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ABSTRACT

Background and Objectives: Roselle (Hibiscus sabdariffa L.) is one of the valuable plants grown in tropical and
subtropical regions such as some parts of Iran. Roselle calyces are commonly used to make herbal tea as well as a natural
food color additive. However, Roselle seeds are usually discarded as by—products, while they can be used as a source of
nutritious and functional compound. Therefore, in the current study, some of the chemical and nutritional characteristics of
Iranian Roselle seed were investigated. In addition, the effects of different extracting solvents on seed extraction yield,
total phenol content (TPC) and antioxidant activity (scavenging ability) of the extracts were evaluated.

Materials and Methods: Some chemical and nutritional properties of Roselle seeds such as moisture, protein, total
fiber and lipid contents were determined. Also, fatty acid composition of the oil was determined using gas

chromatography. The effects of different solvents including acetone, methanol and water, on yield, TPC (Folin—Ciocalteu
assay) and antioxidant activity (DPPH and ABTS methods) of Roselle seeds were also investigated.

Results: The results showed that the Roselle seeds are the main sources of protein, lipid and fiber (26.62+0.03%,
21.03+£0.02% and 19.81+0.01%, respectively). Linoleic (41.06+0.7%), oleic (27.07+0.01%) and palmitic (21.9+0.03%)
acids are the main fatty acids in the Roselle seeds oil. The maximum vyield (20+0.02%), related to aqueous extract,
however, higher TPC (201+0.02 mg GAEs/100 g) and antioxidant activity (DPPH, 94.15+0.2%; ABTS, 75.91+0.03%)
were observed in acetone extract.

Conclusions: According to the results, Roselle seeds are a good source of protein, fiber and oil, which contains
unsaturated fatty acids especially linoleic acid. In addition, the acetone extract showed the highest TPC and antioxidant

activity among other extracts.
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Introduction

Roselle (Hibiscus sabdariffa L.) plant belongs to
the Malvaceae family, which is widely grown in
tropical and subtropical regions around the world (1).
It is also known as Roselle, Sorele, Mesta or Karkade
(2). Iran is not the main origin of this plant, but it is
mostly grown in tropical and subtropical parts of Iran,
such as the Sistan and Baluchestan province. Roselle
plant is also known as Maki tea, sour tea and red tea
in Iran (3). Due to the good taste and color, dried
calyces are used for tea, jelly, marmalade, ice cream,
sorbets, butter, pies, sauces, tarts and other desserts.
However, the seeds are usually discarded as waste,
while numerous studies have shown that these seeds
can be very nutritious (4, 5, 6). However, in West
Africa, seeds are traditionally used as roasted coffee

due to their special flavor. It is also used in China and
Sudan for extracting edible oils (7,8). Therefore, the
study on Roselle seed has attracted several
researchers in the recent years. Today, plant protein
sources are of great interest and many studies have
been done on the nutritional characteristics of
vegetable seeds as unconventional sources of protein
(9,20). EI-Adawy and Khalil (1994) showed that the
proteins of Roselle seeds contain essential amino
acids such as lysine, valine, isoleucine, threonine,
tryptophan and leucine (11). Mohamed et al. (2007)
showed that Roselle seed is a rich source of protein
and antioxidants, including vitamin E. It is also
reported that Roselle seed oil is rich in phytosterols
and tocopherols, in particular beta—cytosestrol and
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gamma-tocopherol (12). Eltayeib and Elaziz (2014)
showed that the Roselle seed is a rich source of oil
(21.1%) containinbg oleic and linoleic acids as the
main unsaturated fatty acids (13).

Since, the Roselle seed calyces in Iran are used as
herbal tea and the seeds are discarded as waste, the
objectives of the current study were to investigate of
some the chemical and nutritional characteristics of
Roselle seed and evaluate the effect of different
solvents including acetone, methanol and water on the
extraction yield, TPC and antioxidant activity of
Roselle seed extracts.

Materials and Methods

Materials: Roselle (Hibiscus sabdariffa L.) seeds
were obtained from Agricultural Research Center,
Sistan—Baluchestan province, Iran. All reagents and
solvents used in this study were purchased from
Merck (Darmstadt, Germany).

Preparation of Roselle seed powder : Roselle seeds
were cleaned and rinsed with tap water. The seeds
were oven dried at 60°C (moisture content 10%).
Then, the dried seeds were milled (Porten, Sweden)
and powder was sieved through a 60—mesh screen
until the fine Roselle seed powder was obtained (1).
Chemical and nutritional analysis of Roselle seeds:
Moisture, protein (micro—Kjeldahl), oil (Soxhlet) and
total fiber contents were determined using the AOCS
(1997) Methods Ba 2a—38, Ba 4d-90, Ba 3-38 and Ba
6-84, respectively (14) . Fatty acids composition of
the seed oil was performed using gas chromatography
(GC) on a fused-silica capillary column (BPX70 30
mx0.25 mm i.d and 0.22 mm film thickness, SGE,
Melbourne, Australia), according to Zarringhalami et
al., 2014 (15).

Extraction method: Extracting solvents including
de—ionized water, acetone and methanol were added
at 20 mL content to 1 g of Roselle seed powder, then
gently stired and filtered. Each filtrate obtained was
collected into a graduated cylinder and the volume
adjusted to 20 mL with the same extracting solvent in
order to estimate the TPC and antioxidant activity
(16).

Extraction yield: The extraction yield of the Roselle
seed powder was calculated according to the equation
below(20).

(Equation 1):

Extraction yield %= (m, / m;) x 100
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where m; is mass of the dry matter and m, is mass
of the extract.
TPC determination: TPC of the Roselle seed
extracts was calorimetrically estimated using the
Folin—Ciocalteu method according to Sultana et al.
(2009), with slight modifications (17). Briefly, 0.04
mL of each crude extract was mixed with 0.2 mL
Folin— Ciocalteu reagent. After 3 min, 1 mL of
saturated sodium carbonate solution was added to the
mixture and adjusted to 10 mL by distilled water. The
mixture was incubated at 45°C for 30 min and cooled
to room temperature. Then, the absorbance of the
prepared samples was measured with a
spectrophotometer (Shimadzu UV-2550; Shimadzu,
Kyoto, Japan) at 725 nm. The results are expressed
as mg of gallic acid equivalents/100 g of extract
(mg GAEs/100 g).
Radicals scavenging activity: The radical
scavenging ability of the extracts was determined
using the stable DPPH free radical (2, 2—diphenyl-1—
picrylhydrazyl) according to Nyam et al. (2014) with
some modification (4). The extract solutions (0.3 mL)
were mixed with 2.7 mL of a freshly prepared DPPH
solution (6 x 10™° M in 95% methanol). The mixture
was shaken vigorously and left at room temperature
for 60 min in the dark until stable absorbance values
were obtained. The control contained methanol in
place of the sample. The change in the absorbance of
the extracts measured at 517 nm using a
spectrophotometer. The percentage inhibition of the
DPPH radicals was calculated using the equation
below.
(Equation 2)
DPPH scavenging activity (%) = [(Ac—As)/Ac] x 100

where A; and A, are the absorbance of the blank
(control) and samples, respectively.

The 2,2-azino—di—(3-ethylbenzothiazoline—6 sul-
phonic acid (ABTS) radical scavenging activity was
also determined as described by Ahmed et al (2015)

(18). ABTS free radical (ABTS.+) was generated by
reacting 7.4 mM ABTS (ABTS dissolved in deionized
water to 7.4 mM concentration) and 2.6 mM
potassium persulphate aqueous solution, as the
oxidant agent, at a ratio of 1:1 (v/v). The mixture was
kept at room temperature in the dark for 12 h. Prior to

assay, ABTS.+ working solution was prepared by
diluting the stock solution in methanol to obtain an
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absorbance of 1.1 (£0.02) at 734 nm. 150 pL of
diluted sample (2 mg/mL), was mixed with 2850 pL

of ABTS'+ solution. The absorbance was then read at
734 nm after 2 h of incubation in the dark, at room
temperature. The blank (control) was prepared in the
same manner, except that methanol was used instead

of the sample. The percentage reduction of ABTS.+ to

ABTS was calculated according to the equation blow:

(equation 3)

ABTS radical scavenging activity (%) = [(A.-As) /A;] x100
where A. and As are the absorbance of the blank

(control) and samples, respectively.

Statistical analysis: Experimental results were
analyzed by SPSS version 16.0 (SPSS Inc. Chicago,
IL). Differences between means obtained from 3
replicates were determined using one-way ANOVA
and Duncan’s test. The level of statistical significance
was P <0.05.

Results

Chemical and nutritional properties of Roselle
seeds: The results of moisture, protein, fiber and oil
contents of Roselle seed are presented in Table 1. The
results obtained showed that Roselle seed is
considered as a valuable source of protein, dietary
fiber and oil. According to the results which are
shown in Table 2, 68.85+ 0.6% of Roselle seed oil
fatty acids are unsaturated and linoleic acid
(41.06+0.7%) is the major unsaturated fatty acid in
the Roselle seed oil.

Tablel. Chemical and nutritional characteristics (%) of
Roselle seeds

Characteristics

Sample Moisture Qil Protein Crude fiber
Roselle seed  6.32+0.01 21.03+0.02 26.62+0.03 19.81+0.01
powder

Each value in the table shows the mean + standard deviation of triplicate
analysis.

Table2. Fatty acid composition of Roselle seeds (%)

Fatty acids Content (%)
Myristic acid (C14:0) 0.85+0.03
Palmitic acid (C16:0) 21.90+0.03
Stearic acid (C18:0) 5.3440.04
Oleic acid (C18:1) 27.07+0.01
Linoleic acid (C18:2) 0.07+41.06
a-Linolenic (C18:3) 0.7240.02
Others 3.060.04

Each value in the table shows the mean + standard deviation of
triplicate analysis.
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Extraction yield, TPC and antioxidant activity of
Roselle seeds: TPC and antioxidant activity (DPPH
and ABTS methods) of the Roselle seed extracts are
shown in Fig 1 and 2. According to the results, the
acetone extract provided the highest TPC, DPPH and
ABTS radical scavenging activity, while the lowest
was related to the aqueous extract, however, the
maximum extraction yield (Table 3), related to this
extract.
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Each value in the figure shows the mean + standard deviation of triplicate
analysis. Different letters represent a significant difference at p< 0.05.

>

95 - a
94 -

© ©O© ©
P N W

1 1 1
(¢}

0
o ©
1 1

(o]
by

DPPH radical scavenging activity
(%)
©
)

Acetone Water Methanol

90 +
80 - a

70 - b
60 -
50 -
40 -
30 -
20 A

(o8]

ABTS radical scavenging
activity (%)

Acetone Water Methanol

Fig 2. DPPH (A) and ABTS (B) radical scavenging

activities (%) of different extracts.
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Table 3. Effect of the used solvents with different
polarities on the extraction yield

Solvent Polarity Index ~ Extraction yield (%)
Water 9 20+0.02%
Acetone 51 15+0.10°
Methanol 5.1 17+0.04°

Each value in the table shows the mean + standard deviation of triplicate
analysis. Different letters represent a significant difference at p< 0.05.

Discussion

Chemical and nutritional compounds of Roselle
seeds: According to the results in Table 1, the amount
of moisture of the Roselle seeds was 6.32 +0.01%,
which indicates that it can be stored for a long period
of time without qualitative damages (21). This
moisture content is also suitable for future analysis.
Roselle seed is also a good plant source of protein
(26.62 + 0.03%) and lipid (21.03 £ 0.02%). Our
results are in agreement with the findings of previous
researche conducted by Tounkara et al. (2011),
Halimatul et al. (2007), Anel et al (2016) and Mariod
et al. (2013) (1, 22, 23,24). The amount of fiber
obtained from Roselle seed in the current research
was 19.81 + 0.01% (Table 1). While Hainida et al.
(2008) reported that the amount of fiber in Roselle
seed is 19.2% (25). For many years, fibers have been
considered as useful compounds for health. Fiber
improves the gastrointestinal motility, changes the
concentration of insulin and hormones by
fermentation in the small intestine and the production
of short chain fatty acids; thereby reducing the risk of
colon cancer, diabetes and blood cholesterol (25).

The results of fatty acids determination of Roselle
seed oil (Table 2) show that linoleic acid (41.06 *
0.07%), oleic acid (27.07 £ 0.01%) and palmitic acid
(21.90 £ 0.03%) are the main fatty acids in the oil. In
general, approximately 68.85% of the fatty acids are
unsaturated and 28.09% of them are saturated.
Linoleic acid is one of the most important fatty acids
that have beneficial effects on reducing blood
pressure and cholesterol levels (26). Therefore, the
high amounts, would increase the nutritional value of
the oil. Similar results had previously reported by
Atat and Imaizumi (2002); Mohamed et al. (2007)
and Rehab and Ayman (2017), who observed that
linoleic, oleic and palmitic acids were the most
important fatty acids in the Roselle seed oil
(27,13,28). In another study, which was done by
Elneairy (2014), the fatty acid composition of two
species of Roselle seeds (Egypt and Libya) was
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compared. The results showed that the amounts of
linoleic, oleic, palmitic and stearic acids of the oil
obtained from the Egyptian species were 38.17,
33.31, 18.15 and 4.09 %, respectively, while their
amounts in the oil extracted from Libya species were
17.50, 16.50, 12.70 and 15.97%, respectively (29). It
is important to note that differences between the
amount of fatty acids obtained in the present study
and that of the previous studies can be due to
differences in species, climatic and environmental
conditions, and the maturity period of the plant, which
can affect the amount and ratio of fatty acids (15).
Extraction yield, TPC and antioxidant activity of
Roselle seeds: The extraction efficiency is affected
by the chemical nature of phytochemicals, the
extraction method used, particle size of samples, type
of solvents used, as well as the presence of interfering
substances (19). The extraction yield also depends on
the solvent polarity, pH, temperature, extraction time,
and composition of the sample. Under the same
extraction time and temperature, solvent and sample
composition are known as the most important
parameters (20). In this work, extraction yield of
Roselle seed was obtained using water, acetone and
methanol as shown in Table 3. The results obtained
showed that the maximum extraction yield was
related to water (20+0.02%) then methanol
(17£0.04%) and acetone (15+0.1%). It can be due to
different polarities of the used solvents in such a
way that when the polarity of the solvent decreased
(water > methanol and acetone) the extraction yield
values decreased in the same order (30).

The Folin—Cioalteau assay is a simple and
widespread method which is used for the TPC
determination of natural products (31). In addition,
DPPH method is used to measure the antioxidant
activity of various plant extracts, but due to the close
similarity of environmental conditions of the ABTS
test to physiological conditions, as well as electron
transfer with higher velocity, this test is often used
along with the DPPH method (32). TPC, DPPH and
ABTS free radicals scavenging activities of the
Roselle seeds are shown in Fig. 1 and 2, respectively.
According to the results, acetone extract showed the
highest amount of TPC with 201+0.02 mg GAE/100g.
While, the lowest amount of TPC related to aqueous
extract with 1.67 = 0.05 mg GAE/100 g. Furthermore,
the extracts with the highest TPC showed the highest
antioxidant activity which determined by DPPH and
ABTS methods (94.15£0.2% and 75.91+0.03%,
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respectively) and the lowest value was obtained from
water extract (90.1+0.1% and 62.52+0.1%,).
Therefore, the solvents used had a significant effect
on TPC and antioxidant activity (P<0.05). Since, TPC
of the plant materials may contribute directly to the
antioxidant activity (33), the highest antioxidant
activity of acetone extract compared with the other
extracts is expected. However, some studies show the
negative or the weak correlation between TPC and
DPPH' radical scavenging activity. This result may be
due to the fact that the Folin—Ciocalteau assay gives a
crude estimate of the TPC of an extract, whereas the
free radical scavenging assay is not only specific to
polyphenols. In addition, different types of phenol
compounds have different antioxidant activities which
mainly depends on their structure (34). Therefore, the
findings of experiments in this field depend on the
type of plant source, phenol compounds and extracted
solvents (35,36). This result was in accordance with
those obtained by Rimamcwe and Chavan (2017) as
well as Cissouma et al. (2013), who investigated that
the effects of various solvents on the antioxidant
activity of Roselle seed extract, reportingthat the
acetone extract of Roselle seed powder showed the
most antioxidant activity.
Conclusion

The results of the current study indicated that
Roselle seed is a valuable nutrient source containing
high amounts of protein (26.62+0.03%), dietary fiber
(19.81+0.01%) and oil (21.03+0.02%) with mostly
unsaturated fatty acids. Linoleic acid, which has
beneficial effects on reducing blood cholestrol levels
and blood pressure , is determined as the major fatty
acid (41.06 + 0.07%) in Roselle seed oil. Also,
according to the results, the extracting solvent had a
significant effect on the extraction yield, TPC, DPPH
and ABTS free radical scavenging activity (P<0.05).
The maximum extraction yield was obtained using
water (20£0.02%), methanol (17+0.04%) and acetone
(15+0.1%). However, the extract with the highest
TPC and antioxidant activity were obtained with
acetone. Generally, considering the application,
Roselle seeds can be used as a valuable nutritional
sorce in the food industry.
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