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Abstract

Ricinoleic and oleic acids are classified as unsaturated omega-9 fatty acids. Ricinoleic acid naturally occurring fatty acid in the

mature castor plant (Ricinus communis L.) and constitutes about 90% of castor oil components while oleic acid is the most common

fatty acid in nature and its triglycerides comprise the majority of olive oil (Olea europaea L.). Fixed oils methyl ester are often

quantified by gas chromatography (GC) technique. In this work, a new, simple, low-cost, rapid, specific, precise and accurate high-

performance thin layer chromatographic (HPTLC) method was developed and validated according to ICH guidelines for the routine

analysis of ricinoleic acid and oleic acid methyl esters in pure castor and olive oils and their formulations. Oil methyl esters were

analyzed by GC, HPLC and HPTLC techniques as comparative analyses. Results obtained by the HPTLC method were statistically

compared with those obtained by the reported GC and HPLC methods. For the proposed procedure, linearity, limit of detection, limit

of quantification and recovery were found to be satisfactory. It could be concluded that proposed HPTLC technique can be used as

alternative method for the quality control of the raw materials as well as formulations containing castor and olive oils calculated as

ricinoleic and oleic acids respectively as it is simple, cost-safe, rapid and specific.
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Introduction

Castor oil is a vegetable oil obtained by pressing the seeds of
the castor oil plant (Ricinus communis L., Euphorbiaceae) [1,2].
Almost 90 % of fatty acids content of castor oil is ricinoleic acid
which is unique for castor oil. Such a high concentration of this
unusual, unsaturated fatty acid is thought to be responsible for
castor oil's remarkable healing abilities [3]. Castor oil is a natu-
ral fixed oil which, in its native state, has many uses ranging from
personal care products (as laxatives and cosmetics), to chemical
manufacturing (raw materials), and to industrial materials (lubri-
cants, hydraulic fluids, dielectric fluids, textiles, paints, coatings)
and recently ricinoleate methyl esters are used as raw material for
biodiesel production [4]. The composition of castor oil is unique

in that it contains a triglyceride formed of an omega-9 unsaturat-

ed fatty acid, 12-hydroxy-9-cisoctadecenoic acid (ricinoleic acid)
ninety percent of the total triglycerides are triricinoleate [5]. It is
reported that the components of the fatty-acid fraction of castor
oil analysed by GC were ricinoleic acid methyl ester (85 -95%), pal-
mitic acid methyl ester (maximum 0.5%), stearic acid methyl ester
(maximum 1.5 %), oleic acid methyl ester (2 - 6%), linoleic acid
methyl ester (2- 5%), linolenic acid methyl ester (maximum 1%)
and eicosenoic acid methyl ester ( maximum 0.5%) [6]. Castor oil
is carrying off the phlegm from the stomach as a home cough rem-
edy. The thick, fatty consistency of castor oil is thought to coat and
soothe the throat [7]. Ricinoleic acid has been shown to be effective
as antiviral and antimicrobial agent [8]. It is also having antioxidant
activities [9]. Olive oil composition includes a large proportion of
unsaturated fatty acids (oleic, linoleic and linolenic acids), vitamins

(A, E and B-carotene) and phenolic compounds or chemicals pres-
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ent in the unsaponificable fraction [10]. Olive oil is unique with
respect to the high oleic acid content. Oleic acid and linoleic acid
are the main components, representing from 55 to 83% and from
5 to 15% of the total fatty acids, respectively [11]. Squalene and
[-carotene are present in olive oil; squalene is responsible for the
beneficial health activates of olive oil and its chemopreventive ac-
tion against certain cancers [12]. A recent study found virgin olive
oil has bactericidal action against Helicobacter pylori [13]. Oleu-
ropein from olive oil lowers postprandial glycaemia [14]. Olive oil
has anti-inflammatory [15] and antioxidant activities [16]. Oleic
acid plays a role in cancer prevention [17]. Fixed oil methyl esters
are usually analyzed by GC [18]. Other techniques as HPLC [19] are
rarely used for their analysis. The aim of this work is to develop and
validate an accurate, simple, low-cost, rapid, specific and powerful
HPTLC method for ricinoleic and oleic acids methyl esters analysis
as a tool for quick and easy determination of quality, authenticity
and purity of crude drug and formulations. The HPTLC result was
statistically compared with those obtained by the reported GC and
HPLC methods.

Materials and Reagents

Materials

The standards (ricinoleic acid, oleic acid) were purchased from
Sigma (Aldrich) and assigned purity of 98%, 95%. Castor and olive
oils sample were purchased from EVA Company. Tested formula-
tions; T1 (syrup): (propolis, lemon oil, honey and castor oil), T2
(capsule): (castor oil), T3 (cream): (olive oil, bee wax and jojoba
oil) and T4 (hair oil): (aloe vera, rosemary oil, vit.A and olive oil),

were obtained from the Egyptian market.

Solvents and reagents

Anisaldehyde (Merck, Germany) reagent was used for visual-
ization. P-anisaldehyde- sulphuric acid reagent was prepared ac-
cording to Wagner and Bladt [20]. The solvents used (toluene, ethyl
acetate, n-hexane, methanol, benzene, sulphuric acid, glacial acetic
acid) were obtained from Adwic, Egypt and assigned purity of 98%
and the water used was deionized (NODCAR, Egypt). Acetonitrile
and methanol used were of HPLC grade (Merck, Germany) and as-
signed purity of 98.9%.

Instruments

Gas chromatography (GC)

Hewlett-Packard 6890 series GC equipped with a flame ion-
ization detector (FID) and an electronic pressure control (EPC)
injector (split-split less) was used. A polar HP-5 (Crosslinked 5%
Phenyl Methyl Siloxane) HP INNO wax (cross linked PEG) (30m X
0.32mm X 0.5um), Carrier gas: Nitrogen 40cm/sec, 11.8 Psi (50°C).
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High performance liquid chromatographic (HPLC)

Agilent HPLC (USA) 1260 infinity and consisted of a quaternary
pump and UV detector equipped with sampler TCC, under comput-

er control was used.
High performance thin layer chromatography (HPTLC)

The samples were spotted in the form of bands with a Camag
micro liter syringe on precoated silica gel ready-made aluminum
plate 60 F__, (20 cm x 10 cm with 0.2 mm thickness; E. Merck,

Darmstad, Germany) using a sample applicator for TLC Linomat V

254

(CAMAG, Muttenz, Switzerland). Plates were developed in ascend-
ing order with a CAMAG twin trough glass tank which was pre-sat-
urated with the mobile phase for 15 min. TLC runs were performed
under laboratory conditions (Temp: 25 * 2°C and % RH: 60 * 5).
Densitometric analysis was performed with a Camag TLC scanner
III operated by Win CATS software (Version 1.2.0). The source of

radiation utilized was deuterium and Tungsten lamp.

Preparation of methyl ester of fatty acids standard, oils and

test solutions

Ten ml of T1, 100mg of T2, 100mg of T3, 10ml of T4, 50 mg of
castor oil (S1), 50 mg of olive oil (S2), 5 mg ricinoleic acid (S3) and
5 mg oleic acid (S4) were separately methylated using a solution of
diazomethane in diethylether [21] and refluxed for 2hr at 80°C then
cooled and extracted with n-hexane (3x10ml) then concentration

of solutions to 10ml and finally transferred to a volumetric flask.

Preparation of calibration curve of ricinoleic and oleic acids
by HPTLC

A Stock solution of ricinoleic acid and oleic acid (100 mg) were
separately converted to methyl esters as described above. The solu-
tion was further diluted with n- hexane to yield a solution contain-
ing 100 pg/ml. Different concentration of both acids methyl ester
were applied on plates as 6 mm bands on TLC plate separately. The
data of peak area versus the corresponding standard concentration

were treated by linear least-square regression.

Chromatographic conditions

Gas chromatography (GC) conditions for analysis of methyl

ester of ricinoleic and oleic acids

Flow: Constant flow 1ml/min, injector: Split mode (100:1),
0.5ul injection volume, inlet temp. 220°C, oven temperature pro-
gram: initial temp: 120°C, initial time: 3min, rate: 10°C/min, final
temp: 300°C, final time: 5 min, Detector temp. 275°C. The detector
air flow was 200 ml/min and hydrogen flow was 20 ml/min (10%

of air flow).
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High performance liquid chromatography (HPLC) conditions

for analysis of methyl ester of ricinoleic and oleic acids

All analyzed compounds were separated on a lichrospher C18
for ricinoleic acid and C8 for oleic acid (10um) column (250 x
4.6mm) 1.D. Merck, Darmstadt, Germany. Mobile phase consisting
of isopropanol/ methanol/ water (60:35:5) and UV detection at
205 nm for ricinoleic acid and acetonitrile / water (85: 15 v/v), and

UV detection at 242 nm for oleic acid.

High performance thin layer chromatography (HPTLC) Con-
ditions of for analysis of methyl ester of ricinoleic and oleic

acids

The samples were spotted in the form of bands of width 6mm
with a micro liter syringe on precoated silica gel ready-made alu-
minum plate 60 F,.,. A constant application rate of 150nL/s was
employed with a space between two bands of 5 mm. The slit di-
mension was kept at 6 mm x 0.3 mm, and 20 mm/s scanning speed
was employed. These parameters were kept constant throughout
the analysis of samples. The mobile phase consisted of toluene.
The length of each run was 8 cm and then air dried. Densitometric
analysis was performed at 450 nm. The composition of the mobile
phase for TLC was optimized using different solvents of varying
polarity and good resolution was achieved using toluene as mo-
bile phase. Rf value for ricinoleic and oleic acids was found to be
0.78 + 0.02 and 0.67 * 0.02 respectively. After spraying with an-
isaldehyde/ sulphuric acid using automatic sprayer (CAMAG), the
scanning selected wavelength was 450 nm as it is the absorption

maxima of the both acids spots.

Method of validation

The developed method was validated in terms of linearity, pre-
cision, limits of detection (LOD), limits of quantification (LOQ), and
recovery according to International Conference on Harmonization
guidelines (ICH) guidelines [22].

Precision

The intra-day precision of the assay evaluated by performing
triplicate analyses (n = 3) for the sample. The inter-day precision

of the assay was determined and repeated on three different days.

Linearity

Due to verification of the normal distribution of results, linear-

ity was evaluated through the relationship between the concen-
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tration of ricinoleic acid methyl ester and the area obtained from
TLC scanner. The determination coefficient (r?) was calculated.
The calibration line was achieved through two replicates of each
concentration of ricinoleic acid methyl ester to know the extent of
the total variability of the response that could be explained by the

linear regression model.

Limit of detection (LOD) and limit of quantification (LOQ)

The limit of detection (LOD) is the lowest amount of fatty acids
methyl ester in a sample that can be detected but not necessary
quantitated. The limit of quantitation (LOQ) is the lowest amount
of fatty acids methyl ester in a sample that can be quantitatively de-
termined with suitable precision and accuracy. The limits of quan-
tification and detection were determined based on the technique of

signal-to-noise ratio using the equations (1) and (2):

LOQ =100/S (1)
LOD =3.36/S (2)

Where ¢ is the standard deviation of the intercept of the calibra-

tion curve and S is the slope of the calibration curve.
Specificity

The specificity of the method was ascertained by analyzing
standard drug and sample. The spot for both acids methyl esters
in sample was confirmed by comparing R; and spectra of the spot
with that of castor, olive oils and formulations. The peak purity of
ricinoleic and oleic acids methyl ester was assessed by comparing

the spectra at three different levels: peak start, peak apex and peak

end positions of the spot.
Recovery

This parameter shows the proximity between the experimental
values and the real ones. It ensures that no loss or uptake occurred
during the process. The determination of this parameter was per-
formed for the method by studying the recovery after a standard
addition procedure with two additional levels. In each additional
level, three determinations were carried out and the recovery per-
centage was calculated in every case. Each sample was injected
three times in HPTLC.

Statistical analysis

Data were reported as mean * SD. The results were analyzed
statistically by SPSS software and the One-way ANOVA test with
level of significance set at p < 0.05 was accepted as being significant

in statistical test as shown in (Table 1 and Figure 1 and 2).
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Sample (I) experiment | (J) experiment Mean Difference (I-J) | Standard Error
Ricinoleic LSD GC HPLC 0.36667 0.37417
acid HPTLC 1.30000° 0.37417
HPLC GC -0.36667 0.37417
HTLC 0.93333" 0.37417
HPTLC GC -1.30000" 0.37417
HPLC -0.93333" 0.37417
Oleic acid LSD GC HPLC 0.20000 0.24402
HPTLC 0.24333 0.24402
HPLC GC -0.20000 0.24402
PHTLC -0.44333 0.24402
HPTLC GC 0.24333 0.24402
HPLC 0.44333 0.24402
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Table 1: Comparative statistical analysis of results obtained using three different chromatography techniques.

*The mean difference is significant at p < 0.05 level.

Figure 1: Comparison between HPTLC, GC and HPLC techniques
for analysis of ricinoleic acid methyl ester in castor oil.

Figure 2: Comparison between HPTLC, GC and HPLC techniques

for analysis of oleic acid methyl ester in olive oil.

Results and Discussion

GC is a common method for assay of fatty acids methyl esters
in fatty oils and has been reported for the quantification of these
compounds. But it has some limitations to be used for complicated
samples. Therefore, this research has been focused on the separa-
tion and quantification of ricinoleic and oleic acids methyl ester by
validated HPTLC method and comparing the results with those of
GC and HPLC techniques. Ricinoleic acid methyl ester peak was ob-
served at the retention time 9.9 min in GC chromatogram and at 5
min in HPLC chromatogram with Rf 0.78 in HPTLC chromatogram.
Whereas oleic acid methyl ester peak was observed at the retention
time 7.4 min in GC chromatogram and at 2.5 min in HPLC chro-
matogram with Rf 0.67 in HPTLC chromatogram as shown in (Fig-
ure 3 and 4). Quantization results showed ricinoleic acid methyl
ester in castor oil by HPLC (93.7%), GC (94.1%), HPTLC (92.8%)
and oleic acid methyl ester in olive oil by HPLC (82.7%), GC (83%)
and HPTLC (81.8%) as shown in (Table 2).

Compound Method (conlcv.lf:/iu\lzv i) SD % RSD
Ricinoleic acid | HPTLC 92.83% 0.28868 | 0.33
methyl ester GC 94.13% 0.56862 | 0.629
HPLC 93.76% 0.47258 | 0.791
Oleic acid HPTLC 81.85% 0393 | 0.412
methyl ester GC 83% 0.298 | 0.398
HPLC 82.7% 0.652 | 0.812

Table 2: HPTLC, GC and HPLC comparative methods for
analysis of ricinoleic acid and oleic acid methyl esters.
SD: standard deviation; RSD: relative standard deviation
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HPLC chromatogram of oleic acid methyl ester HPLC chromatogram of olive oil methyl ester standard

standard (S2) (S4)

HPTLC chromatogram of ricinoleic acid methyl HPTLC chromatogram of castor oil methyl ester

ester standard (S1) standard (S3)

HPTLC chromatogram of oleic acid methyl ester HPTLC chromatogram of olive oil methyl ester standard
standard (S2) (S4)

Figure 3: GC, HPLC and HPTLC chromatograms of ricinoleic acid, oleic acid, castor oil and olive oil methyl esters.
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HPLC chromatogram of T3

HPLC chromatogram of test formulation (T4)

a6 s

HPTLC chromatogram of T2

HPTLC chromatogram of T3

HPTLC chromatogram of T4

Figure 4: GC, HPLC and HPTLC chromatograms of tested formulations methyl ester.
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Development and optimization of mobile phase

Toluene/ ethyl acetate mobile phase was used in different ratio.
The latter at (9.3:0.7 v/v) showed good resolution with Rf value of
0.95 * 0.02 for ricinoleic acid methyl ester but the spot was on the
solvent front and with no complete separation for oleic acid spot.
The ratio of the mobile phase was varied and we determined the
effect on Rf and on the response to ricinoleic and oleic acids methyl
esters. The mobile phase consisting of toluene only showed a sharp
and well-defined peak at Rfvalue of 0.78 + 0.02 for ricinoleic acid
methyl ester and 0.67 * 0.02 for oleic acid methyl ester. Well-de-
fined spots were obtained when the chamber was saturated with
the mobile phase at room temperature for 15 min. For determi-
nation of the linearity curves of area vs. concentrations, different
amounts of stock solution of both acids methyl esters were applied
on the HPTLC plate and analyzed.

Method validation

Linearity and range

The calibration was linear, the linear regression equation was Y
=1720.9x+1633, for ricinoleic acid methyl ester and Y =105.3x+3.3
for oleic acid methyl ester, while the correlation coefficient (r2)
was 0.9993 and 0.999 respectively, with high reproducibility and

accuracy as shown in (Table 3 and Figure 5 and 6).

Results

Parameter Oleic acid methyl

ester
5-25 pg/band

Ricinoleic acid
methyl ester

0.5-3pg/ band

Linearity range

Regre_sswn Y =1720.9x+1633 Y=105.3x+3.3
equation

COI‘I‘(-')]E'IUOI'I 0.9993 0.999
coefficient

Recovery 98.3%-102% 98.5%-101.9%

Intra-day preci-
sion (%RSD)

Inter-day preci-
sion (%RSD)

LOD
LOQ

0.29 0.99

1.2,1.2 and 1.04 1.31,1.38 and 1.37

1.4pug/spot
4.2pg/spot

3.1 ug/spot
9.4 pg/spot

Table 3: Analytical parameter for determination of ricinoleic
and oleic acids methyl esters using HPTLC technique.

RSD: relative standard deviation
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Figure 5: Calibration curve of ricinoleic acid methyl ester
standard using HPTLC technique.
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Figure 6: Calibration curve of oleic acid methyl ester standard
using HPTLC technique.

Recovery studies

The proposed method was used for estimation of both acids
methyl esters after a standard addition procedure with two addi-
tional levels. In each additional level, three determinations were
carried out and the recovery percentage afforded range from 98%
- 102% for both acids methyl ester as shown in (Table 3).

Limit of detection (LOD) and limit of quantification (LOQ)

LOD of ricinoleic acid and oleic acid methyl esters was deter-
mined by plotting series of concentrations on the plate and scan-
ning at 450 nm. The lowest amount of ricinoleic acid and oleic acid
methyl esters which could be detected (LOD), was 3.1 pg/spot
and 1.4 pg/spot respectively. The lowest amount of ricinoleic acid
and oleic acid methyl esters which could be quantified (LOQ), was
found to be 9.4 ng/spot and 4.2 pg/spot respectively as shown in
(Table 3).
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Specificity

The specificity of the proposed method was determined by
comparing the sample and standard peak for its R, and area. The
three point peak purity was found superimposed. This indicated
that standard fatty acids methyl ester and sample peaks were not
merging with any other components or impurities. The peak purity

of ricinoleic acid methyl ester was assessed.

Precision and accuracy

The results indicate that significant intra- and inter day varia-
tion in the analysis of ricinoleic acid methyl ester in castor oil and

oleic acid methyl ester in olive oil as shown in (Table 3).

Conclusion

This newly established method was validated to be selective,
precise and accurate for the quantitative analysis of ricinoleic and
oleic acids methyl esters in castor and olive oils and market formu-
lations. It could be concluded that this method is not only a useful
tool for the assay of these components but also an effective quality
control method to assay fatty acid methyl ester in pharmaceutical
dosage forms which could not be analyzed by GC or HPLC. This
method can be considered as a good alternative to the already ex-

isting methods for the analysis of these compounds in plants.
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