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ABSTRACT

Background: Terminalia catappa Linn. is an ornamental tree belonging to the family
Combretaceae. This study was aimed at evaluating the toxicity profile and antioxidant activity of
the oil. Materials and Methods: Oral acute and sub-acute toxicity were studied in mice using the
Organization for Economic Co-operation and Development (OECD) guidelines. The antioxidant
activity was assessed using DPPH free radical. Results: Terminalia catappa seed oil demonstrated
antioxidant activity by scavenging DPPH free radical with IC,  of 1.425 mg/mL while tannic acid
(standard) was 5.005 mg/mL. The oral LD, of the oil in mice was greater than 5000 mg/kg. The
sub-acute toxicity study, produced no significant difference in the weight and biochemical
parameters in treated animals compared to the control. Conclusion: The oil was also non-toxic
to the liver, kidney, heart and lungs on histopathological examination. Our results indicated that
Terminalia catappa seed oil is not toxic and contains beneficial phytochemical that demonstrated
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INTRODUCTION

An oil is a chemical compound that is mainly made of
hydrocarbons and it has both lipophilic and hydrophobic
characteristics. Plants are the main source of vegetable oils and
have been used as major component of human diet."? These
vegetable oils are obtained mainly from plant seeds and other
parts of fruits.”! Edible vegetable oils are liquids at room
temperature and are mainly mixtures of triglycerides that
comprises of up to three fatty acids attached to a propan-1,2,3-triol
via ester linkage.”! Qils are a key source of nutrient as they
been reported to offer higher calories when compared with
carbohydrates.) Some oils from the plant origin have been
reported to contain high amount of cholesterol and may be
a potential health risk to humans.”! The vegetable oils are
composed of various fatty acids.”*! The oils also have different
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compositions in non-glyceride components including phenolics,
steroids, squalene and tocopherols-Vitamin E.™

Human beings have used plants and their products in raw and
prepared forms without evaluation of their toxic effects on
the liver, kidney, heart and lungs.”’ The consumption of these
products without thorough evaluation of their toxicity is based
on the premise that they are safe. Oils have been used since the
time immemorial by the ancient civilizations for their therapeutic
properties. Antioxidant, anticancer, gastro protective and
antimicrobial properties of oils have been reported.!'*!!l

Terminalia catappa Linn. belongs to the family Combretaceae.!?
It is a tree mainly planted for ornamental purpose.'?! The tree
produces an edible fruit with one hard nut each).!'™™ The hard nut
also contains an edible kernel. The leaves (Figure 1-A) have been
reported to demonstrate anti-Helicobacter pylori activity and
gastroprotective property." Terminalia catappa fruits (Figure
1-B) and kernels (Figure 1-C) have been utilized for nutritional
purposes but with no detailed assessment of toxicological profile
especially that of the oil. Therefore, this study was aimed at
investigating the acute and sub-acute toxicity profile of the seed

oil in mice.
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Figure 1: A) Terminalia catappa tree (B) Terminalia catappa fruits (C)
Terminalia catappa Kernel.

MATERIALS AND METHODS

Plant collection, identification and preparation

Terminalia catappa seeds were collected at Tamaje Area,
Sokoto-Nigeria by Dr. H.E. Mshelia in January, 2021. The plant
was identified via taxonomic means and herbarium specimen
with number PCG/UDUS/COMB/0005 was prepared and then
kept for future reference at the Herbarium of the Department of
Pharmacognosy and Ethnomedicine, Faculty of Pharmaceutical
Sciences, Usmanu Danfodiyo University, Sokoto. The seeds
were allowed to dry for 28 days and the kernel was obtained by
cracking the hard nut with stone. The kernels were powdered
using a blender.

Evaluation of physicochemical parameters of the
powder kernel

These include the determination of the moisture content, total
ash value, acid insoluble ash value, alcohol soluble extractive
value and water soluble extractive value. These parameters were
evaluated according the methods described by Halilu Mem, et
al.'®) The methods are described briefly.

The moisture content

The moisture content was determined by loss of weight on drying
method. The powder sample (2 g) was transferred to an already
weighed empty porcelain evaporating dish and the total weight
was noted. The porcelain with its content was placed in an oven
at 105°C for 1 hr. It was removed and then allowed to cool in
a desiccator. Thereafter, the weight was noted. This procedure
was repeated three times at the interval of 30 min until a stable
weight was obtained. The moisture content in percentage was
determined as follows:

120

Weight loss (g)

% Moisture content = x 100

Initial weight (g)

Determination of total ash content

The total ash content was determined by transferring 2 g of the
powder sample to an already weighed clean crucible. The weight
of clean crucible and its content was determined and then heated
in a furnace at 550°C for 8 hr. The crucible and contents were
cooled and the final weight was noted. The percentage ash content
was calculated as follows:

Weight of ash (g)
x 100

% Total ash content =
Initial weight of sample (g)

Determination of acid insoluble ash

The total ash obtained was transferred to 25 mL of 2N dilute
hydrochloric acid in 250 mL conical flask. The mixture was boiled
for 5 min and then filtered through filter paper. The washing of
the residue with 2N HCI through the filter paper was repeated
3 times. The filter paper with the residual ash were dried in an
oven at 105°C in order to remove any trace of moisture. The filter
paper with its content was folded and then transferred to an
already weighed clean crucible and the weight was determined.
The crucible with its contents was placed in the furnace and then
heated at 550°C for 8 hr until the filter paper was completely burnt
to ash and the final weight noted. The percentage acid insoluble
ash was calculated as follows:

Weight of ash (g)

% Acid insoluble ash = x 100

Initial weight of sample (g)

Determination of alcohol soluble extractive value

The powder (2 g) was soaked in 30 mL of ethanol for 24 hr and
then filtered. The filtrate was transferred to an evaporating dish
with a known weight. The crucible with its content was heated
in an oven at 105°C and then cooled in a desiccator and the final
weight was noted. The percentage alcohol soluble extractive value
was calculated as follows:
Weight of extract (g) x 100
x 100

% Alcohol soluble extractive value =

Initial weight used (g)

Determination of water soluble extractive value

The powder (2 g) was soaked in 30 mL of chloroform water for 24
hr and then filtered. The filtrate was transferred to an evaporating
dish with a known weight. The crucible with its content was
heated in an oven at 105°C and then cooled in a desiccator and
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the final weight noted. The percentage water soluble extractive
value was determined as follows:

Weight of extract (g)
% Water soluble extractive value =

x 100
Initial weight used (g)

Oil Extraction

The oil was extracted according to the method described
by, Emmanuel MH et al.”! The method is briefly explained. The
Terminalia catappa oil was extracted from the blended seed with
the aid of Soxhlet apparatus. The powder (234.03 g) was extracted
with 700 mL of petroleum ether for four (4) h at 60°C. The oil
obtained was concentrated using the rotary evaporator and was
kept in an oven at 68°C for 12 h in order to obtain an oil free from
petroleum ether. The yield of the oil in percentage was calculated
using the following formula:
Weight of oil (g)

% Yield of oil = x 100

Initial weight sample (g)

Solubility/miscibility studies

The solubility/miscibility of the oil was tested in water, ethanol,
methanol, acetone, benzaldehyde, ethyl acetate, chloroform,
cyclohexane, acetic acid and phenol according to the method
of Emmanuel MH, et al.®

Organoleptic evaluations

The method described by of Emmanuel MH, et al.’! was used.
The colour, odour, taste and texture of the oil sample were
determined.

Physico-chemical evaluation of the oil

Specific gravitiy determination

Specific gravitiy of the oil was determined according to the
method.P!

Determination of acid, saponification and ester
values

The acid value, saponification value and ester value were obtained
according to the method outlined by of Emmanuel MH, et al."!

Preliminary phytochemical screening

Paper test, Sudan Il test and Salkowski’s test

The tests were carried out in accordance with the procedure
outlined by Halilu ME, Halilu ME, et al.!'>1¢]

GC-MS Analysis

The GC-MS was carried out as outline by Samira AG, et al.” The
oil was analysed on SHIMADZU GC-2010 Plus Series obtained
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at the instrument laboratory, Cyprus International University,
North Cyprus.

Antioxidant studies

The DPPH free radical assay was used for the antioxidant studies
and was conducted in accordance with described by Halilu ME,
et al.l"”

Ethical Approval and laboratory animals

The research ethical approval was given by the Ethical Committee
on Animal Research of the Department of Pharmacology and
Toxicolgy, Usmanu Danfodiyo University, Sokoto. The Ethical
approval number given was: PTAC/Tc/(He)OT/47-22 was
given. Twenty-five mice of both sexes (255 g) was obtained
from the Animal House, Faculty of Pharmaceutical Sciences,
Usmanu Danfodiyo University, Sokoto-Nigeria. The animals
were acclimatized to laboratory conditions for 14 days prior to
the experiments and maintained at a room temperature (25+2°C)
with a 12 hr light/dark cycle. Animals were given standard chow
and water ad libitum. All experimental procedures were conducted
in accordance to the Animal Research Ethical Committee,
Usmanu Danfodiyo University, Sokoto and in adherence with
the established public health guidelines in the Guide for Care and
Use of Laboratory Animals.

Acute toxicity determination

The acute toxicity of T. catappa seed oil in Mice was carried out
orally using the “Up-and- Down’ method in mice at single doses
of 500, 2000, and 5000 mg/kg in line with the OECD guideline
no. 425 (Organization for Economic Development, 2001) at
the Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo
University, Sokoto, Nigeria. Five (5) mice were picked, weighed,
and dosed with the equivalent volume of the oil. The oil was
administered by oral gavage using gastric feeding tube. Similar
dose level of T. catappa seed oil was administered to the next
animals in each group after 48 hr and observed for behavioral
signs of toxicity such as changes in fur, eyes, diarrhoea,
convulsion, tremors, salivation, lethargy, and motor activity of
the central nervous systems according to the specification of the
OECD Organization for Economic Development.™®!

Sub-acute toxicity studies

From the Acute toxicity study of T. catappa seed oil, a total of
twenty mice were randomly selected and then divided into four
(4) groups (n=5). Group 1, normal control received distilled
water while Groups II-IV received daily doses of 200, 400,
and 800 mg/kg of oil for a period of 28 days. The animals were
dosed by oral gavage, using a curved, ball tipped stainless steel
feeding needle for 28 days as described by Ugwah-Oguejiofor
CJ, et al." Signs of toxicity such as body weight, fur appearance,
and mortality were monitored. At the end of the experiment,
blood was withdrawn under anesthesia, via cardiac puncture for
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biochemical analysis. The livers, kidneys, hearts, and lungs were
excised for histopathological analysis using standard methods.

Biochemical analysis

The biochemical analyses were carried out using validated
analytical method for the quantification of serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), total protein (TP), albumin (ALB),
bilirubin (BIL), and serum electrolytes; potassium (k*), sodium
(Na*), bicarbonate, and chloride (Cl) using an autoanalyzer
machine (Raytochemray 120, Germany).

Histological analysis

The lungs, livers, kidneys, and hearts were excised and observed
for any gross lesions. Organs about 3 mm thick were taken
and fixed in 10% formal saline and processed by the paraffin
wax technique. The organ paraffin sections were cut at 3pum
using Rotary microtome (Surgcare microtome, model 335A,
USA), stained with hematoxylin and eosin (H&E) method to
demonstrate the general tissue structures.

Statistical Data Analysis

All statistical data were expressed as the mean + standard
deviation. The values were analyzed statistically by one-way
Analysis of Variance (ANOVA) followed by the Bonferroni post
hoc test with the aid of SPSS version 23 and p< 0.05 compared to
the control group was takento be significant significant. The IC_|
was determined using Graph pad prism 7.

RESULTS

Physico-chemical evaluation of powder sample

The physico-chemical parameters primarily ascertain the quality
of the kernel used for the oil extraction and is presented in
presented in Table 1.

Oil Extraction, Organoleptic and Solubility studies

The mass of the oil obtained from 234.03 g of the powder sample
was 111.95 g. The percentage yield was 47.84 %. The organoleptic
evaluation revealed that the oil had a yellowish colour, odourless,
smooth touch and tasteless. The oil was found to be soluble in
acetone, ethyl acetate, chloroform, cyclohexane and benzaldehyde
(Table 2).

Table 1: Physico-chemical parameters.

Parameter Result (%)
Moisture content value 4.5

Total ash value 3.5

Acid insoluble ash value 1.0
Alcohol soluble extractive 14.5
Water soluble extractive 6.0
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Physico-chemical properties of the oil

The results of the physico-chemical studies are presented in Table
3. These data are critical for the establishment of quality of an oil.

Phytochemical studies
Preliminary phytochemical screening

The paper test and Sudan III tests showed the presence of
oil. The Salkowski’s test indicated the presence of a steroidal/
triterpenoidal nucleus.

GC-MS Analysis

The GC-MS experiment (Table 4) showed the presence of
hexadecanoicacid,9-octadecenoicacid (E), oleicacid, cis-vaccenic
acid, octadecanoic acid, tricosanoic acid and 9-octadecenoic acid
(2)-,2,3-dihy droxypropyl ester.

Antioxidant Activity

Scavenging activity of Terminalia catappa oil and Tannic acid
(standard) against DPPH

The percentage free radical scavenging activity of Terminalia
catappa oil is presented in Table 5.

Acute toxicity studies

The LD, determination using the Up and Down method at
doses of 500, 2000, and 5000 mg/kg of the oil in mice caused no
mortality and no toxicity signs in the mice throughout the study

period.
Table 2: Solubility of the oil in organic solvents.
Solvent Solubility
Water Insoluble
Ethanol Insoluble
Methanol Insoluble
Acetic acid Insoluble
Phenol Insoluble
Acetone Soluble
Benzaldehyde Soluble
Ethyl acetate Soluble
Chloroform Soluble
Cyclohexane Soluble
Table 3: Physico-chemical properties.
Analysis Value
Specific gravity 0.947
Acid value 10.66 mgKOH/g of oil
Saponification value/index 10.94 mgKOH/g of oil
Ester value/index 0.28 mgKOH/g of oil
Iodine value/index 63.45 gI./100 g of oil
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Sub-acute toxicity and effect of T. catappa seed oil on
body weight of mice

The mice treated with oral doses of the oil at survived throughout
the 28 days of treatment. There were no observable signs of

toxicity in the group of mice when compared with control group.

Evaluation of biochemical parameters

This results in Table 6 showed the functions of the liver and kidney
as measured by serum biochemical analyses which are critical

parameters in the toxicological investigation of pharmaceuticals.

Histopathological examination

To confirm the safety of the T. catappa seed oil on body tissues,
histopathological analysis was undertaken. The result showed no
changes in the liver, kidney, heart and lung tissues in the mice
when compared to that of the control (Figure 2). This implies that
the weight changes observed in the course of the 28 days study
may not be due to the toxicity of the seed oil.

Table 4: GC-MS Analysis.

Fatty acid/ Fatty acid ester Quality
n-hexadecanoic acid 99
9-octadecenoic acid 99
Oleic acid 99
cis-Vaccenic acid 99
Octadecanoic acid 99
Tricosanoic acid 92
9-octadecenoic acid (Z)-, 2,3-dihy 81

droxypropyl ester

DISCUSSION

According to WHO.? physico-chemical evaluation of plants is a
key step that is required towards ascertaining standards on purity
and quality of crude plant drug to be used for consumption or for
medicinal purposes. The presence of moisture in plants materials
encourages the growth of micro-organisms (bacterial, fungal or
yeast) and this leads to the deterioration of the active constituents
following enzymatic hydrolysis.'”! The moisture content of 4.5 %
found in the kernel indicated that the kernel from which the oil
was extracted was properly kept away from moisture/properly
dried. The total ash was found to be 3.5%. This result agrees
with™?l who reported total ash of 3.4 % in castor seeds. The acid
insoluble ash obtained was 1 % and it indicates that the kernels
have not been contaminated with inorganic substances such as
sand. The alcohol soluble extractive value was 14.5 % and water
extractive was 6.0 %. This indicates that the kernel consists more
of alcohol soluble substances than water.!"*!

The percentage yield of the oil was 47.84 % which indicates has
high concentration of oil in the kernel.?? suggested that since
the kernel has high percentage of oil, then the oil have a great
potential for application as an edible vegetable oil.

Vegetable oils can be adulterated easily by addition of cheaper,
inferior, harmful, or undesired substance(s) to the oil which may
affect its nature and quality.” Hence, the need for the evaluation
of their quality. The yellowish colour may be attributed to the
presence of dissolved organic lipophilic substances."!

Oils solubility in a wide range of solvents determines its suitability
and scope of application. Hence, the solubility profile of the oil in
different solvents was tested. The solubility of an oil determines
the spectrum of its application in the industry. The solubility
of vegetable oils especially in aqueous ethanol depends on the
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Figure 2: Representative histological sections of hearts, lungs, kidneys, and livers of animals treated with 200, 400, and 800 mg/kg extract of T. catappa seed oil
indicated no histopathological changes when compared to the control. (H&E x 100).
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Table 5: Percentage scavenging activity of Terminalia catappa oil and tannic acid (standard).

Conc. of Terminalia % Scavenging activity Terminalia

Conc. of tannic acid (mg/ % Scavenging activity of

catappa (mg/mL) catappa mL) tannic acid
0.78 51 0.3125 100
1.5 31 0.625 100
3.13 23 1.25 100
6.25 13 2.5 100
25.0 13 5.0 75
50.0 50 10.0 49
Table 6: Effect of T. catappa seed oil on biochemical parameters.

Parameter Unit Distil water 200 mg/kg 400 mg/kg 800 mg/kg

(control)
Albumin g/L 38.50 £ 1.56 37.50 £ 1.71 37.00 £ 0.71 39.00 + 1.08
Total protein g/L 68.50 £+ 4.35 67.50 £2.90 64.75 £ 4.13 68.75 £2.29
Total bilirubin pumol/L 2.15+1.32 0.68 £ 0.05 2.03 + 0.96 0.83 + 0.05
Dir. Bilirubin pumol/L 0.95 + 0.68 0.20 + 0.04 0.78 + 0.54 0.28 + 0.05
ALP UI/L 65.00 + 5.58 75.50 + 6.74 91.25+ 10.87 72.50+ 10.19
ALT UI/L 8.75+1.25 11.25 £ 1.97 16.00 £ 5.76 11.00 + 1.08
AST UI/L 10.50 £ 1.85 12.25 £ 0.75 14.50 = 3.01 12.50 = 1.66
Chloride (CI") mmol/L  98.50 + 2.99 92.00 + 2.35 91.50 £+ 2.26 93.75 £ 4.19
Sodium (Na*) mmol/L 139.50 + 4.11 139.75 + 3.33 131.50 + 4.57 140.75 + 1.93
Potassium (K*) mmol/L.  3.43+0.24 3.43 +0.25 3.28 £ 0.61 4.00 £ 0.39
Bicarbonate (HCO3) mmol/L  26.75 £ 2.18 27.25 £ 1.11 26.25+ 1.65 25.75£2.25
Creatinine (Cr) mmol/L  0.80 +0.17 0.88 £ 0.15 0.68 + 0.08 0.63 + 0.09
Urea (U) mmol/L 5.05 +0.77 5.30 £ 0.79 4.78 £0.26 4.53 £0.54

Statistical data presented as Mean + SD were analyzed by ANOVA followed by Bonferroni Post hoc Test. *p< 0.05 values are statistically significant.

concentration and temperature.*! The Terminalia catappa seed
oil specific gravity was 0.947 at room temperature (25°C). This
value is within the ranges of most commercial oil (groundnut oil
0.92, Palm oil 0.924, mustard oil 0.908, Sesame oil 0.923, Coconut
0il 0.925 and Soya 0.928). Specific gravity is employed with other
parameters to determine the purity of oil and its identification.
Acid value is an important parameter and it was determined to
be 10.66 mgKOH/g of oil; this value indicates that the oil consists
of high proportion of fatty acids. Saponification value of 10.94
mgKOH/g indicates low molecular weight fatty acid. The ester
value of the was 0.28 mgKOH/g of oil. The The iodine indicates
the extent of unsaturation of the fatty acids present in the oil. The
iodine value increases as the unsaturation increases. The iodine
value of the Terminalia catappa was 63.45 gl /100 g of oil and it
indicates that the oil has low degree of unsaturation.™

The phytochemical screening revealed the presence of free/
esterified sterols. Most vegetable oils have been reported to
contain sterols (e.g., cholesterol). This result agrees with Verleyen
T, et al.?) who showed that free and esterified sterols occur in

vegetable oils.
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The GC-MS revealed the fatty acid composition of the oil. The
study revealed the presence of oleic acid, n-hexadecanoic acid

and octadecanoic acid. The data agrees with Santosa OV, et al.?

The antioxidant activity was expressed in terms of the IC, . The
IC,, of the oil was found to be 1.425 mg/mL and that of tannic
acid (standard) was IC, 5.005 mg/mL. The IC_ revealed that the
oil had better antioxidant activity when compared with tannic
acid (standard). The antioxidant activity demonstrated by the oil
may be due to the presence of phenolics, terpenes and tocopherols
Savva SC, Sibel K, et al.>”! The lower the IC_; value, the higher
the antioxidant activity.

The acute toxicity revealed that T. catappa seed oil may be regarded
as safe at the specified doses and the oral LD, considered was
greater than 5000 mg/kg. The acute toxicity test is one of the most
informative methods to figure out the effect of a toxicant on a
particular organism. The outcome is fast and can be determined in
the shortest possible time."*” Since the LD, of T. catappa seed oil
is greater than 5000 mg/kg in mice, this suggest that the oil is safe.
Documented evidence has shown that pharmaceuticals with oral
LD, greater than 5000 mg/kg are relatively safe (OECD, 2001).
However, the acute toxicity data have limited clinical applications

Pharmacognosy Research, Vol 15, Issue 1, Jan-Mar, 2023
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Contro]

200 mg'kg

400 mg/'kg

800 mg'kg

Figure 3: Effect of T. catappa seed oil on relative body weights of mice treated for 28 consecutive days.

Values are shown as percentage of meanz SD; Significant in relation to control at *p < 0.05, two-way Analysis of variance (ANOVA) followed by Bonferroni post

hoc test.

Abotsi WKM, et al.! as repeated exposure of pharmaceuticals
may accumulate in the body and may gradually effect the body

tissues.2>3

The sub-acute toxicity studies revealed that the weight of the
mice reduced significantly (p<0.05) at 200 and 400 mg/kg and
a significant (p<0.05) increase at 800 mg/kg (Figure 3). The
sub-acute studies have associated the body weight of experimental
animals with the toxicity of pharmaceutical compounds.F
Weight increase of an organ may suggest the development of
hypertrophy and the other hand, a decrease may suggest necrosis
in the target organ.® T. catappa oil showed reduction in weight
at a lower dose but increase at a higher dose. The variability seen
in the weights may be due to the chemical constituents of the oil
causing weight loss at a lower dose but having a negative feedback

Pharmacognosy Research, Vol 15, Issue 1, Jan-Mar, 2023

mechanism which may result in weight gain. Further studies are
needed to ascertain this. However, this report is in contrast with
a similar study on T. catappa leaves which indicated that the
extract has no statistical significant effect on the body weight of
animals.® T. catappa seed oil may possess different constituents
from that of its leaves.

The evaluation of biochemical parameters showed that, T. catappa
seed oil did not cause significant (p>0.05) changes in the serum
liver and kidney functions. Similar reports have been documented
from T. catappa leaf extract.***! Previous researches have shown
that when the liver is injured, additional serum aminotransferases
(AST, AP and ALT) escaped into the bloodstream and raise
the serum enzymes levels.” As it is evident in our study, the
oil appears to be nontoxic to the liver. The kidney’s functional
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integrity is to maintain total body homeostasis through its role in
the excretion of metabolic wastes and in regulation of intracellular
fluid volume, electrolyte composition, and acid-base balance."”)
Our result showed that T. catappa seed oil did not induce any
biochemical. changes in the kidneys compared to control. The
histological studies showed no changes in the liver, kidney, heart
and lung tissues in the mice when compared to that of the control.
This implies that the weight changes observed in the course of the
28 days study may not be due to the toxicity of the seed oil.

CONCLUSION

The findings from the research based on the physicochemical
parameters of the powder kernel showed that the kernel is
of good quality. The oil had acid value of 10.66 mgKOH/g,
saponification value of 10.94 mgKOH/g and iodine value of 63.45
gl /100 g of oil which indicated that the oil is of good quality.
The oil demonstrated antioxidant activity with IC, = 1.425 mg/
mL which showed that it had better antioxidant activity when
compared with tannic acid (standard) with IC_ = 5.005 mg/mL.
The oral acute toxicity study revealed that the oil is relatively safe
with LD, greater than 5000 mg/kg in mice. The sub-chronic
toxicity study affirmed that the oil is nontoxic to the liver, kidney,
lungs and heart. The reduction in weight caused by the oil suggest
that the oil may be used in weight loss therapy.
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SUMMARY

The findings from the research showed that the oil is relatively
safe and the sub-chronic toxicity study affirmed that the oil is not
toxic to the liver, kidney, lungs and heart. The antioxidant activity
demonstrated by the oil was better when compared with tannic
acid.
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