
IC50 (ppm) 

Gelling 

agent 
category 

Bidara leaf (Ziziphus mauritiana 

Lamk) [14] 
Maceration  6% 998.736 Carbopol 

 

Sangat 

lemah 

Fragrant pandan leaf (Pandanus 

amaryllifolius Roxb.) [15] 
Maceration  1%-3% 

46.6090- 

30.5659  
Carbomer 

Very 

strong 

Murbei leaf (Morus alba L)  
Maceration 

 
5%-9% 

74.955- 

57.122 
Carbopol Strong 

Moringa leaf (Moringa oleifera 

Lam) [16] 

Maceration 

 
3% 97.484 Carbomer Strong 

Starfruit leaf (Averrhoa bilimbi L.) 

[17] 

Maceration 

 
10%-15% 

94.16- 

89.12 
HPMC Strong 
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Leilem leaf 

 (Clerodendrum minahassae teisjm 

dan binn.) [18] 

Maceration 

 
5% 43.40 HPMC 

Very 

Strong 

Sesewanua leaf (Clerodendron 

squamatum Vahl) [19] 

Maceration 

 
5% 123 HPMC Medium 

Breadfruit leaves 

(Artocarpus altilis) [20] 

Maceration 

 
20% 66.96 Carbopol Strong 

Pacing leaves 

 (Cheilocostus speciosus)  [21] 

Maceration 

 
1.2% 139.074 HPMC Medium 

Daun Juwet (Syzygium cumini L) 

[22] 

Maceration 

 
4% 

94.44 

 
Carbopol Strong 

Green tea leaves 

 (Camellia sinensis) [23] 

Infusion Method 

 
10% 

47.316 

 
HPMC 

Very 

strong 

Cherry Leaves 

 (Antidesma bunius 

L. Spreng) [24] 

Maceration 

 
3.65% 6238.41 HPMC Very weak 

Robusta coffee leaves 

 (Coffea canephora) [25] 

Maceration 

 
0.5% 65.58 HPMC Strong 

 

In gel formulations containing fragrant pandan leaf 

extract (Pandanus amaryllifolius Roxb), the antioxidant 

activity ranged from 46.6090 to 30.5659, with 

concentrations between 1% and 3%. This finding aligns 

with previous studies reporting that fragrant pandan leaf 

extract exhibits vigorous antioxidant activity, as indicated 

by an IC50 value of 41.544 ± 1.415 ppm [27]. This 

consistency is attributed to flavonoids, tannins, and other 

phytochemical compounds in fragrant pandan leaves, 

contributing to their antioxidant activity.[28]. The 

extraction process was done through maceration using 70% 

ethanol as the solvent. This indicates that the polarity of the 

compounds in fragrant pandan leaves closely matches the 

polarity of the solvent, resulting in vigorous antioxidant 

activity. Seventy percent ethanol is an appropriate solvent 

for extracting flavonoid compounds due to its moderate 

polarity [29]. However, other studies have reported lower 

antioxidant activity in pandan wangi leaf extract due to 

differences in the type of solvent used. For example, 

research using other polar solvents, namely methanol, gave 

results that were included in the strong category, with an 

IC50 value of 86.861 ppm [30]. This difference is due to 

the characteristics of methanol, which does not contain 

water, in contrast to technical ethanol, which has a higher 

water content as an impurity. As a result, ethanol has a 

more dominant polar nature than methanol, so that it can 

dissolve flavonoid compounds in more significant 

quantities. Flavonoids, polar compounds, tend to be more 

easily extracted by polar solvents such as ethanol [31]. 

The gel formulation containing Clerodendrum 

minahassae (leilem) leaf extract exhibited an antioxidant 

activity value of 43.40 ppm with an extract concentration of 

5%. The secondary metabolites found in leilem leaves 

include phenolic compounds, a type of polyphenol known 

for its potential as a free radical inhibitor [18]. The 

extraction process involved maceration using 96% ethanol 

as the solvent. This is due to the polar nature of phenolic 

compounds, which allows polar solvents like ethanol and 

water to dissolve them. Consequently, ethanol at a 

concentration of 96% has a polarity similar to that of 

phenolic compounds, making it practical for extracting 

these compounds [32]. 

The antioxidant activity of green tea (Camellia 

sinensis) leaf extract was measured at 47.316 ppm. Green 

tea contains polyphenolic compounds with powerful 

antioxidant potential. One type of polyphenol, flavonoids, 

represents the largest polyphenols and is highly effective as 

an antioxidant. The extraction method utilized was infusion, 

which involves boiling water to extract water-soluble active 

compounds from plant materials. Furthermore, the 

secondary metabolites in green tea are predominantly polar, 

making them readily soluble in polar solvents such as water 

[33]. 

The gel formulation containing robusta coffee 

(Coffea canephora) leaf extract demonstrated an 

antioxidant activity value of 65.58 ppm, categorized as 

strong. Robusta coffee leaves contain flavonoid compounds 

with significant antioxidant potential. The intense 

antioxidant activity of robusta coffee leaves highlights their 

potential for development as a topical preparation. The 

extraction technique employed was maceration using 96% 

ethanol as the solvent. Flavonoid compounds are polar, 

which allows them to dissolve effectively in polar solvents 

like 96% ethanol [34]. 

The gel formulation containing Syzygium cumini L. 

(juwet) leaf extract exhibited an antioxidant activity value 

of 94.44 ppm, categorized as strong. Phytochemical 

screening revealed that juwet leaf extracts in water, 

methanol, and ethanol contain flavonoids, tannins, and 

polyphenols [22]. This indicates that Syzygium cumini leaf 

extract has the potential to serve as a natural ingredient with 

antioxidant activity capable of neutralizing free radicals 

[35]. The extraction technique employed was maceration 

using 70% ethanol as the solvent. This solvent is suitable 

for the extraction method because flavonoid compounds are 

typically polar glycosides, requiring a solvent with similar 

properties for dissolution, and 70% ethanol is an effective 

polar solvent [36]. 

The gel formulation containing Morus alba L. 

(mulberry) leaf extract exhibited antioxidant activity values 

ranging from 74.955 to 56.122 ppm, with 5% and 9% 

extract concentrations. These results indicate that the Morus 
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alba leaf extract gel formulation has intense antioxidant 

activity. The active metabolites responsible for the 

antioxidant properties in the ethanol extract of mulberry 

leaves include alkaloids, flavonoids, tannins, saponins, 

steroids, and terpenoids [37]. The extraction method 

employed was maceration using 70% ethanol as the solvent. 

The 70% ethanol solvent is effective in extracting flavonoid 

compounds. The presence of sugars attached to flavonoids 

(known as flavonoid glycosides) allows the flavonoids to 

dissolve in water. Therefore, 70% ethanol is an effective 

solvent for extracting flavonoid compounds [38]. The 

gelling agent used in this gel formulation is carbopol, a gel-

forming agent due to its high stability, resistance to 

microbes, and widespread application in pharmaceutical 

and cosmetic fields[39]. 

The gel formulation containing bilimbi leaf extract 

(Averrhoa bilimbi L.) exhibited antioxidant activity within 

the 94.16–89.12 ppm range, with extract concentrations 

ranging from 10% to 15%. This gel formulation falls under 

the category of vigorous antioxidant activity. The bilimbi 

leaves were extracted using the maceration process with 

70% ethanol as the solvent. Phytochemical screening 

confirmed the extract's presence of flavonoids, alkaloids, 

saponins, tannins, glycosides, and terpenoids [40]. 
Flavonoids possess antioxidant capabilities, including 

neutralizing free radicals [41]. The extraction process used 

maceration with 70% ethanol as the solvent. This solvent is 

highly efficient in extracting metabolites such as 

flavonoids, as sugar bonds in flavonoids enhance their 

solubility in water, making it an effective solvent for 

flavonoid extraction [38]. The gelling agent used was 

HPMC, chosen for its clear gel appearance, compatibility 

with other ingredients, and excellent capability as a 

hydrogel-forming agent [42]. 

In the gel preparation containing breadfruit leaf 

extract (Artocarpus altilis), an antioxidant activity value of 

66.96 ppm was obtained at a concentration of 20%. This 

indicates that the gel preparation falls into the strong 

antioxidant category. Phytochemical screening of breadfruit 

leaves revealed the presence of various compounds, 

including saponins, tannins, flavonoids, polyphenols, 

hydrocyanic acid, acetylcholine, and riboflavin. Flavonoids 

in breadfruit leaves act as natural antioxidants, playing a 

role in neutralizing free radicals, protecting cells from 

damage, and preventing disease onset [43]. The high 

efficiency of 96% ethanol in extracting bioactive 

compounds surpasses that of other solvents. This indicates 

that most bioactive compounds in breadfruit leaves are 

soluble in polar solvents. The active compounds dissolve in 

ethanol due to their polarity, and the solvent's volatility 

facilitates the release of these compounds from the extract 

[34]. 

In the gel preparation containing sesewanua leaf 

extract (Clerodendron squamatum Vahl), an antioxidant 

activity value of 123 ppm was obtained at a concentration 

of 5%. This indicates that the gel preparation of sesewanua 

leaf extract falls into the moderate antioxidant category. 

The metabolites present in sesewanua leaves include 

alkaloids and flavonoids, which have potential as 

antioxidants. Previous studies reported that the antioxidant 

value of sesewanua leaf extract was 17.85 ppm, which falls 

into the firm category. This result contrasts the antioxidant 

activity value obtained from the sesewanua leaf extract's gel 

preparation [44]. This discrepancy may be attributed to 

sample preparation processes and gel formulation, which 

can affect antioxidant activity. Inappropriate handling may 

increase environmental exposure, risking a reduction in 

antioxidant activity in the formulation [19]. 

In the gel formulation containing pacing leaf extract 

(Cheilocostus speciosus), an antioxidant activity value of 

139.074 ppm was obtained, which falls into the moderate 

category. Phytochemical analysis revealed that pacing 

leaves contain flavonoids, saponins, anthraquinones, 

terpenoids, steroids, and anthraquinones. Previous studies 

have evaluated the antioxidant activity of pacing plants, 

with results indicating an IC50 value of 17.8 ppm, placing 

it in the firm category [45]. This result contrasts with the 

antioxidant value observed in the gel preparation of pacing 

leaf extract. The minor concentration used in the gel 

formulation, which is 1.2%, may have influenced its 

antioxidant activity, as lower concentrations generally 

result in lower antioxidant activity. 

The gel formulation containing Ceri leaf extract 

(Antidesma bunius L. Spreng) obtained an antioxidant 

activity value of 6238.41 ppm, which falls into the very 

weak category. Previous research has reported that ethanol 

extract from the leaves has strong antioxidant potential, 

with an IC50 value of 61.8 ppm [46]. This result contrasts 

with the antioxidant value observed in the gel formulation 

of Ceri leaf extract. This discrepancy may be influenced by 

the solvent used during the extraction process, as 96% 

ethanol was utilized, which can affect the solubility of 

flavonoids. The higher the ethanol concentration, the lower 

the polarity of the solvent [47]. Another factor is the very 

low concentration in the gel formulation, which was only 

3.56%, which reduced antioxidant activity. 

The gel formulation containing Bidara leaf extract 

(Ziziphus mauritiana Lamk) obtained an antioxidant 

activity value of 998.736 ppm, placing it in the weak 

antioxidant category. Antioxidant activity is considered 

weak if the IC50 value exceeds 500 ppm. Bidara leaf 

extract contains phenolic compounds, including flavonoids, 

alkaloids, and tannins, exhibiting antioxidant potential 

through electron donation or halting free radical reactions. 

The 70% ethanol extract of Bidara leaves demonstrated 

intense antioxidant activity, with an IC50 value of 4.9379 

ppm, indicating vigorous antioxidant activity. This result 

contrasts with the antioxidant value observed in the gel 

formulation of Bidara leaf extract. The decrease in 

antioxidant activity is attributed to the suboptimal delivery 

of active compounds from the gel base during the reaction 

with DPPH in the assay. Furthermore, heating during the 

gel preparation could reduce the active compound content 

[48]. 

Achieving optimal antioxidant effectiveness is 

influenced by the type of leaves used and other factors, 

such as the concentration of the plant leaf extract. Higher 

extract concentrations generally result in more excellent 

antioxidant activity. Furthermore, the choice of solvent in 

the extraction method plays a critical role in determining 

the types of active compounds extracted. Polar compounds 

are more likely to be extracted using polar solvents, while 

non-polar compounds are better extracted with non-polar 

solvents [14]. Examples of polar solvents include ethanol, 

methanol, acetone, and water. Additionally, improper 

handling during sample preparation, gel formulation, and 
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antioxidant activity testing can affect the effectiveness of 

antioxidants. Such suboptimal processes can lead to a 

decrease in antioxidant activity in the final formulation. 

 

Conclusion 

 

Based on the literature review of 13 journals, various 

types of plant leaves show potential as active ingredients in 

gel formulations with antioxidant activity. Each plant leaf 

formulated in gel form exhibits varying IC50 values, 

ranging from very weak to powerful antioxidant potential. 

Leaf extracts such as leilem, fragrant pandan, and green tea 

have demonstrated potent antioxidant activity, making them 

among the most suitable candidates for gel-based cosmetic 

applications. To achieve optimal antioxidant effectiveness, 

the type of leaf and other factors, such as the concentration 

of the extract, solvent selection during the extraction 

process, and handling during formulation, need to be 

considered. This finding highlights that gels containing 

plant leaf extracts with antioxidant activity can potentially 

address skin health issues, such as damage and premature 

aging caused by free radicals. 
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