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Abstract The unsaponifiable matters (UM) of chloroform-methanol, Soxhlet, enzyme-as-
sisted aqueous and a rural agueous extracted samples of shea fat were comparatively, sepa-
rated by thin layer chromatography on Silica gel 60 plates. A band corresponding to a
mixture of reference sterols, and another to lanosterol, of the Soxhlet extracted sample were
eluted and analyzed by gas chromatography. The purpose was to investigate an earlier ob-
servation that the enzyme-assisted extracted samples had lower UM; and also to add to the
otherwise scanty literature on shea fat unsaponifiables. The chloroform-methanol sample
separated into 5 bands, compared to 3 apparent bands in each of the other samples. The
bands had different color reactions with 50% HySOy4, and based on the reference standards,
were distinguished into sterols, triterpene alcohols and hydrocarbons. The triterpene alco-
hols seemed to form the major components. The hydrocarbon fraction of the enzyme-assisted
shea fat UM appeared to be significantly lesser than the others. Generally the observations
suggested that the method of extraction could influence the UM of crude fats and oils. The
sterol and triterpene alcohol fractions of the Soxhlet sample showed 6 and 5 major peaks
respectively. Three sterols and two triterpene alechols formed over 90% in each group. Based
on the TLC and GC data, it appeared that cholesterol, B-sitosterol, campesterol, fucosterol,
ergosterol or most of the common phytosterols are not apparently present in the shea fat
unsaponifiables.
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INTRODUCTION

Crude shea fats are known to contain high amounts of unsaponifiable matters (UM).
Percentage compositions ranging from 2 to 17 have been reported (TANC-DEBRAH and OHTA,
1994, 1995a; Prsquet, 1992; SALUNKHE and DEsal, 1986; SWERN, 1979; Ata, 1978; CoDD et
al, 1975). These UM are thought to contribute to the numerous dermatological properties
of shea fat; (L0zANO et al, 1993; PESQUET, 1992; Ata, 1978; NEEMAN et al, 1970). However,
the high UM content is also considered to be a limitation to the use of the fat in soap
making (SALUNKHE and DEsa1, 1986).

Generally, most of the UM of crude fats and oils are removed during refining; suggest-
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ing a preference for crude fats and oils with lower UM contents. In a previous publication
(Tan0-DEBRAH and OHTA, 1995a), we reported that the UM content of shea fat apparently
decreased in enzyme-assisted extracted samples. This may be a desirable product charac-
teristic in enzyme-assisted shea fat extraction, as the low levels would require lesser treat-
ment during refining. We have made further investigation into how the decrease seems to
oceur; and have also partially determined the constituents of the UM to add to the scanty
literature on shea fat. The findings are presented in this report.

MATERIALS AND METHODS

Shea fat samples analyzed were extracted in the laboratory by (i) Chloroform-methanol
(FOLCH et al, 1957), (ii) Soxhlet extraction (using hexane), (iii) enzyme-assisted aqueous
extraction (TANO-DEBRAH and OwnTa, 1994, 1995a; TANO-DEBRAH, YOSHIMURA and OHTA,
1996) and (iv) a typical rural aqueous extraction (TANO-DEBRAH and OuTa, 1994) method.
These fat samples were designated as T.L., S, E and R respectively.

About 5-g of fat samples were refluxed gently with 50 mL of 0.5 N ethanolic KOH for
90 minutes. The unsaponifiable matters were then extracted with diethyl ether, as de-
scribed in the AOAC method (AOAC, 1984, method 28.038). The diethyl ether was com-
pletely evaporated using a rotary evaporator. The residues were redissolved in chloroform
and used for thin layer chromatographic (TLC) and gas chromatographic (GC) analyses.
Analysis by TLC. TLC was done on Silica gel 60 plates, 20 X 20 c¢m, 0.25 mm layer thick-
ness (MERCK). Cholesterol, -sitosterol, stigmasterol, ergosterol, fucosterol, lanosterol, and
squalene (all from Nacaval TEsQUE INC, Kyoto, Japan) were used as reference (standard)
compounds. Ten pL of each UM solution and chloroform solutions of the standards (the
standards were dissolved in chloroform to concentrations of about 10 pg/mlL), were spotted
on same plate, on an imaginary line. The sterols were also mixed in aliquots and spotted
together with lanosterol and the Shea fat UM solutions on other plates. The plates were
developed using chloroform/diethyl ether (9:1) or Hexane/diethyl ether (7:3), in one-dimen-
sional TLC. Developed plates were sprayed with 50% HsSO4 and oven dried (100°C, 10
min) for observation. The chloroform solutions of samples S and E were also each applied
on separate plates, developed in two-dimensions with hexane diethyl ether and chloroform/
diethyl ether (9:1) and sprayed with 50% HeSO, for observation. Sample S was again
applied in very closed spots, apparently forming a band, and developed two times in one-di-
mension with hexane/diethyl ether (7:3), or once with chloroform/diethyl ether (9:1). The
plates were dried in air and observed with a UV light, Transilluminator UVP (FUNAKOSHI,
Tokyo, Japan). The individual bands were scraped and the components extracted with
chloroform. The extracts were evaporated to dryness under vacuum below 50°C and redis-
solved in hexane. The components which corresponded to the sterols mixture or the lanos-
terol standards were used for gas chromatography (GC). These were taken as the sterols
and triterpene alcohols fractions.

Analysis by GC. GC analysis was done using a Hitachi 263—30 Chromatograph,
equipped with an flame ionization detector (FID) and an integrator (D-2500 Chromato-inte-
grator, HiracHr Co. Tokyo Japan), on a glass column (2.0 m x3 mm i.d.) packed with Sili-
cone OV-105 (2%) material on Uniport HP 80/100 support. Nitrogen was the carrier gas, at
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the flow rate of about 45 mL per minute. The injection temperature was 280°C; the col-
umn temperature was kept constant at 270°C. The retention times of the reference sam-
ples were determined under the same conditions as the experimental samples, for the
identification of the unknown sample constituents. Relative retention times (RRT) of
peaks were calculated with the retention time of cholesterol as reference.

RESULTS AND DISCUSSION

The UM of all the samples were similarly high, and consistent with the previously
reported data (TANO-DEBRAH and OHTa, 1994, 1995a). The mean values for the samples
were: T.L., 6.756%; S, 6.89%; E, 5.30%; and R, 6.08%. The mean value for the enzyme-as-
sisted aqueous extracted samples was again, comparatively lower than the others.

The typical thin-layer chromatograms of the shea fat unsaponifiables are shown in
Figs. 1 to 3. Tigure 1 shows the resolutions of all the 4 samples, and of the reference
compounds. Figures 2 and 3 show the two-dimensional chromatograms of samples S and E
respectively. The pattern of separation of the UMs were similar for all samples. There
were three major bands (or trails) from each sample, except {or sample TL., which had two
apparent additional bands. Each of the bands had a different color reaction with the 50%
HyS04. The first band for all samples had Rf of about 0.366 and corresponded well to
bands of the reference sterol mixture. The second band for the UM samples (Rf of about
0.545) also corresponded to the triterpene alcohol. In another setup in which squalene was
also spotted (chromatogram not shown) the Rf of the squalene (0.870) was within the range
(0.782~1.0) for the trailing fraction of the UM samples, suggesting that these trailing frac-
tions were the hydrocarbon fractions. In the two-dimensional TLC these hydrocarbon
trails separated into many smaller bands or trails (Figs. 2 and 3) and the content seemed to
vary for samples S and E. Separation with the hexane-diethyl ether showed similar constit-
uents as described, except that the Rf values for the various fractions were comparatively
lower (Data not shown); and it was necessary to develop a plate a second time to obtain a
better separation of bands when this solvent was used. The triterpene alcohol fraction
seemed to be in higher concentrations than the sterols fraction. There seemed also to be a
comparatively lower concentration of hydrocarbons in sample E. It is not certain however
whether this caused the observed lower UM in the enzyme-assisted extracted samples. But
it is possible that some hydrocarbons are lost in the aqueous extraction process, unlike in
the extraction with hexane or chloroform-methanol where the hydrocarbons would remain
in the organic solvent with the oil, and consequently in the oil, after evaporation of the
solvent. This seems to be the principle, as the rural agueous extracted samples (R) also
had quite a lower UM content and apparently lesser hydrocarbon fractions compared to
samples T.L. and S. SWERN, (1979) reported the sterol content of 0.09% for a refined shea
fat. In the analyses of the UMs of 18 other vegetable oils, FEDELI et al, (1968), observed
rather higher proportions of sterol than triterpene alcohols in all oils. ITOH et al, (1973)
also made similar observations in the analyses of 19 vegetable oils. The lower sterol com-
position observed on shea fat may thus be a peculiar characteristic of the fat.

Combining the Rf values and the observed color reactions, (Fig. 1) it is quite certain to
suggest that cholesterol, B-sitosterol, fucosterol and squalene are apparently not present in
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Fig. 1 One dimensional thin-layer chromatography separations of the unsaponifiables of shea fat
samples extracted by the different methods, and some reference sterol compounds, on Silica-
gel 60 plates with hexane-diethyl ether (7:3, vol/vol) as eluant. [RS, a mixture of cholesterol,

f-sitosterol, campesterol, stigmasterol, ergosterol and fucosterol; 1, total lipid (TL); 2, enzyme
extracted (E); 3, Soxhlet extracted (8); 4, rural sample (R); La, lanosterol].
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O

Fig. 2 Two dimensional thin-layer chromatophy separations of a Soxhlet-extracted shea fat unsapo-

nifiables; on Silica-gel 60 plates with the solvents: (1) HDE, n-hexane/diethyl ether (7:3, vol/
vol) and (2) CDE, chloroform/diethy! ether (9:1, vol/vol).
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Fig. 3 Two-dimensional thin-layer chromatography separations of the unsaponifiables of crude shea
fat extracted by an enzyme-assisted agqueous process; on Silica-gel 60 plates with the solvents:
(1) HDE, n-hexane/diethyl ether (7:3, vol/vol) and (2} CDE, chloroform/diethyl ether (9:1, vol/
vol).

the shea fat UM. The bands (Rf 0.782 to 1.00) of samples S and E seemed to vary in
composition, as shown by the separation in the two-dimensional TLC, (Figs. 2 and 3).
There were many constituents in the fraction of sample S than sample E. These observa-
tions were made in all replications and they seem to suggest that the method of fat extrac-
tion could influence the composition of the UM.

The gas-chromatograms of fraction 1 (corresponding to the sterols) of sample S on the
Silicone OV-105 is represented in Fig. 4. The relative retention times (RRTs) for the refer-
ence samples and for the peaks in the chromatograms are also presented in Tables 1 and 2
respectively. A later analysis of the sample on Silicone OV-1 on uniport HP 100/120 showed
similar separation pattern (Data not shown). Consistently, no peak corresponded to choles-
terol. Cholesterol was therefore used as an internal standard for the RRT calculations.
The data also suggested that B-sitosterol, campesterol, ergosterol and fucosterol were ap-
parently absent. Stigmasterol however, seemed to be present (peak 1 in Fig. 4) but in
relatively smaller concentration. Unfortunately, the main components could not be identified
based on the available reference standards. When the mixed sterols standard was analyzed,
B-sitosterol and fucosterol could not be separated on the OV-105 column; and also campes-
terol and stigmasterol on the OV-1. This made the identification rather difficult, as the
RRT of the combined compounds did not correspond to any of the peaks for the individual
compounds.

The chromatogram of Fraction 2 of sample S, on Silicone OV-105, showed 5 major
peaks (Fig. 5). The RRTs of the peaks are also shown in Table 3. In this case also, based
on the data obtained, each component could not be identified. Both the TLC and GC
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Fig. 4 A typical gas chromatography separations of the sterol fraction of Soxhlet-extracted crude
shea fat unsaponifiables; on a glass column packed with 2% Silicone OV-105 material on Uni-
port HP 80/100 support. Carrier gas was nitrogen at 45 ml/min; injection temperature,
280°C; Column temperature, 270°C.

analyses suggested the presence of lanosterol; however, this could not be confirmed for the
lack of other triterpene alcohols. ITOH et al (1982) observed similar RRTs for two or more
different triterpene alcohols. The patterns of the chromatograms suggest that two com-
pounds are predominant in the triterpene alcohol fraction, constituting over 90% of the
fraction.

Even though it was not possible to identify completely the individual components of
the Shea fat unsaponifiables, the study has revealed that triterpene alcohols are the pre-
dominant constituents. The sterols are rather present in relatively lower concentrations.
Three sterols and two triterpene alcohols seem to be predominant in their groups, forming
over 90% in each case. Data obtained have also suggested that cholesterol and many of the
common phytosterols (B-sitosterol, campesterol, fucosterol and ergosterol) are not present
in the shea fat unsaponifiables. This seems to make Shea fat UM quite different from that
of many other vegetable oils. The peculiar characteristics perhaps account for the peculiar
pharmacological properties of shea fat.
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Rf values of separated bands of Shea fat unsaponifiables.
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Rf for the different bands

Sample Band 1 Band 2 Band 3

R 0.367 0.545 0.784~1.0
E 0.366 0.546 0.782-1.0
S 0.366 0.546 0.782-1.0
TL 0.369 0.543 0.778-1.0

Table 2. Rfvalues and the relative retention times (RRT) on OV-105 and OV-1 columns,

of the reference standard compounds.

RRT
Standard Rf OV-105 OVv-1
Cholesterol 0.38 1.0 1.0
3-Sitosterol 0.384 1.625 1.480
Campesterol nd 1.236 1.225
Stigmasterol 0.378 1.857 1.293
Ergosterol 0.371 1.167 1.147
Fucosterol 0.385 1.497 1.433
Lanosterol 0.54 1.540 nd
Squalene 0.87

nd-not determined.

Table 3.  Relative Retention Times (RRT) and Relative Concentrations (RC) of the major constituents

of the Soxhlet extracted Shea fat Unsaponifiable Matters™.

Peak # RRT RC
Sterols fraction
1 1.369 2.359
2 1.469 22.005
3 1.548 14.522
4 1.674 57.328
5 1.996 1.131
6 2.507 2.408
Triterpene alcohols fraction
1 1.31 0.772
2 1.566 31.941
3 1.695 61.911
4 1.888 1.500
5 1.99 3.860

* RRT calculations were relative to retention time of cholesterol. The fat sample was extracted by
Soxhlet method and the UM fractions separated on the Silicone OV-105 column.
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Fig. 5 A typical gas chromatography separations of the triterpene alcohols fraction of Soxhlet ex-
tracted crude shea fat unsapponifiables on a glass column packed with 2% Silicone OV-105
material on Uniport HP 80/100 support. Carrier gas was nitrogen at 45 mL/min; injection
temperature, 280°C; Column temperature, 270°C.
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