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ABSTRACT

Castor oil is a natural oil which, in its native state, has many uses
ranging from personal care products (laxative, cosmetics, topicals),

to chemical manufacturing (raw materials), and to industrial materials
(lubricants, hydraulic fluids, dielectric fluids, textiles, paints, coatings).
The composition of castor oil is unique in that it contains a triglyceride
formed from the omega-9 unsaturated fatty acid, 12-hydroxy-9-cis-
octadecenoic acid (ricinoleic acid, R). Ninety percent of the total
triglycerides are triricinoleate (RRR).

The castor bean is the natural source of castor oil. Unfortunately, it also
contains ricin, a highly toxic protein. As a result, the castor plant is
being genetically manipulated to eliminate the production of ricin and
increase the oil yield. To provide a measurement of oil quantity and
quality for this research, a high-performance liquid chromatography
(HPLC)-charged aerosol detection method was developed that can

be used to accurately determine the amount of triglycerides that are
present in a castor oil sample, and to fully characterize individual lipid
components. Presented here is a simple, reliable, and direct method
for the characterization of castor oil from different commercial sources.
Results are obtained with only sample dilution and analysis.

Castor seeds.

INTRODUCTION

Commercially, castor oil is produced only from castor seed. Typically
50% of the seed weight is oil,> of which 90% of the fatty acid content
is ricinoleate® and 70% of the oil is composed of RRR (Figure 1). This
oil, with its unique properties, has a diversity of uses, including as a
specialty lubricant in model aircraft engines. Currently, researchers
are evaluating ways to improve castor oil’s lubricity through chemical
modifications.* Furthermore, extensive research is being performed
on the castor seed to increase the yield or content of ricinoleate or to
reduce the amount of the poisonous protein, ricin, that is present in
the plant and seed. A recent research paper described identification of
the tetraricinoleate, RRRR, which is the RRR ester of triricinoleate and
is normally present as approximately 0.5% in the oil.® Because this
molecule contains 33% more ricinoleate than RRR, having the seed
contain more RRRR would significantly increase the amount of this fatty
acid in the harvested oil. To assist in the biochemistry for the formation
of this product, the regioisomer of the ester (found on the center
hydroxyacid) was identified in 2008.%

With research and bioengineering focused on the castor plant to achieve
these goals, a sensitive HPLC method would enable the determination of
highly subtle changes that may likely occur in the resulting oil. Based on
an HPLC-evaporative light scattering detection (ELSD) method from the
USDA, the performance of charged aerosol detection for the analysis of
castor oils is characterized here.
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Figure 1. Structure of triricinoleate.
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Figure 2. Schematic of CAD flow paths.

The Charged Aerosol Detector (CAD®) is a sensitive mass-based
detector especially well suited for the determination of this class of
analytes: nonvolatile and without a chromophore. As shown in Figure 2,
the detector uses nebulization to create aerosol droplets. The mobile
phase evaporates in the drying tube, leaving analyte particles that
become charged in the mixing chamber. The charge is then measured
by a highly sensitive electrometer, providing reproducible ng-level
sensitivity. This technology has greater sensitivity and precision than
gvaporative light scattering (ELS) and refractive index (RI), and it is
simpler and less expensive to operate than a mass spectrometer (MS).

METHODS

HPLC Method Conditions

HPLC System: Dionex 3000 RSLC

Column: Dionex RSLC 120 C8, 150 x 2.1 mm, 2.2 ym

Column Temp.. 50°C
Mobile Phase A:  Methanol/water (900:100)

Mobile Phase B:  Isopropanol

Flow Rate: 0.7 mL/min

Gradient: Time (min) %8B
0 0
3 15
20 20
25 90
28 100
28 0
33 0

1014 11

Peaks: 11. RRR
13. RRLs
19. RRLn
21.RRL
23.RRO
25.RRS

20 Peak assignments unconfirmed

pA

0+
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Figure 3. Chromatogram of castor oil A, 14,000 ng on column.

Inj. Volume: 5uLat20°C

Detector: Charged aerosol for UHPLC
Nebulizer Heater: 20 °C

Filter: High

Sample Solvent:  Alcohol, denatured

Sample Preparation

Stock solutions of castor oil were prepared at 1.0 mg/mL concentration
in alcohol and mixed by vortex mixer.

RESULTS AND DISCUSSION

Castor oil samples were diluted in alcohol prior to analysis. No external
standards were used for this analysis in an attempt to use the charged
aerosol detector’s unique homogeneity of relative response factors
across analytes. This can sometimes be complicated with all nebulizer-
based detectors, as analyte response is dependant on nebulizer
efficiency, which changes with the amount of organic solvent present in
the column eluent. However, because the gradient used in this method
is largely organic with little change in water content, response factors
should be similar to those seen with analyses where nebulizer efficiency
is maintained (e.g., using the inverse gradient technique).”

One of three commercial castor oil products was used for calibration
studies and to evaluate the relative RRR content against known literature
values. In Figure 3, a chromatogram of 500 ng on column (0.c.) of
castor oil is shown. Twenty-gight different analytes were separated.

To calibrate response, both peak areas and amounts on column are
needed. Without a standard analyte, the only amount known was the
amount of total castor oil and the peak areas of the many analytes.
RRR, being the most abundant analyte in the sample, was used for
the initial calibration. Thus, the first calibration curve used the total
amount of castor oil analyzed, plotted against the RRR peak area.
Calibration data were fit using an inverse second-order polynomial.
The correlation coefficient, r?, was 0.9999, and precision was found
to be high, with RSD values of 0.05—0.79% for RRR across the entire
range of amounts analyzed. -
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Figure 4. Calibration curve for estimated RRR mass o.c.vs RRR peak area,
from 49to 8800 ng o.c. (n=3)

Using this calibration curve, mass values were then found for each
analyte peak. The sum of all analyte masses was greater than was
originally analyzed, due to the assignment of RRR as the entire mass of
castor oil (14,000 ng 0.c.). A scaling factor had to be applied to yield a
total mass of all analytes of 14,000 ng o.c. Subsequently, the amount
of RRR found in 14,000 ng of castor oil was 8800 ng, or 63%. This is
similar to the literature value of 70%." Using this calibration curve, the
limits of quantitation and detection were found to be 6 and 2 ng o.c. of
RRR, based on signal-to-noise ratios of 10 and 3, respectively.

A new calibration plot was then used, shown in Figure 4, based on

the 8800 ng of RRR found in the 14,000 ng castor oil. From this plot,
estimates of mass for the larger analyte peaks, shown in Figure 5, were
made, and the results are shown in Table 1.

Figure 5. Chromatogram of castor oil A at 500 ng o.c. Numbered peaks were
tracked for impurity calibration estimates.

Table 1. Composition of Castor 0il by

HPLC-Charged Aerosol Detection Estimates

Peak* Analyte Mass Percent Litelr,aetrl::r:nlxlass

1 0.9

2 0.5

3 0.6

4 17

5 0.4

6 0.9

7 RRR 63 n
8 0.6

9 RRLs 11 0.7
10 0.5

1 0.5

12 0.5

13 RRLn 14 0.15
14 RRL 10.4 6.6
15 25

16 RRO 9.6 8.8
17 0.4

18 RRS 28 1.1
19 0.8

20 0.6

R =ricinoleate, Ls = lesqueroleate, Ln = linolenic, L = linoleic, O = oleic, S = steric

*See Figure 5 for peak identification; peak assignments were made by analogy to assignments made in
the literature.1
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Figure 6. Response curves based on estimated analyte amounts for
low-amount analytes.
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Figure 7. Response curves based on estimated analyte amounts for
high-amount analytes.

A visual comparison of the different calibration curves, where analyte
peak area was plotted against the estimated analyte mass for selected
analytes, is shown in Figures 6 and 7. There are no drastic differences
in the curves between RRR and other analytes as expected. This relatively
uniform response is largely due to both the close similarity of the
analytes contained in this sample, and the fairly consistent amount of
organic present in the mobile phase. This second point has been shown
to be an important factor in the relative uniformity of response of similar
analytes across a gradient.

The lower percentage of RRR that was found and shown in Table 1 may
be attributable to the greater sensitivity of charged aerosol detection over
ELSD: with greater sensitivity, a higher number of minor analytes can be
detected and a more accurate measure of their mass may also be found.
Both of these factors could result in a lower amount of RRR in the castor
0il samples.

For the identification of these and other analytes, the mobile phases
used are compatible with MS, which enables identification using this
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Figure 8. Comparison of three castor oil samples at 14,000 ng o.c. by HPLC-
charged aerosol detection. Castor oil A is black, B is blue, C is pink, and blank
is brown.

mode of detection. Once peaks are identified, the charged aerosol
detector can be used as a routine detector to detect changes in relative
peak heights and fingerprinting, or to detect new analytes that may not
ionize well or ionize less consistently in an MS detector. For example,
single acid triglycerides, from C7:0 to C22:0, exhibited a consistent
relative response factor range of 1-2.4 by charged aerosol detection
as compared to the wider range of 1-211 for atmospheric pressure
chemical ionization MS (APCI-MS).”

An example of examining the possible differences of threg castor oil
samples, three castor oils, A, B, and C, were analyzed and compared

as a means of examining lot-to-lot variability. In Figure 8 the castor oil
chromatograms are overlaid, showing the similarity between all product
samples, with the most significant difference found in Sample A: peak

1 was relatively greater than the same peak in the other two castor oil
samples. These differences in composition may be important during
studies involving hybrids or newly modified castor plants.

CONCLUSION

A reversed-phase HPLC-charged aerosol detection method was
developed and successfully applied to the analysis of a wide range of
triglycerides found in castor oil. The composition of the major analytes
was determined without the use of external standards and these results
compared favorably to those obtained by HPLC-ELSD.

By using charged aerosol detection, the relative analyte composition of
castor oil was made using the similarity of response between different
analytes. The sensitivity of the system enables the detection of low-level
amounts of analytes (to 2 ng o.c.), that could not be achieved using
other forms of detection (ELSD, UV, MS).

The method as outlined enables characterization of castor oil without
the use of external standards. This analysis can provide fast, simple,
comparative results for castor oils that originate from experimental
castor plants. Characterization of total castor oil and the relative
amounts of different components of the sample are obtained using a
single calibration curve. The detector is simpler to operate, less costly
than MS, and generally more sensitive than ELSD.

4  Characterization of Castor 0il by HPLC and Charged Aerasol Detection




REFERENCES

1. Lin,J. T; Turner, C.; Liao, L. P; McKeon, T. A. Identification and
Quantification of the Molecular Species of Acylglycerols in Castor
Qil by HPLC Using ELSD. J. Liguid Chromatography & Related
Technologies 2003, 26, 773-780.

2. Castor Oil website. www.castoroil.in/extraction/extraction.html
(accessed 09-Feb-2011).

3. Achaya, K.T; Craig, B.M.; Youngs, C.G. The Component Fatty
Acids and Glycerides of Castor Qil. J. Am. Oil Chem. Soc. 1964,
41, 783-784.

4. Synthetics, Mineral Qils, and Bio-Based Lubricants-Chemistry
and Technology, Rudnick, L.R., Ed., Taylor & Francis: Boca Rotan,
Florida, 2006; pp. 937.

5. Lin,J. T; Arcinas, A.; Harden, L. A.; Fagerquist, C. K. Identification
of (12-Ricinoleoylricinoleayl) diricinoleoylglycerol, an Acylglycerol
Containing Four Acyl Chains, in Castor (Ricinus communis L.) Oil
by LC-ESI-MS. J. Agric. Food Chem. 2006, 54, 3498—3504.

6. Lin, J.T.; Arcinas, A. Regiospecific |dentification of
2-(12-Ricinoleoylricinoleoyl)-1,3-diricinoleoyl-sn-glycerol in
Castor (Ricinus communis L.) Qil by ESI-MS. J. Agric. Food
Chem. 2008, 56 (10), 3616-3622.

7. Lisa, M.; Lynen, F; Holcapek, M.; Sandra, P. Quantiation of
Triacylglycerols from Plant Qils Using Charged Aerosol Detection
with Gradient Compensation J. Chromatogr., A 2007, 1176,
135-142.

CAD is a registered trademark of Dionex Corporation.

Speed - Simplicity - Solutions ﬁ DIONEX
Dionex Corporation North America Europe Asia Pacific r
1228 Titan Way U.S /Canada (847) 295-7500 Austria (43) 1616 51 25 Benelux (31) 20 683 9768 (32) 3 353 4294 Australia (61) 29420 5233 China (852) 2428 3282 India (91) 22 2764 2735 IS0 E
P.0. Box 3603 i Denmark (45) 36 36 90 90 France (33) 1393001 10 Germany (49) 6126 991 0 Japan (81) 6 6885 1213 Korea (82) 2 2653 2580 Singapore (65) 6289 1190 9001 g
Sunnyvale, CA South America Ireland (353) 1644 0064 ltaly (39) 02 5162 1267 Sweden (46) 8 473 3380 Taiwan (886) 2 8751 6655
94088-3603 Brazil (55) 113731 5140 Switzerland (41) 62 205 9966 United Kingdom (44) 1276 691722 LPN 2820-01 05/11

(408) 737-0700 www.dionex.com ©2011 Dionex Corporation



