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Water extract of the calyces of Hibiscus sabdariffa Linn (Malvaceae) is used widely as a food additive
and refreshing drink with proven medicinal benefits, which are attributed to its phytochemical
constituents. Relevant physicochemical and stability studies have been carried out on the freeze-dried
and formulated samples of aqueous extract of the calyces of H. sabdariffa. The phytochemical
constituents, moisture sorption characteristics and the effect of extract concentration, light and pH on
the color of the extract were determined. The stability of the anthocyanins contained in the extract and
the thermal characteristics of the freeze-dried extract were also evaluated. The dye solution which has
hot-pink color and a pH of 2.1 + 0.6 contained flavonoids, glycosides, sterols, balsams, phenols,
monosaccharides, free reducing and combined reducing sugars. The extract solution also showed
colour and light transmittance responsiveness to changes in pH. Fourier transform infrared (FTIR) -
spectra and the diffraction scanning thermograms show the degradation effect of light on the extract.
The dry samples of the extract showed higher photo-stability relative to the solutions. The isothermal
moisture sorption profile of the powdered freeze -dried extract and the formulated granules showed
characteristic sigmoidal curves corresponding to Type 2 and 5 isotherms respectively. The aqueous
extract of the calyces of H. sabdariffa generally showed high light and pH sensitivity and positive tests
for the presence of some active secondary plant metabolites that are probably responsible for its
claimed health benefits.
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INTRODUCTION

There has been renewed interest in the use of natural al.,, 2000). The family Malvaceae contains several

products as medicines, especially those from plant origin.
This is because of their multifunctionality and diverse
applications and low side effects (Wang and Jiao, 2000).
Many of the identified pharmacologically active plant
species are also used as food or condiments in delicacies
in different communities where they are found (lgarashi et
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species with such folkloric uses.

The family Malvaceae, which is also known as Mallow
family, is a family of Class Magnoliopsida, flowering
plants. In this family, there are more than 100 genera and
about 1500 species. Most, species in this family are
herbs or shrubs excluding several tree species. Hibiscus
sabdarrifar (Linn) belongs to the Malvaceae family (Wiki
directory, 2010).

H. sabdariffa is an annual dicotyledonous shrub, which
grows to a height of about two meters. It has yellow or
reddish flower and its leaves have three to five lobules



(George and Roger, 1991). Although native to India and
Malaysia, H. sabdariffa is also widely available and must
have being carried to Africa in early times (Fasoyiro et al.,
2005). Many parts of the plant are of value with the
leaves, seeds and calyces widely used as either food or
drug (Aliyu, 2000; Parkouda et al., 2008).

Many phytochemical constituents and diverse medi-
cinal activities have been attributed to this plant. In the
Ayurvedic literature of India, different parts of the plant
are recommended as remedy for ailments such as
hypertension, pyrexia and liver disorders. In some other
traditions, the plant is used as antidote to poisonous
chemicals (acids, alkali, pesticides) and venomous mush-
rooms (Chifundera et al., 1994). H. sabdariffa contains
higher amount of ascorbic acid compared to orange and
mango (Wong, et al., 2002). It is also rich in riboflavin,
niacin, calcium and iron (Qi et al., 2005; Babalola et al.,
2000).

The water extract of the red flowered specie of H.
sabdariffa is widely used in the preparation of fruit drinks
because of its unique and appealing characteristic color
and flavor (Fasoyiro et al., 2005) . In the United States
and Germany, it is used in the processing of juices,
jellies, jams, beverages and ice cream (Leung, 1980). In
Nigeria, the flavored water extract is popular and widely
consumed as a refreshing tea and “soft drink” called ‘zobo’. This
beverage is widely consumed without any reported adverse
effects. The sensitivity of the dye solution to environmental
factors such as temperature, light and oxygen has limited
their commercial production and use as colorant (Kanner et
al., 2001).

The claimed medicinal benefits of H. sabdariffa can be
attributed to the presence of anthocyaninins, which are
the colored product of the flavonoid pathway (Niloufer et
al., 2007). The anthocyanins contained in H. sabdariffa
have been found to possess antioxidant activity, which
offer protection against atherosclerosis and cancer
(Meyer et al., 1997; Satue-Gracia et al., 1997; Takeoka et
al., 1997). They are also linked with liver-protective and
cholesterol activity enhancement. The antioxidant poten-
tial has been shown to have many times more activity
than common antioxidants such as ascorbate (Wang et
al.,, 1997). The anthocyanins identified in the calyces of
the red colored specie of H. sabdariffa include
delphinidin-3-sambubioside,  cyaniding-3-sambubioside
and delphinidin-3-glucose (Hong and Wrostlad, 1990). A
number of environmental factors such as pH, heat and
some food additives affect the stability of anthocyanins
from many plant sources (Attoe and von Elbe, 1981).
However, there are no reports on the effect of light on the
anthocyanins contained in the aqueous extract of H.
sabdariffa. Evaluation of the physicochemical and stability
properties of the aqueous extract will be a valuable tool
for storing and processing the extract in stable
formulations. The objective of this work therefore is to
evaluate relevant physicochemical and stability pro-
perties of the freeze-dried and granulated formulation of
the aqueous extract of the calyces of H. sabdariffa.

MATERIALS AND METHODS
Materials

Dry calyces of H. sabdariffa were obtained from an open market in
Abuja, Nigeria. Other materials include: buffer tablets (pH 4, 9.2,
10) (Fisher, USA); sodium chloride, magnesium chloride, tannic
acid and ferric chloride (Sigma, Germany), potassium dihydrogen
phosphate (May and Baker, England), sodium hydroxide, potassium
thiocyanate, potassium chloride and calcium chloride (BDH,
London) and sucrose (Nigerian sugar company, Nigeria).

Method
Extraction

A 300 g quantity of dry calyces of H. sabdariffa was rinsed with two
500 ml portions of distilled water to remove dust and adhering dirt.
This was then transferred into 2 L of hot distilled water maintained
at 80°C for 45 min. The extracted dye solution was strained off and
the exhausted calyces rinsed with another 1 L of hot (80°C) distilled
water. The extract was freeze-dried and pulverised with a glass
pestle and mortar before passing through a 250 um mesh sieve (US
Standard sieve, USA). The powdered extract was stored in a
chamber of activated desiccator for 48 h and then transferred into
an air tight, amber coloured screw capped bottle.

Formulation of granules

Granules were prepared by the massing and screening method
(Kunle et al., 2003). The powdered freeze dried extract was massed
by using syrup BP (BP, 2004) as the binder. The wet mass was
hand screened through a 0.6 mm mesh sieve and then dried at
50°C for 6 h in a hot air oven. The dry granules were then stored in
an air tight, amber coloured screw capped bottle.

Phytochemical analysis

Phytochemical analysis for bioactive constituents was undertaken
using standard qualitative methods (Jack and Okorosaye-Orubite,
2008). Flavonoids was detected by adding 3 ml of the extract to 1ml
sodium hydroxide and observed for yellow coloration. Glycoside
was detected by adding 10 ml of 50% sulphuric acid to 1 ml of the
extract in a test tube. The mixture was heated in a boiling water-
bath for 15 min. 10 ml of fehling’s solution was added and the
mixture was heated and observed for brick red precipitate. Alkaloids
was detected by adding 1 ml of hydrochloric acid to 3 ml of the
extract in a test tube. The mixture was heated for 20 min, cooled
and filtered. 2 drops of Wagner’s reagent was added to 1 ml of the
filtrate and observed for reddish brown precipitate. Saponins were
detected by using the frothing test: 2 ml of the extract in a test tube
was vigorously shaken for 2 min and observed for persistent
foaming.

Moisture sorption characteristics

Quantities of the freeze-dried extract of H. sabdariffa, sucrose
powder and the granulated formulation of H. sabdariffa/sucrose
were placed in 100 ml Petri dishes in an activated desiccating
chamber at 25°C for one week to remove any residual moisture.
The moisture sorption isotherms of these were then determined by
the gravimetric method (Beristain et al., 2006). 1 g was placed in an
aluminum foil and put in a desiccator with a gauze holding tray
containing either distilled water or saturated solution of different



salts to provide the required relative humidity (RH), (water 100%,
potassium chloride 84%, sodium chloride 75%, potassium
thiocynate 47% and calcium chloride 31%). The samples were
weighed at 12 h intervals until equilibrium was attained. The
equilibrium moisture sorption (EMS) was evaluated using Equation
1 (Lin and Chen, 2005).

EMS = Me/Md x 100

Where Me is the amount of moisture sorbed at equilibrium and Md is
the dry weight of the material. The profile of percentage weight gain
vs relative humidity was then evaluated for each sample.

Effect of pH on the colour of dye solution

The effect of pH on the color of the dye solution was investigated by
altering the pH of a 0.5 %w/v dye solution from acidic through
neutral to basic by dropwise addition of either 0.1 N HCl or 0.1 N
NaOH solution. The color of the dye solution was assessed by
cross matching with a standard color chart.

Effect of pH on transmittance of dye solution

Different concentrations (0.02, 0.04, 0.12 mg/ml) of the solutions of
the freeze-dried extract of H. sabdariffa were prepared in different
buffer solutions (pH 1, 2.5, 4, 7 and 9.2). The transmittance of the
solutions was determined at a predetermined max of 600 nm. A
curve of transmittance vs concentration was plotted.

Stability of H. sabdariffa dye solution

Samples of the powdered freeze-dried extract, formulated granules
and 0.5 %w/v solutions of the freeze-dried extract were stored in a
photostability chamber (Vindon Scientific, Oldham England). 10 ml
volume of each of 0.5% w/v solutions of the freeze-dried granules
and formulated extract was prepared daily, and the transmittance of
each solution was determined at the predetermined max. This was
done daily for 7 days.

Effect of light on the stability

A 0.1% wi/v solution of H. sabdarriffa was prepared and the tannin
content was determined (Muller-Harvey and McAllan, 1992). The
solution was then stored in photostability chamber under a
fluorescent light at 33°C. The tannin content was determined by
photometric method using a standard curve prepared with tannic
acid.

Effect of storage on the pH of H. sabdariffa solution

The pH of 0.125 %wl/v solution of the freeze-dried extract and for-
mulated granules was determined. Each of the solutions was then
divided into two portions with one portion stored in a refrigerator
(5°C) and the other at room temperature (27°C) and the pH
monitored periodically for 7 days.

Fourier transform infrared - spectra (FT-IR)

The Fourier transform infrared (FTIR) spectra were acquired on a
NICOLET IR 100 (Themo Electro Corporation, USA). Spectra over

a range of 4000 - 400 cm'l, with threshold of 1.303, sensitivity of 50

and resolution of 2 cm'1 range were recorded on KBr pellets (1 mg
of extract powder per 400 mg of KBr). Spectra scan to determine
the effect of light on the freeze-dried extract of H. sabdariffa was
also carried out.

Differential scanning calorimetry (DSC)

Thermal studies were carried out on a differential scanning calori-
meter (DSC 204 F1, Phoenix NETZSCH, Germany) equipped with
a thermal analysis system. Indium (156.8 °C) was used as the
internal standard. Samples of approximately 1 mg of the freshly
prepared freeze-dried extract before and after exposure to
fluorescent light in a photostability chamber for 7 days were placed
in an aluminum pan (25 pl) and covered with a perforated lid
respectively. Dry nitrogen was used as the purge gas (purge 20

mImin'l). The probes were heated from a start temperature of 25 to

500°C at a rate of 10 °C min™. The thermal characteristics were
evaluated with the Proteus analysis software (Builders et al., 2008).

RESULTS AND DISCUSIONS

Phytochemical screening

In many places, H. sabdariffa is cultivated mainly as a
food crop. However, it has also been used as an impor-
tant medicinal plant because of the presence of some
biologically active components with identified pharmaco-
logical benefits (Qi et al., 2005). The phytochemical
screening of the water extract of the calyces of H.
sabdariffa showed the presence of flavonoids, glycol-
sides, sterols, balsams, monosaccharides, free reducing
and combined reducing sugars (Table 1). Flavonoids
refer to a class of plant secondary metabolites, which are
synthesized by the phenylpropanoid metabolic pathway.
Anthocaynins are the final products of the series of
enzymatic modification of the pathway. This group of
compounds is responsible for the yellow, red or blue
pigmentation in many flowers and fruits (Irani and
Grotewold, 2006). These bioactive agents have some of
the strongest physiological effects of any plant compound
probably because of their strong antioxidant properties.
The flavonoids inside the human body have little or no
direct antioxidant value because they are poorly
absorbed (less than 5%) by the human body (Lotito and
Frei, 2006). When flavonoids are absorbed they are
quickly metabolized and excreted from the body. The
huge increase in antioxidant capacity of blood seen after
the consumption of flavonoid-rich foods is not caused
directly by the flavonoids themselves, but due to the
increased uric acid levels that result from degradation of
flavonoids from the body (Krishnaiah et al., 2009). Con-
sumption of large dietary supplements or large quantities
of the tea or drink prepared with high concentrations of
the aqueous extract of H. sabdariffa provides no extra
benefit and may pose some risks, however they have
relatively low toxicity compared to other active plant
compounds (Wang and Jiao, 2000). Like other natural
sources of flavonoids the aqueous extract of the calyces
H. sabdariffa will induce the production of Phase |l



Table 1. Phytochemical constituent of the aqueous extract

of H. sabdarriffa.

Compound

Remark

Alkaloids

Saponin

Tannin

Glycosides
Anthraquinones
Flavanoids

Phenols

Sterols

Balsams
Monosaccharides
Free reducing sugar
Combined reducing sugar
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Figure 1. Color profile of H. sabdarriffa aqueous extract solution at different pHs

enzymes that help eliminate mutagens and carcino-gens,
and therefore may be of value in cancer prevention and
probably also induce mechanisms that could kill cancer
cells and inhibit tumor invasion. In addition, the
antihypertensive benefits of flavonoids have being
attributed to other mechanism other than the antioxidant
property (Ali et al., 2005; Andriambeloson, 1998).

The aqueous extract of the calyces of H. sabdariffa or
drinks made with it have a characteristic dry and puckery
feeling in the mouth when consumed. These properties
are due to the astringent property that is characteristic of
tannins. The tannin present in the calyces is also the
product of enzymatic pathway during the formation of the
anthocyanins (Niloufer et al., 2007).

Presence of phenol and glycosides (Table 1), like that
of the flavonoids are due to the polyphenolics produced
during the anthocynanins enzymatic pathway (Elliot,
1992). Generally, glycosides are a group of compounds
in which a sugar part is bound to a nonsugar part of the
molecules. Thus, the positive test observed for phenols,
flavonoids and sterols in the freeze-dried extract of the
calyces of H. sabdarriffa may also be responsible for the
positive test for glycosides (Sofowora, 1993; Trease and
Evans, 1989). The sugar moiety may consist of a single
sugar group (monosaccharide) or several sugar groups
(oligosaccharide) (Table 1). This is probably responsible
for the observed positive test for monosaccharide, free

reducing sugar and combined reducing sugar obtained in
the extract (Trease and Evans, 1989).

Effect of pH change on extract solution color

The aqueous extract of the calyces of H. sabdariffa is
acidic (Fasoyiro et al., 2005; Wong et al., 2002) with a 0.5
% w/v aqueous solution of the freeze-dried extract
characterized by a hot-pink color and a pH of 2.1 + 0.6
(Table 1). The low pH of the aqueous extract has been
attributed to the presence of a number of organic acids:
oxalic, tartaric, malic and succinic acids (Wong et al.,
2002). When the pH of the extract solution was altered
from acid through neutral to basic, the solution showed
characteristic changes in color as shown in Figure 1. The
color changes that were observed with change in the pH
of the dye solution are consistent with the presence of
anthocyanins (Laleh et al, 2006). On adjusting the
solution to pH 1, the solution changed to red due to the
protonation of the pigments resulting from pH-induced
condensation of the anthocyanins. At alkaline pH (7 and
above), the colors of the solutions gradually faded turning
colorless due to the formation of unstable intermediate
peroxide complexes (Lopez-Serrano and Ros-Barcelo,
1999).
The pink color of the solution persisted in different
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Figure 2. Effect of pH on light transmission of H. sabdariffa solution

shades until pH 5. At pH 5, the dye solution changed to a
color coinciding with mystyrose on the color chart. At pH9 to pH
11, the solution was olive while pH 12 and 13 were olive
drab.

At the lower pH values (1 to 4) the colored complexes
formed were more stable than those formed at the higher
pH values (pH 5-13). The color changes at pH 5 and
above could be due to the deprotonation of the coloured
pigments. Thus, the extent of deprotonation increased
with decrease in pH of the solution. Though the charac-
teristic instability of the colour of the dye solution to
changes in pH makes it unsuitable for use as a colorant
in formulations, this property however could be used as
an indicator to monitor changes in pH of certain
preparations.

Effect of light on the color of the dye solution

The intensity of the colour was determined by evaluating
the transmittance of light through the solution. As is
characteristic of dyes, the transmittance increased with
increase in the dye concentration (Figure 2). Figure 3
shows the pH sensitivity of the light transmittance through
the solution. The pH of least sensitivity to transmittance
with change in concentration was observed at pH 2 while
the highest sensitivity was observed at pH 7. The
differences in light transmittance due to changes in pH of
the solution indicate the variation in the absorption-trans-
mittance of light of different wavelengths by the coloured

pigments of the solution.

Effect of light on the color stability of formulated and
unformulated freeze-dried extract solution

Anthocyanins are highly photosensitive compounds
(Attoe and Von Elbe, 2006). The exposure of the dye
solution of the extract of the calyces of H. sabdariffa to
fluorescent light was evaluated in order to determine the
color stability of the freeze-dried extract and the formu-
lated extract sample to light. The stability of the freeze-
dried powder and the formulated granules and their solu-
tions were comparatively evaluated. The photo- stability
profiles were evaluated by assessing the changes in light
transmittance with time on exposure to light (Figure 4).
The dry solid samples of the formulated and the unformu-
lated freeze-dried extract exhibited higher photo-stability
as compared to their solutions. There was no significant
difference (p < 0.05) in the photostability of the solutions
prepared with the dry freeze dried sample and the
formulated samples. There was increase in transmittance
with aging of the solutions when exposed to light, an
indication of degradation of the anthocyanins especially
as it coincides with the fading of the color of the solution.
Photodegradation may be an important degradation
pathway of the coloured pigments of the aqueous extract
of H. sadariffar. The fading of the dye color as assessed
by increase in light transmittance was lower in the solu-
tions containing sucrose (Figure 4). Sucrose has being
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reported to protect anthocyanins from photodegradation
by inhibiting degradative enzymes and steric interference
due to condensation reactions (Wang and Xu, 2007;
Attoe and Von Elbe, 2006).

Moisture sorption characteristic

Moisture sorption isotherm shows the equilibrium amount
of water sorbed onto a solid as a function of steady state
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vapour pressure at a constant temperature (Roos, 1995;
Oyelade et al., 2008). Water sorption property is impor-
tant in predicting the physical state of materials under
various conditions, because most structural trans-
formations and phase transitions are significantly affected
by water (Roos, 1995). The interaction of the extract and
its formulations with water molecules can affect chemical
stability as well as physical and mechanical properties.
The importance of moisture on the solid-state stability of
bioactive agents has been extensively documented
(Swaminathan and Kildsig, 2001). The moisture sorption
properties of the freeze-dried extract, sucrose-freeze
dried extract granules and sucrose were evaluated to
determine the physical changes in terms of amount of
moisture sorbed at different RH. The moisture uptake
profiles are presented in Figure 5. Curve 1 and 2
coincides with the Type 2 isotherm, which are sigmoidal
curves normally associated with monolayer-multilayer
uptake on the non-porous or macroporous surface of a
powder. The powdered freeze-dried extract and the for-
mulated granules have macroporous particles that permit
fast uptake of water molecules by capillary action and
surface water interactions (Oyelade et al., 2008; Bell and
Labuza, 2000). The profile shows a significant (p < 0.05)
uptake at low RH followed by a small adsorption at
intermediate RH and a high uptake at high RH which is
indicative of a well-formed monolayer. Curve 3 indicates
a Type 5 isotherm, which is characterized by a weak
adsorbent—adsorbate interaction and shows a low uptake
at low RH and a high adsorption at higher RH (Sing et al.,
1985; Rouquerol et al., 1999).

The freeze-dried and the formulated freeze- dried
extracts show a high degree of hygroscopicity as their
moisture uptake were greater than 50% of their dry
weight after storage for less than one week at RH of less
than 90% (Callahan et al., 1982).

The phenomenon of deliquescence is important in
pharmaceutical systems because the exposure of solids
to high RH results in the formation of a liquid phase
where chemical reactions may be accelerated or physical
changes catalysed (Hancock and Shamblin, 1998). The
deliquescence occurred in the extract and granulated
extract-sucrose granulated formulation at RH above 60
and at 100% RH for sucrose. The deliquescence of the
materials results from the dissolution of the particles by
water adsorbed at the surface to form saturated solution
at high RH (Van Campen et al., 1983; Kontny and
Zografi, 1995).

Fourier transform infrared - spectra (FT-IR)

The infra-red (IR) spectrum of a given compound is
always unique and characteristic. IR spectroscopy is a
quick and relatively cheap technique for identifying
compounds (Sherman, 1997) . The IR spectra of the H.
sabdariffa when stored in the dark and when exposed to
light are presented in Figure 6. The IR spectra of the
freeze dried extract stored in the dark and under fluo-
rescent light were carried out to identify the effect of light
on the stability of the freeze-dried extract of the calyces of
H. sabdariffa. The spectra of the freshly freeze-dried
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sample stored protected from light served as the finger
prints to identify the extract. The IR spectrum of the
extract powder protected from light was different from that
exposed to fluorescent light (Figure 6). The powder of the
freshly freeze-dried extract protected from light is
characterized by eight strong peaks as shown in spectra
6A. Spectra 6B show the changes resulting from the
effect of light on the vibrational motions the molecule that
compose the freeze-dried extract. The spectra of the
powdered extract exposed to light showed seven
prominent shifts.

The phytochemical tests indicate the presence of
different compounds. Different bonds and functional
groups characterize the molecules of the different com-

pounds. The different peaks in the IR spectra indicate the
various vibrations that is indicative of the different bonds
in the molecules of the different compounds. There was
obvious change in the IR spectra of the freeze-dried
extract when exposed to light. The change could result
from the loss of a functional group that corresponds to
either a C C or C N triple bonds. There are no changes in

peaks within the frequencies less than 1500 cm_l. These
correspond to the finger print region, which indi-cate that
light did not affect the characteristic fingerprint of the
extract. The changes that occurred due to expo-sure may
be due to photo- induced dissociation leading to
rearrangement or isomerization of the triple bonds of the
chromophore.
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Effect of light on DSC thermogram

Differential scanning calorimetry (DSC) is a versatile
technique that is based on heat flow into and out of a
material as a function of temperature and/or time. Two
characteristic endothermic transitions characterize the
thermogram of the freeze- dried extract (Figure 7). The
first transition is broad and irregular, characteristic of the
complex or impure nature of the extract. The second
transition is sharp and endothermic, characteristic of
melting of a pure compound. Phytochemical screening of
the extract indicates the presence a number of
compounds that includes flavonoids, glycosides, sterols,
tannins and sugars. The broad and irregular nature of the
first endothermic transition may result from the merging of
the different endothermic transitions characteristic of
many crude plant extracts. The second sharp and endo-
thermic transition is characteristic of the melting of a pure
compound whose melting temperature is significantly far
from the other compounds contained in the extract. The freeze-
dried extract is moderately hygroscopic and contains a large
amount of both loosely and tightly bound water. The presence
of balsams that have defined glass transitions and water
molecules could also contribute to broaden the first
endothermic transition.

The DSC thermogram of the powdered freeze-dried
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samples was used to assess the effect of light on the
stability of the powdered extract of H. sabdariffa. The empi-
rical differences between the thermographs compared the
differences in the stability of the samples in the different
storage conditions (Olaniyi, 2000) . The DSC thermograms of
the freshly freeze-dried extract stored in the dark and under
fluorescent light are shown in Figure 7. The thermo-gram of the
dry extract stored in the dark was similar to that obtained with
that stored under fluorescent light after seven days. This
indicates there was no detectable degradation of the dried
powder after exposure to fluorescent light.

Conclusions

Some relevant physicochemical and stability properties of
the freeze-dried extract were evaluated. The phytochemi-
cal analyses showed the presence of some bioactive
agents such as tannins, flavonoides and ascorbic acid
which could be responsible for its attributed health bene-
fits. The colour band obtained for the extract solution at
different pHs is characteristic of anthocyanins and was
highly sensitive to light as shown by UV and IR spectro-
scopy. However, the changes were not detectable by
thermal analysis using the DSC. The granules of the
extract formulated with sucrose showed less moisture



uptake and more photo-stability in comparison to the
unformulated extract.

REFERENCES

Ali BH, Al Wabe N, Blunden G (2005). Phytochemical, pharmacological
and toxicological aspects of Habiscus sabdariffa L.: A review.
Phytother. Res., 19(15): 369-375.

Aliyu L (2000). Roselle (Hibiscus sabdariffa L.). J. Applied Agric.
Technol., 6: 16-20.

Andriambeloson E (1998). Natural dietary polyphenolic compounds
cause endothelium-dependent vasorelaxation in rat thoracic aorta. J.
Nutr., 128(12): 2324-2333.

Attoe EL, Von EJH (2006). Photochemial degradation of betanine and
selected anthocyanins. J. Food Sci., 46 (6): 1934-1937.

Babalola SO, Babalola AO, Aworh OC (2000). Copositional attributes of
the calyces of roselle (Hibiscus sabdariffa. L). J. Food Technol. Afr.,
6: 133-134.

Bell L, Labuza TP (2000). Moisture sorption: practical aspects of
isotherm measurement and use, 2nd ed. St. Paul, MN: American
Association of Cereal Chemists.

Beristain C, Perez-Alonso IC, Lobato-Calleros C, Rodriguez-Huezo ME,
Vernon-Carter EJ (2006). Thermodynamic analysis of the sorption
isotherms of pure and blended carbohydrate polymers. J. Food Eng.,
77: 753-760.

British P (2004). London: Stationery office.

Builders PF, Kunle OO, Adikwu MU (2008). Preparation and
characterization of mucinated agarose: A mucin-agarose physical
crosslink. Int. J. Pharm., 356: 174-180.

Callahan JC, Cleary GW, Elefant M, Kaplan G, Kensler T, Nash RA
(1982). Equilibrium moisture content of pharmaceutical excipients.
Drug Dev. Ind. Pharm., 8: 355-369.

Chifundera K, Balagizi K, Kizungu B (1994). Les empoisonnements et
leurs antidotes en me” decine traditionnelle au Bushi, Zaire.
Fitoterapia, 65: 307-313.

Elliot WE (1992). Inhibition of glutathione reductase by flavonoids. A
structure-activity study. Biochem Pharmacol., 44(8): 1603-1608.

Fasoyiro SB, Ashaye OA, Adeola A, Samuel FO (2005). Chemical and
storability of fruit-flavoured (Hibiscus sabdariffa) Drinks. World J.
Agric. Sci., 1(2): 165-168.

Hancock BC, Shamblin SL (1998) Water vapour sorption by
pharmaceutical sugars. PSTT 8: 345-351.

Hong V, Wrostlad O (1990). Use of HPLC separation/photodiode array
detection for characterisation of anthocyanin. J. Agric. Food chem,,
38: 708-715.

Igarashi K, Kimura Y, Takenaka A (2000). Preventive effects of dietary
cabbage acylated anthocyanins on paraquat-induced oxidative stress
in rats. Biosci. Biotechnol. Biochem., 64(8): 1600-1607.

Irani NG, Grotewold E (2006). Light-induced morphological alteration in
anthocyanin-accumulating acuoles of maize cells; BMC Plant Biology
http://www.biomedcentr al.com/1471-2229/5/7.

Jack IR, Okorosaye-Orubite K (2008). Phytochemical analysis and
antimicrobial activity of the extract of leaves of fleabane (Conyza
sumatrensis). J. Appl. Sci. Environ., 12(4): 63-65.

Kanner J, Lapidot T (2001). The stomach as a bioreactor: dietary lipid
peroxidation in the gastric fluid and the effects of plant-derived
antioxidants. Free Radic. Biol. Med., 31: 1388-1395.

Kontny MJ, Zografi G (1995). Sorption of water by solids. In Physical
characterization of pharmaceutical solids. Brittain HG (ed.), Marcel
Dekker Inc., New York, pp 387-418.

Krishnaiah D, Devi T, Bono A, Sarbatly R (2009). Studies on
phytochemical constituents of six Malaysian medicinal plants. J. Med.
Plts. Res., 3(2): 067-072.

Laleh GH, Frydoonfar H, Heidary R, Jameei R, Zare S (2006). The
Effect of light, temperature, pH and species on stability of
anthocyanin pigments in Four Berberis Species. Pakt. J. Nutr., 5(1):
90-92.

Leung AY (1980). Encyclopedia of common natural ingredients used in
food, drugs, and cosmetics. Wiley and Sons New York.

Lin YC, Chen X (2005). Moisture sorption-desorption-resorption
characteristics and its effect on the mechanical behaviour of the
epoxy system. Polymer, 46: 11994-12003.

Lépez-Serrano M, Ros BA (1999). Purification and characterization of a
basic peroxidase isoenzyme from strawberries. Food Chem., 55(2):
133-137.

Lotito SB, Frei B (2006). Consumption of flavonoid-rich foods and
increased plasma antioxidant capacity in humans: cause,
consequence, or epiphenomenon. Free Radic. Biol. Med., 41(12):
1727-46.

Niloufer GI, Frantisek P, Antje F, Yuhua L, Lucille P, Kenneth F, Erich G
(2007). A trafficking pathway for anthocyanins overlaps with the
endoplasmic reticulum-to-vacuole protein-sorting route in arabidopsis
and contributes to the formation of vacuolar inclusions. Plant Physiol.,
145: 1323-1335.

Olaniyi AA (2000). Principles of drug quality assurance and
pharmaceutical analysis. Musoro Publishers, Ibadan. pp. 336-340.
Oyelade 0OJ, Tunde-Akintunde TY, Igbeka JC (2008). Predictive
equilibrium moisture content equations for yam (Dioscorea rotundata,
Poir) flour and hysteresis phenomena under practical storage

conditions J. Food Eng., 87(2): 229-235.

Parkouda C, Diawara 1B, Ouoba ILI (2008). Technology and physico-
chemical characteristics of Bikalga, alkaline fermented seeds of
Hibiscus sabdariffa. Afri. J. Biotech., 7(7): 916-922.

Qi Y, Chin K, Malekian LF, Berhame M, Gager J (2005). Biological
characteristics, nutritional and medicinal value of Roselle Hibiscus
sabdariffa. Circular- Urban Forestry Natural Res. Environ., 604: 1-2.

Roos Y (1995). Phase transitions in foods, Academic Press, San Diego,
USA. pp. 650-780.

Rougquerol F, Rouquerol J, Sing K (1999). In: Adsorption by powders
and porous solids, Academic Press, London, Great Britain, pp. 212-
320.

Sherman CP (1997). Infrared Spectroscopy In: Settle AF, Handbook of
Instrumental Techniques for Analytical Chemistry. Prentice Hall;
Har/Cdr edition Chapter 15.

Sing KSW, Everett DH, Haul RAW, Moscou L, Pierotti RA, Rouquerol J,
Siemieniewska T (1985). Reporting physisorption data for gas/solid
systems with special reference to the determination of surface area
and porosity (recommendations). Pure Appl. Chem., 57: 603-619.

Sofowora A (1993). Medicinal plants and traditional medicines in Africa.
Chichester John Wiley and Sons New York. pp. 97- 145.

Swaminathan V, Kildsig DO (2001). An Examination of the moisture
sorption characteristics of commercial magnesium stearate. AAPS
Pharm. Sci. Tech., 2(4): article 28. www.aaps pharmscitech. org.
Accessed 12/8/2009.

Takeoka GR, Dao LT, Full GH, Wong RY, Harden LA, Edwards RH,
Berrious JJ (1997).Characterization of black bean (Phaseolus
vulgaris L) anthocyanin. J. Agric. Food Chem., 45: 3395-3400.

Trease GE, Evans WC (1978). Pharmacology 11th Ed. Bailliere Tindall
Ltd, London. pp. 60-75.

Van CL, Amidon GL, Zografi G (1983). Moisture sorption kinetics for
water-soluble substances |: Theoretical considerations of heat
transport control. J. Pharm. Sci., 72: 1381-1388.

Wang W, Xu S (2007). Degradation kinetics of anthocyanins in
blackberry juice and concentrate. J. Food Eng., 82(3): 271-275.

Wang SY, Jiao H (2000). Scavenging capacity of berry crops on
superoxide radicals, hydrogen peroxide, hydroxyl radicals, and singlet
oxygen. J. Agric. Food Chem., 48(11): 5677-5684.

Wiki D (2010). e.n. wikipedia .org/wiki/Malvaceae. Accessed 20/01/2010

Wong P, Salmah YHM, Cheman YB (2002). Physico-chemical
characteristics of roselle (Hibiscus sabdariffa I.). Nutr. Food Sci., 32:
68-73.



