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Red betel leaf (Piper Crocatum) contains flavonoids, tannins, 

steroids, and alkaloids, known to act as antioxidants. This study 

aimed to determine the antioxidant activity of red betel leaf 

extract. The solvents used for the extraction process are ethanol 

and n-hexane. The thiobarbituric acid (TBA) method was used 

to determine antioxidant activity. The results showed that the 

extract of 200 ppm inhibited fatty acid oxidation by 52.13%. 

No significant difference (α = 0.05) inhibition of unsaturated 

fatty acids oxidation between the sample and α-tocopherol at 

200 ppm. The ethanol extract of red betel can inhibit the 

tyrosinase enzyme higher than the n-hexane extract of red 

betel, as seen from the IC50 value of the ethanol extract of red 

betel of 1655 ppm, while the IC50 value of n-hexane of red betel 

is 3090.56 ppm. 
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1. Introduction 

The aging process is a natural process that occurs in the body and can be characterized 

by physical decline or physical, psychological, or social changes in interacting with others 

(Handayani & Rachma, 2013). However, this process can also be caused by a disease (Aunan 

et al., 2016). Social progress and industrialization have gradually led to the development of 

sociocultural factors that directly and indirectly influence aging, including ingested nutrients, 

UV radiation, smoking, and stress. Other causes include genetic factors, free radicals, 

tyrosinase enzymes, and hormone depletion. Oxidative stress is one of the contributing factors 

to the aging process. Oxidative stress is a condition where reactive oxygen species (ROS) 

production exceeds the body's antioxidant capacity (Liguori et al., 2018). ROS are produced 

naturally in the body from cellular respiration in mitochondria, phagocytosis, and drug 

hydroxylation processes in the liver. Excessive ROS can damage the body's cellular 

components and are irreversible, so that they can cause cell death through the intrinsic pathway 

and trigger mitochondrial DNA damage (Davalli et al., 2016). Our body has a natural pigment, 

namely melanin. Melanin protects the skin from UV damage and is a critical defense system 

for the skin against harmful factors. Besides its advantages, melanin is also involved in 

abnormal pigmentation and melanoma; therefore, different approaches to studying skin 

disorders have been developed. 

Tyrosinase (EC 1.14.18.1) is a critical first two-step enzyme of melanin biosynthesis, 

catalyzing the hydroxylation of L-tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and the 

oxidation of DOPA to dopaquinone. Continuous UV irradiation induces increased 

accumulation of melanin, leading to skin hyperpigmentation (Jeon et al., 2018). Since 

tyrosinase is the limiting enzyme step in melanogenesis, inhibitors of this enzyme are 

significant in treating hyperpigmentation disorders. However, currently available tyrosinase 

inhibitors are constrained by toxicity and are less effective in inhibiting the tyrosinase enzyme. 

The constant search for better inhibitors from natural sources hopefully free from harmful side 

effects (Rashed et al., 2016), one of which is natural herbal plants. The community has carried 

out the use of natural materials for a long time because they contain many compounds that are 

efficacious in medicine, known as phytochemical compounds, which are natural groups of 

compounds that can be used to maintain health. 

Red betel leaf cooking water contains alkaloids, flavonoids, and tannins (Safithri & 

Kurniawati, 2016). The highest Rancimat method was obtained from the ethyl acetate fraction 

with a protective factor value of 1.38. Ten compounds were identified in the ethyl acetate 

fraction of P. crocatum leaves. According to the CUPRAC method, antioxidant activity showed 

the highest in the sample of the n-hexane fraction with a value of 31.9 µmol Trolox/g extract 

(Safithri et al., 2022). Using the MDA-TBA method, this study used 70% ethanol extract and 

n-hexane to compare polar and non-polar compounds. The objective of this research is to study 

the possibility of using Piper crocatum as an antioxidant by examining its ability to inhibit 

unsaturated fatty acids oxidation to scavenge free radicals and to determine tyrosinase inhibitor 

activity extract of Red betel leaves (Piper Crocatum). 

 

2. Methods 

2.1. Tools and Materials 

The materials used were red betel leaf simplicia, 99.8% ethanol, 70% ethanol, n-hexane, 

distilled water, Dragendorff reagent, Mayer reagent, Wagner reagent, methanol, ethyl acetate, 

30% methanol, 30% ethanol, ammonia, chloroform, ether. , FeCl3, tyrosinase, L-3, 4-

dihydroxyphenylalanine (L-DOPA), HCl 2 N, phosphate buffer pH 6.5, 0.1 M phosphate 

buffer pH 7, standard solution of 1,1,3,3-tetra methoxy propane (TMP) 6 M, sodium hydroxide 

(NaOH), acetic anhydride, sulfuric acid (H2SO4), linoleic acid, Dimethyl sulfoxide (DMSO), 
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kojic acid as positive control trichloroacetic acid (TCA) 20 and thiobarbituric acid (TBA) 1%. 

The tools used are a measuring flask, erlenmeyer, Ohaus GA 200 analytical balance, 

excitatory, Memmert oven, test tube, dropper pipette, knife, blender, porcelain cup, ), rotav 

eyela n-1100, bulb, sanstat water bath, mohr pipette, filter paper, Genesys 10 UV 

spectrophotometer (190-1100 nm measuring cup, Hettich Universal centrifuge (0-6000 rpm), 

plastic funnel, pH meter. 

 

2.2. Drying Process of Test Material 

Red betel leaves are picked from the Bogor Raya Permai housing, obtained from 3-5 

strands from the shoots, and taken as much as 2 kg. Then, the red betel leaves are washed and 

drained in the oven at 50°C for 4-5 days. The red betel leaves are blended into a fine powder 

and sieved through 60 mesh.  

 

2.3. Determination of water content (Ikelle et al., 2014) 

The process of determining content by the oven method is conducted. The porcelain cup 

is placed in the oven, then in the desiccator, and weighed as an empty weight. As much as 2 

grams of red betel leaf powder was put into a cup; the weight was recorded, dried for 3 hours 

in an oven at 105°C, cooled in a desiccator, and weighed. 

𝑊 (%) =
a−b

𝑎
 x 100% 

Details: 

W = water content (%) 

a = sample weight before drying (g) 

b = sample weight after drying (g) 

 

2.4. Red Betel Leaf Powder Extraction (P. crocatum) (Safithri & Kurniawati, 2016) 

Red betel leaf simplicia powder was weighed as much as 5 grams and added with solvent 

(1:10) (w/v), then shaken for 24 hours and filtered through filter paper. Maceration was carried 

out three times. The maserate obtained was concentrated using a rotary evaporator with 

different temperatures: 50ºC for 70% ethanol extract and 45ºC for n-hexane extract.  

 

2.5. Extraction Yield 

Yields of 70% ethanol extract and n-hexane extract of red betel leaves were calculated 

by comparing the initial weight of the simplicia with the final weight of the resulting 

extraction. 

𝑌𝑖𝑒𝑙𝑑 (%) =
𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

Initial weight of extract
 x 100% 

 

2.6. Phytochemical Analysis (Harborne, 1987) 

2.6.1. Alkaloid test 

Identification was carried out with Dragendorff, Wagner, and Mayer reagents: 0.1 gram 

of extract added 10 mL of chloroform and three drops of ammonia. The chloroform fraction 

was added to 2 drops of 2 M H2SO4. The acid fraction was divided into 3 tubes, and 3 drops 

of Dragendorff, Meyer, and Wagner reagent were added to each tube. The formation of a white 

precipitate (Mayer), red precipitate (Dragendorf), and brown precipitate (Wagner) indicates 

that the sample contains alkaloids. Positive samples contain marked alkaloids.  
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2.6.2. Flavonoid test  

0.1 gram of plant extract was added to 5 mL of 30% methanol and heated for 5 minutes. 

The filtrate formed was added with three drops of H2SO4. A red precipitate indicates the 

presence of flavonoids.  

 

2.6.3. Saponin test 

0.1 gram of plant extract was added to 5 mL of distilled water and then heated for 5 

minutes. The sample is shaken for 5 minutes. The formation of stable foam for 10 minutes 

indicates the presence of saponins. Test triterpenoids and steroids. Plant extracts: As much as 

0.1 gram of extract was added to 5 mL of 30% ethanol, then heated for 5 minutes. The sample 

was filtered, and the filtrate obtained was evaporated to dryness. The residue was added with 

0.5 mL ether and transferred to a test tube, then added with Liebermann Burchard reagent (3 

drops of anhydrous acetic acid and one drop of concentrated H2SO4). Red or purple indicates 

the presence of triterpenoids, while the formation of green and blue indicates positive steroids. 

 

2.6.4. Tannin test 

0.1 gram of plant extract was added to 5 mL of distilled water and then boiled for 5 

minutes. The sample is filtered, and the filtrate is separated. The filtrate was added with five 

drops of 1% (w/v) FeCl3. The formation of a dark blue or black color indicates the presence 

of tannins. 

 

2.7. TBA-MDA Method Antioxidant Activity Test (Safithri et al., 2022) 

A solution of 1,1,3,3-tetra methoxy propane (TMP) was used as the standard curve. 

Standard solution concentrations 1, 5, 8, 10, 13, 15, 18, 20 µM. Pipette 1 mL of each solution 

and add 2 mL of 20% TCA solution and 2 mL of 1% TBA solution in 50% acetic acid. The 

reaction mixture was heated for 10 minutes in a water bath 100oC and then centrifuged for 15 

minutes at 3000 rpm (130 mm centrifuge rotor diameter). The wavelength used is 532 nm. A 

blank solution was prepared using 1 mL of distilled water, treated like other TMP 

concentration solutions (0 TMP concentration). Determination of the incubation time of 

linoleic acid with the TBA method. A total of 6 mL of 0.1 M phosphate buffer pH 7 plus 6 mL 

of 50 mM linoleic acid in 99.8% ethanol and 3 mL of deionized water were mixed. 1 mL of 

the mixture was incubated at 40oC in a dark bottle. A total of 1 mL of linoleic acid mixture 

was added to 2 mL of 20% TCA solution and 2 mL of 1% TBA solution in 50% acetic acid. 

The reaction mixture was heated for 10 minutes in a water bath at 100 degrees. After cooling, 

the solution was centrifuged at 3000 rpm (centrifuge rotor diameter 130mm) for 15 minutes 

and measured at a wavelength of 532 nm, which was used to measure absorption intensity. 

Measurements were made every day until maximum absorption was achieved. A blank 

solution was prepared by 1 mL of a mixture of 3 mL of 99.8% ethanol and 2 mL of 0.1 M 

phosphate buffer pH 7, then 2 mL of 20% TCA and 2 mL of 1% TBA in 50% acetate. The 

blank solution was heated for 10 minutes in a water bath 100oC and centrifuged for 15 minutes 

at 3000 rpm (130 mm centrifuge rotor diameter). 

Analysis of the concentration of malondialdehyde (MDA) with the TBA method. The 

concentrations used for antioxidant analysis of red betel leaf extract were 25, 50, 75, 100, and 

200 ppm. 1 mL of sample was taken and added to 2 mL of 0.1 M phosphate buffer pH 7 and 

2 mL of 50 mM linoleic acid in 99.8% ethanol. α-tocopherol (200 ppm) was used as the 

positive control solution, 1 mL of α-tocopherol was taken, and 2 mL of 0.1 M phosphate buffer 

pH 7 and 2 mL of 50 mM linoleic acid in 99.8% ethanol were added. All solutions were 

incubated in a 40oC bath in a dark bottle during the optimum incubation time of the TBA 
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method. As much as 1 mL of each solution, then added 2 mL of 20% TCA solution and 2 mL 

of 1% TBA solution in 50% acetic acid and heated in a bath at 100oC for 10 minutes; the 

solution was cooled and centrifuged at 3000 rpm for 15 minutes. Measured at a wavelength of 

532 nm. A blank solution was prepared by adding 1 mL of a blank solution to a mixture of 3 

mL of 99.8% ethanol and 2 mL of 0.1 M phosphate buffer pH 7, then adding 2 mL of 20% 

TCA and 2 mL of 1% TBA in 50% acetate. The blank solution was heated for 10 minutes at 

100oC and then centrifuged for 15 minutes at 300 rpm (130 mm centrifuge rotor diameter). 

 

2.8. Tyrosinase Inhibitor Test (Suganya et al., 2015) 

The extract was made at a concentration of 10,000 ppm using DMSO. The stock solution 

was made at a concentration of 600 mg/mL by dissolving the concentrated extract in a 50 mM 

phosphate buffer with a pH of 6.5. Extract testing was conducted with different concentrations, 

namely 20, 200, 400, 800, 1600, and 3200 ppm. The positive control used kojic acid at a 

concentration of 200 ppm added with 30 µL of Tyrosinase enzyme (sigma, 333 units/mL in 

phosphate buffer) and incubated for 5 minutes. After that, 110 µL of substrate (12 mM L-

DOPA) was added, and the mixture was incubated at 37°C for 30 minutes. The absorbance 

value of the solution was measured at a wavelength of 492 nm using a microplate reader to 

determine the percent inhibition and the value of 50% inhibitory concentration (IC50). The 

absorbance ratio of the sample without extract (A) with the addition of extract (B) was 

measured for its absorbance at a wavelength of 492 nm and calculated to obtain 

% Inhibition = × 100 %. 

 

2.9. Data Analysis 

Statistical analysis used the variance test (ANOVA) analysis at the 95% confidence 

level and α = 0.05, Post hoc test. The Statistical Program for Social Science (SPSS) PASW 

18.0 software program was used for data analysis. 

 

3. Results and Discussion 

3.1. Results 

The secondary metabolites contained in the ethanol extract include flavonoids, saponins, 

steroids, tannins, and alkaloids. The content of secondary metabolites in the n-hexane extract 

contains tannins and saponins. The analysis results of the red betel leaves' water content were 

obtained at 7.75%, which is below the maximum water content limit for simplicia, which is 

10%. The yield obtained, respectively, 70% ethanol extract was 17.84%, while the n-hexane 

extract was 4.88%. 

 

Table 1. Yield of 70% ethanol extract and n-hexane of red betel leaves 

Type of Extract Extract Yield (%) 

Ethanol 70% 17.84% ± 0.66 

n-hexane 4.88% ± 4.80 

 n = 2 repetitions 
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Table 2. Phytochemical test of 70% ethanol extract and red betel n-hexane 

Compound Extract 

Ethanol 70% n-hexane 

Alkaloids 

Flavonoids 

Saponin 

Tanin 

Steroids and triterpenoids 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

- 

+ 

 

The inhibition value of MDA formation of 70% ethanol extract was 52.13%; red betel 

extract had the potential as an antioxidant, while for n-hexane extract, it was 40.13%. The 

highest inhibition of the tyrosinase enzyme was the ethanol extract. The 70% ethanol extract 

has an IC50 value (1655 ppm); this value is lower than the IC50 of the n-hexane extract (> 2000 

ppm), which means that the ability to inhibit the tyrosinase enzyme of the 70% ethanol extract 

is better than that of the n-hexane extract. 

 

 

Figure 1. Antioxidant Activity of Red Betel Leaf Extract Using The TBA Method. 70% 

Ethanol Extract and Extract  N-Hexane 

 

 

Figure 2. Tyrosinase Inhibitory Activity of Red Betel Leaf Extract. 70% Ethanol Extract and 

N-hexane extract 
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3.2. Discussion 

Red betel leaves are analyzed for water content before being used for extraction. The 

analysis results of the red betel leaves' water content were obtained at 7.75%, proving that 

drying the oven for four days at 50oC can reduce the water content. The lower the water content 

obtained, the better (Kumadoh et al., 2022). Microbial contaminants in some herbal products 

may pose a public health risk to consumers. The maximum moisture content limit for simplicia 

is 10% (Departemen Kesehatan Republik Indonesia, 2008). The water content obtained by the 

two simplicia in this experiment was below 10%, thus allowing long storage without any 

damage by microbes (Puspita et al., 2018). 70% ethanol extract and n-hexane extract in the 

rotary evaporator to obtain the yield. The yield obtained, respectively, 70% ethanol extract was 

17.84%, while the n-hexane extract was 4.88% (Table 1). Compared to other studies, it is stated 

that the Ethanol Extract of Red Betel Leaves has a yield value of 20.8%. This value is higher; 

the difference in the yield value obtained can be due to the content of secondary metabolites in 

the extract. The higher the content of secondary metabolites attracted to the extract, the higher 

the yield value. In addition, the method used in extraction can also affect the value of the yield 

(Puspa et al., 2018). 

The content of secondary metabolites in plants strongly influences antioxidant activity. 

Phytochemical analysis was carried out to know the content of secondary metabolites that have 

potential as antioxidants in red betel leaves. The results of the phytochemical test showed that 

alkaloids, flavonoids, saponins, tannins, and steroids were present in the 70% ethanol extract. 

In contrast, the red betel n-hexane extract contained saponins and steroids (Table 2). The results 

of other studies explain that the 30% ethanol extract of red betel leaves contains alkaloids, 

steroids, and tannins (Di Petrillo et al., 2016). This result is not much different from the 

phytochemical content in the 70% ethanol extract; this proves that 70% ethanol can attract 

chemical compounds that are relatively the same as boiling red betel leaf water. Flavonoid 

compounds are known to act as antioxidants and are reported to be able to inhibit the tyrosinase 

enzyme (Mohammed et al., 2014). Tannin compounds also function as antioxidants because 

they inhibit the formation of free radicals (Tsikas, 2017). Based on research conducted by Mega 

Safithri, the ethyl acetate fraction of red betel leaves identified by LC-MS (Liquid 

Chromatography-Mass Spectrometry) contains Schisandrin B (C23 H28 O6) (Safithri et al., 

2022). Sch B (Schisandrin B) is one of the most abundant and active dibenzo cyclooctadiene 

derivatives found in Schisandra chinensis fruit. Sch B compounds have been shown to prevent 

or reduce the breakdown of fat molecules (oxidized fat) due to CC14 exposure to liver cells. 

Sch B has also been shown to reduce hepatic transaminase levels. The mechanism of the 

hepatoprotector function possessed by this compound is by increasing liver function as an anti-

inflammatory and antioxidant (Kwan et al., 2017). 

Lipids in cell membranes are one of the targets of free radical attack by living things. 

Polyunsaturated fatty acids (PUFA) in cell membranes are targets of free radical attack, so they 

will form new free radicals that are very sensitive to oxygen (lipid peroxyl radicals). 

Malondialdehyde (MDA) results from lipid peroxidation, which results from the breakdown of 

polyunsaturated fatty acids. MDA is a good indicator of lipid peroxidation and a biomarker of 

oxidative stress (Muzzalupo, 2013). Unsaturated fatty acids (linoleic acid) were used in this 

study because free radicals quickly attack them in their double bonds to produce lipid peroxide. 

Temperature, light, metal ions, and oxygen can oxidize fatty acids so that the fatty acids 

become damaged (Kartika, 2013). Therefore, linoleic acid's oxidation rate is accelerated by 

keeping the temperature constant at 40oC, and stored in a screw-down dark bottle to avoid other 

factors besides temperature and oxygen. 

Before the antioxidant test using the TBA method, the primary oxidation product of 

linoleic acid, namely hydroperoxide, was measured using the conjugated diene method to 

determine the maximum incubation time. The length of time for the linoleic acid incubation 

process was determined from the results of hydroperoxide measurements. The most excellent 
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absorbance occurred on day 6, according to Alfarabi's research (Alfarabi, 2010). The 

antioxidant potential was measured two days after the hydroperoxides were formed on the 

eighth day, assuming all the hydroperoxides had been decomposed on the eighth day (Kartika, 

2013). Antioxidant compounds in red betel leaves, such as tannins, alkaloids, and flavonoids, 

can inhibit oxidation by adding electrons to radical linoleic acid compounds so that MDA is 

not formed or formed in small quantities. Red betel extract concentrations of 25, 50, 75, 100, 

and 200 ppm were chosen because they were based on the maximum limit of antioxidant 

content in food, which is 200 ppm. A vitamin E concentration of 200 ppm was used as a 

positive control. 

Incubation in the experiment was carried out for eight days, and MDA levels were 

measured at a wavelength of 532 nm using a spectrophotometer. Solutions of 1,1,3,3-tetra 

methoxy propane (TMP) with various concentrations were used as standard curves. The linear 

line equation obtained is y=0.086x+0.006 with a value of R2= 99.8%. The absorbance 

measurement value at a wavelength of 532 nm is not directly proportional to the amount of 

MDA formed. The results showed that red betel leaf extract could inhibit MDA formation, as 

evidenced by the absorbance value of the extract being smaller than the negative control 

absorbance value from this study. The test results of 70% ethanol extract and n-hexane extract 

with various concentrations showed non-linear results between the concentration and the 

percentage of inhibition. This is because the extract used is still crude extract. The crude extract 

still contains carbohydrates, proteins, and fats, which can inhibit the scavenging of free 

radicals, causing the antioxidant activity of the crude extract to be lower than that of the pure 

compound. 

The concentration of 200 ppm was the highest inhibitory concentration of the 70% 

ethanol and n-hexane extract. The statistical analysis proved that the 70% ethanol extract and 

n-hexane extract at a concentration of 200 ppm had no significantly different inhibition 

(p<0.05) from vitamin E as a positive control at a concentration of 200 ppm. Vitamin E (200 

ppm) inhibited MDA formation by 36.42% (Figure 2); compared to other studies conducted by 

Bella, this value was lower. Bella reported that the positive control with a concentration of 200 

ppm produced an inhibition of 85.88% (Bella, 2021); based on Kartika's research, Vitamin E 

with a concentration of 200 ppm was able to inhibit MDA formation by 49.82%. Another study 

said that the inhibition of ethanol extract was lower than the ethyl acetate fraction but higher 

than the n-hexane and water fractions, namely 51.51% (25 ppm), 63.40% (50 ppm), 67.02% 

(75 ppm), 70.39% ( 100 ppm), and 79.83% (200 ppm) (Zaelani, 2021). The difference in the 

results obtained in the study was because vitamin E, as the positive control, was easily oxidized, 

thereby reducing its ability as an antioxidant. One of the fat-soluble vitamins is vitamin E, 

which quickly oxidizes, especially at temperature and storage. In addition, using different 

methods and lengths of incubation time for linoleic acid can also affect the results obtained. 

Incubation can affect the antioxidant value obtained.  

The antioxidant activity of red betel leaf extract compared to the antioxidant activity of 

noni and Physalis peruviana, ethanol, and n-hexane solvents of red betel leaf was better than 

noni (Morinda citrifolia L.) extracted with methanol 33 because red betel leaf extract showed 

no effect prooxidant. Another similar study showed no different results, namely mulberry 

ethanol extract at a concentration of 200 μg/mL (200 ppm) with an inhibition of 44.19% 

(Danuri et al., 2020). According to Alfarabi (2010), red betel leaf at a concentration of 200 

mg/10 mL with water as a solvent was able to inhibit MDA formation by 81.78%; when 

compared to this study, 70% ethanol extract and n-hexane extract of red betel leaves had lower 

antioxidant activity. Meanwhile, at the same concentration, the ethanol extract and n-hexane 

extract were only able to inhibit 52.13% and 44.13%, respectively (Alfarabi, 2010). The 

antioxidant activity of the water and ethanol extract was 70% higher than that of the n-hexane 

extract. This is because secondary metabolites such as flavonoids, saponins, alkaloids, tannins, 

and steroids, known to have potential as natural antioxidants, dominate in 70% ethanol extract 
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and aqueous extract. The antioxidant activity of the water extract is higher than the 70% ethanol 

extract even though the content is relatively the same; this is presumably because the amount 

of antioxidant compounds in the two extracts is different.  

The tyrosinase enzyme inhibition test results showed that the concentration increase was 

directly proportional to the increase in the tyrosinase enzyme inhibition value. The inhibition 

result of 70% ethanol extract with a concentration of 200 ppm was 12.78%, while the n-hexane 

extract with the same concentration had an inhibition value of 1.23% (Figure 3). The inhibition 

of 70% ethanol extract is better than that of n-hexane extract. Compared with kojic acid as a 

positive control at a concentration of 200 ppm, it has an inhibition value of 91.82%. When 

compared with this study, the 70% ethanol extract of red betel leaves at a concentration of 1600 

ppm inhibited the tyrosinase enzyme by 53.027%, the n-hexane extract had an inhibition value 

of the tyrosinase enzyme by 54.260% at a concentration of 3200 ppm.  

The content of flavonoids in red betel leaves, including 15 phenolic compounds, two 

monoterpenes, four sesquiterpenes, a neolignane, and a flavonoid C-glycoside. flavanones, 

flavonols, isoflavones and auron groups (Li et al., 2019). Based on its structure, the flavonoid 

group (Phenol hydroxyl) of red betel leaf is similar to L-Tyrosine and L-Dopa, which are 

substrates of the tyrosinase enzyme, so their inhibition leads to competitive inhibition. Several 

studies have shown that the amount and location of phenolic hydroxyl in flavonoids will 

significantly affect the inhibition of tyrosinase activity (Zuo et al., 2018). The more phenolic 

hydroxyl numbers, the more hydrogen bonds and the enhanced antioxidant activity (Zuo et al., 

2018). According to research conducted by Aziz et al. (2022), the secondary metabolites of 

Wungu leaves were able to inhibit the tyrosinase enzyme. These compounds had the best 

inhibitory power, namely linolenic acid, and phytol, with affinity energies of -5.8 kcal/mol and 

-5.4 kcal/mol, respectively, as well as inhibition constants of 55.718 μM and 109.489 μM. 

Linoleic acid interacts with tyrosinase through hydrogen bonds (Aziz et al., 2022).  

Based on these values, it can be observed that 70% ethanol extract has the lowest IC50 

value (1655 ppm), indicating a very weak inhibition of tyrosinase activity. N-hexane extract 

has a slightly higher IC50 value (3090.56  mg/mL), suggesting weak tyrosinase inhibition, 

which means that the inhibitory ability of the 70% ethanol extract is better than that of the n-

hexane extract. This is presumably because the content of flavonoid compounds found in the 

70% ethanol extract has more potential as an inhibitor of the tyrosinase enzyme than the 

essential oil in the n-hexane extract. Generally, copper-chelating aromatic compounds inhibit 

tyrosinase by mimicking the substrate of tyrosinase (Zolghadri et al., 2019). Since several 

polyphenols are accepted as substrates by tyrosinase, whether a polyphenol may act as an 

inhibitor depends on the presence and position of additional subsistents. Flavonoids are among 

the most numerous and best-studied polyphenols, benzo-γ-pyrone derivatives consisting of 

phenolic and pyrene rings. The number of phenolic hydroxyls on the two aromatic rings of the 

flavonoid structure can significantly impact the inhibition of the tyrosinase enzyme. The 

hydroxyl groups of A and B rings, separated by the etherical bond of the C (pyran) ring, mainly 

contribute to the tyrosinase inhibitory activity. The docking result on the prepared tyrosinase 

enzyme showed that the catechol group and copper ions complex well, inhibiting enzyme 

activity. Further activity is lost or decreases with additional hydroxyl groups, which add to 

steric hindrance (Kothapalli et al., 2021).  

Some steroids were also determined to be tyrosinase inhibitors. The research group of 

Choudhary et al. (2012) contributed many studies in this field. Three steroids isolated by these 

authors from the aerial parts of Trifolium balansae showed higher diphenolase inhibitory 

activity toward mushroom tyrosinase than that of kojic acid. Among the steroids, stigmast-5-

ene-3β,26-diol (Figure 5b) was 7-fold more active. The authors also found that a long-chain 

ester, 2β(2S)-hydroxyl-7(E)-tritriacontenoate (Figure 5a), from Amberboa ramose exhibited 

12.3-fold more inhibition against the diphenolase activity of mushroom tyrosinase compared 

to the standard kojic acid. On the other hand, the derivative containing a d-galactopyranosyl 
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moiety at C2 lost one order of magnitude on its tyrosinase inhibitory activity. Like most cases 

of tyrosinase inhibitors, the bulky and hydrophilic d-galactopyranosyl moiety interferes with 

the molecule's entrance into the enzyme's active site, thus reducing its inhibitory activity. 

 

4. Conclusion 

The inhibition value of MDA formation of 70% ethanol extract was 52.13%; red betel 

extract had the potential as an antioxidant, while for n-hexane extract, it was 40.13%. The 

ethanol extract of Red betel leaves (Piper crocatum) has fragile tyrosinase enzyme inhibitor 

activity with a total IC50 value of the ethanol extract of red betel of 1655 ppm, while the IC50 

value of n-hexane of red betel is 3090.56 ppm.  
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