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ABSTRACT: Dihydroxystearic acid (DHSA) was prepared from
palm oleic acid and characterized by chromatographic and
spectroscopic methods (gas chromatography, thin-layer chro-
matography, Fourier transform infrared and nuclear magnetic
resonance spectroscopy) as well as wet chemistry. The crude
product has a melting point of 62°C, acid value of 179, saponi-
fication value of 178, and hydroxyl value of 196. The yield was
about 90% based on unsaturation. The product obtained was
found to contain DHSA, saturated fatty acids, and unknown
products. DHSA is soluble in alcohol, and its solubility de-
creased by increasing the alcohol chain length. An irritancy test
of DHSA indicated that purified DHSA is nonirritating.
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Monohydroxy fatty acids occur in appreciable levels in the
seed oils of a few higher plants, for example, Ricinus commu-
nis, Lesquerella fendleri, and Wrightia sp. (1-3). Among the
oils from these plants, only castor oil is used commercially in
large amounts, and its major constituent is ricinoleic acid.
This acid is used industrially for the preparation of a wide va-
riety of technical products, such as sebacic acid, undecylenic
acid, polyols for polyurethane, detergents, and lubricants (3).
However, the quantities of castor oil (hence ricinoleic acid
and its derivatives) available on the market are subject to con-
siderable fluctuations owing to poor harvests in the main
growing areas of Brazil and India (4). Accordingly, there is a
need for an equivalent and/or a substitute for this chemical.
Hydroxy fatty acids with more than one hydroxyl group
can be obtained by functionalization of the alkyl chain of un-
saturated fatty acids found in common oils and fats (3). Oleic
acid is an important raw material for preparing this type of
compound. Oleic acid can be obtained by splitting oils and
fats containing the acid, for example, tallow (50% oleic acid),
tall oil (45% oleic acid), and palm oil (40% oleic acid) (5).
Various procedures have been described for preparation of
hydroxylated fatty acids from unsaturated fatty acids using
catalysts such as hydrogen peroxide/tungstic acid (6), selenium
dioxide/tert-butylhydroperoxide (7), and osmium tetroxide (8).
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Such products are of great current interest in view of their
possible use as starting material in various industrial applica-
tions. Recent research at the Malaysian Palm Oil Board
(MPOB) has successfully produced dihydroxystearic acid
(DHSA) from palm oleic acid (9). Therefore, the objective of
this study was the characterization of DHSA prepared from
palm oleic acid.

MATERIALS AND METHODS

Materials. Oleic acid (purity, 75%) was purchased from an
oleochemical company in Malaysia. DHSA was prepared in
the laboratory as described by Awang et al. (9). Hydroxy fatty
acid standards, i.e., threo- and erythro-9,10-DHSA (purity,
99%) were purchased from Sigma Chemical Co. (St. Louis,
MO). N,O-Bis-trimethylsilyl acetamide (purity, >98%) was
from Merck (Darmstadt, Germany). All other reagents were
of analytical grade and used as received. Each experiment
was carried out twice to check for the reproducibility of the
results.

Thin-layer chromatography (TLC). Sample of DHSA de-
rived from palm oleic acid were dissolved in ethanol and sepa-
rated on silica gel layers (Merck). The mobile phase of TLC
consisted of hexane, ethyl acetate and acetic acid (50:50:1, by
vol). Threo- and erythro-9,10-DHSA were used as standards
(Fig. 1). The chromatogram was visualized by charring at
140°C after spraying the plate with sulfuric acid solution (50%).

Gas chromatography (GC) of trimethylsilyl (TMS) deriva-
tives of DHSA. GC analysis was carried out using a Hewlett-
Packard HP-6860A Plus gas chromatograph (Palo Alto, CA).
The TMS derivatives of DHSA were separated on a nonpolar
column, HP-5 (Hewlett-Packard, 30 m X 0.25 mm % 0.25 wm)
with helium as the carrier gas. The oven was programmed to
hold at 150°C for 1 min, followed by ramping from 150 to
290°C at a rate of 10°C/min. The final temperature was held
at 290°C for 30 min. The injector and flame-ionization detec-
tor were set at 300°C.

Preparation of TMS derivatives. About 0.01 g of sample
was weighed into a vial. Then 2 mL of GC grade N,N-
dimethylformamide and N,O-bis-trimethylsilyl acetamide
were added. The sample was shaken for 15-30 s and warmed
at 60°C for 30 min. The sample was allowed to cool for a few
minutes before injection.

Nuclear magnetic resonance (NMR) spectroscopy of DHSA.
Proton NMR ('"H NMR) spectra were obtained on a Hitachi
NMR R-1200 spectrometer (60 MHz) in tetradeuterated
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FIG. 1. Thin-layer chromatogram of dihydroxystearic acid (DHSA) de-
rived from palm oleic acid. Developing solvent: Hexane/ethy!| acetate/
acetic acid (50:50:1, by vol). (1) Oleic acid; (2) erythro-9,10-DHSA; (3)
threo-9,10-DHSA; (4) crude DHSA,; (5) purified DHSA

methanol with tetramethylsilane as internal standard. '3C
NMR spectra were recorded on a Bruker DRX-300 (Karls-
ruhe, Germany) spectrometer at 300 MHz. The chemical
shifts are expressed in ppm.

Acid value, iodine value, hydroxyl value, and saponifica-
tion value were determined by standard procedures (AOCS
official methods): acid value, Te 1a-64; iodine value, Cd 1d-
92; hydroxyl value, Cd 13-60; saponification value TI 1a-64
(10). Fourier transform infrared (FTIR) spectra were recorded
on a Nicolet Magna-IR550 (Nicolet, Madison, WI) spec-
trophotometer.

Solubility test. DHSA (0.1 g) was placed into a conical
flask. Solvent was then added dropwise to the flask using a
buret. Continuous stirring at 30°C was carried out until no
particles were seen. The solution was stirred for 15 min be-
fore solubility was determined.

Surface tension. Surface tension measurements (ring method)
were conducted with a Kriiss (Charlotte, NC) Digital Tensiome-
ter K10T. The required weight of sample was weighed and then
dissolved in 1 M sodium hydroxide (NaOH) solution; the origi-
nal solution was then diluted at various concentrations, and
the surface tensions of these solutions were determined. All
data points were determined from triplicate measurements.
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Irritancy test of DHSA. From a preliminary analysis of the
structure of DHSA, this compound could be used as thickener
in cosmetic formulations. One of the properties required for a
cosmetic ingredient is minimal skin irritation. Therefore, it is
necessary to evaluate irritancy of this compound. Dermal irri-
tancy of DHSA was conducted using The Irritection Assay Sys-
tem, which consists of a test kit, instrumentation, and computer
software (In Vitro International, Irvine, CA). Samples were
weighed at five different concentrations—25, 50, 75, 100, and
125 mg—and placed into the membrane discs. Reagent and
blanking buffer (1250 puL) were added to a 24-well assay plate.
The membrane discs that contained various concentrations of
DHSA sample were inserted into the corresponding blank and
test sample wells of the plate. The assay plate was then incu-
bated at 25°C for 24 h. After this time the membrane discs were
removed from the assay plate, and 250 UL of reagent plus blank-
ing buffer was transferred into the 96-well reading plate. This
plate was inserted into the MRX Microplate Reader (Dynex
Technologies, Inc., Chantilly, VA).

RESULTS AND DISCUSSION

Analysis of DHSA. The DHSA produced has a high hydroxyl
value, low iodine value, satisfactory values for other charac-
teristics listed in Table 1, and satisfactory color. Properties of
the starting materials and the products, such as acid value, io-
dine value, and hydroxyl value, are shown in Table 1. The re-
sults showed that the hydroxyl value increased in the conver-
sion from oleic acid to DHSA. This indicates the formation
of hydroxyl group(s) in the compound, whereas decreases in
iodine value indicate conversion of the double bond carbon
of the starting material to a saturated compound.

During the hydroxylation, a secondary hydroxyl group
was formed. The formation of the hydroxyl group was ob-
served in the FTIR absorption at 3345 and 3250 cm™! wave
numbers (spectrum not shown). The double-bond carbon was
no longer detected at 3004 cm™ in the product. A similar ob-
servation was reported by Dahlke et al. (11) and Rakmi and
Sadi (12).

DHSA was also subjected to 'H and '>*C NMR analysis.
"H NMR of DHSA in CD;0D exhibited the following peaks:
4.85 (OH), 3.37 (-CH-0O-), 2.28 (-CH, at C2), 1.60-1.29

TABLE 1
Properties of Palm Oleic Acid, Crude DHSA, and Purified DHSA%?
Palm oleic Crude Purified
Parameter acid DHSA DHSA
lodine value (g 1,/100 g) 93.8+1.4 102+£1.6 1.1+0.2
Acid value (mg KOH/g) 2040+1.8 1793 +04 1803 +1.2
OHV (mg KOH/g) 18.7+0.5 196.0+4.2 3093 =+x3.9
Sap. value (mg KOH/g) 2045+2.6 178.0+0.2 1785+1.0
Melting point (°C) ND 61.9+1.3 90.6 + 0.9
Form Liquid Semisolid Solid

“Purified DHSA obtained by crystallization of crude DHSA from ethanol (0.3 g/
mlL) at 5°C.

bAverage values determined in duplicate and repeated twice. ND, not de-
termined; OHV, hydroxyl value; DHSA, dihydroxystearic acid.
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(CH,), and 0.90 ppm (CH,). 13C NMR confirmed the pres-
ence of the following groups: carbonyl at around 178 ppm,
C, and C,, hydroxyl carbon at 75.6 and 75.5 ppm, —-CH,— car-
bon over the range from 24.0 to 35.3 ppm, and terminal
methyl carbon at 14.8 ppm.

GC analyses of the DHSA produced were compared with
standard fatty acids as well as threo-9,10-DHSA (data not
shown). As shown in Figure 2, the chromatogram of DHSA
after conversion to TMS derivatives revealed the presence of
other compounds along with DHSA. These are due to the
fatty acid compositions of the oleic acid used, which con-
tained saturated fatty acids of various chain lengths (C,,, C,,,
C,¢ and C y); therefore, the product is not only DHSA but
also other side products.

Solubility of DHSA. The solubilities (+ SD) of DHSA (in
mg/mL) in various organic solvents were as follows:
methanol, 94.39 + 0.12; dimethylformamide, 70.01 = 0.10;
acetone, 2.70 + 0.30; chloroform, 2.56 + 0.10; toluene, 2.60 +

C18:20H

I
unknown
e unknOWR
poe—— C16
—C18
e UNKNOWN
S—ornewn— Unknown
unknown

8

:
—c10
——c12

—C16
~C18
P~ unknown

an

) T T T
25 5 75 10 125 15 175

FIG. 2. Gas chromatographic separation of the components of DHSA
prepared from palm oleic acid after derivatization with N,O-bis
trimethylsilyl acetamide. (A) Crude DHSA; (B) purified DHSA, Column:
HP-5 [(5%-phenyl)-methylpolysiloxane], 0.25 mm x 30 m x 0.25 um.
Oven: 150°C for T min, 150-290°C at 10°C/min, 290°C for 30 min. For
abbreviation see Figure 1.
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FIG. 3. Effect of alcohol chain length on solubility of DHSA, and rela-
tionship between alcohol chain length and viscosity. For abbreviation
see Figure 1.

0.20; pentane, insoluble; hexane, insoluble. (The solubility
test was conducted in triplicate, using 0.1 g DHSA. Maxi-
mum volume of solvent used was 40 mL. The test was con-
ducted at 30°C with magnetic stirring.) These results are in
agreement with the findings of Hou et al. (13). They reported
that hydroxy fatty acid is not soluble in nonpolar solvent but
is soluble in dimethylsulfoxide and alcohol. The solubility of
DHSA in alcohols of various chain lengths was also studied.
The result indicated that solubility decreased with increasing
alcohol chain length. This is probably due to the increasing
solvent viscosity and decreasing polarity (Fig. 3).

Surface tension. In this study, surface tension was mea-
sured in 1 M NaOH solutions. Surface tension for 1 M NaOH
was 61.7 mN/m. This value served as a reference for the initial

70

(o]
=1
®

o
o

B
o

Surface Tension (mN/m)
w
o

n
o

10 -

0 0.02 0.04 0.06 0.08 0.1
Concentration (%)

FIG. 4. Plot of surface tension vs. concentration of DHSA (in T M NaOH).
For abbreviation see Figure 1.
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TABLE 2
Irritancy Test of Crude and Purified DHSA*?

Dose Irritancy Irritancy for permission to publish this paper and Puaat Sapar for his techni-
Sample (mg) score classification  cal assistance.
Crude DHSA 25 0.62 Nonirritant
50 3.08 Irritant REFERENCES
75 3.81 Irritant . .
100 ~4.00 Irritant 1. Carlson, K.D., A. Chaudhry, and M.O. Bagby, Analysis of Oil
125 ~4.00 Irritant and Meal from Lesquerella fendleri Seed, J. Am. Oil Chem. Soc.
e - 67:438-441 (1990).
Purified DHSA 25 0.25 Nonfrr!tant 2. Barret, L.W., L.H. Sperling, and C.J. Murphy, Naturally Func-
50 0.40 Nonirritant . - . . S .
25 0.30 Nonirritant tionalized Triglyceride Oils in Interpenetrating Polymer Net-
100 01 o works, Ibid. 70:523-534 (1993).
: onirritan 3. Weber, N., K. Vosmann, E. Fehling, K.D. Mukherjee, and D.
125 0.29 Nonirritant

9Data were from single analyses.

bData were obtained using The Irritection Assay System (In Vitro Interna-
tional, Irvine, CA) as described in the Materials and Methods section of the
text. For abbreviation see Table 1.

surface tension before adding the product. Critical micelle
concentration (CMC) of the product was determined graphi-
cally by plotting surface tension against concentration of
DHSA in 1 M NaOH solutions. The results showed that the
CMC of the product was about 0.01% with a surface tension
of about 37.0 mN/m. Therefore, DHSA can be used as a sur-
factant. Figure 4 shows the surface tension of the product in 1
M NaOH. Knothe et al. (14) also reported similar surface ten-
sion values for dihydroxy fatty acids in their work on surface
tension studies of novel allylic mono- and dihydroxy fatty
compounds. It has been reported that hydroxy compounds
may be suitable for use in microemulsion or co-solvency or
as additives in commercial products (14).

Irritancy test of DHSA. As shown in Table 2, for the crude
DHSA the maximal qualified score is more than 4.0, which is
irritating to the skin, whereas for purified DHSA, the maxi-
mal qualified score is 0.4, which is nonirritating. The irritancy
of crude DHSA may be due to the presence of acetic acid.
However, this chemical was removed during the purification
process. This result showed the skin compatibility of purified
DHSA. Therefore, it has potential for use in cosmetics and
personal-care products. It was reported that the Dermal Irri-
tection Assay method could be employed to evaluate multi-
ple samples at varying concentrations readily. Thus the test
serves as a useful screening tool that facilitates all stages of
raw material selection, formulation development, and final
product selection (15)

JAOCS, Vol. 78, no. 12 (2001)

10.

11.

12.

13.

14.

15.

Bergenthal, Analysis of Hydroxylated Fatty Acids from Plant
Oils, Ibid. 72:361-368 (1995).

. Daute, P., and S. Gehard, Alkoxylation Products of OH-Func-

tional Carboxylic Acid Derivatives and/or Carboxylic Acid,
U.S. Patent 5,237,080 (1993).

. Gunstone, F., Fatty Acids—Nomenclature, Structure, Isolation

and Structure-Determination, Biosynthesis and Chemical Syn-
thesis, in Fatty Acid and Lipid Chemistry, Blackie Academic,
Glasgow, 1996, pp. 1-33.

. Luong, T.M., H. Schriftman, and D. Swern, Direct Hydroxyla-

tion of Fats and Derivatives with a Hydrogen Peroxide Tungstic
Acid System, J. Am. Oil Chem. Soc. 44:316-319 (1967).

. Knothe, G., D. Weisleder, M.O. Bagby and R.E. Peterson, Hy-

droxy Fatty Acids Through Hydroxylation of Oleic Acid with
Selenium Dioxide/tert-Butylhydroperoxide, Ibid. 70:401-404
(1993).

. Foglia, T.A., P.A. Barr, A.J. Malloy, and M.J. Constanzo, Oxi-

dation of Unsaturated Fatty Acids with Ruthenium and Osmium
Tetroxide, Ibid. 54:870A-872A (1977).

. Awang, R., S. Ahmad, and Y.B. Kang, Preparation of Dihydroxy

Fatty Acid from Oleic Acid, Malaysian Patent PI 9,804,456 (1998).
Official Methods and Recommended Practices of the American
Oil Chemists’ Society, 4th edn., AOCS Press, Champaign, 1995.
Dahlke, B., S. Hellbardt, M. Paetow, and W.H. Zech, Polyhy-
droxy Fatty Acids and Their Derivatives from Plant Oils, J. Am.
Oil Chem. Soc. 72:349-353 (1995).

Rakmi, A.R., and S. Sadi, Hydroxystearic Compounds from Un-
saturated Palm Fatty Acid, J. Oil Palm Res. 10:1-14 (1998).
Hou, C.T., M.O. Bagby, R.D. Plattner, and S. Koritala, A Novel
Compound, 7,10-Dihydroxy-8(E)-octadecenoic Acid, from Oleic
Acid by Bioconversion, J. Am. Oil Chem. Soc. 68:99-101 (1991).
Knothe, G., R.O. Dunn, and M.O. Bagby, Surface Tension Studies
on Novel Allylic Mono- and Dihydroxy Fatty Compounds. A
Method to Distinguish erythro/threo Diastereomers, Ibid. 72:43—
47 (1995).

Irritection® Assay System Instruction Manual, In Vitro Interna-
tional, Irvine, CA, 1996, pp. 1-11.

[Received May 4, 2001; accepted October 2, 2001]



