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Abstract

The fatty components of several seeds belonging to family
malvaceae were ‘studied. Three seed varieties of okra (Hibiscus
esculentas var. Pusa Swani, Baladi and Romi), Roselle seeds (Hibiscus
Sabdariffa), Egyptian Mallow seeds (Malva Parviffora) and Cottonseeds
(Gossypium Barbadense var. Giza 75) were investigated for their oil
contents, physico-chemical properties of oils, fatty acid composition,
cyclopropeniod fatty acids, phospholipids, gossypol and unsaponifiable
matter constituents. The results indicated that oil content ranged from
15.3% for okra seed (var. Pusa) to 21.5% for roselle seed. The fatty
acid profiles are generally consistent with the fatty acid pattern found in
cottonseed oil but with a wide range of prortions. The main fatty acids
were palmitic (15.27 - 34.33%), oleic (21.86 -38.27%) and linoleic
(23.63 - 49.75%). Differences were observed in oleic/linoleic ratio. All
the oils gave red colours with Halphen reagent(indication of
cyclopropenoed). The unsaponifiable matter of the studied seed oils
varied from 0.98 to 1.16%. The hydrocarbons fraction constituted from
8.05% (roselle seed oil) to 25.33% (okra seed oil va. Pusa) of the
unsaponifiable matters. Squalene compound was the major hydrocabon
(2.82 - 10.96%). The sterol fraction constituted the major component
in the unsaponifiables of all oil samples. B-sitosterol was found to be
predominant (65.23 - 84.02%). Crude cottonseed oil was more resistant
to oxidation deterioration due to the presence of gossypol which act as
natural antioxidant and also the synergistic effect of phospholipids.
Because of the allied refined colour, the absence of gossypol, the
reduced level of cyclopropenoid fatty acids beside the highly C18
unsaturated fatty acid contents, the results suggest that okra seed oil
could be considered as a new additive source for vegetable oil.
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INTRODUCTION

The continuous increase in population especially in developing countries as
well as the increase in the demand for oils and their products, necessitate the inves-
tigation of some other new and noncoventional additive sources that may participate
in solving the oils shortage problem. The plant kingdom globally provides us with a
large variety of unexploited oils and fats which could be developed commercialy.

The family Malvaceae consists of about 50 genera and 1000 species distribut-
ed throughout the world (Purseglove, 1976). Two genera are of major economic im-
portance : Gossypium which involves several species of cotton and Hibiscus, which a
part from its ornamental species provides a significant fibre crop and a tropical
vegetable. The family Malvacae includes the most important oil production plant,
cottonseed. Cottonseed oil (Gossypium spp.) accounts for the second largest produc-
tion of oil of all oilseed crops (USDA, 1988).

The high oil contents in several Malvaceae seed varieties attracted the atten-
tion of many investigators (Vakulin 1935; Lwey 1947; Jacky 1958). They suggest-
ed that the seeds of several Hibiscus varieties could be used as sources of oils for
their high oil yields which ranged from 17 to 23.8%. Many of these oils were almost
similar to cottonseed oil. Subbaram et al. (1964) examined the lipid of four seeds of
Malvaceae : kenaf, okra, Roselle and hollyhock. They found a content of 3 to 6 %
epoxy oleic acid and a linoleic acid figure remarkably close to 38%, the balance was
made up of palmitic acid (19-35%) and oleic acid (22-37%). Ahmad et al. (1979)
mentioned that the seed oil of Roselle contains 35.2% palmitic acid, 34% oleic acid,
14.6% linoleic acid, beside 4.5% of epoxy oleic acid. Al-Wandawi (1983) studied the
fatty acid composition of two okra cultivars. He reported that okra seed oil was akin
to other high oleic acid oils.

The seed oil of Malvaceae is known to contain glycerides of cyclopropene
(malvalic and sterculic), cyclopropane (dihydromalvalic and dihydrosterculic) and
epoxy conjugated di-en-ol acids (Ahmad et al., 1984). The cyclopropene acids inhibit
the biodésaturation of stearic acid to oleic acid and this leads to several adverse bi-
ochemical effects. However, such acids are largely deactivated or removed from
the oil by hydrogenation or during deodorization at 230-235°C (Gaydou and Ramane-
lina, 1984).

The component triacyl glycerols of six seed oils of Malvaceae (Egyptian cot-
ton, okra, kenaf, roselle and hollyhock) were investigated by Fiad (1991a). The oils
were f_ound to contain triacyl gycerols belonging to tri-saturated (1.0-2.1%), di-
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saturated - monounsaturated (12.3-20.9%), monosaturated-diunsaturated (30.1-
44.2%5 and triunsaturated (30.1 - 44.2%) types of triacyl glycerols. Furthermore,
Fiad (1991 b) analysed the phospholipid contents of the same six seed oils of Malva-
ceae and mentioned that total phospholipids ranged from 1.2% for okra seed oil to
1.9% for cottonseed oil. The common phosphatides were cephalins, lecithin and some
of their lysoforms. Rao (1991) determined the cyclopropenoid fatty acids of six
seed oils from Malvaceae. He found that they contained cyclopropene fatty acids,
malvalic and sterculic in the range of 1-4.4% and 0.1-1.5%, respectively. Dihy-
drosterculic acid was present in small quantities (trace 2.1%).

This study was designed to assess the status of the oils ?xtracted from seed
samples of Malvaceae family grown under Egyptian environment in terms of lipid
contents, their composition of fatty acids, phospholipids, antinutritional (gossypol
and cyclopropenoid fatty acids) and unsaponifiable fractions which can help in finding
available seeds for oil production. .

MATERIALS AND METHODS

Materials

Okra seed (Hibiscus esculentas var. Pusa Swani) was obtained from the resea-
rch field of the Horticulture Department, Faculty of Agriculture, Minia University.
Two other different varieties of okra (Baladi and Romi), and seeds of roselle
(Hibiscus Sabdariffa) and Egyptian mallow (Malva Parviflora) were purchased from
commercial seed suppliers. Cottonseeds (Gossypium Barbadense var. Giza 75) was

_obtained from the Agricultural Research Center, Ministry of Agriculture, Egypt .

Oil extraction

The seeds were ground in a disentegrator. The ground seeds were extracted
with n-hexane for 48 hours then filtered. This process was repeated 3 times using
fresh solvent each time to extract most of the oils from the ground seeds. The mis-
cella was collected, mixed and evaporated at 60°C under vacuum, then the extract-
ed oils were dried over anhydrous sodium sulphate. ’

Analytical methods

The crude oil contents were determined in triplicate by Soxhlet procedure ac-
cording to the AOAC method (1980). For the Physico-chemical studies, The AOCS
methods (197-8) were used to determine saponification value (Cd 3-25), refractive
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index (Cc 7-25), iodine value (Cd 1-25), Acid value (Cd 3a-63), Peroxide value (Cd
8-53), Phosphorus (Ca 12-55), Lovibond colour (Cc 13b-45) and Halphen test (Cb
1-25). The total gossypol contents of the crude oils was determined before and after
its reaction with P-anisidine by the difference in its spectrophotometric absorbance
at 440 nm of duplicate aliquots of the filtrate according to the AOCS method Ca 13-
56. Phospholipid contents in oils were calculated by multiplying phosphorus content
by a conversion factor of 5 (Weihrauch and Young, 1983). All analysis was per-
formed in triplicate.

Gas liquid chromatography analysis of fatty acids

The fatty acids methyl esters were prepared using benzene : methanol : con-
centrated sulfuric acid (10 : 86 : 4) and methylation was carried out for one hour at
80-90°C according to Stahl, (1967). The composition of fatty acids were achieved
by Gas liquid chromatography analysis using PYE Unicam model PV 4550 capillary
Gas chromatography fitted with flame ionization detector, the column (1.5 m x 4
mm) packed with diatomite C (100-120 mesh) and coated with 10% polyethylene
glycol adipate (PEGA). The column oven temperature was programmed at 80C/min
from 70°C to 190°C then isothermally at this temperature for 20 min and nitrogen
flow rate was 30 ml/min. Detector, injection temperatures, hydrogen and air flow
rates and chart speed were 300°C, 250°C, 33 mi/min, 330 ml/min, respectively.
The presented fatty acids were identified and calculated according to an authentic
sample of fatty acids chromatographed under the same conditions.

Gas liquid chromatography analysis of unsaponifiable matters

The unsaponifiable matters were extracted after saponification of oil at room
temperature according to the method outlined by Mordret (1968). The unsaponifia-
bles constituents of the seed lipids were analysed directly using the Unicam capil-
lary Gas chromatography PV 4550 fitted with flame jonization detector on a coiled
glass column (2.8 m x 4 mm) packed with diatomite C (100-120 mesh) and_ coated
with 1% OV-17 as stationary phase. The oven temperature was programmed at
10°C/min from 70°C to 270°C, then isothermally at this temperature for 15 min.
and nitrogen flow rate was 30 ml/min. Detector, injection temperatures, hydrogen
and air flow rates and chart speed were 300°C, 2500°C, 33 mi/min, 330 ml/min and
2 cm/mln respectively. The various fractions separted were identified and calcu-
lated according to an authentic sample of hydrocarbons and sterols chromatographed
under the same conditions.
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Measurement of stability.

The oven test method suggested by Thompson (1966) was adopted for check-
ing the stability of oils. Oil samples (50 gm) were placed in 250 ml beakers covered
with watch glasses and incubated at 63 * 1°C until rancidity took place. Rancidity
was periodically assessed every 48 hours through measuring the peroxide value.

RESULTS AND DISCUSSION

The oil contents and their characteristics are given in Table 1. It should be no-
ticed that the seeds when extracted with hexane gave an appreciable percentages of
oils that ranged from 15.3% for okra seed var. Pusa to 21.5% for roselle seed. The
high oil content for Malvaceae seeds is in good agreement with that indicated by
many investigators (Subbaram et al, 1964, Fiad 1991; Xiao et al., 1993; El-
Adawy, 1994). The saponification value of the investigated seed oils were in the
range of 190-198 refers to the high molecular weight of the fatty acids of their tri-
glycerids. The iodine value varied from 92.87 to 102.64 suggesting that these oils

_are categorized as semidrying oils. In addition, the refractive index of the resultant
crude oils were in the range of 1.4679-1.486. Results were generally in accordance
with the literature values (Ahmad et al., 1979; Badami et al., 1982; Pandi and Suri
1982; Rao et al ., 1992).

Results in Table 1 indicate that the oil seeds of roselle and Egyptian mallow
had the highest acid values, 10.15 and 6.58, respectively, whereas the rest of the
seed had acid values in the range of 4.06 to 5.22. This may reflect some degree of
hydrolysis caused by the hydrolytic enzymes during the storage of the seeds. Then
crude oils should be treated with sodium hydroxide, washed, filtered and dried in the
usual maner to overcome the problem of high acidity. Furthermore, the unsaponifia-
ble matter of the investigated seed oils varied from 0.98-11.16%. Similar results
were reported by Diab (1968) for the unsaponifiable matters of roselle seed oil and
by Abdel-Nabey et al. (1991) for those of cottonseed oil.

Results in Table 1 also revealed that crude cottonseed oil included 2.3% of
gossypol. Gossypol is a yellow phenolic dimeric sesquiterpene pigment considered as
an antinutrient because it is toxic to monogastric animals (Pons, 1977). This com-
pound was found in okra, roselle and mallow seed oils only as traces. Likewise,
crude cottonseed oil was found to possess dark colour. This color was correlated
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with the oxidation of gossypol and related pigments (Norris, 1979). On the other-
hand, the oils of the three investigated varieties of okra and Egyptian mallow seeds
were slightly coloured than that of roselle seed and had similar colour characteris-
tics to those reported for refined.oils (Mukhopabhyay et al., 1991).

The relative concentrations of fatty acids composition are shown in Table 2. It
is clear that the component fatty acids in the investigated seed oils were similar but
with a wide range of proportions. The main fatty acids are palmitic (15.27 -
34.33%), oleic (21.86-38.27%), and linoleic (23.63-49.75%). Therefore, Malva-
ceae seed oils is tipical of the oleic-linoleic group of vegetable oils since those two
acids comprise together an average of 70.68%. Differences were observed in oleic/
linoleic ratio. The data indicate that the relative concentration of oleic acid was
roughly equal to linoleic acid in both of okra seed var. Balady and roselle seed oils,
while the latest acid was the major component in okra seed oil var. Romi (32.91%),
Egyptian mallow seed oil (49.75%) as well as in cottonseedoil (47‘.52%). This rela-
tionship is in agreement with the fact that oleic acid is desaturated to linoleic acid
by the desaturated enzymes in the tissues (Diab, 1968). On the other hand, okra
seed var. Pusa due to its high oleic and palmitic acid contents (.33.48%, 34.33% re-
spectively) may be more attractive for potential food uses where shelf stability and
longer frying life are important. The fatty acid composition in the present study
correlates with the previously published data (Subbaram et al., 1964; Ahmad et al.,
1979; Fiad; 1991 a ; Rao, 1991) and the only deviation is in the oleic /linoleic ratio.
However, such variations could be attributed to varietal effect and other environ-
mental conditions.

Because of the co-occurrence of cyclopropene and epoxy acids in the seed oils
of Malvacea, it was considered worthwhile to examine the above seed oils by the
Halpphen test. All the oils gave characteristic red colours with Halphen reagent. In
order to compare the relative amounts of cyclopropene fatty acids, the degree of
the red colours formed after the reaction with the halphen reagent was measured by
the Lovibond red unit (Figure 1). It is obvious that the level of cyclopropenoid fatty
acids in the oil seeds of roselle and Egyptian mallow equalise 3 and 2.2 times re-
spectively of those presented in cottonseed oil. Therefore, it can be concluded that
H.sabdariffa and M.parvifiora seed oils can not be utilised for edible purpose due to
the carcinogenic propei'ties of the cyclopropene fatty acids. On the other hand the
amount of these cyclic acids in okra seed oils var. Pusa, Balady and Romi approaches
only 0.30, 0.55 and 0.63 times, respectively of their counterparts in cottonseed oil.
Al-Wandawt (1983) detected the Halphen positive cyclopropenoid compounds in two
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okra cultivars in amounts equal to fifth of that presented in crude cotton oil.

Data in Figure 2 show the total phospholipid content of the investigated seed
oils. Cottonseed oil contained the highest value (1230 mg/kg oil) followed by okra
seed oil var. Romi (1140 mg/kg oil), whereas, okra seed oil var. Pusa contained the
least amount (330 mg/kg oil). In this resprect, Fiad (1991 b) mentioned that the av-
erage phospholipid contents in some seed oils of Malvaceae obtained by Folch extrac-
tion was 1550 mg/kg oil.

The hydrocarbons fraction of the unsaponifiable matters ranged from 8.05%
* (roselle seed oil) to 25.33% (okra seed oil va. Pusa) (Table 3). It is evident that
squalene compound was the major hydrocabon (2.82-10.96%). Results indicated also
that cottonseed oil contained more Tricosane (C24) hydrocarbon (8.77%) than the
rest of the seeds, while Egyptian mallow seed oil contained the greatest amount of
Triacontane (C30) hydrocarbon (3.65%). In addition, the highest percentage of Tet-
racosane (C26) hydrocarbon was found in okra seed oil var. Pusa (2.16 %). The oth-
er hydrocarbon compounds were present only in minor amounts.

Table4. The relative concentration of the sterols in the unsaponifiable matters of the
investiated seed oils of Malvaceae.

sterels RRT* | Okra oil | Okra oil | Okra oil |Roselle | Mallow | Cotton

(var. Pusa) |(var. Baladi)| (var. Romi)| il oil oil
Campesterol 0851 | 546 | 654 | 677 | 531 | 508 | 591
Stigmasterol 0.905 | 3.98 1.57 251 | 262 | 1.77 | 336
p-sitosterol 1.00 | 65.23 | 72.27 | 69.20 |84.02] 83.68 | 72.09
Total sterols | A 74.67 80.38 78.48 | 91.95| 90.53 | 81.36
B-sitosterol/campesterolf ___ 11.95 11.05 10.22 | 15.82| 16.47 | 12.20

* Relative retention time to p-sitosterol (19.87 min) taken as 1.00.

The sterol fraction constituted the major component in the unsaponifiables of
all oil samples (Table 4). Roselle seed oil contained the highest amount of sterols
(91.95%) followed by Egyptian mallow seed oil (90.53%), while the unsaponifiables
of okra seed oil (Var. Pusa) showed the lowest content of total sterols (74.67%). It
is quite obvious that B-sitosterol was found to be predominant in all samples
(65.23-84.02%), besides containing campesterol in the 5.08-6.77% range and stig-
masterol at the range of 1.57 to 3.98%. The role of phytosterols in lowering the
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plasma cholesterol level was described (Swell et al, 1954). Moreover, B-
sitosterol/campesterol ratio could be used as an index to identify the purity of any
oil besides the necessary confirmatory tests (EL-Hinnawy et al, 1983). In the
present ihvestigation, B-sitosterol/campesterol ratio was calculated and ranged
from 11.05 for okra seed oil (var. Baladi) to 16.47 for Egyptian mallow seed oil. It
is worthy to indicate that the B-sitosterol/campesterol ratio of okra seed oil var.
Pusa is quite similar to that of cottonseed oil. In this respect, Abdel-Naby et al.
(1991) showed that the sterol contents of 14 crude cottonseed samples extracted
“from different cultivars varied between 42.45% and 64.25% which was mainly B-
sitosterol (76-87%) and campesterol (5.4-14.5%) and the ratioc between B-
sitosterol and campesterol varied from 10.2 to 15.4. Such results were also men-
tioned by Mohamed et al. (1995) indicating that the major sterols in kenaf seed oil
(Hibiscus cannabinus L.) were B-sitosterol (72.3% of the total sterols), campesterol
(9.9%) and stigmasterol (6.07%).

Table 5. Induction periods of the investigated seed oils of Malvaceae as determined
by the oven test at 63 + 1°C.

Source of oil Source of oil
(Days)

Okra seed Var. Pusa - 13
Okra seed var. Baladi 12
Okra seed var. Romi 13
Roselle seed 10
Mallow seed 9
Cottonseed - 15

Figure 3 (a,b) illustrated the storage stability of the various investigated seed
oils compared to that of cottonseed oil. The results revealed that crude cottonseed
oil_ was more resistant to oxidation deterioration and had an induction period of 15
days (Table 5). This resistance was attributed to the presence of gossypol which act
as natural antioxidant and also the synergistic effect of the phospholipids (Hudson
and Ghavami, 1984). Results are in a good agreement with those reported by Synder
et al. (1985). Results indicated also that the oil of the three varieties of okra seed
had moderate stability and: showed induction periods varying from 12-13 days. On
the otherhand, roselle seed and Egyptian mallow seed oils exhibrited oxidation more
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rapidally due to their high content of C18 unsaturated fatty acid (78.97 and
82.14%, respectively).

The current study recommends the use of okra seed oil as a new additive
source of vegetable oil after further biological evaluation and some refining treat-
ments. The allied refined colour, the absence of gossypol, the reduced level of cy-
clopropenoid fatty acids beside the highly C18 unsaturated fatty acid contents sug-
gest that Baladi, was relatively the most suitable variety of okra for oil production.
On the ohter hand, the high contents of acid values and cyclopropenoid fatty acids in
roselle and Egyptian Mallow oil seeds limit their use for edible purpose and may
serve in other industrial applications. This would certainly offer a partial solution
for oil difficiency in Egypt.
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* Okra A (var. pusa)
Okra B (var. baladi)
Okra C (var. romi)

Cotton

Mallow

Roselle

Okra C

Okra B

Okra A

Lovibond red wunit

Fig 1. The degree of the red colour formed by the halphen test as indication of the
amount of cyclopropene fatty acids in the oil.
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= Okra o1l Var Pusa
i Cottonseed oil

~— o = (Okra oil var. Baladi
- =% - - Okra oil var. Romi

5 10 15 20 25 30
Time (days)

Fig. 3 a. Changes in the peroxide value during the incubation of the oils of the three
okra varieties at 63 °C compared to cottonseed oil.
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