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Abstract

Cashew nut shell liquid (CNSL) contains phenolic lipids with aliphatic chains that are of commer-

cial interest. In this work, a chromatographic method was developed to monitor and quantify ana-

cardic acids (AnAc) in CNSL. Samples containing AnAc were analyzed on a high-performance

liquid chromatograph coupled to a diode array detector, equipped with a reversed phase C18 (150 ×
4.6mm × 5 μm) column using acetonitrile and water as the mobile phase both acidified with acetic

acid to pH 3.0 in an isocratic mode (80:20:1). The chromatographic method showed adequate selec-

tivity, as it could clearly separate the different AnAc. To validate this method, AnAc triene was used

as an external standard at seven different concentrations varying from 50 to 1,000 μgmL−1. The

Student’s t-test and F-test were applied to ensure high confidence for the obtained data from the

analytical calibration curve. The results were satisfactory with respect to intra-day (relative standard

deviation (RSD) = 0.60%) and inter-day (RSD = 0.67%) precision, linearity (y = 2,670.8x − 26,949, r2 >
0.9998), system suitability for retention time (RSD = 1.02%), area under the curve (RSD = 0.24%),

selectivity and limits of detection (19.8 μgmg−1) and quantification (60.2 μgmg−1). The developed

chromatographic method was applied for the analysis of different CNSL samples, and it was deemed

suitable for the quantification of AnAc.

Introduction

The cashew tree (Anacardium occidentale) has two main products,
the cashew apple (a pseudo-fruit that can be consumed as a fruit or
juice) and the cashew nut (fruit). The cashew nut is a product of
commercial importance worldwide. The global production of cashew
nuts in 2014 was ~3.8 million ton (1). Processing of the fruit results
in nuts (30%) and a large amount of shells (70%), considered to be a

byproduct in the industry. Cashew nut shells have an internal part
called the pericarp, with a honeycomb-like structure, containing a
dark brown viscous liquid known as cashew nut shell liquid (CNSL)
(2). CNSL is of commercial value because of its alkyl phenol content,
which is composed of anacardic acids (AnAc), cardols and cardanols
(3). AnAc have been reported to show activity against apoptosis (4),
Alzheimer’s disease (5), Chagas disease (6) and bacterial infection (7)
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as well as antioxidant activity (8). The quantification of AnAc in
CNSL is important because of the growing number of applications of
this class of compounds. Methods have been developed to monitor
AnAc content (9–11), but they are either time consuming or have not
been validated. Therefore, the aim of this work was to develop a
chromatographic method capable of quantifying these compounds
using high-performance liquid chromatography (HPLC).

Experimental

Reagents and materials

CNSL was obtained by pressing the shells obtained from a processing
unit of Embrapa Agroindústria Tropical (Pacajus, CE). The reagents
used were acetonitrile (purity ≥ 99.9%) and methanol (purity ≥
99.9%), both obtained from Tedia (Fairfield, Ohio, EUA); glacial
acetic acid P.A. (purity ≥ 99.7%) and methanol P.A. (purity ≥
99.8%), both obtained from Sigma-Aldrich (Saint Louis, MO, EUA);
and purified water from a Mili-Q system (Millipore, São Paulo,
Brazil). The external standard (AnAc, 15:3, purity ≥ 98.5%) was
kindly provided by Dr Maria Teresa Sales Trevisan (Universidade
Federal do Ceará).

HPLC system

The chromatographic system consisted of a Shimadzu LC-20AB
Prominence Chromatograph coupled to a Shimadzu SPD-M20A
Prominence Diode Array Detector and a Shimadzu SIL-20AC
Prominence Autosampler (Kyoto, Japan). Instrumental control and
data processing were performed using the Shimadzu LC Solution
software.

Methods

Development of the chromatographic method using

HPLC-DAD

Some parameters were adjusted to identify the optimal chro-
matographic conditions. Different chromatographic conditions were
tested by changing the following parameters: C8 (100 × 4.6mm ×
5 μm, Waters) and C18 (150 × 4.6mm × 5 μm, Shimadzu) columns,
concentration of mobile phase (60, 70 and 80% of acetonitrile or
methanol in water), presence and absence of acetic acid (1% v/v),
and different flow rates (1.0, 1.2 and 1.5 mLmin−1).

Optimization of the method was performed using a reverse-
phase C18 chromatographic column Shim-pack CLC–ODS (M) (150 ×
4.6mm × 5 μm, Shimadzu). The mobile phase used was water
(Solvent A), acetonitrile (Solvent B), and acetic acid in a ratio of
20:80:1 in isocratic mode. The analysis time was 30min, with a
flow of 1.5mLmin−1, at 25°C with an injection volume of 20 μL.
The chromatograms were monitored at a wavelength of 280 nm and
the UV spectra were recorded from 200 to 400 nm. All chro-
matographic parameters mentioned were selected based on previous
optimization experiments.

Structural confirmation of AnAc by UPLC–QTOF–MSE

In order to confirm the structure of the AnAc, the samples were ana-
lyzed on an Acquity UPLC system (Waters, Milford, MA, USA) cou-
pled to a quadrupole/time-of-flight (QToF) mass spectrometer
(Waters, Milford, MA, USA). The compounds were separated on an
Acquity BEH C18 (150 × 2.1mm2, 1.7 μm; Waters, Milford, MA,
USA) column operated at 40°C. The eluent system employed was a

combination of A (0.1% formic acid in water) and B (0.1% formic
acid in acetonitrile) at a flow rate of 0.4mLmin−1. The gradient var-
ied linearly from 5 to 95% B (v/v) over 20min. The sample injection
volume was 5 μL. Mass spectra were obtained in the negative-ion
mode over a mass range between 50 and 1180Da. The spectrometer
was operated with MSE centroid programming using a cone voltage
of 40 V. The drying gas pressure was 35 psi at 370°C, while the neb-
ulizer gas pressure was 40 psi. A capillary voltage of 3500V and a
600 V spray shield voltage were used.

Identification of AnAc was carried out using molecular formulas
and m/z values obtained from high-resolution mass spectra, using
the MassLynx software (Waters Corporation). The data were com-
pared with those presented in previous reports (10, 12).

Method validation

The validation protocol was established according to the method
proposed by the International Conference Harmonization or ICH
(13), based on selectivity, linearity, precision (intra-day and inter-
day), repeatability and limits of detection (LOD) and quantification
(LOQ). An analytical curve was obtained with seven different con-
centrations (50, 100, 200, 400, 600, 800 and 1,000 μgmL−1 in
methanol) of AnAc triene (15:3), typically the major AnAc constitu-
ent in CNSL. Additionally, five samples of CNSL, from different
cashew clones produced in the Embrapa Agroindústria Tropical
experimental station (Pacajus, CE, Brazil), were weighed and dis-
solved in methanol to a concentration of 1 mgmL−1 for the quantifi-
cation of the AnAc.

Selectivity

Selectivity refers to the extent to which a method can discriminate
between particular analytes in mixtures or matrices without interfer-
ence from other components (14). Analyzing the 3-point purity of
each peak and comparing the peak UV–Vis spectrum obtained from
the standard and the peaks for the analyzed compounds was used to
assess the selectivity of the method.

Linearity

To determine the linearity, AnAc (15:3) was dissolved in methanol at dif-
ferent concentrations (50, 100, 200, 400, 600, 800 and 1,000 μgmL−1)
and tests were performed in triplicate. Th Student’s t-test and F-test
were applied at a 95% confidence level to provide a higher confi-
dence for data obtained from the calibration curve and linear regres-
sion. Calculations were performed using the following equations:
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Starting from the calculations of different standard deviations,
the values of tcalc(a), tcalc(b) and Fcalc were calculated according to the
following equations:
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If tcalc > ttab, the parameter is significant at a 95% confidence
level and should be retained. On the other hand, if tcalc < ttab, the
parameter is not significant and can be removed from the equation.
The same procedure was applied for the F-test, where the values of
Fcal > Ftab were significant at a 95% confidence level for the linear
regression and values of Fcal < Ftab had no significance; therefore, no
linear relationship was obtained between the x and y axes, indepen-
dent of the values for the correlation coefficient, r2.

Precision

To determine the precision of the method, the reproducibility of
seven different concentrations (50, 100, 200, 400, 600, 800 and
1,000 μgmL−1) was evaluated. The reproducibility of triplicates of
each point on the standard curve was analyzed on the same day (in-
tra-day) and on consecutive days (inter-day). The precision was ob-
tained as a function of the standard deviation and relative standard
deviation, according to the equations (7) and (8):
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where S is the standard deviation, n is the number of measurements
and xi is the difference between each measured value and x̅ is the
average of all measurements.
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System suitability test

To assess the repeatability of the method, an intermediate concentra-
tion point of the calibration curve was injected 10 times consecu-
tively. The retention time and areas obtained were used to calculate
the standard deviation and relative standard deviation.

LOD and LOQ

The limits of detection and quantification were estimated according
to the minimum concentration of each parameter, following equa-
tions (9) and (10). Therefore, for LOD, a minimum concentration
was established to differentiate an analyte from noise. For LOQ, the
minimum concentration was the lowest concentration at which an
analyte could be quantified accurately.

S
a

LOD 3,3 9b= · ( )

S
a

LOQ 10 10b= · ( )

where Sb is the standard deviation at the Y-intercept and a is the
angular coefficient of the calibration curve (13, 15).

Results

The chromatographic separation conditions employed were based on
the separation conditions previously established by Paramashivappa
et al. (9) to evaluate the alkyl phenols presents in CNSL. Exploratory
experiments were performed to achieve the best separation results.
The best results were achieved with a C18 column, a mobile phase
with 80% of acetonitrile with acetic, and a flow rate of 1.5mLmin−1.
The peaks were identified using their retention times and UV spectra.
Figure 1a shows the chromatographic profiles of CSNL, where peaks
I–V were assigned to cardol, cardanol and the AnAc C15:3, C15:2
and C15:1, respectively. Figure 1b shows the chromatographic profile
of the external standard of AnAc triene (15:3). Selectivity was evalu-
ated by analyzing the UV spectrum of the external standards used.
The purities, obtained as a mean of three values, of the AnAc were
99.98, 99.98 and 99.97% for the (15:3), (15:2) and (15:1) species,
respectively. The identity of the peaks was confirmed by their charac-
teristic UV spectra (Figure 2). Throughout the chromatogram, no
interference was detected.

The analytical calibration curve was prepared with seven differ-
ent concentrations (50, 100, 200, 400, 600, 800 and 1,000 μgmL−1)
of AnAc (15:3). Table I shows good linearity within the analyzed
range, which was confirmed by the correlation coefficient (y =
2670.8x – 26949; r2 = 0.9998). The correlation coefficient was in
agreement with the accepted values (r2 ≥ 0.99) (11). The significance
of the Student’s t-test for the calibration parameters, as well as the
significance of the F-test for the linear regression, assured a higher
confidence for the data obtained from the analytical curve (Table I).
Both Student’s t-test and F-test were analyzed at the 95% confidence
level.

The precision of the method was evaluated by the relative stan-
dard deviation (RSD) and correlation coefficient (r2) obtained for
the values of the standard retention time and the data obtained from
the inter-day and intra-day tests. The values of the correlation coeffi-
cient and relative standard deviation of the intra-day and inter-day
injections were within generally acceptable values (Table I). All rela-
tive standard deviation values were in agreement with the values es-
tablished by the ICH (13). The values of RSD acquired from 10
consecutive injections of a known concentration are shown in
Table I. The retention times and peak area values obtained showed
RSDs of 1.02 and 0.24%, respectively. There is no generally
accepted rule for allowable limits of deviation, but deviation values
close to 1% for retention time and peak area are usually acceptable
(16, 17). The LOD and LOQ of the AnAc at 280 nm were 19.8 and
60.2 μgmg−1, respectively.

Table II shows the identification of three different AnAc in the
CNSL samples. AnAc triene, diene and monoene were confirmed ac-
cording to their masses and respective ionization fragments identi-
fied by mass spectrometry. The molecular formulas were obtained
by analyzing their first order mass spectra and all of the respective
errors were <10 ppm. The chemical structures were confirmed
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through gas phase fragmentation of second order mass spectra,
where the characteristics fragment ions were observed for each
AnAc triene, diene and monoene. The AnAc 15:3 was identified by
a [M–H]− of 341.2094Da and an ion fragment with a m/z of
297.2222Da; the 15:2 species was identified by a [M–H]− of
343.2245Da and an ion fragment m/z 299.2355Da; the 15:1 spe-
cies was identified by a [M–H]− of 345.2409Da, along with a frag-
ment m/z 301.2534Da. The fragmentation of [M–H-44]− for all the
three identified compounds, owing to the loss of CO2 due to the
cleavage of the carboxylic group and all the fragments agreed well
with previous results (10, 18, 19).

Five samples of CNSL from different batches were quantified
indirectly using the external standard to quantify the AnAc present
in the samples (Table III). The external standard shows the same
maximum UV absorption as the AnAc present in the samples ana-
lyzed. The sample CNSL 701 showed concentrations of 351.2,
133.7 and 221.1 μgmg−1 for AnAc triene, diene and monoene,
respectively. CNSL 704 exhibited concentrations of 326.5, 273.2
and 255.0 μgmg−1 for AnAc triene, diene and monoene, respec-
tively. CNSL 709 showed corresponding concentrations of 299.9,
231.6 and 203.9 μgmg−1, respectively. CNSL 710 had 308.0, 141.4
and 198.8 μgmg−1 of AnAc triene, diene and monoene, respectively.
The corresponding concentrations found in the sample CNSL 715
were 311.2, 221.6 and 187.2 μgmg−1.

Discussion

During the optimization studies, the C18 column showed best chro-
matographic resolution compared to the C8 column, achieving sepa-
rate and distinct peaks for the different AnAc. The AnAc are
inherently very non-polar, so these compounds were better

separated on the C18 column because it contains a more non-polar
adsorbent compared to the C8 column (20). Acetonitrile was chosen
as an organic solvent due its higher elution strength compared to
methanol (21). A proportion of 80% acetonitrile together with a
flow rate of 1.5 mLmin−1 were chosen as the optimal conditions
based on the shortest run time and minimal concentration which
achieved perfect separation of each compound in CNSL. The pres-
ence of acetic acid in the mobile phase (pH 3.0) was necessary to
suppress the residual silanol present in the column (22), thus ensur-
ing good resolution and retention time of the chromatographic
peaks (23, 24).

In comparison with the validation of other chromatographic
methods (25–28), the developed method was effective in monitoring,
separating and quantifying the three types of AnAc present in
CNSL. The elution sequence of the AnAc was triene (15:3) followed
by diene (15:2) and monoene (15:1). This was due to the stationary
phase (reverse-phase), where the most polar AnAc triene (15:3) was
expected to elute first. However, the opposite occurs in a normal
phase chromatographic column, where the first AnAc eluted was the
saturated species (15:0) (29).

The quantification of the AnAc was performed in an indirect
way due to the structural similarity between the quantified com-
pounds and the analytical standard used. The UV spectra acquired
for each of the analyzed compounds showed a profile and maximum
absorption equivalent to that of the external standard used (Figure 2),
and also matched those previously reported in the literature (29, 30).
The similarity of the absorptions bands for the AnAc occurs due to
their structural similarity, the only difference being the extent of unsa-
turation in the side chain of the molecule (Figure 3).

The major AnAc product was the saturated 15:0 species at a
concentration of 416 μgmg−1. The concentrations and AnAc profile

Figure 1. (a) Chromatographic profile of CNSL (1mgmL−1) monitored at 280 nm for cardol (I); cardanol (II); anacardic acid triene (III), diene (IV) and monoene

(V). (b) Chromatographic profile for the external standard anacardic acid triene (1mgmL−1) monitored at 280 nm (III′).
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Figure 2. UV spectrum for anacardic acid (III) triene, (IV) diene and (V) monoene and the triene external standard (III′).

Table I. Anacardic Acid (15:3) Analytical Parameters and Statistical Results of Linear Regression, Results of Intra-day and Inter-day

Precision and Repeatability

Equation y = 2,670.8x − 26,949 R2 = 0.998 Fcal = 72974 Ftab = 2.7

A Sa tcal ttab t-test
Angular coefficient 2670.8 9.88 270.03 2.179 Significant

b Sb tcal ttab t-test
Linear coefficient 26949 5558.48 4.85 2.179 Significant

R2 RSD (%)
Intra-day (N = 6) 0.9998 0.60
Inter-day (N = 9) 0.9979 0.67

Retention time (RSD %) Area (RSD %)
Suitability system test 1.02 0.24
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variations for the different CNSL samples can be attributed to
genetic diversity, since all samples came from the same experimental
field with similar ages and cultivation practices. The concentration
of AnAc 15:3 was higher than that of the 15:2 and 15:1 species in
all samples analyzed, and matched the concentration range and pro-
file previously observed by Trevisan et al. (10). However, another
study using countercurrent chromatography obtained the same con-
centration and profile only for the 15:3 and 15:2 AnAc species at
318 and 221 μg mg−1, respectively, as reported by Jerz et al. (18).

Conclusion

The chromatographic method developed in this study is able to
quantify alkyl phenols present in CNSL in a qualitative and quanti-
tative manner using HPLC techniques. The method validation
showed the feasibility of using an external standard to monitor and
quantify the AnAc.

The chromatographic method developed herein was superior to
other methods described in the literature, as it can quickly and accu-
rately separate and quantify AnAc in the samples of CNSL, and
hence, it can become the standard method for AnAc analysis in
CNSL.
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26. Klimczak, I., Gliszczyńska-Świgło, A.; Comparison of UPLC and HPLC
methods for determination of vitamin C; Food Chemistry, (2015); 175:
100–105.

27. Padilha, C.V.S., Miskinis, G.A., de Souza, M.E.A.O., Pereira, G.E., de
Oliveira, D., Bordignon-Luiz, M.T., et al.; Rapid determination of flavo-
noids and phenolic acids in grape juices and wines by RP-HPLC/DAD:
method validation and characterization of commercial products of the
new Brazilian varieties of grape; Food Chemistry, (2017); 228: 106–115.

28. Yuliana, M., Nguyen-Thi, B.T., Faika, S., Huynh, L.H., Soetaredjo, F.E.,
Ju, Y.; Separation and purification of cardol, cardanol and anacardic acid
from cashew (Anacardium occidentale L.) nut-shell liquid using a simple
two-step column chromatography; Journal of the Taiwan Institute of
Chemical Engineers, (2014); 45(5): 2187–2193.

29. Praveen Kumar, S.N., Bhadregowda, D.G., Vathsala, D.C., Mantelingu,
K., Rangappa, K.S.; Development and validation of a normal phase
HPLC method for separation of anacardic acid isomers in cashew nut
shell liquid; Journal of Chemical and Pharmaceutical Research, (2013); 5
(5): 369–373.

30. Wang, R., Kobayashi, Y., Lin, Y., Rauwald, H.W., Yao, J., Fang, L.,
et al.; HPLC quantification of all five ginkgolic acid derivatives in ginkgo
biloba extracts using 13: 0 ginkgolic acid as a single marker compound;
Planta Medica, (2015); 81(01): 71–78.

306 Oiram Filho et al.

Downloaded from https://academic.oup.com/chromsci/article-abstract/56/4/300/4781505
by guest
on 19 March 2018


	Development and Validation of a Reversed Phase HPLC Method for Determination of Anacardic Acids in Cashew (Anacardium occid...
	Introduction
	Experimental
	Reagents and materials
	HPLC system

	Methods
	Development of the chromatographic method using HPLC-DAD
	Structural confirmation of AnAc by UPLC–QTOF–MSE
	Method validation
	Selectivity
	Linearity
	Precision
	System suitability test
	LOD and LOQ

	Results
	Discussion
	Conclusion
	Funding
	References


