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ABSTRACT

The polyphenolic content and antioxidant activity of Hibiscus sabdariffa calyx in methanol,
ethanol, acetone and water extract were studied. The Total Phenclic Content. (TPC) was determined
using folin Ciocalteu method while the Total Flavonoid Content (TFC) was determined using
aluminum chloride method. Antioxidant activities were determined using 2,2-diphenyl-1-picryl
hydrazine (OPFPH) inhibition and lipid peroxidation inhibition. Methanol extracted the highest total
phenolic content (29.2 mg GAE/g DW) and was significantly different (p<0.05) from the water and
acetone extracts only. Acetone extracted the highest flavonoid content (53.6 mg QE/g DW) and was
significantly different from the other solvents used. Methanol extract gave the highest inhibition
to DPPH (78%) and was only significantly different (p<0.05) from acetone and water extracts.
Ethanol gave the highest inhibition to lipid peroxidation (26%) but was not significantly different
(p<0.05) from the other solvent extracts. There was a stronger correlation obtained between TPC
and inhibition of DPPH (r = 0.969) compared to TFC and DPPH (r = 0.742). The study showed that
methanol and ethanocl were better solvents for the extraction of phenols of Hibiscus sabdariffa
calyx compared to water and acetone. It also showed that phenocls contributed more to the
antioxidant activity of Hibiscus sabdariffa calyx compared to flavonoids.
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INTRODUCTION

Antioxidants help to neutralise free radicals which are unstable molecules that are linked to the
development of a number of degenerative diseases and conditions including cancer, cardiovascular
disease, cognitive impairment, immune dysfunction, cataracts and macular degeneration
(D’ Abrosca et al., 2007),

They exhibit their antioxidant activity by inhibiting lipid peroxidation (by inactivating
lipoxygenase), scavenging free radicals and active oxygen species, preventing the decomposition
of hydrogen peroxides into free radicals and chelating heavy metal ions (Ghimeray ef al., 2009;
Veeru et al., 2009). Mammalian cells posses elaborate defense mechanism for radical detoxification
through the action of dietary antioxidants {(¢-tocopherol, B-carotene, ascorbic acid, glutathione, uric
acid), some hormones (estrogen, angictensin) and endogenous enzymes (superoxide dismutase,
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glutathione peroxidase, catalase) which are able to remove oxygen free radicals formed in cells and
thus protect against oxidative damage (Tawaha ef al., 2007, Subhasree ef al., 2009). Besides
playing an important role in physiological systems, antioxidants have been used in the food
industry to prolong the shelf life of foods, especially those rich in polyunsaturated fats. These
components in foods are readily oxidized by molecular oxygen and are a major cause of quality
deterioration, nutritional losses, off-flavour development and discolouration. The addition of
synthetic antioxidants, such as propyl gallate, Butylated Hydroxyanisole (BHA), Butylated
Hydroxyteluene (BHT) and tertiary butylhvdroquinone has been widely used industrially to control
lipid oxidation in foods. However, the use of these synthetic antioxidants has been questioned due
to their potential health risks and toxicity (Kahl and Kappus, 1993). The search for antioxidants
from natural sources has received much attention and efforts have been put into identifying
compounds that can act as suitable antioxidants to replace synthetic ones. In addition, these
naturally-occurring antioxidants can be formulated to give neutraceuticals that can help to prevent,
oxidative damage from occurring in the body (Wong et al., 2006).

Plant phenolics are commeonly found in both edible and non-edible plants and their antioxidant
activities mainly due to their redox properties which allow them to act as reducing agents, hydrogen
donators and singlet oxygen quencher (Huda-Faujan ef al., 2009; Tawaha ef al., 2007). The
antioxidant activity of polyphencls depends mainlyon different structural features such as
O-H bonds, dissociation energy, resonance delocalization of the phenol radical and steric hindrance
derived from hydrogen substitution in the aromatic ring (Es-Safi et al., 2007).

Plants are thought to manufacture phenols for a variety of reasons but primarily as a part of
their response to stress. Phenolic compounds have anti-bacteral, anti-viral and anti-fungl actions
in the plant itself and by virtue of being hydrogen-donating antioxidants, they protect against
oxidative stress-which can adversely affect the health of plants as well as humans. In humans, cells
respond to polyphenols mainly through direct interactions with receptors or enzymes involved in
signal transduction which may result in modification of the redox status of the cell and may trigger
a series of redox-dependent reactions (Mudgal et al., 2010). Phencls contribute to wound healing
by providing materials for lignification of cell walls as they are oxidized (Miller and
Ruiz-Larrea, 2002). They also posses anticancer, anti-inflammatory, anti-allergie, estrogenic and
immune-stimulating agent (Tawaha et al., 2007).

The extraction of phenolic compounds in plant material is influenced by their chemical nature,
the extraction method, the sample size, time and storage conditions as well as the presence of
interfering substances. The phenolic extracts of plants are always a mixture of different classes of
phenols which are selectively soluble in the solvents. The use of an alecholic solution provides
satisfactory results for the extraction process (Koffi ef al., 2010).

For extraction of polyphenols from plant matter, different sclvent systems have been used and
their efficiency wvaries. Kxtraction yield depends on the solvent and method of extraction.
Commonly used solvents for extracting various substances from plant material are water, aqueous
mixtures of ethanol, methanol and acetone (Jakopic et al., 2009).

DPPH assay is one of the most widely used methods for screening the antioxidant activity of
plant extracts. The assay 1s based on the measurements of the antioxidants’ ability to scavenge the
stable radical DFPH. DPPH is a stable mitrogen-centered free radical which produces violet colour
in methanol solution. DPPH radicals react with suitable reducing agents during which the electrons
become paired off and the solution loses colour stoichiometrically depending on the number of
electrons taken up (Bleis, 1958). It is astable free radical with a characteristic absorption at
517 nm and was used to study the radical-scavenging effects of extracts. As antioxidants donate
protons to this radical, the absorption decreases (Kubola and Siriamornpurn, 2008),
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Lipid peroxidation is the oxidative degradation of Polyunsaturated Fatty Acids (PUFA) and
involves free radicals. This is a basic membrane damage process and results in deleterious effects.
Initiation of lipid peroxidation was carried cut by the addition of ferrous sulphate. This occurs by
the formation of hydroxyl radicals by Fenton's reaction (Braughler et «l., 1986). These produce
Malondialdehyde (MDA) which reacts with Thiobarbituric Aeid (TBA) to form a pink chromogen.
This inhibition could be caused by the absence of ferryl-perferryl complex or by scavenging the
hydroxyl radical or the superoxide radicals or by changing the Fe™/Fe? ratio or by reducing the
rate of conversion of ferrous to ferric or by chelating the iron itself (Baskar et al., 2007),

Hibiscus sabdariffa L., 1s a shrub belonging to the family Malvacaea. It 1s thought to be of Asia
{India to malaysia) or Tropical Africa origin. The plant 1s widely grown in tropics like Caribbean,
Central America, India, Africa, Brazil, Australia, Florida, Hawaii and Philipines. It is commonly
known as Roselle or red sorrel in KEnglish, is native of India and Malaysia where it 1s commonly
cultivated. It is known as mesta/meshta in India subcontinent, bissap in Senegal, the Congo and
France, wanjo in the Gambia, zobo in Nigeria, Karkade in KEgypt, Saudi Arabia and Sudan,
omutete in Namibia and sorrel in the Carribean and Jamaican. Botanically, it is described as thick
red fleshly and cup shaped calyxes plant. The calyxes are rich in phenolic compounds with marked
physiological activities. Hibiscus flowers contains gossypectin, glucoside, bibiscin, hibiscus
anthocyann and protocatechuic acid which may have diuretic and choleretic effects decreasing the
viscosity of the bleod, reducing blood pressure and stimulating intestinal peristalsis
(Josiah et al., 2010; Mahadevan and Pradeep, 200%).

The dried calyx is used as a diuretic, sedative, refrigerant. and for making a drink by boiling in
water and adding a little salt, pepper, asa-foetida and molasses to treat mental fatigue due to
ex-cessive heating by the Gondas tribal of Karnataka. H. sabdariffa is reported to possess
antihypertensive, antioxidant, anti-cancer, anticlastrogenic, hypolipidaemic, hepatoprotective,
anti-stress, antispasmodic, diuretic and antidiarrheal activities (Joshi and Parle, 2008}, The aim
of this research 1s to determine the solvent that best extracts the phenolics and also give the highest,
antioxidant activity.

MATERIALS AND METHODS

Chemicals: Methanol, Ethanol, Acetone, Gallic acid, Thicbarbyturic Acid (TBA),
2,2-diphenyl-2-picrylhydrazyl (DPPH) and Quercetin, Sodium Decdecyl Sulphate (SOS) and
Trichloro Acetic Acid (TCA) were all analytical grade.

Materials and extraction methods: Dried Hibiscus sabdartffa calyx was purchased from Ilisan
Remo market located Ogun State, Nigeria, in January 2010 and ground to powder to obtain fine
particles. Twenty gram of the sample was soaked with 250 mL of methanol, ethanol, acetone and
water each for 72 h. The filtrate from each sample was concentrated using the rotary evaporator
at 40°C. The dried extracts were weighed and stored frozen.

Determination of plant percentage yield: The percentage yield was obtained from this
formula:

W W00
WU

where, W, is the weight of the extract and the container, W, is the weight of the container alone
and W, is the weight of the initial dried sample.
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Determination of total phenoliec content: The total phenolic content was estimated by
Folin-Ciccalteu colorimetric method, based on the procedure in Singleton and Rossi (1965).
Procedure: Briefly, the crude extract (50 mg) was mixed with Folin-Ciocalteu reagent (0.5 mL) and
deionized water (7.5 mLj). The mixture was kept at room temperature for 5 min and then 10 mL of
7% sodium carbonate was added to the mixture and then incubated for 90 min at room
temperature. After incubation the absorbance against the reagent blank was determined at
760 nm. The amount of phenolic compound in the extract was determined from the standard curve
using gallic acid (R? = 0.9986). The total phenolic content of the plant was expressed as mg Gallic
Acid Equivalent (GAE)g dry weight. All samples were analyzed in triplicates.

Determination of total flavonoid content: The TFC were measured following a
spectrophotometric method (Dewanto et al., 2002). Briefly, extract of each plant material (1 ml,
containing 100 ug mL™) were diluted with water (4 mL) in a 10 mL volumetric flask. Initially, 5%
NalNQ, sclution (0.3 mlL) was added to each volumetric flask; at 5 min, 10% AICI; (0.3 mL) was
added and at 6 min 1.0 M NaOH (2 mL) was added. Water (2.4 mL) was then added to the reaction
flask and mixed well. Absorbance of the reaction mixture was read at 510 nm. TFC were
determined as quercetin equivalents (mg g7! of dry weight). Three readings were taken for each
sample and the result averaged.

Determination of DPPH radical scavenging activity: A solution of DPPH mixed with that
of a substance that can donate a hydrogen atom gives rise to the reduced form with change in
colour from deep violet to pale vellow colour. DPFH is a useful reagent for investigating free radical
scavenging activities of phenoclic compounds. The reduction of DFPH absorption is indicative of the
capacity of the extract to scavenge free radicals, independently of any enzymatic activity.

Procedure: This was carried out according to the 2,2-diphenyl-2-picrylhydrazyl (DPPH) assay
system (Mensor ef al., 2001). One mL of a 0.3 mM DPPH methanol solution was added to a 2.5 mL
solution of the extract and allowed to react at room temperature for 30 min. The abscorbance of the
resulting mixture was measured at 518 nm and converted to percentage antioxidant activity
{AA%), using the formula:

(AbSMank -Abssampla )
Abs,

AA Y= x 100

where, Abs is absorbance.

Determination of inhibition of lipid peroxidation: A modified Thiobarbituric Acid Reactive
Substances (TBARS) assay was used to measure the lipid peroxide formed, using egg yolk
homogenate as lipid-rich media (Ruberto et al., 2000).

Procedure: Egg homogenate (0.5 mL, 10% v/v) and 0.1 mL of each extract were added to a test
tube and made up toe 1 mL with distilled water. 0.05 mL of FeS0, (0.07 M) was added to induce lipid
peroxidation and incubated for 30 min. Then 1.5 mL of 20% acetic acid (pH adjusted to 3.5 with
NaOH) and 1.5 mL of 0.8% (w/v) TBAin 1.1% sodium deodecyl sulphate and 20% TCA were added
and the resulting mixtures were vortexed and then heated at 95°C for 60 min. After cooling,
5.0 mL of butan-1-ol was added to each tube and centrifuged at 300 rpm for 10 min. The
absorbance of the organic layer was measures at 532 nm. The percentage inhibition of lipid
peroxide formation by the extract was calculated:
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RESULTS

The total phenalic content of Hibiscus sabdariffa calyx was expressed in milligram Gallic Acid
Equivalent per gram. The values represent the Mean of triplicates+SE of each extract.

The total flavonaid content of Hibiscus sabdariffa calyx was expressed as milligram Quercetin
Equivalent per gram. The values represent the Mean of triplicates+5E of each extract.

Percentage yield: The percentage yield of Hibiscus sabdariffa calyx in different solvents is shown
in Table 1. The result showed that methanol extract of Hibiscus sabdariffe calyx had the highest
vield and significantly different (p<0.05) from ethanol, acetone and water.,

Total phenolic content: The result of the Total Phenolic Content (TPC) of Hibiscus sabdariffa
calyx in different solvents is shown in Table 1. The result of the total phenolic content of Hibiscus
sabdariffa calyx in different solvents showed that methanol extract yielded 29.2 mgGAE/g, ethanol
extract yielded 27.6 mgGAK/g, acetone extract yielded 19.3 mgGAR/g and water extract yielded
20.2 mgGAE/g,

Total Flavonoid Content (TFC): The result of the Total Phenolic Content (TPC) of Hibiscus
sabdariffa calyx in different solvents is shown in Table 1. The result of the total flavonoeid
content. of Hibiscus sabdariffa calyx in different solvents showed that methanolic extract yielded

36.7 mgQE/g, ethanol extract yielded 33.8 mgQE/g, acetone extract yielded 52.6 mgQE/gand water
extract yielded 33.3 mgQE/g.

Inhibition of DPPH radical: The DPPH radical-scavenging activity of the methanol, ethanol,
acetone and water extract of Hibiscus sabdariffa calyx is shown in Fig. 1. Methanol extract
inhibited 78+0.25%, ethanocl extract inhibited 69+0.46%, acetone extract inhibited 37+£0.01% and
water extract inhibited 63+9.97% of the DPPH free radicals.
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Fig. 1. Percentage inhibition of the DPPH radicals by methanol, ethanol, acetone and water

extracts of Hibiscus sabdariffa calyx. The values represent the Mean of triplicates+SE of
each extract
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Fig. 2. Percentage inhibition of lipid peroxidation by methanol, ethanol, acetone and water extracts

of Hibiscus sabdariffa calyx. The values represent the Mean of triplicates£SE of each
extract

Table 1: Percentage extract yield, total phenolic content and total flavonoid content. of Hibiscus sabdariffa calyx

Solvent Yield (%) TPC (mg GAE/g) TFC (mg QE/g)
Methanol 27.3+£0.33 29.2+0.03 36.7+£0.01
Ethanol 12.8+0.12 27.6+0.03 33.8+0.02
Acetone 5.9+0.09 19.3+0.02 53.6+0.03
Water 4.0+0.12 20.2+0.06 33.3:0.01

Inhibition of lipid peroxidation: The lipid peroxidation inhibition activity of the methanol,
ethanol, acetone and water extract of Hibiscus sabdariffa calyx is shown in Fig. 2. Methanol
extract inhibited 21+2.08%, ethanol extract inhibited 2644.14%, acetone extract inhibited 204+0.01%
and water extract inhibited 25+1.6% of the lipid peroxidation.

DISCUSSION
Phenols: Phenols are very important plant constituents because of their radical scavenging ability
due to their hydroxyl groups (Hatano et al., 1989). Methanol has been reported by Yao et al. (2004)
to be the most suitable solvent in the extraction of pelyphenolic compounds from plant tissue due
toits ability to inhibit the action of polyphenol oxidase that causes the oxidation of polyphenols.
The result of this study showed that there was no significant difference between the phenoclic
content. of the methanol and ethanol extract (p<0.05) but the two extracts were significantly
different from water and acetone extract (p<0.05). Compared with the percentage yield of all the
extract, there was a decline from methanol to ethanol and acetone but an inerease in the phenolic
content of water extract (Table 1). This result showed that alechols are better sclvents than acetone
and water for the extraction of phenols from Hibiscus sabdariffa calyx. The TPC of the
aqueous extract of Hibiscus sabdariffa calyx reported by Oboh (2008), (13.8 mg g™ ') and
Mohd-Esa et al. (2010) (1.85to 2.9 mg g* for aqueous methanol) were lower than the aqueous TPC
in this study (20 mg g7"). The values (5-24 mg g™') of ethanol extracts of Hibiscus sabdariffa calyx
reported by Christian and Jackson (2009) were lower than the values reported for the ethanocl
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extract in this study. Furthermaore, in the extraction of phenolic compounds from different cultivars
of green walnuts, Jakopic et al. (2009) reported that the methanol extracted significantly higher
amount of phencls compared to ethanol. However, a research conducted by Koffi et al. (2010)
indicated that ethanol was the best solvent for the extraction of phenols in the Ivorian plants under
study. There was no found literature that compared all the four solvents used in this study. It has
been reported by Singleton et al. (1999) that the Folin-Ciocalteu assay has been shown not to be
specific to just polyphenocls but to any other substance that could be oxidised by the Folin reagent.
In addition, phenolic compounds, depending on the number of phenolic groups they have, respond
differently to the Folin-Ciocalteu reagent. Therefore, the total phenolic content of Hibiscus
sabdariffa calyx in this study may not be the exact content of the phenocls present.

The phenolic compounds in the extract are more often asscciated with other biomolecules
(proteins, polysaccharides, terpenes, chlorophyll, lipids and inorganie compounds) and a solvent
must be found that is suitable for extracting them (Koffi ef al., 2010). The extraction of other
biomolecules probably could explain the very high percentage yield obtained in the methancl
extract of this study (Table 1) which was significantly higher (p<0.05) than ethanol, acetone and
water. According to Sultana ef al. (2009), the high percentage yield of the methanol and ethancl
extract in this study could be due to the ability of these solvents to dissolve endogenouse compounds
together with the phenols,

The strong linear correlation (r = 0.816) between the percentage yield of the extracts and the
total phenolic content suggest that high phenoclics were extracted from Hibiscus sabdariffa calyx.

Flavonoids: Flavonoids are large compounds occurring ubiquitously in food plants. They occur as
glycosides and contain several phenolic hydroxyl groups on their ring structure. Many flavonoids
are found to be strong antioxidants capable of effectively scavenging the reactive oxygen species
because of their phenolic hydroxyl groups (Cao et al., 1997). The result of the total flavonoid
content showed that the acetone extract had the highest flavoneid content (53.6 mgQE/g) and
significantly different (p<0.05) compared to methanol, ethanol and water. This suggests that the
flavonoids present in Hibiscus sabdariffe calyx were better extracted by acetone. The stronger
linear correlation between the percentage yield and TFC (r = 0.963) compared to the relationship
between percentage yield and TPC, alsc suggest that flavonoids were principal constituent of the
crude extracts in the four solvents used in this study. The result also showed that more flavonoids
were extracted from the plant since the values of the TFC were higher than the values of the TPC
(Table 1).

DPPH: DFPH assay 1s a preliminary test to investigate the antioxidant potential of extracts
(Kaur et al., 2008). The result of the DPFH free radical scavenging activity (Fig. 1) showed that
methanol extract of Hibiscus sabdariffa calyx inhibited more free radicals than ethanol, acetone
and water. However, it was only significantly different from only water and acetone extract. Due
to different antioxidant potentials of different compounds, the antioxidant activity of extract is
strongly dependents on the extraction solvent (Jang et al., 2007). The methanol extract recorded
the highest phenclic content and also had the highest antioxidant activity; however, the acetone
extract that gave the highest flavonoid content recorded the lowest antioxidant activity. This
suggests that the flavonaoid contents of the acetone extract may be glycosylated making the
flavonoids not freely available for antioxidant activity. There was a positive linear correlation
between the antioxidant activity and total phenolic content of Hibiscus sabdariffa calyx (r = 0.969).
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This result suggested that the phenclic compounds contributed significantly to the anticxadant
capacity of the investigated plant species. This result was consistent with the findings of many
research groups who reported such positive correlation between total phenolie content and
antioxidant activity (Cai ef al., 2004; Tawaha ef al., 2007; Zheng and Wang, 2001).

The positive linear correlation (r = 0.742) between flavonoid content and antioxidant activity
also suggest that the flavonoid contents of Hibiscus sabdariffa calyx contributed to the antioxidant
activity. However, there was a stronger correlation with phencls indicating that more phenols were
available for inhibition of free radicals compared to flavonoids.

Lipid peroxidation: The result in this study (Fig. 2) showed that ethanol extract had the highest
inhibition of lipid peroxidation followed by water, methanol and acetone. However, these inhibitions
recorded were lower than the inhibitions recorded with the DPFPH free radical assay. The low
percentage inhibition of lipid perexidation could be due to the storage of the extract before use.
There are reports (Jang et al., 2007) that indicate that storage of extracts can decrease the phenclic
content. of the extract which affects the stability of the antioxidant activity of the extract due to
chemical or enzymatic decomposition. The inhibitory activity of the ethancl extract in this study
{26%) was far lower than 71.3% recorded by Ochani and D’Mello (2009). There was a very low
positive correlation (r =0.137) between TPC and inhibition of lipid peroxidation. This could suggest.
that inhibition of lipid peroxidation may not be a good assay to determine antioxidant activity of
Hibiscus sabdariffa calyx. The result also showed a negative correlation (r =-0.779) between TFC
and inhibition of lipid perexidation. These poor correlations could be as a result of deterioration of
the lipids during storage. It could also suggest that both phenolics and flavonoeids did not contribute
to the inhibition of lipid peroxidation of Hibiscus sabdariffa calyx in this study.

CONCLUSION

In the present study, methanclic extract of Hibiscus sabdariffa calyx gave the highest
extraction yield, phenclic contents and antioxidant activity against DPPH free radicals. Acetone
extract gave the highest flavonoid content but had the least inhibition to DPPH free radicals. The
result also showed that a higher amount of flavonoids were extracted compared to phenols in all
the sclvents however; there was a stronger linear correlation between the phenolic contents and
inhibition of DFPPH free radicals than flavonoid contents. This suggests that phenolics contribute
more to the antioxidant activity of Hibiscus sabdariffa calyx. All the extracts showed low inhibition
to lipid peroxidation.
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