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ABSTRACT

In this study, cashew nut shell liquid has been extracted from cashew nut shells using an
accelerated solvent extraction technique and was employed as a precursor for the synthesis of
cashew nut shell liquid resin. The extract was a dark brown viscous liquid with an average yield of
30.61+0.200%. Results of the physical analysis showed a moisture content of 4.45+0.020% and a
density of 0.95+0.300 gcm'3. The percentage brix and refractive index were 76.20+0.001 and 1.47
+0.010 respectively. Chemical characterization showed a pH of 5.65+0.003; acid value of 8.25+
0.200 mg KOH/g; ash content of 1.80+£0.6%; free fatty acid of 4.12+0.400 mg KOH/g; ester value of
247.01£0.100 mg KOH/g and a saponification value of 255.26+0.800 mg KOH/g. The FTIR spectra
revealed that cashew nut shell liquid is polymeric. These findings confirm that higher phenolic
compounds which can be used as potential precursors in industrial applications could be obtained
from agro wastes.
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Practical Applications: Cashew nut shell liquid, an extract from cashew nut shell, an agro waste
has a wide range of functional products. A practical application is synthesis of a high viscous,
flexible cashew nut shell liquid resin with physical properties that are consistent with literature and
could also be further used in other industrial applications. Further processing of cashew nut shell for
the development of value added products like resin can be a better option.

Keywords: Cashew; food processing; accelerated solvent extraction; resin; phenolic compounds.

1. INTRODUCTION

Nature is endowed with many resources which
can be exploited for diverse gains — some of
which are water, wind, solar energy, plants and
animals. Majority of our foodstuffs are generated
from processing of plant produce which are,
either eaten raw or further processed into other
edible products. Cashew (Anarcadium
occidentale L.), a plant with versatile benefits is
produced majorly in Asia and Africa [1]. The
cashew apple is processed into many value
enhanced products like cashew apple fruit drinks,
confectionery, juice, jelly, jam, syrup, chutney
and beverage which provides consumers with
vitamins A and C [2,3,1]. The processing and
application of plant and food resources result in
generation of waste materials, which must be
effectively managed via recycling, reuse and/or
improved design to enable us achieve the targets
of the United Nation’s Sustainable Development
Goals 11 and 12 [4].

Cashew nut shell, an agro waste from the food
processing and agro-based industries,
necessitates proper disposal so it does not
contribute to sanitation challenges which may
result in environmental pollution. Of late,
scientists have been exploring the use of agro-
wastes as a source of raw materials (precursors)
in synthesizing a number of benign functional
products, value-added chemicals, sustainable
energy research areas [5] and into upgraded
products [6]. Thus, the cashew tree aside its
several phytochemical benefits could offer
consumers not only the foodstuffs from industry
but also the waste generated through processing
could be valorized or processed into other
products. The challenge of agro-waste
generation from cashew nuts shell can be
addressed by employing the extracted liquid for
other applications. Abreu et al. [7] employed
extracts from cashew nut shell as a diet additive
for layers and discovered that cashew nut shell
liquid reduces lipid oxidation in fresh and spray
dried egg yolks. This is attributable to the
medicinal, anti-oxidant and anti-microbial

characteristics of cashew nut shell liquid [8].
Kanehashi et al. [9] developed a bio-based
polymer from cashew nut shell liquid and 2-
methylcardol for health care applications which
unraveled antimicrobial activities against both E.
coliand S. aureus.

The cashew nut shell, an agro-waste, has now
become a raw material for polymer synthesis
[10], a source of petrochemical phenolic
compounds [11,12] and also an intermediates or
precursors for other chemical synthesis.
Subsequent to the availability of cashew nut shell
in the food processing industry, the liquid can be
extracted and deployed for other industrial
applications, which is a novel approach of adding
value to agro-waste in the context of sustainable
development.

The current scientific research is directed
towards concerted efforts to employ economic,
time-saving and efficient methods that would
accomplish desired results. Literature on the
application of methods that overcome extraction
challenges like expensive costs of reagents and
solvents, low yield, contamination of final product
and cost effectiveness of energy employed is
scanty. Traditional methods of extraction e.g.
soxhlet apparatus has some shortcomings; the
major one being “lower yields” of extracts.
Accelerated solvent extraction, which is superior
to soxhlet extraction, is an automated extraction
technique that uses less solvents, elevated
temperatures and pressures to achieve
extractions in very short periods of time. For
example, 10 g of sample can be extracted in less
than 15 minutes, using less than 15 mL of
solvent.

Therefore, the aim of this study, is to extract
cashew nut shell liquid from cashew nut shell for
value addition to these agro industrial waste,
using the accelerated solvent extraction
technique. The cashew nut shell liquid extract
was characterized and employed as a precursor
for the synthesis of resin. The physical properties
of the resin were determined and discussed.




2. MATERIALS AND METHODS
2.1 Chemicals and Reagents

The acetone, diatomaceous earth, buffer tablets,
ethyl alcohol, phenolphthalein indicator solution,
potassium hydroxide solution (KOH), alcoholic
potassium  hydroxide, hydrochloric  acid,
formaldehyde, sodium hydroxide pellets (NaOH),
were obtained from Loba Chemie (Mumbai,
India). All chemicals were of analytical grade and
were used as received.

2.2 Cashew Nut
Pretreatment

Collection and

Large quantities of cashew nuts were obtained
from Kintampo (GPS 8°02'60.00N-1°42’59.99"W)
market in the Bono East Region of Ghana. The
nuts were sorted, washed thoroughly with
distilled water and dried in the sun for 24 hours.
With the aid of a knife, the cashew nuts were
removed from the apple and the shells were
dried in the sun for 24 hours. The dried shells
were crushed using mortar and pestle and, the
remaining moisture removed by drying in
an oven at a temperature of 60°C for 96 hours
[13].

2.3 Extraction of Cashew Nut Shell Liquid

The extraction was performed using an
accelerated solvent extractor (Thermo Scientific
Dionex ASE 350 Waltham, USA). The dried and
crushed shell (180 g) was mixed with
diatomaceous earth (1:2) drying agent. Aliquots
(20 g) of each were transferred into 9 sample
cells and the end caps (each containing a frit)
and tightened into the cells. The filled sample
cells and collection vessels were loaded onto the
cell and collection trays respectively. The
samples were extracted with acetone using these
accelerated solvent extraction conditions: 1000
psi, 80°C, 5 minute heat up, three 5-minute static
cycles, 100% rinse, 60-second purge, and nine
20 mL cell containing nine cellulose filter.

The concentration of the cashew nut shell liquid
was done under vacuum at 50°C in a rotary
evaporator (Cole - Parmer). The concentrate in a
beaker, was wrapped in aluminium foil and
stored at room temperature.

2.4 Oil Yield Determination

The percentage vyield of the cashew nut
shell liquid was determined at the end of
the extraction. It was computed by simple
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determination of the mass extracted, expressed
as a percentage of the mass of cashew nut shell
sample [14]. Mathematically, the % yield was
calculated using the Equation 1.

mass of extracted oil/liquid

% yield = x 100 (1)

mass of cashew nut shell (solid)

2.5 Characterization of Cashew Nut Shell
Liquid

2.5.1 Physical analysis

The moisture content was determined using a
moisture analyzer (Sartorius MA 35 Hamburg,
Germany). The analyzer was calibrated using the
operator's manual. After calibration, a filter pad
was put in the moisture pan and tarred. A syringe
was used to fetch 1 mL of the sample into the
pan and the door was closed. The start button
was pressed for the reading to begin. A beep
indicated the end of the task with a display of the
percentage moisture content on the screen. Two
other replicate determinations were made.

Density was measured with the aid of a density
meter (A. KRUSS Optronic GmBH — DS7800,
Hamburg USA). The analyzer was first calibrated
using the operator's manual. Afterwards, an
aliquot of 0.9 mL CNSL was taken using a
syringe into the density meter. Viewing from the
window, the filling was done carefully to ensure
there were no air bubbles in the sample. The
density of the sample was determined in
triplicates.

The refractive index of the cashew nut shell liquid
was determined in a refractometer (A. KRUSS
Optronic GmBH — DR6300-TF, Hamburg USA).
The analyzer was first calibrated and a syringe
was used to sample 0.9 mL of CNSL into the
port. Afterwards, the system was started and the
result noted. The percentage brix was taken
simultaneously on the same analyzer. In both
cases, replicate measurements were determined.

2.5.2 Chemical analysis

Standard methods as
Association of Official Analytical Chemists
(AOAC) was followed in all determinations.
Chemical parameters determined are pH, acid
value, free fatty acid, saponification value, ester
value, percentage glycerin and ash content.

described by the

2.5.2.1 Potential hydrogen (pH) determination

The pH of the sample was measured using a pH
meter (Eutech PC700 Navi Mumbai, India). The



pH meter was calibrated with buffer solutions of
pH 4.0, 7.0 and 9.0 prepared from tablets of BDH
buffer. About 2 mL of the sample was put in a
container and the electrode inserted into it. The
start button of the pH meter was pressed and the
pH read and recorded. In this case also, replicate
measurements were determined.

2.5.2.2 Acid value
determination

and free fatty acid

The acid value was measured using the standard
method described by AOAC International [15]
with slight modification. Exactly 0.25 g of the
sample was weighed in a 250 mL Erlenmeyer
flask and 75 mL of freshly neutralized hot ethyl
alcohol was added. Afterwards, 1 mL of
phenolphthalein indicator solution was added to
the mixture. The mixture was then boiled for
about 5 minutes. The hot mixture was titrated
against 1 M KOH solution with vigorous shaking
until a pink colour appeared. Titration was done
in triplicate and the average titre value was
recorded. The acid value (AV) and free fatty acid
(%FFA) were calculated using the Equations 2
and 3 respectively.

mLof KOH XN X56

AV = =mg of KOH (2)

mass of sample
N = Normality of KOH

% Free fatty acid (FFA) = AV x 0.53 (3)
2.5.2.3 Determination of saponification value

This was determined according to the method
described by AOAC International [15]. The
sample was filtered to get rid of all impurities and
2 g was weighed into a 250 mL Erlenmeyer flask.
Then 25 mL of 0.5 N alcoholic potassium
hydroxide solution was pipetted into the flask. A
reflux condenser was attached and the contents
heated on a boiling water bath for 1 hour after
which saponification was completed. This was
confirmed by clarity of the solution. After 10
minutes of cooling, 3 drops of phenolphthalein
indicator was added and the excess potassium
hydroxide was titrated with 0.5 N hydrochloric
acid. The volume of acid used was recorded as
mL of HCI required by sample. A blank
determination was conducted by repeating the
procedure but without the sample. The volume of
acid used was recorded as mL of HCI required
by blank. The saponification value (SV) was
calculated using Equation 4.

_ 561 (B—S)x N of HCI

N4
gram of sample

%)
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where

SV = saponification value

B = volume of HCI required by blank
S = volume of HCI required by sample
N = normality of standard HCI

2.5.2.4 Determination of ester value

This was calculated from the saponification and
acid values using Equation 5.

Ester value (EV) = Saponification value (SV)
— Acid value (AV) 5)

2.5.2.5 Ash content determination

A porcelain crucible was heated, cooled and
weighed. Exactly 1.5 g of the sample was
weighed and placed in the crucible. The crucible
containing the sample was placed in a muffle
furnace (Thermo Scientific ~ Thermolyne
FB1310M-33 Mumbai, India) and incinerated at a
temperature of 600°C for 2 hours. Afterwards,
the crucible with the content was removed,
cooled in a desiccator and weighed. The
percentage ash content (%Ash) was calculated
using Equation 6.

weight of crucible + ash — weight of empty crucible

% Ash = weight of sample x100%
(6)
2.6 Fourier Transform Infrared
Spectroscopy (FTIR)

The cashew nut shell liquid was subjected to
Fourier transform infrared spectroscopic (FTIR)
analysis to ascertain the various functional
groups using a Bruker Alpha Platinum ATR in the
wavelength range of 500—4000 cm”. The
diamond was cleaned with isopropanol and a
background scan was taken. The sample was
then placed directly on the crystal and the
pressure gauge was applied to ensure maximum
contact. The sample was then scanned and the
spectrum generated.

2.7 Conversion of Cashew Nut Shell
Liquid into Cardanol

The cashew nut shell liquid extract was
kept on the shelf for 2 to 3 days for
decarboxylation process to occur after heating;
thus facilitating decarboxylation of anacardic
acid. The resultant mixture was labelled as
cardanol [16].



2.8 Synthesis of Cashew Nut Shell Liquid
Resin

The resin was synthesized using a modified
protocols developed by Akaranta and Aloko [17]
and Keetasombat and Soykeabkaew [18]. The
following reagents were mixed in a beaker: 10
mL of cashew nut shell liquid (cardanol), 15 mL
of formaldehyde and 5 mL of 1M NaOH using a
magnetic stirrer. The contents were heated at a
temperature range of 75-85°C and stirred
simultaneously for one hour. The temperature
and curing times were varied until a high viscous
good surface finish product was obtained. The
formation of the resin was evidenced by the
appearance of a brownish colour. This is an
alkali catalyzed reaction. Physical properties of
the resin were determined in duplicate and
recorded.

3. RESULTS AND DISCUSSION

3.1 Physicochemical Properties of
Cashew Nut Shell Liquid

A summary of the physical and chemical
characteristics of the cashew nut shell liquid are
presented in Table 1. Extraction of cashew nut
shell liquid from the shell material with less
volume of acetone gave a dark brown coloured
liquid with a high yield of 30.61%. The yield
obtained in this work is higher than the yields
obtained in a similar work by Gandhi et al. [19]
and Gandhi et al. [20] which may be attributable
to the accelerated solvent extraction technique
and the ketonic solvent used in the extraction. In
their work, Lochab et al. [16] reported that higher
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The low moisture content (4.45%) recorded is
comparable to literature and could be an
indication that the liquid has a longer shelf life
since the rate of microbial growth has a positive
correlation with water content. A density (specific
gravity) of 0.95 gcm” at 30°C agrees with
literature [21] and indicates that the liquid is less
dense than water. The %brix which is the
percentage of soluble solids content of the
cashew nut shell liquid is 76.2%. The value
suggests that the sum/percentage of total solids
such as carbohydrates, protein, etc. that are
dissolved in the liquid. Moreover, the refractive
index, which is the level of optical clarity of the
cashew nut shell liquid relative to water is 1.47.
This could mean that the liquid is denser than
water and other oils with lower refractive indices.
The optimal refractive index might confirm the
presence of unsaturation and side chains of fatty
acid in the liquid [15]. The value of this property
is comparable to what exists in literature [13,2].

The pH value of 5.65 indicates the cashew nut
shell liquid is acidic. The acidity could be
attributable to the presence of anacardic acid in
technical grade cashew nut shell liquid [9]. The
acid value of cashew nut shell liquid is 8.25 mg
KOH/g which is below the range 12.10 — 15.40,
reported by Balgude and Sabnis [10]. Although
the acid value is below the standard limit, it could
be an indication that the liquid has not been
degraded or oxidized and would be a good
precursor for the synthesis of resins for
anticorrosion coatings [25].

The ash content, which is 1.8% was considerably
higher than 1.2% and 1.53% reported by
Balgude and Sabnis [10] and Taiwo [22]

yields of cashew nut shell liquids are respectively. This may be an indication of a high
accomplished by employing polar organic slagging and inorganic matter tendency of the
solvents at high temperature and pressure. cashew nut shell liquid. Moreover, it gives
Table 1. Physicochemical properties of cashew nut shell liquid

Property Result Literature value Reference

Yield (%) 30.61+£0.2 15-30 [16]

Colour Dark brown Dark brown [16]

Moisture content (%) 445+ 0.02 39-6.0 [10]

Density (gcm™) 0.95+0.3 0.93 [22]

Percentage Brix (%) 76.20 + 0.001 n.a. n.a.

Refractive index 1.47 £ 0.01 1.48 [20]

pH 5.65 £ 0.003 5.7 [23]

Acid value (mg KOH/g) 8.25+0.2 12.10-15.40 [10]

Ash content (%) 1.80+£ 0.6 1.22 [10]

Free fatty acid (mg KOH/g) 41204 6.10-7.80 [10]

Ester value (mg KOH/g) 247.01+£0.1 n.a. n.a.

Saponification value (mg KOH/g) 255.26 £ 0.8 47 — 58 [24]

n.a.: not applicable



credence to the moisture content of 4.45% since
a higher ash content means higher concentration
of minerals/inorganics and a lower moisture
content.

The free fatty acid of the liquid is 4.12 mg KOH/g
and is lower than the previously reported range
of 6.10 — 7.80 mg KOH/g by Balgude and Sabnis
[10]. The free fatty acid content of an oil is an
index of its quality and hence the cashew nut
shell liquid is likely of a good quality with a lower
level of enzymatic hydrolysis or degeneration
[26]. The ester value of the cashew nut shell,
which is the difference between the
saponification and acid values is 247.01 mg
KOH/g. This high ester value is due to the low
free fatty acid of 4.12 mg KOH/g. A high ester
value is an indication of the presence of high
ester and a corresponding low molecular weight
fatty acid content and vice versa [27].

The saponification value of the oil is 255.26 mg
KOHY/g. This is higher than the range of 47-58 mg
KOHY/g reported by Balgude and Sabnis [11] and
53 mg KOH/g in an earlier study [24]. This
means that the cashew nut shell liquid may be
used as a starting material for the synthesis of
soap, candles and other lubricants [26] due to
the lower molecular weight of fatty acids.

3.2 FT-IR Spectrum of Cashew Nut Shell
Liquid

The FTIR spectra of cashew nut shell liquid is
presented in Fig 1. The broad peak at 3407 cm’”
is characteristic of normal “polymeric —OH
stretch while the absorption band at 3078 cm”
corresponds to aromatic C—H stretch. Other
notable peaks at 3008, 2924 and 2853 cm’” may
be attributed to unsaturated hydrocarbon moiety,
C-H asymmetric and symmetric stretching
vibrations of the alkyl side chains. There are
also C=C aromatic stretching bands at 1604 and
1450 cm™. The sharp C—H vibration peaks at 993
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and 911 cm” could be ascribed to conjugated
cis-trans double bond and terminal vinyl group in
polycardanol respectively. The absorption peak
at 644 cm™ was revealed also in other literature
studies as for the vinyl peak [16]. The spectra
indicates that cashew nut shell liquid is polymeric
and possesses carboxylic and hydroxy groups
substituted on the phenolic constructions as
confirmed in literature [24,10,28].

3.3 Physical Properties of Cashew Nut
Shell Liquid Resin

Table 2 displays the physical properties of the
synthesized cashew nut shell liquid resin.

The alkali catalyzed resin was synthesized with a
good surface finish at an optimal heating
temperature of 75°C, the point at which the
separation between the CNSL-resin and water
has occurred as seen in Table 2. This is
comparable to results obtained by Ikeda, et al.
[29] who worked on the curing behavior of
crosslinkable polymers from cashew nut shell
liquid. It could be suggested that at this
temperature, the resin was having a low viscosity
and the curing time informed the differences in
viscosity [30]. The Ilow optimal curing
temperature may be due to the fact that a
supposed lighter molecule is being polymerized
in this reaction and hence a lower energy would
be required for the breaking of the phenolic
moieties during the crosslinking [31]. We can,
therefore, confirm that the conditions in the first
run could be used to synthesize CNSL-resins for
industrial applications.

The CNSL-resin was found to be soluble in raw
soybean oil, toluene and acetone (Table 2).
Solubility in soybean oil could be attributable to
the presence of long side chains in the phenolic
construction of the cashew nut shell liquid.
Similar chemical properties of these chains might
have informed the solubility of the resins [17].

Table 2. The physical properties of the cashew nut shell liquid resin

Properties First run Second run
Colour Dark brown Dark brown
Surface finishing Good Moderate
Temperature (°C) 75 85

Curing time (min) 60 60

Observation Highly viscous, flexible Tough, semi rigid
Solubility in soybean oil Soluble Soluble
Solubility in Toluene Soluble Soluble
Solubility in acetone Soluble Soluble
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Scheme 1. Proposed crosslinked structure of CNSL-formaldehyde resin

The co-polymerization of cashew nut shell liquid
(cardanol) with formaldehyde in the presence of
alkali yields condensation polymers formed via
electrophilic substitution reaction. The reaction
then continues vyielding a relatively high
molecular mass structure of crosslinked CNSL-
formaldehyde resin [18] as shown in Scheme 1.
The resin synthesized in the second run was

tough and semi rigid which suggests that
hardness is often dependent on the extent of
crosslinking [31].

Optimal crosslinking in the polymer backbones of
resins results in a highly viscous, flexible product
as seen in Table 2. The CNSL-resin may be
employed as a precursor for the synthesis of



coatings, friction materials, surfactants and as
intermediates for the synthesis of other resins
[32].

4. CONCLUSION

Extraction of cashew nut shell liquid from cashew
nuts shells gave a higher yield with the use of
less volume of acetone as the extracting solvent
via accelerated solvent extraction technique.
Physicochemical parameters mostly were
consistent with literature values and FTIR
characterization of the extract has confirmed that
the liquid is polymeric and possesses carboxylic
and hydroxyl groups substituted on the phenolic
constructions. The optimum heating temperature
for the synthesis of CNSL-resin is 75°C at a
curing period of 60 minutes. A comprehensive
study of the chemistry of the CNSL-resin would
require further physicochemical and thermal
characterization which is currently underway.

HIGHLIGHTS

Cashew nut shell liquid has been extracted from
cashew nut shell, an agro waste.

Accelerated solvent extraction (ASE) is a great
tool which requires lower volumes of solvent to
produce higher yields of extracts.

Physicochemical analysis showed the liquid/oil is
of an acceptable quality.

Cashew nut shells can be converted to a
precursor for the synthesis of resin for industrial
applications.
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