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Abstract
Background and Objective: Searching non-traditional sources of edible oil is crucial in Egypt. Roselle (Hibiscus sabdariffa L.) is a vital
medicinal plant in Egypt, where all its parts are utilized except the seeds that are completely discarded. The aim of the present research
was to study the possibility of consuming roselle seed oil (RSO) as edible oil. Materials and Methods: The composition of RSO from fatty
acids, total phenolic, flavonoids and tocochromanols was assessed. In vitro antioxidant and ABTS scavenging activity and the oxidative
stability of RSO were evaluated. Oral acute lethal toxicity test of RSO was studied in mice to assess its safety. Two experiments were carried
out on rats, in the first experiment two balanced diets were fed to two groups of rats one contained 10% RSO while the other contained
the same percentage of sunflower oil as reference oil for 4 weeks. At the end of the experiment, plasma lipid profile, malondialdehyde
(MDA) and liver and kidney functions were assessed. In the second experiment, dyslipidemia was induced in rats then rats were fed either
10% RSO or 10% sunflower oil diet. At the end of the second experiment plasma glucose, lipid profile, interlukin 6 and MDA were assessed.
Data were statistically analyzed using one-way analysis of variance ANOVA followed by Duncanʼs test. Results: The RSO showed to possess
high safety and in vitro antioxidant activity. Major fatty acids were linoleic, oleic and palmitic. Total tocopherols and tocotrienols were
96.2 and 3.48 mg/100 g oil, respectively. Total phenolic and flavonoids contents were 56.31mg GAE and 4.99 mg catechin gG1 oil,
respectively. Induction period of oxidative stability of RSO was 24.88 h. All assessed parameters of first rats experiment showed
insignificant changes when rats fed on RSO diet was compared to those fed on sunflower oil diet. In the second experiment, significant
improvements in all parameters were noticed when dyslipidemic rats were fed on either RSO or sunflower diet with superiority to RSO
concerning MDA and interlukin 6. Conclusion: The RSO has high safety, oxidative stability and antioxidant activity and cardiovascular
remedial effect. It is proposed that RSO is suitable as edible oil for human consumption.
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harvested the seeds were collected from the farms in Dandara
Village, Qena Governorate, Egypt. The seeds (Fig. 1) were air
dried, washed by running water then re-air dried. The seeds
were squeezed by hydraulic pressure device to obtain the cold
pressed crude oil. The obtained cold pressed oil was used in all
the chemical and biological studies during the present
research.

INTRODUCTION
In the near testament, when Egyptian cotton was the
main summer crop in Egypt, Egyptians were producing the
enough requirements of their edible oil from cotton seeds.
After deterioration of cotton cultivation, Egypt's need to
import edible oil has increased steadily, so that it imports now
most of its actual needs (about 97%)1. It is warranted to find
alternative sources to meet the requirement from edible oil.
Hibiscus sabdariffa L., also known as roselle, is one of the
most important and famous medicinal plant in Egypt. It is used
traditionally as hot and cold beverages and as a coloring agent
in food industry. All roselle parts are useful and consumed,
where the stem is exploited to produce fibers. The leaves are
cooked like spinach in Africa and containing nutrients such as
phosphorus, calcium, magnesium and potassium2,3. However,
the economic part of roselle is the dry calyces which are rich
in anthocyanin4, amino acids, organic compounds and mineral
salts5 as well as vitamin C6.
Roselle possesses different reported remedial effect due
to presence of numerous phytochemicals. This supports the
ethno medicinal use of roselle in promoting cardiovascular
health and preventing hypertension, pyrexia, liver disorders
and microorganism growth, as well as having a diuretic,
digestive, anti-diabetic and sedative effect7. The red varieties
of roselle have antioxidant and cyclo-oxygenase inhibitory
activity8.
However, only the seeds of roselle are completely
neglected in Egypt and they are always discarded. The seed
could represent a cheap source of edible oil since it contains
a fixed oil ranged from 17-20% with characteristics similar
to that of cotton seed oil where both are belonging to
Malvaceae family4,9. Roselle is planted in an area of not less
than 11114 acres in Egypt which could provide more than
2000 t of oil. This cultivated area encourages the production
of roselle seed oil (RSO) economically in Egypt.
Before taking a decision for consuming RSO as edible oil,
it is of much concern to study its safety and stability. To the
best of our Knowledge, no safety records for such oil were
reported. The aim of the present research was to conduct a
biological and chemical study to assess the validity and
safety of roselle seed oil for human consumption as a
complementary source of edible oil.

Assessment of crude oil content of roselle seeds by solvent
extraction: The dry seed (100 g) was extracted by petroleum
ether (of analytical grade) using Soxhlet apparatus (Bionic
Scientific Technologies, Delhi, India) for 6 h. The crude oil
extracted was concentrated in a rotary evaporator and dried
by heating in a vacuum oven at 50EC for 1 h. The
Percentage crude oil content was then determined
gravimetrically10.

Oil content (%) =

Weight of extracted oil
 100
Weight of dry sample

Assessment of the composition of fatty acids in RSO by gas
chromatography (GC): Methyl esters of fatty acids (FAME)
were prepared according to AOCS official method and
assessed by GC11. Diluted FAME were separated on a HP 5890
series II (Hewlett Packard, Palo Alto, USA) equipped with an
innowax capillary column (30 m̲0.20 mm̲0.20 mm) and FID
(FID). Hydrogen was used as the carrier gas at flow rate of
1.5 mL minG1. The column temperature was isotherm (210EC).
Detector and injector temperatures were set at 240EC. Fatty
acids were identified by comparison of the retention times
with authentic standards and the results were calculated as
percentage of total fatty acids.
Oxidizability COX value was calculated as mentioned
previously12.
Determination of oxidative stability index: Oxidative
stability of the oil was assessed13 using an automated

MATERIALS AND METHODS
This study was accomplished in 2017.
Preparation of roselle seed oil by cold pressing: Roselle,
Fig. 1: Hibiscus sabdariffa L. seed (Egyptian variety)

Hibiscus sabdariffa L. (Family: Malvaceae), after being
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In vitro antioxidant activity of RSO: The antioxidant

Metrohm Rancimat model 743 (Herisau, Switzerland) at
1

100±0.1EC and an air flow of 20 L hG to determine the

activity of RSO was determined by applying ferric thiocyanate

induction period (IP) of the oil.

(FTC) method17-19. The RSO (4 mg) or reference material
[4 mg; butylated hydroxyl toluene (BHT)] were separately

Assessment of total phenolic content (TPC) of RSO: The total

placed in screw cap tubes and mixed with 4 mL of

phenolic assay was carried out using the Folin-Ciocalteu

absolute ethanol and 4.1 mL of 2.52% linoleic acid in

reagent14. One mg oil was mixed with 1 mL methanol to

absolute ethanol. An appropriate amount of 8 mL of

extract total phenolics then 500 µL of the extract was taken

0.05 M phosphate buffer (pH 7.0) and 3.9 mL of distilled

and added to 0.5 mL of the distilled water and 0.125 mL of

water were prepared and added to the previous mixture.

Folin-Ciocalteu reagent. The mixture was shaken and allowed

The contents of each tube were mixed well and placed

to stand for 6 min before adding about 1.25 mL of 7% Na2CO3.

in an incubator at 40EC in the dark for a week. To 0.1 mL

The solution was adjusted with distilled water to a final

of this solution; 9.7 mL of 7.5% ethanol and 0.1 mL of

volume of 3 mL and mixed thoroughly. After incubation in the

30% ammonium thiocyanate were added. Precisely 3 min

dark for 30 min, the absorbance at 650 nm was read versus the

after an addition of 0.1 mL of 0.02 M ferrous chloride that

prepared blank. A standard curve was plotted using different

is dissolved in 3.5% hydrochloric acid to the reaction

concentrations of gallic acid (standard, 0-1000 µg mLG1).

mixture, the absorbance was measured at 500 nm. A control

Total phenolic content was estimated as mg gallic acid

was run parallel to the test without the oil sample or

equivalents (GAE)/g oil through the calibration curve of gallic

reference. The antioxidant activity of RSO sample was carried

acid. The reaction was conducted in triplicate and results were

out in triplicate.

averaged.

Calculation of antioxidant activity20:

Determination of total flavonoid content (TFC) of RSO: The

Inhibition (%) = 100-[(A1-A0)×100]

total flavonoid contents of RSO were determined by a
modified colorimetric method using catechin as a standard15.

where, A0 is the absorbance of the control and A1 is the

Total flavonoids were extracted from RSO then the extract or

absorbance of the sample.

standard solution (250 µL) was mixed with distilled water
(1.25 mL) and 75 µL of 5% sodium nitrite (NaNO2) solution

ABTS radical scavenging assay: The ABTS radical scavenging

followed by the addition of 150 µL of 10% aluminium chloride

assay21 was based on that the pre-formed radical monocation

(AlCl3) solution 5 min later. After 6 min, 0.5 mL of 1 M sodium

of

2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic

acid)

•+

hydroxide (NaOH) and 0.6 mL distilled water were added. The

(ABTS ) is generated by oxidation of ABTS with potassium

solutions were then mixed and absorbance was measured at

persulfate and is reduced in the presence of hydrogen-

510 nm. The results were expressed as mg catechin/g of oil.

donating antioxidants. Two stock solutions were prepared, the

The determination was performed in triplicate.

first is 7 mM ABTS solution and the second is 2.45 mM
potassium persulfate solution. The working solution was then

Determination of vitamin E (Tocochromanols): For the

prepared by mixing the two stock solutions in equal quantities

determination

and

and allowing them to react for 12-16 h at room temperature

tocotrienols), about 250 mg of oil in 25 mL of n-heptane was

in the dark. Before use, the solution was diluted with ethanol

directly used for the HPLC. The HPLC analysis was conducted

to obtain absorbance between 0.800 and 1.000 at 734 nm.

using a Merck Hitachi low pressure gradient system, fitted

This solution was mixed with the sample (25-100 µg mLG1) or

with aL-6000 pump, a Merck Hitachi F-1000 fluorescence

reference material (vitamin C). A control containing methanol

spectrophotometer (detector wave lengths for excitation

and ABTS•+ solution was also run. The absorbance was read at

was 295 nm, for emission 330 nm) and a D-2500 integration

734 nm after 30 min incubation at 25EC. The percentage

system. The sample in the amount of 20 µL was injected

inhibition of free radical ABTS was calculated from the

with a Merck 655-A40 autosampler onto a Diol phase HPLC

following equation:

of

tocochromanols

(tocopherols

column 25 cm-4.6 mm ID (Merck, Darmstadt, Germany)
using a flow rate of 1.3 mL minG1. The mobile phase used was

Inhibition (%) =

n-heptane/tert butyl methyl ether (99:1, v/v)16.
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weighed for calculating organ/body weight%. A second
experiment was conducted parallel to the first experiment. In
the second experiment, 18 rats of body weight ranging from
100-120 g were fed on dyslipidemic diet composed of
12% casein, 19.05% starch, 38.2% sucrose, 3.5% salt mixture,
1% vitamin mixture, 0.25% cholic acid, 1% cholesterol and
25% coconut oil for 4 weeks according to Mohamed et al.30
study with some modifications. The modification resides in
using 25% coconut oil in the present study instead of 20% on
the expense of carbohydrate. Blood samples were obtained
from 6 fasted rats for determination of plasma lipid profile and
MDA using the aforementioned methods (to confirm the
induction of dyslipidemia) and the rats were kept alive and
continued feeding on dyslipidemic diet together with the
other 12 rats. After a week rats were divided into three groups;
each of 6 rats. Rats of the first group continued feeding on the
same dyslipidemic diet while rats of the second and third
groups were shifted to the aforementioned two balanced
diets (A and B, respectively) and the feeding continued for
three weeks. At the end of the second experiment, rats were
fasted and plasma glucose was estimated31. Plasma lipid
profile (T.Ch, TG and HDL-Ch) and MDA were determined by
the above mentioned methods. Interlukin 6 was assessed
using ELISA kit obtained from KOMA BIOTECH, Seoul, Korea. In
the first and second experiments LDL-Ch was calculated32. Also
HDL-Ch/T-Ch was calculated as a risk factor for cardiovascular
diseases (CVD).

where, Abscontrol is the absorbance of control, Abssample is the
absorbance of ABTS•++ sample or reference material.
Animal experiments: Animal experiments in the present
study were carried out according to the Medical Research
Ethics Committee for institutional and national guide for the
care and use of laboratory animals, National Research Centre,
Cairo, Egypt.
Acute oral lethal toxicity test: Senile healthy albino mice
(28 male and 28 female) of 23-25 g were used in the acute
toxicity test22. Animals were obtained from the animal house
of National Research Centre, Cairo, Egypt. Each group of mice
(8 mice each: 4 male and 4 female) was kept in a stainless steel
cage with free access to water and food. Mice were divided
into seven groups (8 animals/group). The 24 h mortality
counts (if any) among equal sized groups of mice receiving
progressively increasing oral dose levels from 0.5-10 g RSO/kg
mouse body weight were recorded.
Studying the effect of consumption of RSO in the diet on
different biochemical and nutritional parameters in both
normal healthy and dyslipidemic rats: Male albino rats
weighing 100-120 g were obtained from animal house of
National Research Centre, Cairo, Egypt. Rats were kept
individually in stainless steel cages, water and food were given
ad libtium. Two experiments were carried out at the same
time. In the first experiment 12 rats were divided into two
groups; each of 6 rats. Rats of the first group were fed on
balanced diet containing 12% casein, 73.5% starch, 3.5% salt
mixture, 1% vitamin mixture and 10% sunflower oil (Diet A).
Rats of the second group were fed on a diet having the same
composition except for replacing 10% sunflower oil by 10%
RSO (Diet B). The experiment continued for 4 weeks. During
the experiment body weight and food intake were recorded
weekly. At the end of the study, total food intake, body weight
gain and food efficiency ratio (Body weight gain/total food
intake) were calculated. The growth curves of rats of the
2 groups were drawn. Rats were fasted and blood samples
were obtained from eye vein orbital of anaesthetized rats and
received in heparinized tubes. Plasma was separated by
centrifugation at 3000 rpm (Hanil Science Industrial,
Korea). Plasma lipid profile represented by total cholesterol
(T.Ch), triglycerides (TG) and HDL-Ch were determined
colorimetric23-25. Malondialdehyde (MDA) was assessed as an
indicator of lipid peroxidation26. Liver function was evaluated
through determination of aspartate transaminase (AST) and
alanine transaminase (ALT) activity27. Kidney function was
assessed through determination of plasma urea and
creatinine28,29. Liver, kidney and heart were separated and

Statistical analysis: The results were expressed as the
Mean±SE. Results of the biological experiments were
analyzed statistically using the one-way analysis of variance
ANOVA followed by Duncanʼs test. In all cases p<0.05 was
used as the criterion of statistical significance.
RESULTS
Crude oil content of Hibiscus sabdariffa seeds obtained
by solvent extraction was found to be 20%.
Fatty acids' composition of RSO: Fatty acids profile of roselle
seed oil is illustrated in Table 1. The principal fatty acids
present in RSO were linoleic (37.11%), oleic (33.08%), palmitic
(17.19%) and stearic (7.96%). The percentage of saturated fatty
acids (SFA), mono unsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) were 27.49, 33.93 and
38.58%, respectively, which refers to a ratio of 0.82:1.02:1.16.
Total unsaturated fatty acids were 72.51%. The ratio of
PUFA/SFA and Cox value in roselle oil was calculated to be
1.4 and 4.47, respectively. Minor identified fatty acids were
lauric, myrstic, palmitoleic, linolenic, arachidic and gondoic.
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Table 1: Fatty acidsʼ content of RSO as percentage of total fatty acids

Table 3: ABTS•+ radical assay for roselle oil

Fatty acids

Concentration of RSO
and ascorbic acid
(µg mLG1)

Inhibition of ABTS (%)
-----------------------------------------------------------------RSO
Ascorbic acid

25
50
75
100

16.53±0.62
35.66±0.63
62.81±0.34
68.40±0.66

Total fatty acids (%)

Lauric (C12:0)
Myrstic (C14:0)
Palmitic(C16:0)
Palmitoleic (C16:1)
Stearic (C18:0)
Oleic (C18:1)
Linoleic (C18:2)
Linolenic (C18: 3)
Arachidic (C20:0)
Gondoic(C20:1)
Total saturated fatty acids
Total mono unsaturated fatty acids
Total poly unsaturated fatty acids
Total unsaturated fatty acids
PUFA/SFA
USFA/SFA
PUFA/MUFA
S:M:P
Cox value
Omega 6/omega 3

0.96
0.24
17.19
0.50
7.96
33.08
37.11
1.47
1.14
0.35
27.49
33.93
38.58
72.51
1.40
2.64
1.14
0.82:1.02:1.16
4.47
25.24

Values are Mean±SE
Table 4: Nutritional parameters and organ/body weight% of rats fed on diet A
and B (First experiment)

Parameters
Initial body weight (g)
Final body weight (g)
Body weight gain (g)
Total food intake (g)
Food intake g/day
Food efficiency ratio
Heart/ body weight%
Kidney/body weight%
Liver/body weight%

PUFA: Poly unsaturated fatty acids, SFA: Saturated fatty acids, USFA: Unsaturated
fatty acids, S:M:P: The ratio between saturated, monounsaturated and
polyunsaturated fatty acids

Concentration

Alpha-Toc
Beta- Toc
Gamma- Toc
Delta- Toc
Total Toc
Alpha-T3
Beta-T3
Gamma-T3
Delta-T3
Total T3
Total vitamin E
TPC
TFC

27.54±0.17
0.20±0.00
67.58±0.16
0.89±0.02
96.20±0.26
2.11±0.03
0.52±0.01
0.85±0.02
ND
3.48±0.03
99.68±0.25
56.31±0.791
4.99±0.889

Groups
-------------------------------------------------------------Rats fed on diet A
Rats fed on diet B
109.83±5.42a
167.83±8.68a
58.00±6.47a
455.83±14.97a
16.28±0.53a
0.13±0.01a
0.39±0.02a
0.69±0.03a
3.03±0.1a

109.50±3.50a
168.67±8.57a
59.17±5.82a
468.00±14.01a
16.71±0.50a
0.13±0.01a
0.38±0.01a
0.71±0.03a
3.53±0.08a

All values showed insignificant difference (similar superscripts in the same row),
Diet A: Contained 10% sunflower oil, Diet B: Contained 10% roselle oil, data were
expressed as Mean±SE

Table 2: Tocopherol (mg/100 g), tocotrienols (mg/100 g), total phenolic (mg
GAE/g)and total flavonoids (mg catechin/g) contents of RSO
Parameters

87.06±2.31
88.97±0.22
91.78±0.27
92.65±0.28

total tocotrienols concentration was 3.48 mg±0.03/100 g
oil. Total vitamin E was accounted for 99.68 mg±0.25/100 g
oil.

In vitro antioxidant activity and ABTS radical scavenging of
RSO: The antioxidant activity of RSO determined by iron
thiocyanate method was 107±0.29% while that of BHT was
108.3±0.31%. The ABTS scavenging activity of RSO (Table 3)
showed that the activity correlated to RSO concentration
where increasing the concentration from 25-100 µg mLG1
elevated the % inhibition from 16.53±0.62 to 68.4±0.66, i.e.,
four times. On the other hand, the scavenging activity of
vitamin C increased only from 87.06±2.31 to 92.65±0.28
when elevating the concentration from 25-100 µg mLG1.

Toc: Tocopherol, T3: Tocotrienol, TPC: Total phenolic, TFC: Total flavonoids, values
are Mean±SE

Oxidative stability: The Induction period of oxidative stability
of roselle oil showed high value equal to 24.88 h.

Animal experiments

Total phenolic and flavonoids: Total phenolic content was

Toxicity study: The results of the present study revealed the

found to be 56.31±0.791 as mg GAE/g oil while TFC was
4.99±0.889 as mg catechin/g oil (Table 2).

safe consumption of RSO. The highest safe dose level of the oil
in the acute toxicity test was found to be 10 g kgG1 mouse
body weight which was the highest tested dose.

Vitamin E: Tocochromanols contents of RSO are shown in
Table 2. It could be noticed that RSO contains alpha, beta,
gamma and delta tocopherols with the highest content of
gamma tocopherol (67.58 mg±0.16/100 g oil). The oil also
contained alpha, beta and gamma tocotrienols where
alpha tocotrienol was the major (2.11 mg±0.03/100 g oil).
Total tocopherol content was 96.2 mg±0.26/100 g oil while

Effect of RSO consumption in the diet on both normal and
dyslipidemic rats: In the first experiment, nutritional
parameters (final body weight, body weight gain, total food
intake and food efficiency ratio) of rats fed on diet A and B for
4 weeks showed insignificant changes (Table 4). Growth
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Diet A
Diet B

200
186.17
176.83

Body weight (g)

180.83
165.33

147.00

150

168.67
167.83

145.33
109.83
109.50

100

50

0
0

1st

2nd
Time (weeks)

3rd

4th

Fig. 2: Growth curves of rats fed on diets containing sunflower oil (Diet A) and roselle oil (Diet B)
Body weights showed insignificant changes on different time intervals when the rats fed on diet B were compared to those fed on diet A, values are Mean±SE

Table 5: Data of the first experiment compared to rats fed on dyslipidemic diet for 4 weeks
Groups
-------------------------------------------------------------------------------------------------------------------------------------------------------------Plasma parameters
TCh (mg dLG1)
1

Healthy rats fed on

Healthy rats fed on

Rats fed on dyslipidemic

diet A for 4 weeks

diet B for 4 weeks

diet for 4 weeks

73.98±0.63a

76.02±1.10a

107.07±0.95b

a

a

96.30±3.93b
27.63±0.25b

TG (mg dLG )

64.58±1.41

HDL-Ch (mg dLG1)

38.20±2.07a

64.60±1.45

38.60±1.92a

LDL-Ch (mg dLG1)

22.87±2.75a

24.48±1.94 a
a

60.17±1.37b
a

3.83±0.047b

TCh/HDL-Ch

1.95±0.120

2.00±0.089

MDA (nmol mLG1)

5.60±0.43a

5.82±0.49a

ALT (IU LG1)

28.07±2.01a

28.00±2.53a

-

AST (IU LG1)

34.40±1.96a

34.00±1.26a

-

0.80±0.05a

0.84±0.05a

-

22.50±2.98a

20.32±0.46b

-

Creatinine (mg dLG1)
Urea (mg dLG1)

10.68±0.84b

In the same row similar superscript letters mean insignificant difference while different letters mean significant difference, Diet A: Contained 10% sunflower oil,
Diet B: Contained 10% roselle seed oil, data were expressed as Mean±SE

curves of rats fed on diet A and B are shown in Fig. 2. Body

showed significant p<0.05 increase in plasma TCh, TG, LDL-Ch,

weights showed insignificant changes on different time

MDA and TCh/HDL-Ch along with significant p<0.05

intervals (1st, 2nd, 3rd and 4th weeks of the first experiment)

reduction in HDL-Ch compared to rats fed on balanced diet

when the rats fed on diet B were compared to those fed on

(A or B) for 4 weeks (from the first experiment) as illustrated

diet A. No significant changes were noticed in liver, kidney

in Table 5. This confirmed the induction of dyslipidemia in

and heart/body weight% on feeding RSO diet compared to

the second experiment after a feeding period of 4 weeks.

sunflower diet.

Shifting diet from dyslipidemic to balanced A or B produced

Biochemical parameters of the first experiment (Table 5)

significant p<0.05 reduction in plasma TCh, TG, LDL-Ch

showed insignificant changes in all determined plasma

and TCh/HDL-Ch as well as significant p<0.05 increase in

parameters when rats fed on balanced diet containing RSO

HDL-Ch compared to rats fed on the dyslipidemic diet for

were compared to those fed on balanced diet containing

8 weeks (Table 6). Feeding diet A or B could also reduce lipid

sunflower oil, except for urea that showed significant p<0.05

peroxidation represented by MDA, inflammatory biomarker

reduction on feeding diet containing RSO. In the second

(Int. 6) and plasma glucose compared to rats fed on the

experiments rats fed on dyslipidemic diet for 4 weeks

dyslipidemic diet for 8 weeks (Table 6). Rats fed on RSO diet
272
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Table 6: Data of the second experiment after a feeding period of 8 weeks

Plasma parameters

Groups
-------------------------------------------------------------------------------------------------------------------------------------------------------------Rats fed on dyslipidemic
Rats fed on dyslipidemic
Rats fed on dyslipidemic
diet and shifted to diet A
diet and shifted to diet B
diet for 8 weeks

TCh (mg dLG1)
TG (mg dLG1)
HDL-Ch (mg dLG1)
LDL-Ch (mg dLG1)
TCh/HDL-Ch
MDA(nmol mLG1)
Glucose (mg dLG1)
Interleukin-6 (pg mLG1)

97.00±1.41a
70.22±0.17a
42.57±0.52a
40.42±1.25a
2.28±0.037a
10.27±0.06a
61.05±1.55a
415.00±52.96a

95.73±2.33a
73.05±1.62a
40.77±1.98a
39.70±2.36 a
2.36±0.104a
7.02±0.11c
61.92±0.26a
113.33±13.33c

159.30±3.08b
108.90±0.93b
22.80±1.53b
114.73±3.29b
7.18±0.595b
15.92 ±0.21b
85.88±4.23b
1553.00±351.44b

In the same row similar superscript letters mean insignificant difference while different letters mean significant difference, Diet A: Contained 10% sunflower oil,
Diet B: Contained 10% roselle oil, data were expressed as Mean±SE

PUFA/SFA, PUSFA/MUSFA and USFA/SFA ratios also pointed to
stability of oil against oxidation39. Cox value of RSO in the
present study had the least value (4.47) compared to that
previously mentioned for sunflower oil and soy bean oil
(6.4 and 7.2, respectively)40 referring to its superiority
concerning resistance to oxidation. In the same
aforementioned study40, prepared blends from either
sunflower oil or soy bean oil with palm super olein (1:1) aiming
at improving stability gave similar Cox value to that of RSO.
PUFA/SFA, USFA/SFA and PUSFA/MUSFA of RSO in the present
study was of lower values than that of sunflower and soy bean
oil as reported by Abdel-Razek et al.40 pointed to the highest
stability of RSO compared to both oils.
The ratio of SFA:MUFA:PUFA in most cooking oils does not
reach the ideal ratios40, however, this ratio was 0.82:1.02:1.16
in roselle seed oil in the present study which is almost near to
the ideal ratio according to WHO (1:1:1). The balance in this
ratio is related to generation of the best LDL/HDL ratio in
blood and other health benefits. This balance is critical at any
level of fat intake, therefore, the WHO recommends slightly
less SFA and PUFA than MUFA in the balance. The unique
balance of S:M:P in RSO makes it suitable as cooking and frying
oil that could be utilized in food industry. The length of the IP
is considered a relative measure of oils' stability. The IP of
roselle oil in the present study was shown to be 24.88 h which
is higher than that of soy bean oil (10.9) and sunflower oil
(11.0) reported previously40 indicating its high stability.
The presence of tocopherols and tocotrienols in RSO
as seen in the present study renders the oil both high
oxidative stability and health benefits as antioxidant.
Gamma-tocopherol was the most considerable fraction
(70% of total tocopherols), almost more than twice of
alpha-tocopherol (28.6%), while beta-tocopherol was hardly
detected. Alpha-tocotrienols represent the abundant fraction
(61%) of the total tocotrienols followed by gamma and beta
(24.4 and 14.9%, respectively). Gamma-tocopherol could delay

produced significant p<0.05 reduction in both MDA and
Int 6 compared to those fed on sunflower oil diet.
DISCUSSION
In Egypt there is a challenge in finding out new sources
for edible oil since the majority of the Egyptian needs
from edible oil are imported. Nowadays, one of the most
commonly consumed oil in Egypt is sunflower. So the present
research spots some lights on the possibility of consuming
RSO as edible oil in comparison to sunflower oil as reference
oil.
Roselle seed oil was reported previously to be 21.85% and
17.35% from the seed33,34, while it was 20% in the present
study. It was demonstrated that the most abundant fatty acids
in RSO were C18:2 (39.31-44.72%), C18:1 (25.16-32.06%), C16:0
(18.52-20.84%), C18:0 (4.31-5.3-5.88%) and C19:1(1.7%) in
addition of vernolic acid (3.52%) and dihydrosterculic acid
(1.57)33-35. In another study36, the major fatty acids were
found to be oleic (37.92%), linoleic (35.01), palmitic (19.65) and
stearic (6.07). Myristic (0.16), myristoleic (0.17), palmitoleic
(0.56), arachidic (0.14) and eicosatrienoic (0.20) were minor
fatty acids. Recently, Ali and Al-Anany37 reported the
presence of lauric (1.25%) and linolenic (0.4%) in addition to
the above mentioned major fatty acids. The variability in oil
percentage and fatty acids could be attributed to the method
of extraction and or the geographic origin of the plant. The
present results of fatty acids fall within the range of the
aforementioned studies. The findings in the current study
meet the requirements of the FAO and WHO38 regarding the
nutritional importance of the balance in fatty acid ratio (S:M:P).
The current work showed roselle seed oil to belong to
linoleic/oleic acid category indicating its usefulness to be
utilized as a nutritional oil.
The reduction in the oxidizability Cox value was reported
as a measure of oxidative stability of the oil12. Reduction in
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the oxidation of polyunsaturated fatty acids in oil seeds. Also,
alpha and gamma-tocopherol have a special activity against
free radicals and play many roles in the regulatory functions
in the live cells41,42. So such content of tocopherol and
tocotrienols gives the oil both antioxidant and antiinflammatory activity. It was reported by Mohamed et al.35
that RSO is a good source of antioxidants particularly
gamma-tocopherol which agreed with the present results.
However, these authors reported higher total tocopherols
than that in the present study. The high content of
antioxidants in RSO reflected in vitamin E, total phenolics
and flavonoids that assayed in the present study could serve
as natural preservative that protects the oil against oxidation
or rancidity especially with the presence of total unsaturated
fatty acids that reaches 72.51%.
The present research showed that feeding RSO diet
produced no significant changes in the different assessed
biochemical parameters and organ weights in normal rats
when compared to sunflower oil. This clarified the safety of
RSO consumption in normal condition where plasma lipids,
liver and kidney function were in the normal level and even
plasma urea showed significant p<0.05 reduction compared
to sunflower diet indicating more improvement of kidney
function. In India, a decoction of the seeds is used to relieve
pain during urination7 which pointed to its health benefits
towards kidney disorder. The MDA that reflects the degree of
lipid peroxidation and oxidative stress was in the normal level
pointing to the normal antioxidant state on RSO consumption.
Plasma TCh/HDL-Ch showed normal level indicating the safety
of RSO consumption towards cardiovascular system since the
elevation of this ratio is a risk factor towards cardiovascular
diseases.
Feeding diet high in coconut oil and sucrose and
containing cholesterol and cholic acid induced dyslipidemia
when fed for 4 weeks in the present study. Dyslipidemia
extremely increased when continued feeding the same diet
for extra 4 weeks. Plasma MDA and TCh/HDL-Ch were
significantly elevated after 4 weeks of consuming the
dyslipidemic diet and was further increased by 49 and 87%,
respectively after the next 4 weeks indicating elevation in
oxidative stress and cardiovascular diseases risk, respectively.
When shifting from feeding the dyslipidemic diet to balanced
diet containing either sunflower or RSO (A and B diets,
respectively) there was significant p<0.05 improvement in all
plasma lipid parameters, TCh/HDL-Ch, MDA, glucose and the
inflammatory marker Interleukin-6. This improvement pointed
to the health benefit of consuming both oils in dyslipidemic
subjects. The RSO diet consumption showed more
improvement in MDA and interleukin-6 compared to

sunflower diet reflecting the antioxidant and antiinflammatory effect of RSO which may be related to the
presence of phenolic compounds, flavonoids, tocopherols and
tocotrienols in RSO seen in the present study and the
previously reported phytosterols43. The in vitro antioxidant
activity of RSO proved in the present study supported the
reducing power towards both MDA and interleukin-6 in the
animal experiment. The antioxidant activity of RSO was also
confirmed by the ABTS radical scavenging activity in the
current work and by the study of Mohd-Esa et al. 44 that
related the antioxidant activity to strong scavenging activity
of reactive oxygen species and was ascribed to the phenolic
content of RSO. The anti-inflammatory effect of Hibiscus
sabdariffa was reported to be mediated by reduction of
interleukins and tumor necrosis factor-alpha45 which agreed
with the present study that showed reduction of Int.6 by RSO.
Hibiscus sabdariffa flower aqueous extract could ameliorate
diabetic nephropathy via improving oxidative status and
regulating Akt/Bad/14-3-3γ signaling. Also it was capable of
reducing the plasma levels of glucose, lipid peroxide and
improving lipid profile in diabetic rats. The effect was
attributed to phenolic compounds46. So, the presence of
phenolic compounds in RSO could have a hand in the
reduction of plasma glucose, MDA and improved dyslipidemia
in the present study. Although many studies showed
hepato and reno-protective, antioxidant, anti-diabetic,
anti-inflammatory and hypolipidemic effect of polar extracts
of roselle calyx and flower 45-51 however, scarce literature were
only available concerning the remedial effect of RSO. In a
previous study37, RSO produced significant reduction in serum
cholesterol, LDL-Ch and the atherogenic index compared to
rats fed on coconut oil diet which agreed with the present
study. The composition of fatty acids in RSO could influence
plasma lipid profile, this includes the length of fatty acids and
degree of unsaturation. The high percentage of oleic acid in
RSO as shown in the present study could afford CVD
protective effect. It was reported by Mohamed et al.30 that
plant extracts rich in oleic acid improved lipid profile and
reduced oxidative stress in rats fed hyperlipidemic diets. Oleic
acid showed previously to have beneficial effect in early
events of atherosclerosis52 since it decreased lipoprotein
susceptibility to oxidation53. In vitro studies showed oleic acid
to prevent endothelium activation by inhibiting nitric oxide
production and the expression of adhesion molecules54. Also
oleic acid reduces endothelial cell sensitivity to oxidants,
creates a pro-oxidant environment by reducing reactive
oxygen species55. The anti-atherogenic property of RSO shown
by reduction of T-Ch/HDL-Ch in the present study might also
be related to the high concentration of linoleic acid as
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demonstrated previously56. It was reported by Nyam et al.57
that RSO could be added to sunflower oil instead of synthetic
antioxidant to prevent its auto-oxidation and to extend its
shelf life. The same authors ascribed RSO antioxidant effect to
the presence of phenolics, vitamin E and flavonoids which
agreed with the present study.
The safety of RSO up to the highest tested dose in the
acute toxicity test in the present study (10 g kgG1 mouse body
weight) reflected its possible consumption as dietary oil. The
dose of 10 g kgG1 mouse body weight corresponds to about
78 g/70 kg man body weight for human when the dose of
mice was extrapolated to corresponding estimates in human
adopting interspecies dosage conversion scheme58 which
reveals high safety of RSO. During the two rat experiments
conducted in the present study, normal healthy and
dyslipidemic rats were fed diet at 10% level of RSO for 4 weeks
without showing any signs of toxicity or disturbance in either
liver or kidney function or even death. If translating the 10%
RSO in the diet to dose according to food intake and rat body
weight, it could be accounted for about 12 g RSO/kg rat body
weight that pointed to the highest safety on chronic
administration. It is worthy to mention that no toxicity studies
were found on RSO in the literature however some toxicity
reports on polar extract (aqueous and alcoholic) of different
parts of roselle other than the seeds showed a very low degree
of toxicity at very high doses. Also, previous literature6 did not
reveal any case reports of adverse reaction following oral
consumption of Hibiscus sabdariffa preparations. However,
a single report has suggested that excessive doses of Hibiscus
sabdariffa calyx extract for relatively long periods could have
a deleterious effect on the testes of rats59.

Accordingly, roselle seed is recommended as a new
source of edible and healthy oil. In this concern, it is important
to pay more attention to pick the non-traditional sources to
produce edible oil.
SIGNIFICANCE STATEMENTS
This study discovers new cheap source of edible oil that
can be beneficial for human consumption and health. The
present research studied for the first time the safety and
stability of roselle seed oil as non-traditional source of edible
oil from special point of view. This could represent a solution
for the nutritional gap for edible oil in developing countries.
ACKNOWLEDGMENT
The present study was implemented in National Research
Centre, Egypt. Thanks are to Prof. Dr. Magdalena Rudzinska
Faculty of Food Sciences and Nutrition, Poznan University of
Life Sciences, Poland for her support in vitamin E and fatty
acids analysis in roselle seed oil.
REFERENCES
1.

2.

3.

CONCLUSION AND FUTURE RECOMMENDATION
C

C
C

C

C
C

4.

RSO is rich in bioactive constituents represented by total
phenolics, flavonoids and vitamin E especially gamma
tocopherol with a unique balanced fatty acid ratio (S:M:P)
refers to its possible direct human consumption
RSO has high stability against oxidation as well as high
in vitro antioxidant activity and high safety
RSO is safe concerning liver and kidney functions as well
as cardiovascular system and antioxidant/oxidant system
when fed to normal rats
RSO has a remedial effect towards cardiovascular diseases
through reduction of inflammatory biomarker, lipid
peroxidation and the atherogenic ratio (T.Ch/HDL-Ch)
The stability and health benefits of RSO seem to be
attributed to its bioactive constituents
Within the extreme of the present study, it is proposed
that RSO is suitable as edible oil for human consumption

5.

6.

7.

8.

275

Ahramonline, 2017. Egypt signs deals to import 90,000 tons
of food oil: Minister. Ahram Online, February 22, 2017.
http://english.ahram.org.eg/News/258672.aspx
Delgado-Vargas, F. and O. Paredes-Lopez, 2003. Natural
Colorants for Food and Nutraceutical Uses. CRC Press, Boca
Raton, FL., Pages: 327.
Atta, S., A.B. Diallo, B. Sarr, Y. Bakasso, M. Saadou and R. Glew,
2010. Variation in macro-elements and protein contents of
Roselle (Hibiscus sabdariffa L.) from Niger. Afr. J. Food Agric.
Nutr. Dev., 10: 2707-2718.
Ottai, M.E.S., K.A. Aboud, I.M. Mahmoud and D.M. El-Hariri,
2006. Stability analysis of roselle cultivars (Hibiscus sabdariffa
L.) under different nitrogen fertilizer environments. World
J. Agric. Sci., 2: 333-339.
Cisse, M., M. Dornier, M. Sakho, A. Ndiaye, M. Reynes and
O. Sock, 2009. Le bissap (Hibiscus sabdariffa L.): Composition
et principales utilisations. Fruits, 64: 179-193.
Babajide, J.M., J.G. Bodunde and A.A. Salami, 2004. Quality
and sensory evaluation of processed calyces of six varieties of
roselle (Hibiscus sabdariffa L.). Nig. J. Hortic. Sci., 9: 110-115.
Da-Costa-Rocha, I., B. Bonnlaender, H. Sievers, I. Pischel and
M. Heinrich, 2014. Hibiscus sabdariffa L.-A phytochemical
and pharmacological review. Food Chem., 165: 424-443.
Hussein, R.M., Y.E. Shahein, A.E. El Hakim and H.M. Awad,
2010. Biochemical and molecular characterization of three
colored types of roselle (Hibiscus sabdariffa L.). J. Am. Sci.,
6: 726-733.

J. Biol. Sci., 17 (6): 267-277, 2017
9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

Al-Ansary, A.M.F., N.R. Abd-El Hamied, M.E.S. Ottai and
R.A. El-Mergawi, 2016. Gamma irradiation effect on some
morphological and chemical characters of Sudani and Masri
Roselle varieties. Int. J. ChemTech. Res., 9: 83-96.
AOAC., 1995. Association of Official Analytical Chemists:
Animal Feed. In: Official Methods of Analysis, AOAC (Ed.).
16th Edn., AOAC International, Arlington, VI., USA., pp: 30.
AOCS., 2007. Official method Ce 1k-07: Direct methylation of
lipids for the determination of total fat, saturated, cismonounsaturated, cis-polyunsaturated and trans fatty acids
by chromatography. In: Official Methods and Recommended
Practices of the AOCS, 5th Edn., American Oil Chemists'
Society, USA.
Fatemi, S.H. and E.G. Hammond, 1980. Analysis of oleate,
linoleate and linolenate hydroperoxides in oxidized ester
mixtures. Lipids, 15: 379-385.
AOCS., 1997. Official method Cd 12b-92: Sampling and
analysis of commercial fats and oils: Oil stability index.
In: Official Methods and Recommended Practices of the
AOCS, 4th Edn., American Oil Chemists' Society, USA.
Dewanto, V., X. Wu, K.K. Adom and R.H. Liu, 2002. Thermal
processing enhances the nutritional value of tomatoes by
increasing total antioxidant activity. J. Agric. Food Chem.,
50: 3010-3014.
Sakanaka, S., Y. Tachibana and Y. Okada, 2005. Preparation
and antioxidant properties of extracts of Japanese
persimmon leaf tea (kakinoha-cha). Food Chem., 89: 569-575.
Balz, M., E. Schulte and H.P. Thier, 1992. Trennung von
Tocopherolen und Tocotrienolen durch HPLC. Eur. J. Lipid Sci.
Technol., 94: 209-213.
Mitsuda, H., K. Yasumoto and K. Iwani, 1967. Antioxidant
actions of indole compounds during the autoxidation of
linoleic acid. Eiyo Shoduryou, 19: 210-214.
Osawa, T. and M. Namiki, 1981. A novel type of antioxidant
isolated from leaf wax of Eucalyptus leaves. Agric. Biol.
Chem., 45: 735-739.
Kikuzaki, H. and N. Nakatani, 1993. Antioxidant effects of
some ginger constituents. J. Food Sci., 58: 1407-1410.
Elmastas, M., O. Isildak, I. Turkekul and N. Temur, 2007.
Determination of antioxidant activity and antioxidant
compounds in wild edible mushrooms. J. Food Compos.
Anal., 20: 337-345.
Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang and
C. Rice-Evans, 1999. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radical Biol. Med., 26: 1231-1237.
Goodman, A.G., L.S. Goodman and A. Gilman, 1980. Principles
of Toxicology. In: The Pharmacological Basis of Therapeutics,
Goodman, A.G. and A. Gilman (Eds.). 6th Edn., Macmillan,
New York, pp: 1602-1615.
Watson, D., 1960. A simple method for the determination of
serum cholesterol. Clin. Chim. Acta, 5: 637-643.

24. Megraw, R., D. Dunn and H. Biggs, 1979. Manual and
continous flow colorimetery for triglycerides by a fully
enzymatic method. Clin. Chem., 25: 273-273.
25. Burstein, M., H.R. Scholnick and R. Morfin, 1970. Rapid method
for the isolation of lipoproteins from human serum by
precipitation with polyanions. J. Lipid Res., 11: 583-595.
26. Satoh, K., 1978. Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimetric method. Clinica
Chimica Acta, 90: 37-43.
27. Reitman, S. and S. Frankel, 1957. Colorimetric methods for
aspartate and alanine aminotransferases. Am. J. Clin. Pathol.,
28: 55-60.
28. Fawcett, J.K. and J.E. Scott, 1960. A rapid and precise
method for the determination of urea. J. Clin. Pathol.,
13: 156-159.
29. Houot, O., 1985. Interpretation of Clinical Laboratory Tests.
Biomedical Publications, Foster City, CA., pp: 220-234.
30. Mohamed, D.A., T.E. Hamed and S.Y. Al-Okbi, 2010. Reduction
in hypercholesterolemia and risk of cardiovascular diseases
by mixtures of plant food extracts: A study on plasma lipid
profile, oxidative stress and testosterone in rats. Grasas
Aceites, 61: 378-389.
31. Trinder, P., 1969. Determination of glucose in blood using
glucose oxidase with an alternative oxygen acceptor. Ann.
Clin. Biochem., 6: 24-27.
32. Friedewald, W.T., R.I. Levy and D.S. Fredrickson, 1972.
Estimation of the concentration of low-density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin. Chem., 18: 499-502.
33. Nzikou, J.M., G. Bouanga-Kalou, L. Matos, F.B. Ganongo-Po
and P.S. Mboungou-Mboussi et al., 2011. Characteristics
and nutritional evaluation of seed oil from Roselle
(Hibiscus sabdariffa L.) in Congo-Brazzaville. Curr. Res. J. Biol.
Sci., 3: 141-146.
34. Wang, M.L., B. Morris, B. Tonnis, J. Davis and G.A. Pederson,
2012. Assessment of oil content and fatty acid composition
variability in two economically important Hibiscus species.
J. Agric. Food Chem., 60: 6620-6626.
35. Mohamed, R., J. Fernandez, M. Pineda and M. Aguilar, 2007.
Roselle (Hibiscus sabdariffa) seed oil is a rich source of
γ-Tocopherol. J. Food Sci., 72: S207-S211.
36. Akinoso, R. and A. Suleiman, 2011. Heat treatment effects on
extraction of roselle (Hibiscus sabdariffa L) seed oil. Eur.
J. Lipid Sci. Technol., 113: 1527-1532.
37. Ali, R.F.M. and A.M. El-Anany, 2017. Hypolipidemic and
hypocholesterolemic effect of roselle (Hibiscus sabdariffa L.)
seeds oil in experimental male rats. J. Oleo Sci., 66: 41-49.
38. FAO. and WHO., 2010. Fats and Fatty Acids in Human
Nutrition: Report of an Expert Consultation. FAO. and WHO.,
Geneva, Switzerland.

276

J. Biol. Sci., 17 (6): 267-277, 2017
50. Yang, M.Y., C.H. Peng, K.C. Chan, Y.S. Yang, C.N. Huang

39. Karupaiah, T. and K. Sundram, 2013. Modulation of human
postprandial lipemia by changing ratios of polyunsaturated
to saturated (P/S) fatty acid content of blended dietary fats:
A cross-over design with repeated measures. Nutr. J., Vol. 12.
10.1186/1475-2891-12-122.
40. Abdel-Razek, A.G., M.M.M. Hassanein, M. Rudzinska and
M.H. El-Mallah, 2017. Role of minor constituents and balanced
fatty acids in upgrading the low stability of cooking oils
blended with palm super olein. Asian J. Scient. Res.,
3: 150-159.
41. Chandra, V., J. Jasti, P. Kaur, C. Betzel, A. Srinivasan and
T.P. Singh, 2002. First structural evidence of a specific
inhibition of phospholipase A2 by "-tocopherol (vitamin E)
and its implications in inflammation: Crystal structure of
the complex formed between phospholipase A2 and
"-tocopherol at 1.8 A resolution. J. Mol. Biol., 320: 215-222.
42. Ricciarelli, R., J.M. Zingg and A. Azzi, 2002. The 80th
anniversary of vitamin E: beyond its antioxidant properties.
Biol. Chem., 383: 457-465.
43. Holser, R.A., G. Bost and M. van Boven, 2004. Phytosterol
composition of hybrid Hibiscus seed oils. J. Agric. Food
Chem., 52: 2546-2548.
44. Mohd-Esa, N., F.S. Hern, A. Ismail and C.L. Yee, 2010.
Antioxidant activity in different parts of roselle (Hibiscus
sabdariffa L.) extracts and potential exploitation of the seeds.
Food Chem., 122: 1055-1060.
45. Reanmongkol, W. and A. Itharat, 2007. Antipyretic activity of
the extracts of Hibiscus sabdariffa calyces L. in experimental
animals. Songklanakarin J. Sci. Technol., 29: 29-38.
46. Wang, S.C., S.F. Lee, C.J. Wang, C.H. Lee, W.C. Lee and H.J. Lee,
2011. Aqueous extract from Hibiscus sabdariffa Linnaeus
ameliorate diabetic nephropathy via regulating oxidative
status and Akt/Bad/14-3-3γ in an experimental animal
model. Evidence-Based Complement. Altern. Med.
10.1093/ecam/nep181.
47. Mozaffari-Khosravi,
H.,
B.A.
Jalali-Khanabadi,
M. Afkhami-Ardekani and F. Fatehi, 2009. Effects of
sour tea (Hibiscus sabdariffa) on lipid profile and
lipoproteins in patients with type II diabetes. J. Altern.
Complement. Med., 15: 899-903.
48. Oppliger, B., L. Joerin, M. Kauschka, I. Pischel and
B. Bonnlander et al., 2012. Potential herbal preparations for
the prevention of the metabolic syndrome in rats. Planta
Med., Vol. 78. 10.1055/s-0032-1320587.
49. Gurrola-Diaz, C.M., P.M. Garcia-Lopez, S. Sanchez-Enriquez,
R. Troyo-Sanroman, I. Andrade-Gonzalez and J.F. GomezLeyva, 2010. Effects of Hibiscus sabdariffa extract powder
and preventive treatment (diet) on the lipid profiles of
patients with metabolic syndrome (MeSy). Phytomedicine,
17: 500-505.

and C.J. Wang, 2010. The hypolipidemic effect of Hibiscus

sabdariffa polyphenols via inhibiting lipogenesis and
promoting hepatic lipid clearance. J. Agric. Food Chem.,
58: 850-859.
51. Yin, G., L. Cao, P. Xu, G. Jeney and M. Nakao, 2011.
Hepatoprotective and antioxidant effects of Hibiscus

sabdariffa extract against carbon tetrachloride-induced
hepatocyte damage in Cyprinus carpio. In Vitro Cell. Dev.
Biol. Anim., 47: 10-15.
52. Carluccio, M.A., M. Massaro, C. Bonfrate, L. Siculella and
M. Maffia et al., 1999. Oleic acid inhibits endothelial
activation: A direct vascular antiatherogenic mechanism of
a nutritional component in the mediterranean diet.
Arteriosclerosis Thrombosis Vascular Biol., 19: 220-228.
53. Tsimikas, S., A. Philis-Tsimikas, S. Alexopoulos, F. Sigari,
C. Lee and P.D. Reaven, 1999. LDL isolated from Greek
subjects on a typical diet or from American subjects on
an oleate-supplemented diet induces less monocyte
chemotaxis and adhesion when exposed to oxidative
stress.

Arteriosclerosis

Thrombosis

Vascular

Biol.,

19: 122-130.
54. Christon,

R.A.,

2003.

Mechanisms

of

action

of

dietary fatty acids in regulating the activation of vascular
endothelial

cells

during

a therogenesis.

Nutr.

Rev.,

61: 272-279.
55. Spolarics, Z., 1996. Endotoxin stimulates gene expression of
ROS-eliminating pathways in rat hepatic endothelial and
Kupffer cells. Am. J. Physiol.-Gastrointestinal Liver Physiol.,
270: G660-G666.
56. Makni, M., H. Fetoui, N.K. Gargouri, E.M. Garoui and
H. Jaber et al., 2008. Hypolipidemic and hepatoprotective
effects of flax and pumpkin seed mixture rich in T-3 and T-6
fatty acids in hypercholesterolemic rats. Food Chem. Toxicol.,
46: 3714-3720.
57. Nyam, K.L., Y.N. Teh, C.P. Tan and L. Kamariah, 2012. In vitro
antioxidant activities of extract and oil from roselle
(Hibiscus

sabdariffa L.) seed against sunflower oil

autoxidation. Malaysian J. Nutr., 18: 265-274.
58. Paget, P. and T. Barnes, 1946. Evaluation of Drug Activities.
In: Pharmacometrics, Laurrence, D.R. and A.L. Bacharach
(Eds.). Vol. 1, Academic Press,

London, New York,

pp: 135-140.
59. Ali, B.H., N. Al Wabel and G. Blunden, 2005. Phytochemical,
pharmacological and toxicological aspects of Hibiscus

sabdariffa L.: A review. Phytother. Res., 19: 369-375.

277

