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Abstract

The impetus for development of underutilized, lesser known seed and seed oils for domestic and
industrial applications is derived from the overdependence on the well known ones and the resultant
high cost of such. This study was therefore conducted to evaluate the nutritional properties of Cordia
sebestena seed and seed oil for their potential applications. Proximate analysis, mineral components
and anti-nutritional factors were investigated in the seed while the seed oil was characterized and
investigated for its fatty acid profile using various methods reported in literatures. The results show
that the seed could be a good source of oil (40.3 + 0.8%) and protein (11.5 = 0.6%). It could also
supply some macronutrients like Mg, Ca and Na along with Zn which is an essential micronutrient.
The anti-nutrient contents, phytate, tannins and oxalate were high and can be drawbacks to the
applications of the seed in food. These may be removed by domestic processing. The properties of
the seed oil show that it may be useful in alkyd resin synthesis, biodiesel and soap production. The
fatty acid profile shows that the seed oil has predominantly oleic acid (Cyg;) being 71.1% of the total
fatty acid in the oil which is good for human consumption. Cordia sebestena seed and seed
oil demonstrate potentially valuable applications, there is however need to further study the amino
acid profile of the seed and the effects of domestic processing on the anti-nutrient components.
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CORDIA SEBESTENA TOHUMUNUN VE TOHUM YAGININ
BESINSEL OZELLIKLERI VE POTANSIYEL DEGERI

Ozet

Az kullanilan hammaddelerin gelistirilmesinin ivme kazanmasi ile iyi bilinen tohum ve tohum yaglarina
olan asir1 bagimliliktan ve bunun sonucundaki yiiksek maliyetten dolay: geleneksel ve endistriyel
uygulamalar icin az bilinen tohum ve tohum yaglar: tiiretilmistir. Bu nedenle Cordia sebestena tohum
ve tohum yaginin kullanim potansiyeli bakimindan besinsel ¢zelliklerinin degerlendirilmesine yonelik
bu calisma yapilmustir. Tohum yaginda literatiirde rapor edilen cesitli analizler kullanilarak yag asidi
profili incelenmis ve karakterize edilmisken, tohumda ise genel bilesim, mineral bilesenler ve anti-besinsel
faktorler arastirilmistir. Sonuclar tohumun iyi bir yag (%40.3 + 0.8) ve protein (%11.5 £ 0.6) kaynagi
olabilecegini gostermektedir. Tohum ayni zamanda Mg, Ca ve Na benzeri bazt makro-elementler ile
esansiyel bir mikro-element olan Zn kaynagi olabilir. Anti-besinlerden fitat, tanen ve oksalat icerigi
yiksektir ve gidalarda tohumun kullanimi sakincali olabilir. Bu maddeler belki geleneksel gida isleme
yontemleri ile giderilebilir. Tohum yaginin 6zellikleri onun alkid recine sentezinde, biyodizel ve sabun
tretiminde kullanislt olabilecegini gostermektedir. Yag asidi profili toplam yagin %71.1 oraninda insan
tuketimi icin iyi bir yag asidi olan oleik asiti (Cyg;) agirliklt olarak bulundurdugunu gostermektedir.
Cordia sebestena tohumu ve tohum yaginin 6énemli kullanim alanlar olabilecegi gorilmustir, ancak
tohum yaginin aminoasit profili ve anti-besinler tizerine geleneksel islemlerin etkileri konularinda daha

fazla calismaya ihtiyac vardir.

Anahtar kelimeler: Cordia sebestena; genel bilesim; anti-besin; mineral bilesenler; yag asitleri

INTRODUCTION

There are increasing demands for foods; improved
and larger volume of agricultural products and
new food products’ research in many developing
countries of the world. The demands require
investigation into the full potential of several
species of local agricultural plants that abound or
may be grown in such countries that are not
currently being utilized or under-utilized. The
purpose is to mitigate against problems of
development and growth associated with high
population growth rates, limited and rapidly
diminishing land for food and forage productions
among others. Thus, the development of
underutilized, lesser known seeds and seed oils
for domestic and industrial applications is very
imperative (1).

One of the plants with seed and its seed oil that
has not been fully investigated nor explored for
its domestic and industrial application potentials
is Cordia sebestena. Cordia sebestena is a species
of flowering plant in the Boraginaceae family (2).
Archaeological study indicates that the plant is
native to the islands, American tropics,
from southern Florida through the Bahamas

southwards throughout Central America (3). The
plant is therefore a tropical plant. The plant was
recently introduced into Nigerian flora and holds
potential for applications and
cultivation. Previous study had reported the
application of C. sebestena in Hawaii (2). The
dark green leaves are used for dyeing; the dark
orange flower used to make a Hawaiian flower
necklace/ garland (Lei) and the wood calved into
different articles such as food vessels, canoes
among others. The embryology of C. sebestena
has been documented in literature (4). The plant
can grow to a height of 25 feet and grows well in
tropical or subtropical region. There is however
paucity of information on the nutritional properties,
the potential industrial applications, and even
the phytochemical constituents of the plant.

commercial

Thus, this study is undertaken to fill this gap.
The motivation for investigating the nutritional
properties and the potential applications of
under-utilized seeds and their seed-oils is also
derived from the high cost implication of the
competitive applications of the well known and
industrially explored seeds and seed oils. The
competing demands for human foods, animal



feed formulation and industrial applications of
well known seeds and seed oil had placed heavy
financial burden that can be lightened through
the development of other seed for applications
through research. This study is therefore aimed
at investigating the proximate nutritional values
of Cordia sebestena seed and seed oil; mineral
content of the seed; fatty acid profile of the oil
and to propose possible applications for the seed
and its oil based on the observed properties.

MATERIALS AND METHODS

The seeds of Cordia sebestena, obtained from
Redemption Camp, Mowe, Nigeria, were
thoroughly sun dried, screened to remove
undesirable materials such as stones and other
impurities. The seeds were ground into powder,
kept in air-tight polythene containers and stored
in a refrigerator (4 °C) prior the laboratory analysis.
All reagents used were analytical grade reagents.

Proximate Analysis of C. sebestena Seed

Moisture content of the sample was determined
by placing 2 g of the powdered sample in oven
and dried at 105 °C till constant weight. Another
portion of the sample (2 g) was subjected
to ashing in a muffle furnace at 550 °C by until
no presence of black particles according to
Association of Official Analytical Chemists (5).

The fat content from the powdered sample was
obtained by weighing 5 g of the sample and
extracting it in continuous extractor (soxhlet)
with n-hexane until a clear n-hexane solution is
noticed in the extractor. Determination of crude
fibre was carried out with 2 g of the dry powdered
sample extracted with n-hexane. The extracted
sample was air dried, then treated under standardized
condition with boiling dilute H,SO,, boiling dilute
NaOH, water, dilute HCI, alcohol and diethyl
ether. The treated sample was then heated with
dull-red heat to determine the crude fibre (6).

The crude protein component of the seed sample
was analyzed by using method described by
Kjeldahl (7) while carbohydrate content was
estimated by the difference of the sum of all the
proximate composition from 100%.

Mineral Content Determination in Seed

The mineral compositions of the sample were
determined by dry ashing the powder sample in
a muffle furnace at 550 °C (1, 6). The dry ash was
then dissolved in 10% HCI and the resulted solution
was used to determine some beneficial minerals
content of the sample (Na, Ca, Mg, K, Zn) and
the presence of a toxic metal (Pb) using Flame
Atomic Absorption Spectrophotometer (Shimadzu
AA-7000).

Determination of Anti-nutrient Components

Anti-nutrient components (phytate, tannins and
oxalate) were also investigated in the seed. The
determination of phytate contents in the seed
sample was carried out by using the method of
Young and Graves (8). Tannin was investigated
with the method described by Markkar and
Goodchild (9). Oxalate was analysed by treating
the powdered seed sample with 0.75 M, H,S0,
stirred and filtered using Whatman No 1 filter
paper. The filtrate was then titrated hot (80 - 90 °C)
against standard potassium permanganate to a
persistent faint pink color (10).

Characterization of the Seed Oil

The specific gravity of the seed oil was determined
with specific gravity bottle while the refractive
index was measured with the aid of Abbe
refractometer (Optic Ivymen System) at 313 K
(6, 7). The saponification value was obtained by
adding alcoholic KOH solution to the sample in
excess, heated by reflux on a boiling water bath.
The excess KOH was titrated with 0.5M HCI
using phenolphthalein as indicator to assess the
quantity of KOH used up in saponification (5).
The peroxide value was evaluated in the dark by
dissolving the samples in a mixture of acetic acid
and diethyl ether, boiled and poured into a
titration flask containing 5% KI. The contents
were titrated with 0.02 M sodium thiosulphate
using starch indicator (11). Todine value was
estimated by method described by Joslyn (11).
Acid value and free fatty acid were determined
by dissolving the samples in a percentage (v/v)
of alcohol and then titrated with 0.1 M KOH using
phenolphthalein indicator (5).

Fatty acid profile of the Seed Oil

The extracted oil was analyzed for fatty acid
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profile by a modification of a method specified
by Akintayo (1) using an Agilent 7890 A series gas
chromatography interfaced with mass spectrometer
(GC-MS) with a HP-5MS column (30 m x 0.32 m
i.d., 0.25pm film thickness). The injector and
detector temperature was maintained at 240 °C and
250 °C respectively. The temperature programming
used for the analysis was 160 °C for 2 min and
finally increased to 240 °C at 4 °C/min. Nitrogen
was used as the carrier gas at a flow rate of 1.5
mL/min. The area percentages were recorded
with a standard Chemstation Data System.

STATISTIC ANALYSIS

All the experiments were carried out in triplicates
and the mean + standard deviation are reported.

RESULTS AND DISCUSSION

Proximate Composition of C. sebestena Seed

The results of the proximate analysis of the seed
of Cordia sebestena are presented in table 1. Low
moisture content and high dry matter contents
are desirable for preservation and long shelf life
of the seed. The obtained results for these two
parameters in this seed are within reasonable
limits and are comparable with others seeds that
have been documented in literature to have
potential uses (12, 13). The ash content which
measures the gross inorganic components in the
seed was relatively low which indicate that seed
has more organic components (99.5%) than the
inorganic ones. The ash content is relatively lower
that other seeds reported in literature (13 - 16).
Of much interest is the percentage composition
of the fat and oil which is 40.3 + 0.8%. The fat and
oil is the most prominent proximate component
of the seed. This implies that the seed will be a rich
source of fat and oil which could be investigated
for both domestic and industrial exploration. The
crude protein content is within the range of legume
plants that are often used as sources of plant protein
(12 - 16). The marginally high crude fibre content
of the seed enhances its value in colon digestion
if applied in food and feed formulation. The
percentage carbohydrate content is next to fat
and oil in value which indicate that the seed could
be a source of carbohydrate. Generally, the

proximate analysis of the seed revealed that it
has natural balance of nutritional components.
There is however the need to investigate the
details of the specific amino acid contents, lipid
profile and the different classes of carbohydrate
present in the seed to ascertain it fully nutritional
potentials.

Table 1: Proximate analysis of Cordia sebestena seed

Proximate Contents Concentrations (%)

Moisture 8.0+0.3
Total dry matter 92.0+1.1
Ash 0.5+ 0.04
Total organics 99.5+£0.9
Fat and Oil 40.3+0.8
Crude Protein 11.5+0.6
Crude fibre 73104
Carbohydrate 328+1.2

Mineral Contents of the Seed

The results of the mineral contents of the seed
are presented in table 2. The seed is a good source
of Na, Ca and Mg, which are micronutrients
needed for proper biochemical functions in
humans compared to other seeds reported
in literature (12, 15, 17). The comparative higher
concentration of Ca relative to Na in the seed is
somewhat positive. Calcium is needed in living
tissues for structures such as bones and teeth
formation; muscular contractions; activities of
central nervous system among others. Sodium is
also essential but its high concentration is
undesirable because it is implicated as a causal
agent for hypertension. Strangely, K was below
detection limit in the seed sample which implies
that C. sebestena may not be a good source of K
supply. This nutritional information may however
be site specific than being generic for this plant.
Other metals that were detected in the plant may
also be site related except further studies on the
plant in others site are considered to confirm
otherwise. Zinc which is an essential micronutrient
was also substantially present in the seed sample
(177.2 + 3.5 mg/kg) making the seed a good
source of Zn supply. A drawback to the seed’s
domestic application is the presence of Pb in
concentration as high as 6.5 + 0.8 mg/kg. Lead
(Pb) is non-essential for any biochemical function
in the body rather it is toxic (18). This concentration
observed for Pb may be site specific relating to
the extent of pollution of the area where the



sample was collected being near to vehicular
activities. Previous works have correlated
vehicular activities with Pb pollution (18, 19). It
may also be an indicator of the affinity of the
plant for this metal and its extraction from the
environment which is a condition suitable for
phytoremediation applications of plants.

Table 2: Mineral content of Cordia sebestena seed

Metals Concentrations (mg/kg)
Ca 1725.6 £ 8.7

Na 1071.1 £10.5

Mg 872.7+5.7

K BDL

Zn 1772+ 35

Pb 6.5+0.8

BDL- below detection limit

Anti-nutrient Contents of the Seed

The concentrations of antinutrients in the seed of
C. sebestena are presented in table 3. The nutritional
values of seeds and vegetables through the
contributions of minerals, proteins and vitamins
in human are repressed by the presence of
anti-nutrients due to reduced bioavailability of
these nutrition components by their interactions
with anti-nutrients (15). Typical among these
antinutrients are oxalic acid, phytic acid, tannins
and hydrocyanic acid. A daily uptake of 450mg
of oxalic acid has been documented to interfere
with metabolism and an estimated oxalate
toxicity level range from 2 - 5 g/100 g (15). The
concentration obtained from this seed for oxalate is
slightly below the toxicity level. The concentration
is higher than values obtained for other seeds
such as Pterygota macrocarpa (17), Arachis
bypogaea L. (20) but lower than the value
obtained in the seed of Telfairia occidentalis
Hook f. (15). The documented negative effect of
oxalate includes the reduction of bioavailability of
metals such as Ca and Zn. Phytic acid on the hand
is inostol hexose phosphate which is considered
a major anti-nutritional factors that is found in all
cereals and several legumes (21). Phytic acid acts
as a strong chelating agent for dietary mineral
metals such as Fe, Ca, Zn and also inhibits several
proteolytic enzymes and amylases (21). It decreases
Fe absorption in human by 5 fold at a concentration
above 4 mg/100 g (15, 21). The concentration
found in the seed of C. sebestena (2.84 + 0.38
2/100 g) was much higher than some other seeds
that have been documented in literature. However,

phytate of concentration as high as 5.36g/100g
has been found in seasame seeds which is
among the highest in nature (21). The third class
of anti-nutritional factor found in the seed of C.
sebestena is tannins with a concentration of 4.70
+ 0.15 g/100 g. Tannins have negative effects on
protein digestibility and on mineral nutrition
(22). Most tannins in seeds are found in the seed
coat. The concentration obtained in this study is
relatively higher than other seeds documented in
literature. The high contents of anti-nutrients in
the seed of C. sebestena may be addressed by
domestic processing such as soaking, cooking,
autoclaving etc as documented in other studies

(23, 24).

Table 3: Anti-Nutrient composition of Cordia sebestena seed

Anti-Nutrients Concentrations (g/100g)

Phytate 2.84 £0.38
Tannins 470x0.15
Oxalate 1.73+£0.09

Seed Oil Characterization and Fatty Acid
profile

The results of the characterization of the seed oil
of C. sebestena are presented in table 4. The
specific gravity and the refractive index of the seed
are comparable with other well known and
underutilized seed oils in literature. The degree
of unsaturation of the oil is relatively high at
124.45 + 3.65 g iodine/100g which can classify
the oil as semi drying with suitable application in
biodiesel production, soap production and alkyd
resin synthesis (25). The high iodine value is
responsible for the seed oil being a liquid at
room temperature. The observed saponification
value (SV) for this seed (199.85 + 2.95 mg
KOH/g) is similar to that of Picralima nitida and
Jatropha curcas (25, 26). The seed oil’'s mean
molecular weight is calculated using the expression
reported in (25) which is 56/SV x 100. The result
is 280.21 g. The saponification value and the mean
molecular weight also support the potential
application of the seed oil in biodiesel and soap
productions. The unsaponfiable matter identified
in this study is similar to the one obtained for
Parkia biglobbossa seed oil. There is need for
further study to identify the exact compounds
that make the unsaponifiable matter of the seed
oil of C. sebestena. The observed free fatty acid,
acid value and peroxide values are comparable
with other seed oil in the semi drying classification
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and simply indicate that refining processes
will enhance the value of the oil for different
applications.

Table 4: Characterization of Cordia sebestena seed oil

Parameters Values
Specific gravity 0.893 + 0.01
Refractive index 1.4200 £ 0.005
Saponification value (mg KOH/g) 199.85 + 2.95
Mean Molecular Weight (g) 280.21
lodine value (g iodine/100g) 124.45 + 3.65
Peroxide value (mg KOH/g) 8.53+0.88
Unsaponifiable matter (%) 2.11 £0.81
Acid value (%) 3.08 £0.11
Free fatty acid (%) 1.52 £ 0.07
State at room temperature Liquid

Finally the fatty acid profile of the seed oil of C.
sebestena is presented in table 5. The total deg-
ree of unsaturated fatty acid is 72.2% which is
comparable with that of Picralima nitida (26)
and Jatropha curcas (25). The saturated fatty
acid found in C. sebestena is palmitic acid (C,)
which account for 27.8% of the fatty acids. The
predominant fatty acid is oleic acid (C,4,) which is
71.1% of the total fatty acid in the oil. C. sebestena
can be classified therefore as one of the seed oils
in oleic acid group. Oleic acid is a good fatty
acid because of the unsaturation against heart
vascular diseases (25).

Table 5: Fatty acid profile of Cordia sebestena seed

Fatty acid Concentrations (%)
Palmitic acid (C16) 27.8+0.8

Oleic acid (C18:1) 71.1+£0.6

Linoleic acid (C18:2) 1.1+0.1

Saturated 27.8

Unsaturated 72.2
CONCLUSION

The proximate analysis, mineral contents,

anti-nutrient components, seed oil characterization
and fatty acid profile of C. sebestena was carried
out in this study and the report of finds has shown
that the seed and the seed oil have potential
domestic and industrial applications. The seed
could be a good source of oil and protein. The
mineral content of the seed indicate its ability to
supply some macronutrients line Mg, Ca and Na

along with Zn which is an essential micronutrient.
The anti-nutrient which may be a drawback to
the domestic application of the seed can
be removed by domestic processing. The seed oil
may be useful in alkyd resin synthesis, biodiesel
and soap production based on the properties
observed and the fatty acid profile shows that the
seed oil has predominantly oleic acid which is
good for human consumption. There is however
need for further studies on the amino acid profile
of the seed and the effect of domestic processing
such as cooking, soaking etc on the anti-nutrient
components.

REFERENCES

1. Akintayo ET, Bayer E. 2002. Characterization
and some possible uses of Plukenetia conophora
and Adenopus breviflorus seeds and seed oils.
Bioresour Technol, 85, 95-97.

2. Dai J, Sorribas A, Yoshida WY, Williams PG.
2010. Sebestenoids A—D, BACE1 inhibitors from
Cordia sebestena. Phytochemistry 71, 2168-2173.

3. Burney DA, James HF, Burney LP, Olson SL,
Kikuchi W, Wagner WL, Burney M, McCloskey
D, Kikuchi D, Grady FV, Gage R, Nishek R. 2001.
Fossil evidence for a diverse biota from Kaua‘i
and its transformation since human arrival. Ecol
Monogr71, 615-641.

4. Khaleel TF. 1982. Embryology of Cordia sebestena
(Boraginaceae). Plant Syst Evol 139, 303-311.

5. Association of Official Analytical Chemists
(AOAQ). 1990. Official Method of Analysis, 13"
ed. Washington, D.C. 684.

6. Pearson D. 1976. Chemical Analysis of Foods,
7" edn. Churchill Livingstone: London, UK. 7-11.

7. Osborne DR, Voogt E. 1978. Analysis of Nutrients
in Food. Academic Press: London, UK. 47.

8. Young SM, Graves JS. 1940. Influence of Variety
and Treatment on Phytic and Acid Content of
Wheat. Food Res. 5,103-105.

9. Markkar AOS, Goodchild AV. 1996. Quantification
of Tannins. A Laboratory Manual. International
Centre for Agricultural Research in Dry Areas
(ICARDA): Aleppo, Syria. IV p. 25.



10. Day RA Jr, Underwood AL. 1986. Quantitative
Analysis, 5* edn. Prentice-Hall: Englewood, NJ. 33.

11. Josyln AM. 1970. Methods in Food Analysis.
Physical, Chemical and Instrumental Methods of
Analysis, 2™ edn. Academic Press, New York,
NY. 1-3.

12. Horax R, Hettiarachchy N, Kannan A, Chen P.
2010. Proximate composition and amino acid
and mineral contents of Mormordica charantia L.
pericarp and seeds at different maturity stages.
Food Chem. 122, 1111-1115.

13. Montano MNE, Bonifacio RS, Rumbaoa RGO.
1999. Proximate analysis of the flour and starch
from Enbalus acoroides (L.f.) Royle seeds. Aquat.
Bot. 65, 321-325.

14. Giami SY. 2004. Effect of fermentation on
the seed proteins, nitrogenous constituents,
antinutrients and nutritional quality of fluted
pumpkin (Telfairia occidentalis Hook). Food
Chem. 88, 397-404.

15. Akwaowo EU, Ndon BA, Etuk EU. 2000.
Minerals and antinutrients in fluted pumpkin
(Telfairia occidentalis Hook f.). Food Chem. 70,
235-240.

16. Sreerama YN, Sashikala VB, Pratape VM,
Singh V. 2012. Nutrients and antinutrients in
cowpea and horse gram flours in comparison
to chickpea flour: Evaluation of their flour
functionality. Food Chem. 131, 462-468.

17. Amoo IA, Agunbiade FO. 2009. Some nutrients
and anti-nutrients components of Pterygota
macrocarpa seed flour. Pacific J. Sci. Technol. 10
(2), 949-955.

18. Bulut Y, Baysal Z. 2006. Removal of Pb (1D
from wastewater using wheat bran. J. Environ.
Manage. 78 (2), 107-113.

19. Agunbiade FO, Fawale AT. 2008. Use of Siam
weed biomarker in assessing heavy metal
contaminations in traffic and solid waste polluted
areas. Int. J. Environ. Sci. Technol. 6 (2), 267-276.

20. Almazan AM, Begum, F. 1996. Nutrients and
Antinutrients in Peanut Greens. /. Food Compos.
Anal. 9, 375-383.

21. Dashti BH, Al-Awadi F, Khalafawi MS,
Al-Zenki S, Sawaya W. 2001. Nutrient contents of
some traditional Kuwaiti dishes: proximate
composition and phytate content. Food Chem.
74, 169-175.

22. Siegenberg D, Baynes RD, Bothwell TH,
Macfarlane BJ, Lamparelli RD, Car NG, Macphail
P, Schmidt U, Tal A, Mayet F. 1991. Ascorbic Acid
Prevents the Dose-Dependent Inhibitory Effects
of Polyphenols and Phytates on Nonheme-Iron
Absorption. Am J Clin Nutr. 53, 537-541.

23. Vijayakumari K, Siddhuraju P, Janardhanan
K. 1997. Effect of domestic processing on the
levels of certain antinutrients in Prosopis chilensis
(Molina) Stunz. Seeds. Food Chem., 59(3), 367 -371.

24. Vijayakumari K, Pugalenthi M, Vadivel V.
2007. Effect of soaking and hydrothermal processing
methods on the levels of antinutrients and in
vitro protein digestibility of Baubinia purpurea
L. seeds. Food Chem. 103, 968-975.

25. Akintayo ET. 2004. Characteristics and
composition of Parkia biglobbossa and Jatropha
curcas oils and cakes. Bioresour. Technol.92,
307-310.

26. Adebowale YA, Adewuyi A, Adebowale KO.
2012. Lipid composition and molecular speciation
of the triacylglycerol of the oil of Picralima nitida.
GIDA 37 (1), 1-7.

133



