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Abstract

The present study aims to characterize the properties of the raw and thermally activated laterite
soil to be used to develop cosmetic products. Collected soil samples were washed and air-dried for
48 hours, collected soil samples were air-dried for 48 hours. Air-dried soil was crushed to create
500 um powdered materials. Thermally activated soil samples were prepared by heating the
laterite soil at 100 °C, 200 °C, 300 °C, and 400 °C for 3 hours in a muffle furnace. The
physicochemical properties of laterite such as morphology, surface functional groups, elemental
composition, surface area, and trace elements were analyzed. The Cell Forming Unit (CFU) was
counted in the raw soil, and thermally activated soil samples at the beginning. Antimicrobial Assay
was tested with Candida albicans, Pseudomonas aeruginosa, Staphylococcus aureus microorganisms
in raw and thermally activated laterite soil. An uncountable amount of microorganisms per gram
was observed in the raw soil sample and fewer microorganisms were counted in 100 °C, and 200 °C
samples. The CFU was zero microorganisms per gram for the 300 °C, and 400 °C samples. The
optimum density of the culture is measured to estimate the growth of the microbial cells. Oil
absorption, sweat absorption and swelling capacity were used to characterize the samples with raw
and thermally activated soils. The characterization results indicated that chosen soil samples have
good oil and sweat absorption, good swelling capacity and microbiological safety, making them
suitable for cosmetic applications.

N.U.S. Dissanayake, University of Sri
Jayewardenepura, Faculty of Applied Sciences,
Department of Forestry and Environmental Science,
Gangodawila, Nugegoda, Sri Lanka

Keywords: Cosmetics, Chemical analysis, Laterite soil, Microbiology, Thermally activation,
physiochemical features

1. INTRODUCTION

Clays are ample, low-cost, and environmentally friendly
resources that have a wide range of applications in various
fields of trade ! . Clay minerals are a remarkable exception
because their synthesis is hard and costly. In contrast, such
natural minerals as calcite, halite, or gypsum are used because
they are abundant and low-priced. Since ancient times,
common clays have been used in cosmetics and health
applications 2. Even nowadays, clay minerals (kaolin, mica,
talc, smectite, vermiculite) and non-silicate minerals (calcite,
halite) as active elements in pharmaceutical and cosmetic
formulations are practiced 2.3.

The scientific measures for choosing clay raw materials for a
particular technological application depend on the degree of
pureness and the properties of the clay minerals present,
described as mineral composition, size, particle distribution,
reactivity, catalytic activity, specific surface area, swelling
capacity, and cation exchange capacity. Other necessities must
also be fulfilled to escape potential risks to human health for
applications in the health field, such as active principles,
adsorbents, fillers, and excipients in pharmaceutical and
cosmetic formulations. In these cases, stability, chemical
inertness, low or null toxicity, and safe microbiological activity
should be according to the limit advised in the international
Pharmacopoeia Standards 4 5 even as good adsorptive
capacity, pleasant colors, neutral colors, neutral colors, odor,
softness, and appropriate rheological properties 6.
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The main clay minerals used in the pharmaceutical and
cosmetics industry are kaolinite, talc, smectites, and fibrous
clays 2 . Before use, the raw clay materials are usually
benefitted using different techniques to reduce chemical
impurities, advance their physicochemical properties, and
increase their feature. However, the increased application of
clay minerals in advanced materials raises the need for
purification and enhancement.

Apart from being effective in the pharmacological or cosmetic
function for which they are selected (as abrasives, absorbents,
adsorbents, anticaking agents, glidants, coating agents,
opacifying agents, viscosity-increasing agents, emulsion
stabilizers, binders, suspending agents, therapeutic agents,
tablets, and capsule diluents or lubricants), clays must also
meet a number of chemical, physical, and toxicological
requirements, such as steadiness, purity, chemical inertia,
consistency, water content, particle size, toxicity, safety, and
microbiological purity, for which specific technical
specifications exist for each clay and its intended use. Since
clays can be contaminated for the period of processing and
storing by Bacillus anthracis, Clostridium tetani, and
Clostridium welchii, they may be sterilized by heating at over
160 OC for at least 1 hour, or by gamma radiation exposure 7.

Clay beneficiation involves different physical and chemical
treatments, such as bleaching and magnetic separation,
flotation and selective flocculation, drying and calcination, size
fractionation, and chemical modification and activation 8 .
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Common clays are generally used without any upgrading
process. However, it is necessary to eradicate certain
minerals, such as calcite, dolomite, quartz, feldspars, and
heavy metals, surpass the pharmacopeia requirements or
modify the suitable mineral properties 8.

Size fractionation is a simple, low-cost upgrading practice that
can get rid of accessory minerals and additionally lead to
separating the clay into different grain-size fractions, each
fraction with different chemical composition and physical
properties. Thermal activation is aimed at increasing the
adsorptive capacity of the soil 9 10 . Besides, soil heating
directly affects microorganisms by either killing them directly
or altering their reproductive capabilities. At extremely high
temperatures, soil microorganisms die because of the
unfavorable temperature of the soil. Most spores formed by
molds and yeasts are more sensitive to heat than bacterial
spores. They are often quite resistant to heat,
especially Byssochlamys species 11 Therefore, thermal-
activated soil should be an ideal material for additive cosmetic
products 12,

Out of the main groups of the tropical and subtropical soils of
the world, the laterite soils occupy a distinctive place
regarding both their wide-ranging existence and strange
properties. They are widely distributed in India, Indonesia,
Indo-China, Malaya, Burma, Western Australia, Madagascar,
Central Africa, South America, the Guianas, Brazil, and Cuba 13.
14 | Laterite soil is red, clay-rich soil enhanced with aluminum
and iron. The natural occurrence of iron and aluminum in
laterite soil may open up the possibility of the potential of
adsorption due to its amphoteric cation exchange capacity 15 .
In addition to minerals of the aluminum and iron hydroxide
groups, laterite holds significant quantities of kaolinite, filling
the porous of the kaolinite-sesquioxide matrix 16 . Laterite soil
contains SiOz, Fez03, Al203, which can generate both positive
and negative charges on the surface of laterite at neutral pH.
This makes laterite a good adsorbent. Other than that, the high
porosity and the availability of anion exchange sites are
beneficial for the use of laterite as an adsorbent 17.18 .

The present study aims to characterize the physical and
chemical properties of the kaolin-rich raw and thermally
activated laterite soil to be used to develop soil based
cosmetic products.

2. MATERIALS AND METHODS
2.1 Materials

The laterite soil material collected from the southwestern part
of Sri Lanka was washed away several times using distilled
water to remove earthy impurities (sand and mud), air-dried,
ground, and sieved using a 0.5 mm US standard. Different
thermally activated soil samples were arranged by heating the
soil at 100 °C, 200 9C, 300 °C, and 400 °C for 3 hours in a
muffle furnace. After, soil samples were collected in
polyethylene zip lock bags to reduce contamination.

2.2 Physiochemical analysis
2.2.1 Scanning electron microscope analyses (SEM-EDX)

The surface morphology and the structure of the prepared soil
samples were obtained by scanning electron microscopy. The
analysis was carried out using Hitachi S-4200 field emission
SEM and double-sided conductive carbon tape of gold-
sputtered soil samples mounted on the SEM sample holder.
The gold sputtering of ground soil was achieved at a constant
current of 25 mA 17.

222 X-ray Fluorescence (XRF) analysis
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The chemical composition of the raw laterite soil sample (RL)
and 300 9C ad 400 9C thermally activated soil samples (300 AL
and 400 AL) were determined by X-ray fluorescence
spectrometry (RIX 2000) at the National Gem and Jewelry
Research and Training Institute, Sri Lanka. Powdered samples
were packed down into briquettes under a force of 200 kN for
60 s 1920 The briquettes were then examined for the most
important oxides and trace elements. The average error for
these elements was less than+10% relative 21,

223 X-ray Diffraction analyses (XRD)

The raw and 300 °C and 400 9C thermally activated laterite
soils were analyzed with an X-Ray diffractometer Rigaku
TTRAX III XRD instrument at the University of Sri
Jayewardenepura, Sri Lanka. The powdered samples were
analyzed using Cu K (alpha) radiation and wavelength (1.54 A)
over 2 (theta) of 5-700 with a step size of 0.0209/sec, which are
relevant parameters for the clay mineral observations 22.

224 Fourier-transform infrared spectroscopy analyses (FT-
IR)

FT-IR analysis was used to identify and study the behavior of
adsorption sites in raw and 300 °C and 400 °C activated soil
laterite soils. The soil samples are placed directly onto the
ZnSe crystal of the equipment, an FTIR Thermo Nicolet iS10, in
the spectral range of 4000-400 cm-1, at 16 scans, and 2 cm-1!
resolution 17,

2.2.5 Elution analyses to study water-soluble fraction

Since there can be accumulated metal ions readily existing in
laterite soil samples, those metal ion concentrations required
to be examined. Therefore, 10 g of Raw, 300 °C and 400 °C
activated laterite samples were dissolved in 50 mL of distilled
water, maintaining a ratio of 1:5, and were stirred for 2 hours.
After 2 hours the solid phase was separated by using
centrifugation (4000 rpm) for 10 min and then solutions were
filtered by a millex-GP syringe filter unit pore size 0.22 pm.
The filtrate was acidified using concentrated HCl for
preservation and further analysis. The prepared samples were
analyzed for metal ion concentrations using the ICP-MS 23

2.2.6 The cation exchange capacity

The cation exchange capacity (CEC) of laterite soil was
determined using the BaClz compulsive exchange method 24 .
2.00 g of the soil samples was shaken with 20 mL of 0.1 M
BaClz.2 H20 for 2 hrs. The solutions were centrifuged at
10,000 rpm, 5 mins, and decanted. 20 mL of 2 mM BaClz.2 H20
was mixed and shaken for 1 hr. The suspensions were
centrifuged at 10,000 rpm, 5 mins again and discarded the
supernatant. The process was repeated twice and 10 mL of 5
mM MgSO4+ was mixed and shaken for 1 hr to maintain the
conductivity of the solution at ~300 pS and pH within 0.1
units. Distilled water was added until the solution
conductivity is that of the 1.5 mM MgSO0a4. Finally, the treated
samples were weighed and their retain nonacid cations CEC
values were calculated.

2.2.7 Oil absorption capacity

The oil absorption of clay samples was measured in
accordance with ASTM D281-12. A selection of clay, 1 g, was
placed on a glass plate, and mineral oil (0.85 g/cm3) from a
previously weighed container was dropwise added to the clay
and combined with the assistance of a spatula. The test was
considered complete when a thin layer of oil was noted by
sliding the spatula on the top surface of the formed mass. The
oil container was weighed again to calculate the percentage of
oil incorporated 23 . The absorbed amount of oil was calculated
by Equation 1. Where V1 is the initial volume of oil and V2 is
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the used volume of oil. The percentage absorption was
calculated according to Eq. 1.

v2-v1) y

% Oil absorption = 71

100  (Eq. 1)

2.2.8 Swelling capacity

The swelling capacity of the samples was measured using a
process defined in Pharmacopoeias. 2 g of each sample were
added portion-wise to a 100 mL graduated cylinder containing
100 mL of an aqueous solution of sodium lauryl sulfate 1%. In
the period of 2 h the apparent volume of the sediment should
not be lower than 22 and 24 mL, according to British
Pharmacopoeia 25, and US Pharmacopoeia 5, respectively. The
same method was followed with distilled water 23.

2.2.9 Artificial sweat absorption

A sample of artificial sweat was prepared according to the ISO
standard ISO 3160-2. 20 g of Sodium chloride, 17.5 g of
Ammonium chloride, 4.80 mL of Acetic acid, and 13.80 mL of
d,l-lactic acid were dissolved in 1 L of deionized water. The pH
was adjusted to human sweat mean pH 6.3 by potassium
hydroxide 26.27 . One gram of each soil was added to the 50 mL
of sweat solution. The solutions were shaken at 120 rpm for
30 minutes and filtered using a Whatman filter paper. After
being treated with laterite soil samples, the titrimetric method
was used to determine Lactic acid, Acetic acid, and Ammonia
remaining in the artificial sweat solution. Ten milligrams of
each filtrate obtained was titrated with 0.1 M NaOH using
phenolphthalein as the indicator until the solution changed
from clear to pink color (R1). Then 1.0 ml of formaldehyde was
added, and the titration was continued until it gave a pink
color (Rz). The Ri value corresponds to the lactic and acetic
acid remaining in the solution, and Rz - R1 values correspond
to the remaining Ammonia after treating with the soil 28. The
remaining soil was analyzed using FTIR to compare the
samples without sweat absorbed 28.

2.3 Microbiological tests

Microbiological tests of the clays were performed following
methods described by pharmacopeias 525 to observe the total
aerobic microbial count and antibacterial effect.

2.3.1 Total aerobic microbial count

A sample of 1 g of clay (Raw laterite, 100 °C, 200 °C 300 °C or
400 °C activated laterite soil) was suspended in 10 mL of
saline water, reaching the ratio of 1:10 between sample and

Z2um EHT = 10.00 kY
H WD =110 mm

Signal A = SE1
Mag= Z50KX
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buffer (saline water). Successive decimal dilutions of this
initial suspension were prepared using the same buffer for
each sample. The volume equivalent to 1 ml of clay suspension
was transferred to sterilize Nutrient Agar poured Petri dish
(in triplicate). After the spread of the clay solution, the Petri
dishes were incubated upside down at 37 0C for 48 h. Plates
containing between 30 and 300 colonies were taken into
account. The colony counter was used to count the colonies.
The results were expressed as the number of microorganisms
per gram of sample 23. Cell Forming Unit (CFU) was calculated
using Eq. 2.

No:of single colony X Dialution facor
cpy = Noiof sing y f

Volume (Eq-2)

232 Antimicrobial effect - Agar Well Diffusion Method

Three holes (wells) were bored for the positive control,
negative control, and product on the sterilized solidified
nutrient agar plates. As the positive control, the commercially
available antibiotic drug Amoxaline was used. A tablet of
Amoxaline (500 mg) was crushed and powdered, and it was
dissolved in 1000 mL of deionized water. 200 uL of each
bacterial inoculum solution in log phase (Candida albicans,
Pseudomonas aeruginosa, and Staphylococcus aureus) was
transferred onto the agar plate using a micro pipette and
spread evenly using a sterilized spreader. 10 pL of antibiotic
solution was transferred into the first well. 0.1 mL of
deionized water (negative control) was transferred into the
second well. 100 mg of the soil was transferred into the third
well. Then these plates were incubated for 24 hours at 37°C.
After 24 hours, all the plates were examined for growth
inhibition, and the diameter of each zone of inhibition was
measured 29.30,

3. DATA AND DISCUSSION
3.1 Surface properties of Laterite soil - SEM - EDX

Laterite soil's adsorption surface has a highly porous structure
with heterogeneous texture. The surface morphology of
laterite soil presents flaky-shaped particles in SEM analyses
(Figure 1 a, 1 b &1 c). The natural laterite is consolidated clay,
which usually formed blocky structure. The EDX analyzed
laterite samples are having very low contents of organic
matter and inorganic carbons. The samples mainly contained
aluminium, silicon and iron, which accounted for the total
mass with lower abundances of trace elements (Table. 1). The
results are analogous to previous studies by Vithanage et al. 31
and Dissanayake et al. 32.

P2
Dale 24 Sep 2020
Time 1055 34

Figure 1a: SEM image of Raw Laterite
ISSN: 2250-1177 [33]
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2um EHT = 1000 kV Signal A= SET Date 24 Sep 2020 ZEISS
WD = 10.5 mm Magw 250KX Time 12:31:54

Figure 1b: SEM image of 300 °C Activated Laterite

H Wo = 11.0mm Mage 250KX Time :12:45:39

2um EMT = 10.00 kY Signal A = SE1 Date 24 Sep 2020 m

Figure 1c: SEM image of 400 °C Activated Laterite Laterite
Table 1: EDX results of Raw, 300 °C and 400 °C Activated Laterite

Element Weight %
Raw Laterite 300 °C Activated Laterite 400 9C Activated Laterite
3.04 6.00 5.00
0 55.01 57.01 59.01
As 1.11 0.84 0.88
Al 20.32 17.56 19.56
Si 18.78 15.19 17.19
Ti 0.59 0.00 0.00
Fe 1.15 3.40 2.30

ISSN: 2250-1177 [34] CODEN (USA): JDDTAO



Dissanayake et al
3.2 Chemical properties of Laterite soil
3.2.1 XRF analysis

The XRF analysis was performed to identify the soil
composition (Table. 2). Approximately 33 elements and
compounds were identified. Fe was the most common element
of an average mass percentage of 65.066% in all the samples.
Other than that, Al and Si were also abundant. SiO2 was the
most abundant in all three compounds. Al203 and Fe203 were

Journal of Drug Delivery & Therapeutics. 2022; 12(5-S):31-40

also present in high amounts. Other detected compounds
include TiOz, Ca0, and Kz0. The occurrence of TiOz in cosmetic
and pharmaceutical ingredients, main anatase, is important
due to their potential photocatalytic activity, which can prime
to the generation of free radical and degrade inorganic
ingredients used in cosmetic formulations 33. The existence of
TiOz in laterite soil is low amount and cannot negatively affect
to human tissues.

Table 2: X-ray fluorescence results of elements and minerals in Raw Laterite (RL), 300 °C and 400 °C Activated Laterite

(300 AL and 400 AL)
Minerals/ wt % RL 300 AL 400 AL
Si02 44.6 443 448
Alz03 329 33.5 33
Fe203 19.3 18.8 18.9
TiO2 2.31 2.34 2.33
K20 0.171 0.168 0.162
Ca0 0.078 0.07 0.085
Elements/ wt %
Fe 64.8 64.6 65.8
Al 16.3 15.8 15.8
Si 14.9 15.6 14.7
Ti 191 191 1.9
Zr 1 0.98 1
Tb 0.26 0.19 0.3
Co 0.18 0.2 0.2
Gd 0.17 0.16 0
0.13 0.13 0.1
0.08 0.08 0.1
322 Heavy metal content ppm observed for the analyzed samples are much lower than

Heavy metals were present in minute amounts in the soil
where eluted would be lower. The concentrations of As < 0.04

those specified by the Pharmacopoeias, limited to a maximum
of 5 ppm for As (Table 3) 525 . Hg and Pb were not detected.

Table 3: Other physical and chemical properties of the Raw Laterite (RL), 300 °C and 400 °C Activated Laterite (300 AL and
400 AL)

Sample Raw Laterite 100 °C AL 200 °CAL 300°CAL 400 °C AL
Swelling capacity in water (mL) 2 2.166 2.333 2 2
Swelling capacity in 1% - LES (mL) 24.666 24 23.666 24 24

As (ppm) <0.04 <0.04 <0.04 <0.04 <0.04
Pb (ppm) nd nd nd nd nd

Hg (ppm) nd nd nd nd nd

0Oil absorption (%) 96.5412 99.3882 99.6941 97.2118 96.1176

nd : Not Detected

ISSN: 2250-1177 [35] CODEN (USA): JDDTAO
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323 XRD analysis

The XRD analyses of laterite showed the presence of clay
minerals such as goethite, gibbsite, quartz, kaolinite, and
hematite (Figure. 2 a & 2 b). Studies have obtained similar

Journal of Drug Delivery & Therapeutics. 2022; 12(5-S):31-40

results for laterite in previous studies 16 19 32 | Geothite and
gibbsite have been increased in 300 °C and 400 °C thermally
activated laterite. These minerals and help raise the impurities
removal properties of laterite soil by increasing ion exchange
and adsorption capacity 34.
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Figure 2b: XRD patterns of Raw, 300 °C and 400 °C Activated Laterite
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324 FTIR analysis

In the OH stretching vibration region (3700-3300 cm-1), the
FTIR spectra (Figure. 3) shows three absorption bands (3688,
3619, and 3419 cm). The stretching modes of OH bands
related to free water (around 3600 cm-1) and the bending
mode of the H-O-H band (around 1643 cm-1) were also
observable (1645 cm-1). The band at 3688 cm-! can be
attributed to stretching vibrations of outer hydroxyl groups
coordinated to iron, aluminum, or silica present in laterite 35,
and the band at 3619 cm-! can be associated with inner
hydroxyl groups. The absorption band near 3419 cm-! is

Journal of Drug Delivery & Therapeutics. 2022; 12(5-S):31-40

reported by the hydroxyl bonded to trivalent cations such as
Al3+ or Fe3*. Therefore, the bands at 3419 cm-! indicate some
portion of Al3* or Fe3+ in the octahedral layer of kaolin-rich
laterite. In the region of 1200-900 cm-!, the bands in the
region 1113, 1024, 998, and 908 cm-! are due to the presence
of Si-O-Fe, Al-OH, Fe-OH vibrations bands located at 788, and
908 cm-1 may be attributed to Si-O bonds linked with trivalent
cations (e.g., Al3*, Fe3*). Thus, absorption bands at 788, and
908 cm-! indicate the occurrence of tetrahedrally molecular
vibrations trivalent cations in laterite. The band at 541cm-!
signifies the presence of Fe-0 bond stretching 17.

100
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Figure 3: FTIR patterns of Raw, 300 °C and 400 °C Activated Laterite

3.2.5 The cation exchange capacity

The cation exchange capacity (CEC) for the soil samples was
obtained as 9.22 cmol(+)/Kg for raw laterite, 9.74 cmol(+)/Kg
for 300 °C thermally activated laterite, and 9.64 cmol(+)/Kg
for 400 °C thermally activated laterite. Cationic impurities
adsorb onto clay minerals mainly by cation exchange 36.37.

3.2.6 The oil absorption and Swelling capacity

The oil adsorption capacity was tested for raw and thermally
activated soil samples. Laterite soil showed a remarkably high
oil absorption capacity (more than 96%) than the clay used in
other studies, even without thermal activation (Table 3). The
highest oil absorption capacity was obtained with 200 °C
thermally activated laterite soil (99.69%) and 100 0°C
thermally activated laterite soil obtained 99.39% oil
absorption capacity. Oil absorption was 97.21 percent in 300
0C thermally activated laterite soil. Microbial testing revealed
that, 100 °C and 200 9C thermally activated laterite soils
contained microorganisms. The presence of microorganisms
in cosmetics is not desirable. There for, 300 °C thermally
activated laterite soil is suitable to be used in applications that
require high oil adsorption capacities, such as creams,
powders, and emulsions.

According to US and British Pharmacopoeia of swelling
capacity, the volume should be less than 22 mL in distilled
water and more than 22 mL in sodium lauryl sulfate. Swelling

ISSN: 2250-1177 [37]

capacity tests of the samples with distilled water showed the
same performances (around 2 mL) and, in sodium lauryl
sulfate-1%, around 24 mL (Table 3). These results indicate
that, despite the good swelling capacity observed in all
samples in an aqueous solution of sodium lauryl sulfate-1%,
which can keep moisture away from the skin, promote skin
health, prevent rashes, and provide comfort.

3.2.7 Artificial sweat absorption

When titrating the solution with a standard alkali such as
KOH, initially, the organic acids present in the solution were
neutralized (lactic acid and acetic acid), when formaldehyde is
added to the solution, the ammonium salt ions existing in the
solution combined with formaldehyde, liberating an
equivalent amount of acid (HCl), which can be estimated by
continuing the titration against the alkali.

4 NH4Cl + 6 HCHO —>4 HCl + 6 H20 + (CH2)sNa4

Here, the R1 value corresponds to the amount of 0.1 M KOH
consumed to neutralize lactic acid and acetic acid remaining in
5.0ml of the sample. The Rz -R1 value corresponds to the
amount of 0.1M KOH consumed to neutralize HCI acid formed
by the reaction of formaldehyde and NH#+ salt. When the
concentration of NaOH in a solution is low, the concentration
of lactic, acetic acid, and ammonium ions is likewise low. It
indicates that, laterite soil has a high absorption capability
(Figure 4).
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Figure 4: Artificial sweat absorption by laterite soil

Nevertheless, all soil types showed a high sweat absorption
capacity when considering the raw and thermally activated
laterite soil as adsorbents of organic acids such as Acetic acid
and Lactic acid. Kaolin-rich soil is known for its high
adsorbent capacity in removing organic dyes such as
methylene blue from wastewater 38 39, This can be due to the
physicochemical properties of laterite soil, such as pH, surface
area, surface structure, and the functional groups on the
surface.

100

% Transmittance
wn
S

4000 3500 3000 2500

3.2.8 FTIR data after absorbing sweat

FTIR spectra of each soil type before and after artificial sweat
adsorption were obtained (Figure 5). In the OH stretching
vibration region (3700-3300 cm-1), the FTIR spectra show
three absorption bands. At the region in 1634 cm-1 weak C=C
stretching was observed. In the region of 1200-900 cm-1, the
four bands in the region were observed. Other than that,
bands were observed at 788 and 529 cm-1. However, the
peaks had not changed significantly after artificial sweat
adsorption in the soil types.

2000 1500 1000 500

Wavenumbers (cm™)

——Sweat 100 ——Sweat 200 ——Sweat 300

Sweat 400 ——SweatRL ——Raw Laterite

Figure 5: FTIR patterns of Laterite soils after sweat absorption

3.3 Microbiological analysis

The acceptable limits of total aerobic mesophiles must not
exceed 5 x 103 CFU/g or /mL 40. There must be a complete
absence of Pseudomonas aeruginosa, Staphylococcus aureus,
and Candida albicans in 1 g or 1 mL 4 5. Raw laterite (up to
dialution factor 10-5), 100 9C (up to dialution factor 10-3), and
200 °C (up to dialution factor 10-2) samples showed
uncountable growth of microorganisms. Few maggots and
nematodes were detected after the 5th day of the raw laterite
soil sample. The eggs, and cysts of maggots and nematodes
abound in the soil 4! that they begin to grow in good
ISSN: 2250-1177 [38]

environment. Therefor these soil samples are not good for
cosmetic usage and 300 °C and 400 °C thermally activated
laterite soil showed no growth of microorganisms even after
seven days. These results showed that the 300 °C and 400 °C
thermally activated soil samples are free from
microorganisms and comply with the main requirements
applied to clays for pharmaceutical and cosmetic purposes.

3.3.1 Microbial assay of the laterite soil

The results of the antibacterial assay determined by the agar
well diffusion method for the product and the positive control

CODEN (USA): JDDTAO
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Amocxaline are represented in figure 6. As the negative
control, deionized water was used. Compared with the
antibiotic Amocxaline, a considerable antibacterial effect was
seen regarding Staphylococcus and Pseudomonas species
because of having the inhibition zone and it is measured as
diameter of the zone. Thermal activation did not have an effect
on the antimicrobial property of soil. Laterite soil types did
not show a detectable anti-fungal effect.

Staphylococcus is a genus of gram-positive bacteria which is
frequently found on the human skin surface in different

Journal of Drug Delivery & Therapeutics. 2022; 12(5-S):31-40

species such as Staphylococcus aureus, Staphylococcus
epidermidis, and Staphylococcus warneri. Pseudomonas
aeruginosa is also a bacterial species that can be found on the
human skin and can occasionally be pathogenic to humans. It
is a gram-negative aerobic bacterial species that grow on the
skin in moisture parts of the body. Therefore, we can conclude
that this 300 °C and 400 °C thermally activated laterite soil is
free from bacterial species, shows good antibacterial
properties and fulfills the intended use of cosmetic products.

Antimicrobial Effect
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Figure 6: Antibacterial assays

4. CONCLUSIONS

The characterization of raw and thermally activated laterite
soil samples’ results of As test showed that samples present
acceptable limits, and Pb and Hg are absent, established by the
pharmacopeias for pharmaceutical and cosmetic products.
The characterization results indicate that the raw and
thermally activated laterite soil samples exhibit attractive
characteristics, such as good oil absorption, good sweat
absorption, and good swelling capacity in agreement with
pharmacopeia. The thermally activated laterite soil samples
are microbiological safety for making them suitable for
cosmetic applications. Among the five analyzed laterite soil
samples, 300 9C and 400 °C thermally activated laterite soil
samples present the greatest potential for cosmetic
applications.

5. ACKNOWLEDGMENT

We would like to convey our sincere thanks to the Central
Instrumental Center, Faculty of Applied Science, the University
of Sri Jayewardenepura for providing the facilities to carry out
our work. This study was conducted under the AHEAD ICE
project granted by World Bank.

Competing Interests

We wish to confirm that there are no known conflicts of
interest associated with this publication and there has been no
significant financial support for this work that could have
influenced its outcome.

REFERENCES

1. Murray HH. Applied clay mineralogy: occurrences, processing and
applications of kaolins, bentonites, palygorskitesepiolite, and

ISSN: 2250-1177 [39]

common clays. Elsevier; 2006 Dec 14.
https://doi.org/10.1016/S1572-4352(06)02008-3

2. Carretero MI, Pozo M. Clay and non-clay minerals in the
pharmaceutical and cosmetic industries Part II. Active
ingredients. Applied Clay Science. 2010 Feb 1; 47(3-4):171-81.
https://doi.org/10.1016/j.clay.2009.10.016

3. Carretero MI. Clay minerals and their beneficial effects upon human
health. A review. Applied Clay Science. 2002 Jun 1; 21(3-4):155-
63. https://doi.org/10.1016/S0169-1317(01)00085-0

4. Pharmacopoeia B. British pharmacopoeia commission. A-290.
2007;4.

5. Pharmacopoeia US. 30/NF25. InUS Pharmacopoeial Convention,
Rockville, MD 2007 (Vol. 1691).

6. Murray HH. Traditional and new applications for kaolin, smectite,
and palygorskite: a general overview. Applied clay science. 2000
Nov 1; 17(5-6):207-21. https://doi.org/10.1016/S0169-
1317(00)00016-8

7. Bubik JS. Preparation of sterile talc for treatment of pleural effusion.
American journal of hospital pharmacy. 1992 Mar; 49(3):562-3.
https://doi.org/10.1093/ajhp/49.3.562a

8. Carrado KA, Decarreau A, Petit S, Bergaya F, Lagaly G. Synthetic clay
minerals and purification of natural clays. Developments in clay
science. 2006 Jan 1; 1:115-39. https://doi.org/10.1016/S1572-
4352(05)01004-4

9. Cao CY, Liang CH, Yin Y, Du LY. Thermal activation of serpentine for
adsorption of cadmium. Journal of hazardous materials. 2017 May
5;329:222-9. https://doi.org/10.1016/j.jhazmat.2017.01.042

10. Da Conceigdo FT, Pichinelli BC, Silva MS, Moruzzi RB, Menegario
AA, Antunes ML. Cu (II) adsorption from aqueous solution using
red mud activated by chemical and thermal treatment.
Environmental Earth Sciences. 2016 Mar; 75(5):1-7.
https://doi.org/10.1007 /s12665-015-4929-y

CODEN (USA): JDDTAO


https://doi.org/10.1016/S1572-4352(06)02008-3
https://doi.org/10.1016/j.clay.2009.10.016
https://doi.org/10.1016/S0169-1317(01)00085-0
https://doi.org/10.1016/S0169-1317(00)00016-8
https://doi.org/10.1016/S0169-1317(00)00016-8
https://doi.org/10.1093/ajhp/49.3.562a
https://doi.org/10.1016/S1572-4352(05)01004-4
https://doi.org/10.1016/S1572-4352(05)01004-4
https://doi.org/10.1016/j.jhazmat.2017.01.042
https://doi.org/10.1007/s12665-015-4929-y

Dissanayake et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Engel G, Teuber M. Heat resistance of ascospores of Byssochlamys
nivea in milk and cream. International Journal of Food
Microbiology. 1991 Feb 1; 12(2-3):225-33.
https://doi.org/10.1016/0168-1605(91)90073-X

Viseras C, Sdnchez-Espejo R, Palumbo R, Liccardi N, Garcia-Villén
F, Borrego-Sanchez A, Massaro M, Riela S, Lopez-Galindo A. Clays
in cosmetics and personal-care products. Clays and Clay Minerals.
2021 Oct; 69(5):561-75. https://doi.org/10.1007 /s42860-021-
00154-5

Banerjee PK. Basic research on laterites in tropical countries.
Quaternary International. 1998 Jan 1; 51:69-72.
https://doi.org/10.1016/S1040-6182(98)90226-9

Pereira-De-Oliveira L, Macedo L, Neto ], Santos D, Silva H. Viability
of lateritic soil as alkaline activated precursor. INMATEC Web of
Conferences 2019 (Vol. 274, p. 01004). EDP Sciences.
https://doi.org/10.1051/matecconf/201927401004

Shuman LM. Adsorption of Zn by Fe and Al hydrous oxides as
influenced by aging and pH. Soil Science Society of America
Journal. 1977 Jul; 41(4):703-6.
https://doi.org/10.2136/sssaj1977.03615995004100040016x

Dissanayake CB. Mineralogy and chemical composition of some
laterites of Sri Lanka. Geoderma. 1980 Mar 1; 23(2):147-55.
https://doi.org/10.1016/0016-7061(80)90016-6

Mitra S, Thakur LS, Rathore VK, Mondal P. Removal of Pb (II) and
Cr (VI) by laterite soil from synthetic waste water: single and bi-
component adsorption approach. Desalination and Water
Treatment. 2016 Aug 20; 57(39):18406-16.
https://doi.org/10.1080/19443994.2015.1088806

Ranasinghe RM, Werellagama DR, Weerasooriya R. Arsenite
removal from drinking water using naturally available laterite in
Sri Lanka. Engineer: Journal of the Institution of Engineers, Sri
Lanka. 2014 Apr 20; 47(2).
https://doi.org/10.4038/engineer.v47i2.6865

Nayanthika 1V, Jayawardana DT, Bandara NJ, Manage PM,
Madushanka RM. Effective use of iron-aluminum rich laterite
based soil mixture for treatment of landfill leachate. Waste
Management. 2018 Apr 1; 74:347-61.
https://doi.org/10.1016/j.wasman.2018.01.013

Zhang L, Hong S, He ], Gan F, Ho YS. Adsorption characteristic
studies of phosphorus onto laterite. Desalination and Water
Treatment. 2011 Jan 1; 25(1-3):98-105.
https://doi.org/10.5004/dwt.2011.1871

Jayawardana DT, Pitawala HM, Ishiga H. Assessment of soil
geochemistry around some selected agricultural sites of Sri Lanka.
Environmental Earth Sciences. 2014 May; 71(9):4097-106.
https://doi.org/10.1007 /s12665-013-2798-9

Beauvais A. Geochemical balance of lateritization processes and
climatic signatures in weathering profiles overlain by ferricretes
in Central Africa. Geochimica et Cosmochimica Acta. 1999 Dec 1;
63(23-24):3939-57. https://doi.org/10.1016/S0016-
7037(99)00173-8

das Gragas Silva-Valenzuela M, Chambi-Peralta MM, Sayeg 1], de
Souza Carvalho FM, Wang SH, Valenzuela-Diaz FR. Enrichment of
clay from Vitoria da Conquista (Brazil) for applications in
cosmetics. Applied Clay Science. 2018 Apr 1; 155:111-9.
https://doi.org/10.1016/j.clay.2018.01.011

Gillman GP, Sumpter EA. Modification to the compulsive exchange
method for measuring exchange characteristics of soils. Soil
Research. 1986; 24(1):61-6. https://doi.org/10.1071/SR9860061

British Pharmacopoeia Commission. British Pharmacopoeia 2011.
Stationery Office; 2010.

Jadoon S, Karim S, Akram MR, Kalsoom Khan A, Zia MA, Siddiqi AR,
Murtaza G. Recent developments in sweat analysis and its
applications. International journal of analytical chemistry. 2015
Mar 9; 2015. https://doi.org/10.1155/2015/164974

ISSN: 2250-1177 [40]

27.

28.

29.

30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

Journal of Drug Delivery & Therapeutics. 2022; 12(5-S):31-40

Sato K, Kang WH, Saga K, Sato KT. Biology of sweat glands and
their disorders. I. Normal sweat gland function. Journal of the
American Academy of Dermatology. 1989 Apr 1; 20(4):537-63.
https://doi.org/10.1016/S0190-9622(89)70063-3

de Melo Brites M, Cerén AA, Costa SM, Oliveira RC, Ferraz HG,
Catalani LH, Costa SA. Bromelain immobilization in cellulose
triacetate nanofiber membranes from sugarcane bagasse by
electrospinning technique. Enzyme and Microbial Technology.
2020 Jan 1; 132:109384.
https://doi.org/10.1016/j.enzmictec.2019.109384

Boyanova L, Gergova G, Nikolov R, Derejian S, Lazarova E, Katsarov
N, Mitov I, Krastev Z. Activity of Bulgarian propolis against 94
Helicobacter pylori strains in vitro by agar-well diffusion, agar
dilution and disc diffusion methods. Journal of medical
microbiology. 2005 May 1; 54(5):481-3.
https://doi.org/10.1099/jmm.0.45880-0

Devillers ], Steiman R, Seigle-Murandi F. The usefulness of the
agar-well diffusion method for assessing chemical toxicity to
bacteria and fungi. Chemosphere. 1989 Jan 1; 19(10-11):1693-
700. https://doi.org/10.1016/0045-6535(89)90512-2

Vithanage M, Jayarathna L, Rajapaksha AU, Dissanayake CB,
Bootharaju MS, Pradeep T. Modeling sorption of fluoride on to
iron rich laterite. Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 2012 Mar 20; 398:69-75.
https://doi.org/10.1016/j.colsurfa.2012.02.011

Dissanayake NS, Pupulewatte PH, Jayawardana DT. Formulation
and Evaluation of a Laterite Soil Based Scrubbing Effect Herbal
Cleansing Bar. Journal of Drug Delivery and Therapeutics. 2022
Feb 15; 12(1-S):91-6. https://doi.org/10.22270/jddt.v12i1-
S.5334

Kobayashi M, Kalriess W. Photocatalytic activity of titanium
dioxide and zinc oxide. The effect of organic and inorganic surface
treatments. Cosmet. Toiletries. 1997 Jun; 112(6):83-6. 34. Ladeira
AC, Ciminelli VS. Adsorption and desorption of arsenic on an
oxisol and its constituents. Water Research. 2004 Apr 1;
38(8):2087-94. https://doi.org/10.1016/j.watres.2004.02.002

Maiti A, Thakur BK, Basu JK, De S. Comparison of treated laterite as
arsenic adsorbent from different locations and performance of
best filter under field conditions. Journal of hazardous materials.
2013 Nov 15; 262:1176-86.
https://doi.org/10.1016/j.jhazmat.2012.06.036

da Silva ML, Martins JL, Ramos MM, Bijani R. Estimation of clay
minerals from an empirical model for Cation Exchange Capacity:
An example in Namorado oilfield, Campos Basin, Brazil. Applied
Clay Science. 2018 Jun 15; 158:195-203.
https://doi.org/10.1016/j.clay.2018.02.040

Frost RR, Griffin RA. Effect of pH on adsorption of arsenic and
selenium from landfill leachate by clay minerals. Soil Science
Society of America Journal. 1977 Jan; 41(1):53-7.
https://doi.org/10.2136/sssaj1977.03615995004100010019x

Bentahar S, Dbik A, El Khomri M, El Messaoudi N, Lacherai A.
Removal of a cationic dye from aqueous solution by natural clay.
Groundwater for Sustainable Development. 2018 Mar 1; 6:255-62.
https://doi.org/10.1016/j.gsd.2018.02.002

Mouni L, Belkhiri L, Bollinger JC, Bouzaza A, Assadi A, Tirri A,
Dahmoune F, Madani K, Remini H. Removal of Methylene Blue
from aqueous solutions by adsorption on Kaolin: Kinetic and
equilibrium studies. Applied Clay Science. 2018 Mar 1; 153:38-45.
https://doi.org/10.1016/j.clay.2017.11.034

Kunicka-Styczynska A, Sikora M, Kalemba D. Antimicrobial activity
of lavender, tea tree and lemon oils in cosmetic preservative
systems. Journal of applied microbiology. 2009 Dec; 107(6):1903-
11. https://doi.org/10.1111/}.1365-2672.2009.04372.x

Rockett CL, Woodring JP. Oribatid mites as predators of soil
nematodes. Annals of the Entomological Society of America. 1966
Jul 1; 59(4):669-71. https://doi.org/10.1093 /aesa/59.4.669

CODEN (USA): JDDTAO


https://doi.org/10.1016/0168-1605(91)90073-X
https://doi.org/10.1007/s42860-021-00154-5
https://doi.org/10.1007/s42860-021-00154-5
https://doi.org/10.1016/S1040-6182(98)90226-9
https://doi.org/10.1051/matecconf/201927401004
https://doi.org/10.2136/sssaj1977.03615995004100040016x
https://doi.org/10.1016/0016-7061(80)90016-6
https://doi.org/10.1080/19443994.2015.1088806
https://doi.org/10.4038/engineer.v47i2.6865
https://doi.org/10.1016/j.wasman.2018.01.013
https://doi.org/10.5004/dwt.2011.1871
https://doi.org/10.1007/s12665-013-2798-9
https://doi.org/10.1016/S0016-7037(99)00173-8
https://doi.org/10.1016/S0016-7037(99)00173-8
https://doi.org/10.1016/j.clay.2018.01.011
https://doi.org/10.1071/SR9860061
https://doi.org/10.1155/2015/164974
https://doi.org/10.1016/S0190-9622(89)70063-3
https://doi.org/10.1016/j.enzmictec.2019.109384
https://doi.org/10.1099/jmm.0.45880-0
https://doi.org/10.1016/0045-6535(89)90512-2
https://doi.org/10.1016/j.colsurfa.2012.02.011
https://doi.org/10.22270/jddt.v12i1-S.5334
https://doi.org/10.22270/jddt.v12i1-S.5334
https://doi.org/10.1016/j.watres.2004.02.002
https://doi.org/10.1016/j.jhazmat.2012.06.036
https://doi.org/10.1016/j.clay.2018.02.040
https://doi.org/10.2136/sssaj1977.03615995004100010019x
https://doi.org/10.1016/j.gsd.2018.02.002
https://doi.org/10.1016/j.clay.2017.11.034
https://doi.org/10.1111/j.1365-2672.2009.04372.x
https://doi.org/10.1093/aesa/59.4.669

