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ABSTRACT - Synthetic surfactants are widely used in a wide array of cleaning products due to ;R\eRQi(\:/tE: EIL?hE?JE;( 2020
their ability in lowering the surface tension of water. These surfactants also come with bad effects Revised: 7 January 2021
on people's health and the environment. Plant-based surfactant, or saponin, is expected to produce Accepted: 110 Mar 2021
the same desired effect of chemical surfactant, minus the negative effect. The purpose of the

current research was to discover the surface-active properties of saponin extracted from KEYWORDS
Nephelium Lappaceum or rambutan leaves, relative to commercial surfactant, Tween 80, and SDS. Surfactant,

Rambutan’s leaves were extracted by maceration technique and liquid-liquid extraction to remove Saponin,

proteins and lipids of the plant. The presence of saponin in crude rambutan leaves was verified by Surface active

foam test, which showed positive results. The crude rambutan leaves extracts were further
analyzed by FTIR, GC-MS, and LC-QTOF-MS. The surface-active test consisted of a wetting test
and cleaning test. The results from the IR spectrum show the presence of functional groups of
saponin; OH, C=0, C-H, C=C,then, C-O which indicates the glycosides linkages to sapogenins.
The wetting time for leave extracts, SDS, and Tween 80 were 32.33s, 7.33s, and 17.62s
respectively. The cleaning test of saponin fraction, SDS, and Tween 80 showed the percentage of
20.98, 80.40, and 37.3 respectively. Generally, Rambutan leaves extract showed promising, but
lower surface activities compared to commercial surfactants. Considering that the saponin fraction
was not yet in the purest or isolated form of a single compound, it can be said the potential can be
further enhanced by further isolating a pure surface-active compound from the saponin fraction.

INTRODUCTION

Surfactants are the most versatile products of the chemical industry. There are utilized in every industrial area ranging
from household detergents to drilling muds and food items to pharmaceuticals. They find application in several end-use
industries such as petroleum, pharmaceuticals, agrochemicals, and cosmetics. The home care product is the most used
surfactant in their product. Based on the current recorded Malaysian population of 29.91 million people the calculated
market size for laundry detergents is 110,000 metric tonnes [15]. The anionic surfactant is the most surfactant used in
industries. Most anionic surfactants are produced from chemical substances [5]. It gives a bad effect on human health and
the environment. One of the alternatives ways is to make an organic soap or laundry detergent that make from a natural
plant compound which is saponins [2, 4, 8]. Saponins are usually found in the plant which has a foaming characteristic.
The surfactants obtained directly from natural sources such as plants or animals are regarded as natural surfactants.
Saponins are a diverse group of compounds widely distributed in the kingdom of plants [3], characterized by a triterpene
or steroid aglycone structure and one or more sugar chains [1]. It can react as a cleansing agent with its foaming and
wetting properties and more important is not harmful to human health and the environment due to its ingredients which
are not mixed with chemical substances [9]. Most saponins are found in vegetables, beans, and herbs such as soybeans,
peas, and some herbs named Soapwart (Sapponaria Officinalis, Caryophyllaceae) [8]. One of the plants that can be
commercialized as a surfactant is rambutan leaves because it was easy to find in Malaysia [14, 16]. The idea that Rambutan
leaves contain saponin comes from the fact that the leaves will produce foam if macerated in water. Saponins are a diverse
group of compounds that are containing one or more triterpene or steroid aglycone sugar chains and are widely distributed
in the plant kingdom [6]. Saponin also can react as a surfactant due to the presence of amphiphilic nature which is a lipid-
soluble chain of aglycone and water-soluble sugar chain. Since their excellent functional properties, health benefits, and
environmental protection, plant-derived saponins have gained increased interest. These are less toxic, more
biodegradable, and more reusable than other forms of surfactants [11,12]. Surface-active properties of saponin extracted
from Rambutan leaves were investigated through wetting, foam formation, and cleaning test. The properties were also
compared with synthetic and commercial surfactants; Sodium Dodecyl Sulfate (SDS) and Tween 80.
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MATERIALS AND METHODS
Preparation of Plant Extraction

The maceration extraction method was used. The rambutan leaves were soaked with ethanol in a beaker. The beaker
was covered with aluminum foil and left for 3 days at room temperature. After that, the mixture was strained by filtration.

Saponin extraction

About 200 ml of leave sample and ethanol mixture was dissolved in 50 ml ethanol and 200 mL chloroform was added
in a separatory funnel. The extracted ethanol was collected from the separation and petroleum ether was added about 200
ml in the separatory funnel. The ethanol fraction was filtered by vacuum filtration. Ethanol was removed using a rotary
evaporator. Then, the extracts were transferred to a water bath for water removal. The water bath was set at 70 °C and
left for 24 hr. Finally, extracted saponinwas collected and stored in a beaker covered with aluminum foil and stored in the
refrigerator at a temperature of 4°C.

Froth Test

The presence of extracted saponin was detected by shaking vigorously the test tubes containing the saponin extracted
and tap water, for about a minute. The height of the foam generated was measured immediately and after 5 minutes.
Persist foaming, minimum 1 cm, even after 5 minutes indicates the presence of saponin.

FTIR analysis

About 5g of saponin extract was mixed with potassium bromide (KBr) with a ratio of 1:10 by using mortar and pestle
to make a fine powder. Then, it was compressed by a manual hydraulic press to a thin pellet. Finally, the pellet will be
placed in the FTIR spectrophotometer for the examination process. The infrared absorption spectrum with a scan range
from 400 to 4000 c¢m™*was obtained from the analysis of the extracted saponin to identify the chemical bonds in
the sample's molecule.

Wetting Test

The wetting test was conducted using canvas disc wetting sets. Firstly, a white cotton cloth (5 x 5) cm was cut. Then,
three solutions (Saponin extracts, SDS, and Tween 80) were prepared in a 250 mL beaker. 1g of each sample was mixed
with 99 mL of water. White cotton cloth was sunk into each solution in the beaker. The cloth floated on the top of the
solution. The wetting time was determined by measuring the time needed to begin sinking the cloth [9]. The time required
for the cloth to begin to sink was recorded three times per solution.

Cleaning Test

Three surfactant solutions which are Rambutan leaves extract solution, sodium dodecyl sulfate (SDS) solution, and
Tween 80 solution, were used for the cleaning study. Nine (5x5) cm of white cotton cloth were immersed in water for 24
hr, dried, and weighed. Simulated dirt was prepared by mixed 1g of oil and 1g of paraffin wax in 200mL hexane. For 10
minutes, the white cotton fabric was covered in simulated dirt. The fabric was then dried and reweighed. The clothes were
also shaken in surfactant solution during this process. The cloth then was washed with water after it was taken out, dried,
and reweighed. All the weights represented the percentage of cleaning were recorded and calculated by the formula below,
where W1 is the initial weight of the cloth, W2 is the weight of the cloth with simulated dirt and W3 is the weight after
being cleaned with surfactant solution and water.

C = [(W2 - W3) / (W2 - W1)] x 100%

RESULTS AND DISCUSSION

Froth Test

The persistence of soap-like foam for about 5 minutes indicated the presence of saponin in Rambutan leaves extract.
Figure 1 shows the foam formation of the extracts which was measured to be about 1 cm. Saponins with one sugar chain
have the best foaming functionality while compounds with two or three sugar chains show a reduction in foaming capacity
[10].
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Figure 1. Persistent foam formation, about 1 cm, after 5 minutes.

FTIR analysis

Figure 2 and Table 1 show FTIR spectrum and data of saponin extract. The result of the FTIR spectra of saponin
demonstrated characteristics of functional group that plays the role as a saponin chemical structure were OH, C=0, C-H,
C=C, then, C-O which indicates the glycosides linkages to sapogenins [1].
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Figure 2. IR spectrum of séponin extracts.

Table 1. FTIR data of saponin extracts.

Functional Wavenumber Intensity
Group (cm™)

O-H (alcohol) 3413.55 Strong, Broad
C-H (alkane) 2936.94 Medium
Cc=0 1712.78 Medium
Cc=C 1630.36 Strong
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C-H methyl 1447.59 — Medium
1396.92

C-O (ether) 1068.33 Strong

=C-H 865.39 Medium

=C-H and C-H 759.84 Medium

Data of the IR spectrum shows absorption in the range from 650.53 cm™to 3413.55 cm™. A strong and broad peak at
3413.55 cm* represents it has a hydroxyl group (-OH) in extracted saponin fraction. The presence of a functional group
of hydroxyl groups shows a broad and strong intensity with a stretch type of vibration. Then, carbon-hydrogen (C-H)
absorption ranged from 2936.94 cm* which showed the functional group of alkanes. The intensity is medium with a stretch
type of vibration. Furthermore, the (C=0) absorbance was found to be at 1712.78 cm™ with medium intensity in the
infrared spectrum. Besides that, the (C=C) absorbance was observed from the infrared spectrum with strong intensity at
1630.36 cm™. Besides, the (C-H) methyl ranges from 1447.59 cm to 1396.92 cm™. It proved that there is bending and
rocking vibration with medium intensity. Oligosaccharide linkage absorption to sapogenins, that is (C-O-C), was evident
between 1068.33 cm! with medium intensity in saponin rambutan leaves extract fraction. Out of plane CH bending, there
are (=C-H), alkenes absorbance from 865.39 cm™ and (=C-H), (C-H) bond that can show the absorbance presence from
764.12 cml. This range of absorption may cause by the bending of alkene and overlapping of rocking vibration of
methylene. Based on the previous research that identified the functional group that contained in Nephelium Lappaceum
leaves show the result of the FTIR spectra of saponin demonstrated characteristic of functional group that plays the role
as a saponin chemical structure were OH, C=0, C-H, C=C, then, C-O which indicates the glycosides linkages to
sapogenin. Based on previous research of extraction saponin from soapnut, several functional groups of a functional group
for saponin can be identified such as -OH alcohol, aliphatic C-H groups, C=0 of carboxylic acid or ester, C=C bonds,
and bending of —-CH3/~CH2- groups [12].

Foaming Test.

Figure 3. Foam level produced by A) SDS, B) Tween 80, C) Saponin extracts

Figure 3 shows foam formation of SDS, Tween 80, and saponin extracts. It can be observed that SDS showed the
highest foam formation (5 cm), followed by Tween 80 (3 cm) and saponin extracts (1.5 cm). Considering that the extracts
are not surfactant in their purest form, it can be said that the extracts showed promising foaming activity.
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Wetting time.

A wetting test was carried out to observethe ability of the liquid to maintain contact with a solid surface. Table 2
shows the wetting test data of SDS, Tween 80, and saponin extracts. The data shows that SDS had the fastest wetting time
as the time recorded was 7.33 s, followed by Tween 80 at 17.67 s. Saponin fraction wetting time was 32.33 s. During the
testing procedure, white cotton cloth sinks to the bottom of the beaker containing saponin fraction, which indicates wetting
properties and intermolecular structure between the white cotton cloth and water. The water was able to maintain contact
with the white cotton cloth. Due to the ability to displace air weaker than SDS and Tween 80 from a liquid or solid saponin
surface, cotton cloth in SDS and Tween 80 will take a shorter time for wetting than a cotton cloth in saponin. It clearly
can be seen that the synthetic surfactant caused the greatest decrease in its surface tension to a minimal value. However,
the saponin showed promising properties.

Table 2. Wetting time of SDS, Tween 80, and saponin extracts

Surfactant Wetting time
SDS 7.33%5
Tween 80 17.67+3
Saponin extract 33.43+2

Cleaning properties.

Cleaning properties are the result of the amphiphilicity of surfactant which enhancing the reduction of surface and
interfacial tensions [7]. The average percentage of cleaning can be seen in Figure 4. The cleaning properties of surfactants
and saponin extract were identified by the percentage of cleaning. The weight of dirt white cotton cloth was measured
after being cleaned by saponin extracts. The decrease in weight shows the effectiveness of the surfactant in cleaning. The
decrease of weight for cloth after of cloth after submerged in dirt and washed by tap water shows the effectiveness of
cleaning.
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Figure 4. Cleaning properties of surfactant sample.

From Figure 4, the cleaning percentage of saponin extracts, Tween 80 and SDS is 20.98%, 37.33%, and 80.40%
respectively. SDS, being an anionic surfactant, works best to remove dirt, clay, and some oily stains. These surfactants
work the following ionization. When added to water, the anionic surfactants ionize and have a negative charge. The
negatively charged surfactants bind to positively charged particles like clay [17]. Sodium dodecyl sulfate forms relatively
spherical micelles with hydrophobic tail groups oriented towards the center and charged head groups along the outer
surface [13]. The surfaces of SDS micelles possess a large net negative charge, giving them large electrophoretic mobility
toward the anode. In general, anionic surfactants tend to generate higher foam levels than other classes of surfactants [17].
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CONCLUSION

This research shows promising surface-active properties of saponin extracted from Rambutan leaves. In relative to
commercial and synthetic surfactants, the extracted saponin showed the lowest level of activity. Considering that the
saponin was not in the form of purified surfactant yet, the activities can be predicted to go higher once the purification
and isolation process is carried out.
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