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Various weeds in paddy rice fields could be utilized as natural polyphenols sources, one of 

them was kitolod (Hippobroma longiflora (L.) G.Don). Kitolod was widely utilized as 

traditional medicine by several community groups because of its polyphenols content. 

Recent trends showed kitolod could be valorized as additive matters in sunscreen products. 

Polyphenols content, especially flavonoids were able to absorb dangerous spectrum in sunray 

radiation and it is related to sunscreen activity. This study aimed to evaluate the differences 

in simplicia treatments and extraction techniques towards total polyphenols content and 

sunscreen activity on kitolod leaf extracts. Solvent-cold extraction techniques were deployed 

in this study that consist of water infusion and ethanolic maceration for 24 hours at ambient 

temperature. Extracts were analyzed by spectrophotometric measurement to determine total 

phenolics content (TPC), total flavonoids content (TFC), and sunscreen activity by deploying 

Folin-Ciocalteu assay, AlCl3 colorimetric assay, and Mansur approached assay, respectively. 

Dry kitolod leaves were extracted by ethanolic maceration techniques provided high yields 

(15.5±0.3%), high TPC (17.9±0.3 mg GAE/g of solids), high TFC (25.9±0.4 mg QE/g of 

solids), and moderate sunscreen activity (SPF 11.0±0.1). The results indicated kitolod could 

be valorized as natural polyphenols sources and additive matters in any cosmetical sunscreen 

products. 

INTRODUCTION 

The presence of weeds in paddy rice field 

issued a negative impact on crops in the 

competition for soil nutrition absorption. Several 

weeds are considered to have potency value as 

natural polyphenols sources then supported by their 

abundance and ability to sprout quickly in nature 

[1]. Polyphenols have empirical benefits in the 

food, pharmaceutical and cosmetics, and dye 

industries because the compounds provided 

antioxidants, antibacterials, anti-inflammatory, 

anticarcinogenic, and dyes-coloring properties [2]. 

Kitolod as weeds was widely utilized in traditional 

medicine practices by several groups in Indonesia 

[3], [4]. This utilization emerged because kitolod 

contains various bioactive metabolites such as 

polyphenols that affected human well-being. 

Recent studies have proven that kitolod has 

the potential as natural polyphenols source, 

especially in the leaves. A total of 14 types of 

polyphenols compounds were identified in kitolod 

leaves and most of the compounds belong to 

flavonoid groups [5]. Kitolod leaves were known to 

have strong antioxidant activity and moderate 

anticancer activity against HeLa cells [6], [7]. 

Furthermore, strong antibacterial activities were 

provided by kitolod leaves against Staphylococcus 

aureus, Salmonella typhi, and Escherichia coli [8], 

[9]. The current trend of kitolod valorization was 

heading toward the application of additive matters 

in cosmetic products [10]. Emerged trends existed 

because kitolod leaves were able to provide ultra 

protection against sunray radiation with high 

sunscreen activity, where SPF 28 [11]. 

Polyphenols content in kitolod leaves was 

related to the capability of sunscreen activity. 

Conjugated double-bond in phenolics and keto 

groups in flavonoids have abilities to absorb and 

convert sunray radiation into unharmful heat for 

human skin [12], [13]. Hence, the higher total 

polyphenols content in natural matters has positive 

effects on its capabilities to absorb sunray radiation 

[14]. To obtain high polyphenols content from 

kitolod leaves, the proper extraction techniques 

were necessary to be carried out, to obtain extracts 

with high sunscreen activity. 
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Cold-solvent extraction techniques were 

considered proper to be carried out for the 

extraction and isolation of polyphenols. The 

thermolabile of polyphenols was the main reason to 

deploy cold-solvent extraction techniques [15]. 

Traditional techniques that used solvents and 

without temperature applied consisted of infusion 

and maceration techniques [16]. Infusion 

techniques deployed distilled water as a solvent, 

while maceration techniques deployed chemical or 

organic solvents. The type of solvent deployed for 

extraction should be considered towards the target 

of compounds and pointed to regulation. Indonesia 

National Agency of Drugs and Food Control (or 

BPOM) and the U.S. Food and Drugs 

Administration (FDA) recommended deploying 

water and ethanol, a maximum of 70% of 

concentration, as an extraction solvent for food and 

cosmetic products which referred to the green 

chemistry practice [17]. That was a new challenge 

to conduct extraction in this study to obtain high 

total polyphenols content and sunscreen activity. 

The difference in treatment toward materials 

or simplicia before conducted extraction process 

attracted attention to be evaluated in this study. 

Moisture content in materials, theoretically 

affected extraction results [18]. This issue is then 

considered as one of the variables of difference in 

deployed extraction techniques. This study aimed 

to evaluate the differences in simplicia treatment 

and extraction techniques towards total 

polyphenols content and sunscreen activity on 

kitolod leaf extracts. The results could be used as 

literature in the utilization of kitold leaves as 

valorization for additive matters in cosmetic 

products with a cost-effective process. 

 

EXPERIMENT 

Materials 

Kitolod leaves collected from flowering 

plants (about 3 months old) taken in paddy rice 

fields on Sukamukti, Majalaya, Bandung. The 

extraction solvents used were distilled water and 

70% of ethanol (technical grade). The analytical 

materials in this study consist of Folin-Ciocalteu 

reagent, Na2CO3, AlCl3, ethanol (Merck, 

Germany), gallic acid, and quercetin for the 

standard calibration curve (Sigma-Aldrich, USA). 

Instrumentations 

Instrumentation used in this study consist of 

Buchi® MultivaporTM P-6, Rotary Evaporator IKA 

RV10, and Spectrophotometer UV-Vis DLAB® 

SP-UV1000. 

Procedures 

Preparation of Simplicia 

Preparation of Simplicia as experimental 

materials followed by Dewantoro et al. [5] with 

additional modification. An additional procedure 

was conducted for separation at each stage (after 

washing and drying) to be analyzed its moisture 

content and stored it as extraction materials. The 

moisture content analysis procedure deployed 

gravimetric methods followed by Luliana et al. 

[19]. The simplicity was then labeled as untreated 

leaves (fresh leaves) and air-dried leaves. 

Extraction: Infusion and Maceration 

Cold-solvent extraction techniques were 

deployed consisting of infusion and maceration 

techniques. The infusion technique followed the 

procedure from Aritonang et al. [20] with 

modification in time addition to 24 hours to 

compare untreated leaves and air-drier leaves. 

Meanwhile, the maceration technique followed 

Rosidah et al. [21] by reducing time to 24 hours 

toward the highest characterization extracts on 

infusion technique. The maceration used 70% of 

ethanol. Supernatants separated from solid residues 

were then evaporated using multi-vapor and rotary 

evaporators, respectively, at 50°C until no solvents 

drips to obtain crude extracts. 

Determination of Total Phenolics Content (TPC) 

Quantification of total phenolics content 

(TPC) followed Al-Owaisi et al. [22] with slight 

modification in the wavelength test and incubation 

time. The maximum absorbance method approach 

was used to determine the wavelength test and 

incubation time to be applied in this study [18], 

[23]. Figure 1 showed 735 nm of wavelength and 

105 minutes of incubation time provide maximum 

absorbance towards gallic acid standard (100 

mg/L). Gallic acid standard calibration curve was 

made from 0-100 mg/L of concentration as a 

comparison and provided a standard equation 

 𝑦 = 0.0081𝑥 + 0.0039 (𝑅2 = 0.9916). 

The measurement value is then substituted to 

Equation (1). 

 

TPC =
cP ∙ V ∙ df

m
 

…(1) 

 
TPC was the result of total phenolics content in mg 

GAE/g of solids; cP was the concentration of 
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phenolics in extracts based on the gallic acid 

calibration equation in mg/L; V was the volume 

solvents in L; df was dilution factors (no unit); and 

m was the total solids weight of Simplicia in g. 

 

Figure 1. Absorbances profile for (a) gallic acid and (b) quercetin on the determination of wavelength test and 

incubation time for TPC and TFC procedure, respectively. 

 

Determination of Total Flavonoids Content (TFC) 

Quantification of total flavonoids (TFC) was 

followed by Ningsih et al. [24] with slight 

modification in the wavelength test and incubation 

time. The maximum absorbance method approach 

was used and then showed 420 nm of wavelength 

and 120 minutes of incubation provided the 

maximum value as well as the absorbance profile 

in Figure 1. Quercetin standard calibration curve 

was made from 0-100 mg/L of concentration as 

comparison and provided standard equation 𝑦 =
0.0043𝑥 − 0.0174  (𝑅2 = 0.9935). The 

measurement value is then substituted to Equation 

(2). 

𝑇𝑃𝐶 =
𝑐𝐹 ∙ 𝑉 ∙ 𝑑𝑓

𝑚
 

…(2) 

 

TFC was the result of total phenolics content in mg 

QE/g of solids; CF was the concentration of 

flavonoids in extracts based on quercetin 

calibration equation in mg/L; V was the volume of 

the solvent in L; df was dilution factors (no unit); 

and m was the total solids weight of Simplicia in g. 

Measurement of Sunscreen Activity 

Determination of sunscreen activity was 

deployed Mansur methods approach followed by 

Savira & Iskandar [11] and Kusumanti et al. [14]. 

The measured absorbances were then submitted to 

Equation (3) and quantified activities were 

expressed as SPF values. 

 

𝑆𝑃𝐹 = 𝐶𝐹 × ∑(𝐸𝐸 × 𝐼) × 𝐴𝑏𝑠

320

290

 …(3) 

 
SPF was the result of sunscreen activity; CF was 

the constant of correction factors in the Mansur 

equation (CF = 10); EE × I was the spectrum of 

arrhythmogenic effects and the intensity of sunlight 

followed by Puspitasari et al. [17]; and Abs was 

measured absorbance value. 

Statistical Analysis 

Collected data were analyzed using t-Test 

analyses that featured in IBM® SPSS Statistic 26.  

RESULT AND DISCUSSION 

Physical Properties of Simplicia 

Pretreatment aimed to ease the simplicia 

used in extraction. Drying and size reduction were 

pretreatment stages that could be deployed toward 

simplicia. Drying could be reducing moisture 

content in simplicia that have the potential to 

accelerate chemical and enzymatic reactions 

naturally [18]. The presence of water caused 

inhibition to isolate bioactive metabolites such as 

polyphenols. Furthermore, the smaller particle size 
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of simplicia could be increasing surface area 

affected by the number of bioactive metabolites 

obtained [25]. Table 1 showed the results of 

material weight and moisture content towards 

simplicia after drying and size reduction treatment. 

 

Table 1. Physical characteristics of simplicial. 

Type of Materials Weight 
Moisture 

Content* 

Untreated Simplicia 

(fresh leaves) 
4.500 g 89.8±0.5% 

Dry Simplicia 

(dried leaves) 
335 g 9.1±0.3% 

Powdered Simplicia 

(after size reduction stages) 
305 g 8.5±0.7% 

*Moisture content in wet basis calculation 

 

Moisture content in simplicia has been rated 

by literature. The regulation for standard moisture 

content on dry simplicia should be less than 10% 

(wet basis) according to the Indonesian Ministry of 

Health [19]. The drying methods deployed were 

air-drying methods that reduced moisture content 

by up to 80% for 7 days. Drying time was 

considered ineffective for application although 

could maintain bioactive metabolites such as 

applying an oven blower at 40-60°C to maintain 

polyphenols from being degraded [26]. 

Extraction Yields 

The differences in material types and 

extraction techniques descriptively affect 

extraction results. Figure 2 showed an infusion of 

untreated simplicia that have high moisture content 

provides lower yields than powdered simplicia. 

The effect of excess moisture content in untreated 

simplicia proved to have a negative effect because 

the presence of water in materials inhibited solvent 

to bind targeted compounds such as polyphenols 

[18]. The powdered simplicia was then used for 

maceration to evaluate the effect of different 

extraction techniques on extraction yields. 

The infusion technique towards powdered 

Simplicia gave lower yields than the maceration 

technique. Maceration techniques using ethanol as 

solvent, provided high extraction yield than 

distilled water on infusion technique because 

ethanol can bind various components in Simplicia, 

both polar to nonpolar properties [27]. Meanwhile, 

distilled water was suspected just able to bind polar 

components thus providing a low yield [16]. 

 

 

Figure 2. Extraction yields are affected by different 

Simplicia treatments and extraction techniques. 

Different symbols indicated significant differences 

regarded to t-Test assuming equal variances analysis. 

Total Polyphenols Content 

Spectrophotometric measurement methods 

were deployed to determine total phenolics and 

flavonoid content. These groups were the most 

abundant natural polyphenols types, which could 

be represented by total polyphenols content in 

simplicia [2], [28]. The results in Figure 3 showed 

of the ethanolic maceration technique provided the 

highest total polyphenols content, both on TPC 

(17.9±0.3 mg GAE/g of solids) and TFC (25.9±0.4 

mg QE/g of solids), then extracts proceeded by 

water infusion technique. 

Polyphenols belong to compounds with 

polar properties, regarding compound polarities. 

The study conducted by Riwanti et al. [27] stated 

that more water contained in ethanol affected the 

enhancement of compound polarities. It assumed 

that distilled water in the infusion technique should 

be able to bind polyphenols in high amounts. 

However, the extracts proceeded by the ethanolic 

maceration technique provide the highest total 

polyphenols content to the infusion technique. The 

obtained findings indicated polyphenols were not 

polar, but several polyphenols types belong to 

semi-polar and can be bonded by ethanol. 

ifferences in simplicia treatment affected 

total polyphenols in extracts. Untreated simplicia 

provided low total polyphenols content due to their 

moisture content still being high. The presence of 

water in materials or simplicia was known to inhibit 

the binding process of polyphenols by solvent and 

caused low TPC and TFC obtained [18]. Different 

results were given by powdered simplicia because 

of the low level of moisture content. Inhibition of 
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polyphenols-binding did not occur in dry-

powdered simplicia, thus providing high TPC and 

TFC. Therefore, drying treatment to materials or 

simplicia is required to be carried out to enhance 

extraction yields and total polyphenols content. 

Measured results of total polyphenols 

content just showed component that was 

comparable to standard, which was gallic acid and 

quercetin. Advanced methods are required to be 

conducted for compound identification more 

specifically with the number of components. The 

recommendation for advanced measurement was to 

deploy chromatography techniques such as HPLC 

and or LC-MS to identify polyphenols types and 

contains percentages.  

 

Figure 3. The total polyphenols content of kitolod leaves consists of (a) phenolics; and (b) falvonoids. Different symbols 

indicated significant differences regarded to t-Test assuming equal variances analysis. 

Sunscreen Activity 

Sunscreen activity provided by extracts was 

related to their total polyphenols content. The 

double bonds on polyphenols structure, especially 

on phenolics groups were able to absorb harmful 

sunray radiation [12]. In addition, the presence of 

chromophore units at C-4 of keto on flavonoids was 

known able to absorb sunray radiation more 

strongly than phenolics [14]. Then, it could be 

concluded as the higher the total polyphenols 

content, the stronger the sunscreen activity 

obtained. The results are shown in Figure 4 and the 

interpreted types of protection on each extract 

consisted of moderate protection from untreated 

simplicia extracted by infusion, extra protection 

from powdered simplicia extracted by infusion, and 

maximum protection from powdered simplicia 

extracted by maceration. 

The results of this study have a lower 

protection category and SPF value than previous 

studies. Savira & Iskandar [11] gained kitolod leaf 

extracts with ultra-protection of sunscreen activity 

as SPF 28. However, their results deployed 

methanol as a solvent which is unrecommended by 

regulation. Thus, further research on kitolod leaf 

extraction should be conducted that applied the 

green chemistry concept and provided high yields 

nor sunscreen activity. 

 

Figure 4. Sunscreen activity of kitolod leaf extracts 

affected by different simplicia treatments and extraction 

techniques. Different symbols indicated significant 

differences regarded to t-Test assuming equal variances 

analysis. 
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CONCLUSION 

Differences in simplicia treatment and 

extraction techniques affected extracts. Drying 

treatment toward simplicia proven enhancing 

extracts obtained, both in yields, total polyphenols 

content (TPC and TFC), and sunscreen activity. 

Ethanolic maceration techniques provided better 

results than infusion techniques but required to be 

carried out on further studies to varied ethanol in a 

lower concentration. Regarded to this study, 

kitolod leaf extracts are indicated to valorize as 

natural polyphenols sources and additive matters in 

any cosmetical sunscreen products. 
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