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A B S T R A C T

Phytol, a natural linear diterpene fatty alcohol present in the integral part of the chlorophyll is found in copious
amounts in the aquatic weed Hydrilla verticillata. It is widely used as a precursor for the manufacture of vitamins
E and K and its worldwide demand is 0.1–1.0 metric tons/year. High hydrophobicity of phytol intended its use as
a surfactant for various applications. Hence, the main objective of this study is to separate phytol from ethanolic
extract of Hydrilla verticillata and to use as an anionic surfactant. Phytochemical analysis revealed the presence of
alkaloids, phenols, flavonoids, saponins and terpenoids. FTIR spectral analysis confirmed the different functional
groups such as amides, alcohol, phenol, phosphorus and halogen compounds in the extract. HPLC fingerprint
profile of ethanolic extract of hydrilla showed that phytol, a major phytochemical present in the crude extract.
Thin layer chromatography is used to determine the proper solvent system for performing separations using
column chromatography and effective separation is achieved with mixture of Toluene: Ethyl Acetate in the ratio
7:3. Column chromatography is done for partial purification of phytol and the fractions are analyzed by
UV–Visible spectroscopy. The purified phytol is subjected to sulphonation to convert it into phytol sulphate
which is found to possess surfactant activity. The concentration of phytol sulphate is assessed by using
Methylene Blue Active Substances (MBAS) assay. Phytol sulphate showed potent disinfectant by its antibacterial
activity against E. coli. Since Phytol is from a natural source and is renewable, its availability in abundance with
less risk factor can be a great asset to the humankind.

1. Introduction

Hydrilla verticillata is one of the formidable aquatic weeds abun-
dantly in the invading parts of Asia to almost every continent. It is
commonly known as water thyme and termed as Velampasi in Tamil.
This is the only species of the genus Hydrilla, an aggressive, opportu-
nistic, nuisance species in the Hydrocharitaceae family. This submersed
aquatic macrophyte, pivotal resources for the maintenance of trophic
chains and in biogeochemical processes, but they can also be deleter-
ious for several uses if present in excess. These includes providing poor
habitat for fish and other wildlife, reduction in the availability of dis-
solved oxygen in the infested body of water also the stagnant water
conditions created by heavy infestations which renders the breeding
ground for mosquitoes. It reduces diversity of aquatic nature and fish
populations gets affected (Stephen and Sanjeeva Raj, 2013). Moreover,
it forms thick mats on the water surface, which can reduce the flow of
water in canals, damage dams and interferes with boating and fishing.

Despite these effects, this plant is credited with numerous biological
activities. It is a rich source of variable nutrients and chemical

constituents like saponins, vitamins, minerals, antioxidants, amino
acids, detoxifying agents, etc; and is especially valuable to true vege-
tarians (Pal and Nimse, 2006). Besides its uses, this plant may be
therapeutically used to provide complete nutrition, to improve diges-
tion and gastrointestinal function, circulation, neurological health,
blood sugar control, to strengthen immunity and increase endurance
(Sutton et al., 2012). The major chemical constituents present in the
extract of Hydrilla verticillata are Bicyclo heptane, 2,6,6-trimethyl-2-
pentadecanone, Hexadecanoic acid, Ethyl ester, Phytol, Linolenic acid
ethyl ester and 9,12,15- Octadecatrienoic acid ethyl ester. Of all these
chemical constituents, phytol is present in larger amounts (70.29%)
(Byju et al., 2013; Pandi Prabha and Rajkumar, 2015). Phytol, a di-
terpene fatty alcohol, is the integral part of the chlorophyll. It has been
widely used as a precursor for the manufacture of synthetic forms of
vitamin E and K (Ahmed et al., 2018) while its commercial application
includes its usage in cosmetics, shampoos, toilet soaps, household
cleaners, and detergents (McGinty et al., 2010). Its worldwide use has
been estimated to be approximately 0.1–1.0 metric tons per year. In an
attempt to transmute this noxious weed into a beneficial one, the
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compound phytol plays a major role.
Surfactants are compounds that lower the surface tension (or in-

terfacial tension) between two liquids or between a liquid and a solid.
Surfactants may act as detergents, wetting agents, emulsifiers, foaming
agents, and dispersants. Many long chain alcohols show some surfac-
tant properties. Noticeable among these are the fatty alcohols, cetyl
alcohol, stearyl alcohol, and cetostearyl alcohol (consisting pre-
dominantly of cetyl and stearyl alcohols) and oleyl alcohol. Phytol can
be directly used as fatty alcohols without the need for any further
conversion. Moreover, it is a long chain primary alcohol with high
hydrophobicity which marks its utilization as surfactant (Liu et al.,
2010). Lauryl alcohol ethoxylate is predominantly used non-ionic sur-
factant. However, due to the associated risk factors such as skin irri-
tation, inflammation of the mucous membrane and its toxicity to
aquatic organisms, a product with less or no risk factor is needed. Since
phytol is a compound with less risk factor it could serve the above
purpose well. Since its provenance is from a natural source, it is re-
newable, safe and is available in preponderance amounts. Further
natural sources have higher stability when compared to the synthetic
one. Hence, the plant Hydrilla verticillata and the compound phytol can
be a great asset to the humankind and the environment (Diallo et al.,
1994)

2. Materials and methods

2.1. Extraction of bioactive molecules

The Hydrilla verticillata dry powder (20 g) was extracted in a soxhlet
apparatus at 75 °C with 200ml of 95% ethanol (Schulz et al., 1993).
The extract after the ethanol treatment was filtered through Whatman
No. 1 filter paper and concentrated by vacuum distillation (Sims and
Pettus, 1976). The residue was stored at 4 °C for further investigation
(Angajala and Subashini, 2018)

2.1.1. Preliminary phytochemical analysis
The phytochemical analyses of extracts of Hydrilla verticillata was

performed for the presence alkaloids, phenols, saponins, terpeniods,
glycosides, flavonoids and tannins (Harborne, 1988; Sasidharan et al.,
2011; Vijayaraghavan et al., 2018; Wani et al., 2018)

2.1.2. FTIR analysis of ethanolic extract of Hydrilla verticillata
Fourier Transform Infrared Spectroscopy (FTIR) perhaps the most

powerful tool for identifying the types of chemical bonds/functional
groups present in the phytochemicals. Moreover, FTIR spectra of pure
compounds are usually unique that they are like a molecular finger-
print. For most common plant compound analysis, the spectrum of an
unknown compound can be identified by comparison to a mass of
known compounds. The extracts of Hydrilla verticillata after the ethanol
treatment were taken in 1.5 ml of eppendorf tube. Then the sample was
loaded into FTIR Spectroscope. The functional groups of compounds
were separated based on its peak ratio and the determination of func-
tional groups was being done by comparing wave number of amide
functional groups of the samples to existing standards. The spectra were
recorded in the range of 4000–400 cm using FTIR Perkin Elmer
Spectrum (Al-Tameme et al., 2015)

2.1.3. Phytol- major phytochemical by HPLC analysis
High Performance Liquid Chromatography is a versatile purification

technique widely used for the isolation of natural products. The main
principle behind HPLC is the fact that the certain compounds have
different migration rates at a particular column and mobile phase. The
extent of separation is mostly based on the choice of stationary phase
and the mobile phase. The HPLC was performed for the crude extract
and the standard phytol. The mobile phase composed of Methanol:
Acetonitrile (30:70) was eluted at a flow rate of 1.0 ml/min. The ef-
fluent was monitored by a UV detector at 210 nm (Xiao et al., 2013).

2.2. Separation and purification of phytol

2.2.1. Selection of solvent system by TLC
TLC is a simple method to determine the identity of a compound in a

mixture when the RF of the compound is compared with the RF of a
known compound. A number of 5 TLC plates of 25×75mm size of
silica gel was loaded with 50 µl of the crude extract and the standard
phytol (bought from Sigma Aldrich). They were allowed to run in 5
different solvent systems of Toluene: Ethyl Acetate (7:3), Chloroform:
Methanol (9:1), Hexane: Ethyl Acetate (20:1), Hexane: Ethyl Acetate
(15:1), Hexane: Ethyl Acetate (10:1). The TLC plates were air dried and
visualized under visible UV lights. RF values (distance travelled by the
solute/ distance travelled by the solvent) were then calculated (Thakor
et al., 2016).

2.2.2. Separation and purification of phytol by column chromatography
Column Chromatography is basically done to isolate the bioactive

compound from the crude extract. The main principle behind column
chromatography is the differential adsorption of substance by the sol-
vent. It mainly involves the use of a vertical column, silica gel, cotton
plug and the solvent in which the bioactive compound is eluted. The
column is packed to obtain a flow rate of 1ml/min. 0.1 g of the crude
extract was dissolved in Toluene: Ethyl acetate (9:1) solvent system.
5ml of the crude sample was poured to the top of the column. The
solvent system Toluene: Ethyl Acetate (9:1) was poured to the column
thereby collecting different fractions of the crude extract at regular
intervals (Blumer et al., 1969)

2.3. Quantitative analysis of phytol by UV spectroscopy

UV spectroscopy is basically performed for qualitative analysis and
for identification of certain classes of compounds. Sometimes UV
spectroscopy can also be used for quantitative analysis because some
molecules are powerful chromophores in the UV range (Kemp, 1991).
This technique does not consume time and much cost effective com-
pared to other techniques (Urbano et al., 2006). The obtained fractions
from column chromatography were read at 210 nm and compared with
the standard phytol graph to determine the concentration of phytol
present in each fraction. Here Toluene: Ethyl Acetate (9:1) is used as a
blank (Harborne, 1988)

2.4. Preparation and characterization of anionic surfactant – phytol
sulphate

2.4.1. Preparation of phytol sulphate by sulphonation process
The fatty alcohols derived from natural sources usually composes of

various linear carbon chain lengths. These are usually converted into
alcohol sulphates by treating the alcohols with chlorosulphonic acid.

RCH2OH+ ClSO3H → RCH2OSO3H + HCl

The phytol obtained from the different fraction of column chro-
matography was subjected to sulphonation. Sulphonation is a process of
addition of the sulphonic acid group (SO3H) directly to carbon in an
organic compound. Addition of chlorosulphonic acid to the compound
(phytol) yields Phytol sulphate which can be used as an anionic sur-
factant. The process is an exothermic reaction and should be accom-
panied by continuous stirring. Replacement of hydrogen group of the
fatty alcohol by the sulphonic group is the main mechanism behind this
process. (Cripe et al., 1999)

2.4.2. Analysis of anionic surfactant (phytol sulphate) concentration
The surfactant property was estimated using the famous MBAS

(Methylene Blue Active Substances) assay. It is a quantitative calori-
metric analysis test method that uses methylene blue to detect the
presence of anionic surfactants. The principle behind this assay is that
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the water soluble anionic surfactants forms a 1:1 ion pair with the water
soluble cationic dye, methylene blue. The ion pair is effectively neutral
and is therefore extractable into water soluble organic solvent such as
dichloromethane. The MBAS assay was done by adding 0.1ml of me-
thylene blue to 2ml of different concentrations of SDS (standard an-
ionic surfactant) followed by addition of 2ml of Dichloromethane. They
were then centrifuged to remove the upper aqueous layer and the ab-
sorbance of the other layer was measured at 650 nm. The same proce-
dure was performed for different fractions of phytol eluted from column
chromatography (Jurado et al., 2006).

2.4.3. Analysis of antibacterial activity of phytol sulphate
The use of antimicrobial agents from a natural source is a new non-

toxic strategy. The compound phytol from the natural source which is
then converted into phytol sulphate was tested for its antibacterial
activity. The minimum inhibitory concentration of phytol sulphate for
Escherichia coli was tested at zeroth hour and 24th hour. The absorbance
was read at 650 nm (Lee et al., 2016).

3. Results

3.1. Extraction of bioactive molecules from Hydrilla verticillata

3.1.1. Priliminary phytochemical analysis of ethanolic extract of Hydrilla
verticillata

The phytochemical compounds were isolated using ethanol due to
its greater ability to solubilize and ease of extraction of the bioactive
compounds. Phytochemical screening showed the presence of alkaloids,
phenols, terpenoids tannins and saponins, while glycosides and proteins
were absent in the extract under the experimental conditions. (Table 1)

3.1.2. FTIR analysis of ethanolic extract of Hydrilla verticillata
The ethanolic extract of Hydrilla sample was subjected to FTIR

(Fourier Transform Infrared Spectroscopy) analysis for the identifica-
tion of different groups and compounds based on the peak value and
wavenumber as shown in Fig. 1 and Table 2.

3.1.3. Phytol - major phytochemical by HPLC analysis
High Performance Liquid Chromatography was performed to ana-

lyze the different phytochemicals present in the crude extract (Pham
et al., 2018). The crude extract showed three peaks at 3.4min, 3.8min
and 6.6min as shown in Fig. 2. These peaks corresponds to bergenin,
anthraquinone and phytol respectively. The retention time of 6mins for
standard Phytol was seen as shown in Fig. 3.

3.2. Separation and purification of phytol

3.2.1. Selection of solvent system by TLC
TLC was done to analyze mixtures by separating the components in

the mixture. Here TLC was used as a confirmatory test for the presence
of phytol. The TLC confirmed the presence of phytol in the crude extract
comparing with the standard phytol. The RF value of standard phytol
was 0.80. Five different solvent systems were used for the elution of

plant extract. It was found that the first solvent system (Toluene: Ethyl
Acetate (7:3)) gives the best result. Hence it was considered as a desired
solvent system for purification of phytol (Table 3).

3.2.2. Separation and purification of phytol by column chromatography
and its analysis

Column chromatography was performed to purify individual com-
pounds from a mixture of compounds. The stationary phase used here is
silica gel and the mobile phase is Toluene: Ethyl acetate (7:3). Silica gel
is the mainly used adsorbent for particularly nonpolar and medium
polar compounds including terpenoids and sterols (Citoglu and Acıkara,
2012). Five different fractions of the compounds are collected from the
column and the absorbance values were read at 210 nm (Komiya et al.,
1999). The concentration of phytol was determined by comparing with
standard graph of phytol (Fig. 4). The concentration of phytol increases
gradually from the 1st fraction to 5th fraction.

3.3. Preparation of anionic surfactant – phytol sulphate

3.3.1. Analysis of phytol sulphate concentration
Chlorosulphonation was performed for the five different fractions

along with the standard phytol to convert them into phytol sulphate.
After the performance of MBAS assay, the absorbance values were read
at 650 nm. The OD value of the phytol sulphate obtained from the 5th
fraction was in accordance with the OD value of the standard anionic
surfactant. It can be concluded that the standard phytol has a con-
centration of 0.05 µg/ml of surfactant whereas the 5th fraction of
phytol from the natural source has a concentration of 0.047 µg/ml of
surfactant which is quite desirable (Figs. 5–7).

3.3.2. Analysis of antibacterial activity of phytol sulphate
Phytol Sulphate was found to have antibacterial activity. The

minimum inhibitory concentration of phytol sulphate was measured for
Escherichia coli as similar to the work in Ghaneian et al. (2015). The
phytol sulphate incubated with Escherichia coli for 24 h was found to
inhibit about 64% of the growth whereas there is an 82% growth in the
culture without phytol sulphate.

4. Discussion

The Hydrilla verticillata possess medicinal values along with other
potential values as green manure or fodder. It also contains beta-car-
otene, which aids in delivering more antioxidants, free radical
scavenging, anti-aging and anti-pollution properties. The GC-MS ana-
lysis for ethanol extract of Hydrilla verticillata revealed the presence of
phyto-active compounds such as Bicyclo (3.1.1) heptane 2,6,6-tri-
methyl- (1.alpha.,2.beta., 5.alpha), 2-penatdecanone, 6,10,14-tri-
methyl, Hexadecanoic acid ethyl ester, Phytol, Linoleic acid ethyl ester
and 9,12,15-Octadecatrienoic acid ethyl ester (z,z,z) exhibiting biolo-
gical activities (Pandi Prabha and Rajkumar, 2015). In medicinal fields,
phytol has shown antinociceptive and antioxidant activities as well as
anti- inflammatory and antiallergic effects. phytol is a cholesterol-
lowering agent. In the pharma-medico viewpoint, phytol and its deri-
vatives have antimicrobial, cytotoxic, antitumorous, antimutagenic,
anti-teratogenic, antibiotic-chemotherapeutic, antidiabetic, lipid low-
ering, antispasmodic, anticonvulsant, antinociceptive, antioxidant,
anti-inflammatory, anxiolytic, antidepressant, immunoadjuvancy, hair
growth facilitator, hair fall defense and antidandruff activities (Pal and
Nimse, 2006).

The crude extract of Hydrilla verticillata can be obtained by soxhlet
apparatus using ethanol. Ethanol was used as the extraction solvent
since it has a better solvent polarity and was able to penetrate the
cellular membrane to extract the non-polar compound phytol from the
leaves (Adham, 2015; Yadav et al., 2009). Moreover, ethanol was the
most effective one, producing the highest yield in extracting the
bioactive compounds. The yield of 1.19 g of crude extract was obtained

Table 1
Identification of phytochemical compounds present in Hydrilla verticillata.

Compound Name of the Test Result

Phenols Ferric chloride test +
Saponins Foam test +
Alkanoids Mayer's test +
Tannins Braymer's test +
Proteins Biuret test –
Glycosides Borntrager's test –
Terpenoids Salkowski test +

‘+’ indicates presence; ‘-’ indicates absence.
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from 20 g of the dry leaf powder. Pal and Nimse (2006) reported the
extraction of Hydrilla plant leaves using ethanol and the yield was
found to be 2.4% (w/w). The crude extract was found to be dissolved in
water, toluene, acetone, ethyl acetate, ethanol, benzene and methanol.
The preliminary confirmation for the presence of phytol was carried out
by Salkowski test. The appearance of reddish brown ring indicated the
presence of diterpenoid compound (phytol) in the extract. The proto-
nation of the hydroxyl group of the phytol when treated with strong
acids like sulphuric acid leads to the formation of charge transfer
complexes in the resulting conjugated dienes which was responsible for
the colour change (Alhakmani et al., 2013).

FTIR spectrum was used to identify the functional group of the ac-
tive compounds based on the peak value in the region of infrared ra-
diation. The result of FTIR analysis showed different peaks at 564.12,

878.95, 1044.82, 1086.63, 1325.26, 1454.54, 1645.68, 2139.19,
2927.41, 2975.20 and 3351.20 cm−1 and confirmed the presence of
amide IV (N-H), alkene, carboxylic acid, phospholipids, galactose,
aromatics, terpenoids, fucoidan, isocyanides, C-H stretching,
Aldehydes, alkanes, phenols and alcohols respectively (Arulkumar
et al., 2018). The FTIR study is more sensitive as it gives the precise and
exact determination over a specific concentration range without time
consumption. (Janakiraman et al., 2011)

The selection of two phase solvent system was the most crucial step
and was selected according to Xiao et al. (2013). The HPLC profile of
the crude extract indicated the presence of not only the desired com-
pound phytol but also other important phytochemicals like bergenin
and anthraquinone (Wouters, 1985; Mello da Silva et al., 2014). Several
peaks were formed, and the height of each peak corresponds to the
abundance of that phytochemical. Thus, it was found that the com-
pound anthraquinone was present in higher amounts in the crude ex-
tract (Phatangare et al., 2017). However the slight variation in the re-
tention times of standard phytol and phytol in the crude extract may be
due to the mobile phase composition where some of the organic solvent
may have lost through evaporation or when there is a change in the
fixed flow rate of the pump (Dolan John, 2005).

In this study, five different solvent systems were used for the elution
of bioactive molecules from plant extract. Different spots were noted on
the TLC plates and each spot corresponds to different phytochemicals
(Zhang et al., 2003). The spot and RF value of phytol in the extract was
in accordance with the standard phytol were noted. The solvent system
Toluene: Ethyl Acetate (7:3) yields the RF value of 0.81 which was so
similar with the RF value of the standard phytol (Sharma and Paliwal,

Fig. 1. FTIR Spectroscopy analysis of ethanolic extract of Hydrilla verticillata.

Table 2
FTIR Spectroscopy analysis of Ethanolic extract of Hydrilla verticillata.

S. No. Wave Number (cm−1) Responsible Phytochemical

1 564.12 Amide IV (N-H)
2 878.95 Alkene
3 1044.82 Carboxylic acid
4 1086.63 Phospholipids
5 1325.26 Galactose
6 1454.54 Aromatics
7 1645.68 Terpenoids, Fucoidan
8 2139.19 Isocyanides
9 2927.41 C-Hstretching, Aldehydes
10 2975.20 Alkanes
11 3351.20 Phenols, Alcohols
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Fig. 2. Chromatogram of the crude extract of Hydrilla verticillata.

Fig. 3. Chromatogram of standard phytol (Retention time-6 min).

Table 3
Different solvent systems and their RF values.

Solvent Systems Distance travelled by the solute (phytol) Distance travelled by the solvent RF value Desired solvent system

Toluene: Ethyl Acetate (7:3) 4.5 5.5 0.81 Yes
Chloroform: Methanol (9:1) 3.8 5.5 0.69 No
Hexane: Ethyl Acetate (20:1) 2.8 5.5 0.50 No
Hexane: Ethyl Acetate (15:1) 2.2 5.5 0.40 No
Hexane: Ethyl Acetate (10:1) 2.5 5.5 0.46 No

Fig. 4. Concentration of Phytol in different fractions of column chromato-
graphy.

Fig. 5. Fractions 1, 2, 3, 4, 5 and Std. Phytol after MBAS assay.
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2013; Thakor et al., 2016). Toluene: Ethyl acetate was found to be a
desired one because both toluene and ethyl acetate are more polar and
hence can easily elute the non-polar compound phytol when compared
to other solvent systems since the other solvents do not have more
polarity combination (Brent Friesen and Pauli, 2005).

The bioactive molecule was purified by column chromatography
mainly due to its convenience, economy and availability of stationary
phase (Zhang et al., 2005; Citoglu and Acıkara, 2012). The non-polar
compound phytol gets eluted easily with polar solvents like toluene,
ethyl acetate, methanol, ethanol, etc. Hence, in the present study silica
gel and Toluene: Ethyl Acetate (7:3) was used as the adsorbent and
solvent system respectively. Five different fractions were collected at
time interval of 10min. The increasing concentration of phytol from the
first fraction was mainly due to the presence of phytol in the least
quantity in the 1st fraction and in the maximum quantity in the 5th
fraction. As the elution time increased, the colour intensity in the
fraction also increased and hence the absorbance value (Tiselius et al.,
1956). The increasing concentration was mainly due to the solvent
polarity of phytol (non-polar) which was eluted well in Toluene: Ethyl
Acetate solvent system (Brent Friesen and Pauli, 2005).

The purified phytol is then converted into phytol sulphate by sul-
phonation process which has significant surfactant activity. The in-
creasing concentration of phytol sulphate in the five fractions was
mainly due to the increase in concentration of phytol. Performance of
chlorosulphonation directly converts the phytol into Phytol sulphate
and hence the reason for the increasing concentration (George and
White, 1999). The main mechanism behind this conversion is that the
SO3H group of the chlorosulphonic acid replaces the hydrogen atom of
the alcoholic group of the phytol to form phytol sulphate and HCl gas is
liberated (Gilbert, 1962).

Albeit different disinfectants, (e.g. Deconex, Microten, Cidex, and
Alprocide) have been in use for the past two decades ago, the vast
majority of them are lethal and flimsy (Ghaneian et al., 2015). In this
study, phytol extracted from H. verticillata was used as a new disin-
fectant (Pejin et al., 2014). However, the mechanism of its anti-
microbial activity is not fully described. It is suggested that protein and
enzyme inactivation is one of the important mechanisms for inactiva-
tion of microbes. The main mode of actions are damage of cell

membrane by the induction of oxidative stress (Lee et al., 2016) and
denaturation of Escherichia coli dehydrogenases (Sykes, 1939). The
phytol causes membrane damage and rapid denaturation of proteins by
subsequent interference with metabolism and cell lysis (Larson and
Morton, 1991).

From the present examination, it is significant to make reference
that phytol is the major phytochemical present in the aquatic weed
Hydrilla verticillata which has shown strong antibacterial action.
Numerous engineered anionic surfactants have shown toxic and carci-
nogenesis, which has incited more noteworthy consideration towards
hunting down normally happening surfactants. The natural phytol
sulphate surfactant prepared from the Hydrilla verticillata was observed
to be a good source to replace synthetic compounds.

5. Conclusion

The compound phytol was isolated from the leaves of Hydrilla ver-
ticillata. It was found that the ethanol was the most suitable solvent for
extraction of bioactive molecules. The chromatogram of the crude ex-
tract revealed not only the presence of phytol but also other compounds
like bergenin and anthraquinone. Toluene: Ethyl Acetate was found to
be the most desired solvent system for the elution of phytol. The par-
tially purified phytol was then converted to phytol sulphate by the
process of sulphonation. The fatty alcohol chain of phytol is responsible
for the surfactant activity. Moreover, phytol sulphate was found to
possess antibacterial activity and can be used as a novel disinfectant.
Since phytol is from a natural source and is renewable and available in
abundance with less risk factor, it can be a great asset to the hu-
mankind.
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