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ABSTRACT

This research was conducted during the 2018 and 2019 seasons, and the aim of the research was
to study the effect of each of the different drying methods (drying in the shade, direct sunlight,
electric ovens, and solar dryer) and the different storage periods (0, 2, 4 and 6 months) on the
quality of Roselle (Hibiscus sabdariffa L.) for both variety cultivars Sabhia 17 Dark and Sabhia 17
Light. The results showed that the method of drying in the shade gave the best results for most of
the characterizes studied for both varieties of the both seasons, and the results for the different
storage times did not differ significantly between them, especially the calyxes content of the two
varieties of TPC, DPPH% and TFC. On the other hand the chemical composition data of roselle
observed about the light variety is rich in ascorbic acid, TFC and TPC, while the dark variety is rich
in the total anthocyanin content (490 mg / 100g DWS).

Keywords: Hibiscus sabdariffa L.; total anthocyanins content; drying methods; DPHH%; storage time.

1. INTRODUCTION is characterized by red calyxes and flowers with

a unique sour taste. Roselle calyxes have been
Roselle  (Hibiscus sabdariffa L.), Family widely used as an edible colorant in food, drink
Malvaceae is a tropical annual herbal shrub and and some cosmetic products and are rich in

*Corresponding author: E-mail: azza.aly122@gmail.com;



Elghany et al.; AJRIMPS, 11(4): 1-14, 2022; Article no.AJRIMPS.90878

antioxidant components, mainly anthocyanin that
counteracts oxidative damage to prevent some
diseases [1,2]. Previous studies have shown that
the free radical scavenging effect (DPPH %) of
Hibiscus sabdariffa extract is able to attenuate
lipid peroxidation and protein oxidation in renal
tissues and hepatic [3].

The fresh calyxes of roselle contained natural bio
active of organic acids such as citric and malic
and more acids (4) This played a key role in
giving the juice samples a bright, concentrated
red color. The high acidity of distinctive taste in
the roselle calyxes extracts due to organic acids

[5].

The human body lacks the ability to synthesize
vitamin C. Previous studies have shown that the
calyxes of roselle are rich in vitamin C. [6]. This
implies that Roselle has a higher content of
ascorbic acid than guava, orange and mango [7].
Vitamin C content of roselle calyxes is related to
the state of freshness or dryness time. Vitamin C
is also an important antioxidant which plays an
important role in preventing free radicals [8].

Roselle shows the presence of flavonoids, it can
be used to cure many disorders and as an
antioxidant agent. In more the studies,
polyphenols were detected. Polyphenols have
attracted a great attention in relation to their
potential for beneficial effects on health. Over the
last few years, several experimental studies have
revealed biological and  pharmacological
properties of polyphenols compounds, especially
their anti-inflammatory activity, antiviral and
cytotoxic activity [9]. The fact that most medicinal
plants is a well-documented, are enriched with
polyphenol compounds that have excellent
antioxidant properties [10,11].

Previous studies indicated that roselle calyxes
extracts contain a high percentage of organic
acids, in two groups the first group like citric acid
(12-20%), hydroxycitric acid, hibiscus acid (13-
24%), tartaric (8%) malic (2— 9%) acids as major
compounds, and the second group include oxalic
and ascorbic (0.02-0.05%) acids as minor
compounds [12]. The human health benefits of
Ascorbic acid or vitamin C are many. It prevents
the scurvy, treatment of common cold, lowering
the hypertension, stimulating the immune
system, treatment of cancer; Maintains skin
vitality by remaining elastic [13]. Ascorbic acid
and other different phenolic compounds are good
for human health maintenance and prevention of
more diseases. Phenolic compounds including

hydroxyl benzoic acids, flavones, phenolic acids,
caffeoylquinic acids and anthocyanins are known
to be responsible for antioxidant activities in most
fruits .on other hand fruits with higher phenolic
contents, generally show stronger antioxidant
activities such as calyxes content of roselle [14].

Anthocyanin can lower cholesterol, lower blood
pressure, increase blood circulation, enhance
capillary strength and combat oxidative stress
[15]. Anthocyanins, flavonoids and polyphenol
which are the main phytochemical groups with
biological activities. The anthocyanins have
been found to be cardio protective,
hypercholesterolemia, antioxidative and
hepatoprotective [16,17]. They also have an
antioxidant activity [9] and inhibit low-density
lipoprotein (LDL) oxidation [18]. Flavonoids are
commonly known for their anti-inflammatory,
antioxidant, antiviral activity, cytotoxic and also
used in the treatment of diabetes, hypertension
and rheumatic fever [19, 20]. Anthocyanin is the
largest group of water-soluble natural pigment
from plants provide red, blue and violet colors to
flowers, fruits, vegetables, juices, liquor and
jams. It is an active compound, which is sensitive
to pH, temperature, light, oxygen, enzyme and
sulphur dioxide. Anthocyanin was reported to be
destroyed by high heat during processing and
storage of food [21]. Increasing one’s antioxidant
intake is essential for optimum health, especially
in today’s polluted world. Antioxidant intake can
protect body against heart problem, eye
problems, memory problems, mood disorders,
immune systems problems [22]. DPPH radicals
are widely used to study the recovery activities of
several naturally occurring compounds. The
effect of antioxidant on DPPH radical scavenging
was thought to be due to their hydrogen donating
ability or radical scavenging activity, and it used
as a substrate to evaluate the antioxidant activity
[23]. Several in vitro and animal studies with
anthocyanins strongly suggest their beneficial
effects in cardiovascular complications in
diabetes, clinical evidence for the use of
anthocyanins and anthocyanin-rich extracts in
diabetes is not convincing. The vision improving
effect of anthocyanins is an interesting and
important field of study, because myopia is
prevalent in today’s society, with decreased
contrast sensitivity, a vague eye discomfort
(asthenopia) arising from over-use of the eyes
[24].

The flavonoids inhibit different varieties of
Cancers in animals. High flavonoid intake can
reduce human cancer risk [25] Flavonoids are
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considered metabolites of plants that impart
coloration to most fruits, and seeds [26].
Flavonoids and phenolic have been considered
as important antioxidants and turned out to be
more efficient than vitamin C, E and carotenoids
[27]. A high-consumption diet of fruits and
vegetables that are high in antioxidants reduces
the risk of many types of cancer [28].
Antioxidants in the diet hold great promise as an
inhibitor of cancer due to their low toxicity, safety
and general acceptance [29, 30].

In addition, the drying process is considered one
of the most important post-harvest transactions
and aims to prolong the storage period and
reduce the costs of the packaging process, as
well as the cost of sea freight or others [31]. The
method of drying in direct sunlight is the oldest
traditional method, and the product in this way is
high crop losses ensue from inadequate drying
which results to exposed to weather conditions
such as air moisture or rain, as well as to
attacking fungi, insects and rodents [32]. On the
other hand, solar dryers are the best methods
that produce a dry crop that is protected from
attacking fungi and is not exposed to climate
fluctuations and others, meaning that the product
is in sufficient protection as this method depends
on two basic processes, namely, heat transfer to
the product and then removing moisture from it
[33].

This research was designed to assessment the
free radical scavenging of anthocyanins and
different active content from calyxes of Roselle
under different drying methods in different
storage times.

2. MATERIALS AND METHODS

Two filed experiments were conducted in the
Experimental Farm (Alganater Alkhiria) of
Medicinal and Aromatic Plants Res. Dept., ARC,
Egypt, during, the two growing seasons of 2018
and 2019 to study the Effect of different drying
methods on quality (chemical composition) of
Roselle calyxes (Hibiscus sabdariffa L.) Plants.

Roselle seeds (Sabhia 17, two cultivars dark and
light) are planted in April in the two growing
seasons, respectively. The distance between the
rows are being 60 cm and 50 cm between plants.

The recommended dose of NPK (2:1:1) will be
divided in two equal parts, the first one will be
applied one month after sowing and the second
one will be applied after the first dose. The

chemical fertilizers will be applied as ammonium
sulphate (20.5%N), calcium super phosphate
(15.5% P,0s) and potassium sulphate (48% K,0)
at (150 kg/fed, respectively) which are the
recommended dose. (Guidance bulletin of the
Department of Medicinal and Aromatic Plants
Research, HRI, ARC, 2016).

At harvest dates in September in both seasons,
plants were taken from the experiment field at
random to estimate the following characteristics
which were recorded:

2.1 Preparation of Roselle Calyxes

At the field we cut the base of the flower stalk
with a knife to release the capsule to remove
seeds of capsules for obtained fresh calyxes by
shelling hand or tool shelling.

2.2 Drying Methods Treatments

The two cultivars for the two processing were
collected and the after that drying is carried out
after shelling, by four drying methods, first is sun
rays drying. It reduces the moisture content of
the calyxes from 86% to 13 -16% for improved
preservation. Currently drying is traditionally
performed by direct exposure of the calyxes to
the sun rays. Calyxes are spread on mats or
plastic sheets placed directly on the ground. The
duration of drying is between 6 and 10 days.
Second method is an OAD (oven air dryer) at
60°C for 36 hr. to obtain the lowest of moisture
content in dried roselle calyxes (10%). The third
drying method is using solar energy by a direct
solar — heated forced air system (DSA) shown in
Fig. 1 according to [34]. The duration of drying is
between 6 and 8 days. It reduces the moisture
content of the calyxes from 86% to 12 -14%.
Fourth method of drying in the shade in
perforated shelves. The moisture content of the
calyxes were reduced from 86% to 12 -14%. All
previously treatment of dark and light red roselle
calyxes were divided into two groups randomly
assigned to each of the treatment combinations
all were packed in polypropylene (pp) package.

2.3 Storage Time Treatments

All samples for all dry methods were stored at
room temperature (at 25°C). Various quality
indices along with subjective evaluation were
determined during storage period up to eight
months at room temperature. The physical and
chemical properties of roselle calyxes for the two
cultivars were determining on zero day and (2, 4
and 6 months).
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Fig. 1. Direct solar- heated forced air system (DSA)

2.4 Determination of Dried Roselle

Calyxes Percentage

The factorial experimental design will be a
randomized complete block desigh (RCBD)
with three replicates. The obtained data are,
statistically, analyzed for ANOVA, and L.S.D.g s
values were calculated to test the differences
between the studied treatments according to
[40].

The percentage of dried roselle calyxes was
calculated as X = (weight of DRC after drying /
weight of FRC before drying) x 100.

2.5 Moisture Content

3. RESULTS AND DISCUTION
The amount of moisture content (MC) in a
product is designated on the basis of the weight
of water (i.e. dry or wet basis). On dry basis (%)
it can be calculated as follows [35].

3.1 Determination of Moisture Content
(MC), Ash and Dry Percentage

It is obviously observed from the Tables 1, 2 and
3 for both seasons that the moisture content is
decreased at the electric oven and solar methods
compared with other drying methods for both
variety of roselle (Dark and light). The results
indicate that the different drying methods did not
have significant differences for both variety
during the two seasons. The results indicate that
the MC of calyxes of the dark variety was lower
than that of the light variety, while the opposite
was true for the percentage of ash. The same
results (moisture content and ash percentage)
obtained for different storage time were
consistent with the results of different drying
methods. The accelerated drying rate can be due
to internal heat generation. As the temperature
increased, the drying time became shorter [41]

2.6 Physical and Chemical Properties

1. (TAC) Total anthocyanin content is
determining in fresh calyxes samples using
the method by [36].

2. (TPC) Total phenolic content and the free
radical-scavenging activity (DPPH) of
Roselle calyxes extract were estimated
according to [37].

3. Vitamin (C) content was determined in
filtered juice samples and expressed as
(mg) ascorbic acid/100 ml fresh juice as
described by [38].

4. (TFC) Total flavonoids content of freeze-
dried extract was determined using the
method described by [39].
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Table 1. Effect of different drying methods on calyxes content. (Moisture % and Ash %) in the
two seasons 2018 and 2019

Roselle variety Drying method Moisture % Ash %
2018 2019 2018 2019
Sabhya 17 (Dark) Shade 11.15¢ 11.30b 10.18a 10.18a
Sun 11.10¢c 11.08 ¢ 10.18a 10.15a
E.Oven 10.13d 10.13e 10.08a 10.08 a
Solar 10.23d 10.28d 10.10a 10.08 a
Sabhya 17 (Light) Shade 1155a 11.53a 9.35b 9.25b
Sun 11.35b  11.38b 9.30b 9.33b
E.Oven 11.10c 11.08c 9.30b 9.33b
Solar 11.05¢ 11.08 ¢ 9.30 b 9.30b
L.S.D g5 0.15 0.12 0.19 0.17

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level

Table 2. Effect of different storage time on calyxes content. (Moisture % and Ash %) in the two
seasons 2018 and 2019

Roselle variety Storage Moisture % Ash %
time 2018 2019 2018 2019
Sabhya 17 (Dark) Zero month 10.55d 10.63 d 10.25a 10.23 a
2 month 10.63 cd 10.60d 10.20 a 10.18 a
4 month 10.68 c 10.75c 10.15a 10.15a
6 month 10.75¢ 9.93 e 9.93 b 9.93 b
Sabhya 17 (Light) Zero month 11.15b 11.15b 9.33¢c 9.38¢c
2 month 11.23 ab 11.23 ab 9.33¢c 9.35¢c
4 month 11.33 a 11.33 a 9.30c 9.33¢c
6 month 11.35a 11.35a 9.30c 9.30c
L.S.D g5 0.14 0.11 0.18 0.16

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level

and it is appeared that the roselle calyxes had
high ash content which reached 10.3 at zero
month to 9.9 at six months in a good agreement
with [42, 43]. The higher the drying temperatures
used, the higher the rate of moisture loss was
achieved. Sun drying method gave the highest
percentage of drying for both variety of roselle
(Dark and light) compared to other drying
methods under study in both seasons. The
drying percentage of the light variety was higher
compared to the dark variety due to its increased
moisture content. The percentage of drying for
the majority of storage periods was not
significant for each variety of roselle separately
(Tables 4, 5 and 6). However, there are
significant differences between the dark and light
varieties. The drying methods were higher at the
beginning of the process probably due to the
evaporation of moisture from the surface of
samples and later decreased with decreasing the
moisture content, then the percentage of drying
is decreases.

3.2 Total Acidity Content (As Malic Acid
%)

It is clear from Tables 4 - 6 in general that the
total acidity content was higher in the light variety
compared to the dark variety. The sun drying
method gave the highest total acidity content for
almost both cultivars and the majority of storage
times in general, without significant differences
within each cultivar separately. These results
agree with [41].

3.3 Determination of pH

The pH values of dried calyxes roselle are
presented in Tables (7, 8 and 9). The results
showed that the pH values of the dark variety
was higher (3.63) compared to the light variety
(2.74) under different of drying methods and
storage times. While the different drying methods
have no significant differences between them for
each variety (dark and light), as well as there are
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Table 3. Means percentage moisture and ash in calyxes content as influenced by the
interaction between different drying methods and storage time in the two seasons 2018 and

2019
Roselle variety Storage time Drying method Moisture % Ash %
2018 2019 2018 2019
- Shade 11.2 11.4 10.3 10.3
ox Sun 11.0 11.0 10.3 10.2
N 2 E.Oven 10.0 10.0 10.2 10.2
Solar 10.0 10.1 10.2 10.2
= < Shade 11.1 11.0 10.2 10.2
= < Sun 11.1 11.0 10.2 10.2
=) = E.Oven 10.1 10.2 10.2 10.2
~ ~ Solar 10.2 10.2 10.2 10.1
© < Shade 11.1 11.4 10.2 10.2
2 < Sun 11.1 11.1 10.2 10.2
g = E.Oven 10.2 10.1 10.1 10.1
n < Solar 10.3 10.4 10.1 10.1
< Shade 11.2 11.4 10.0 10.0
S Sun 11.2 11.2 10.0 10.0
£ E.Oven 10.2 10.2 9.8 9.8
© Solar 10.4 10.4 9.9 9.9
- Shade 11.6 115 9.4 95
= Sun 11.2 11.2 9.3 9.3
N 2 E.Oven 10.9 10.8 9.3 9.4
Solar 10.9 11.1 9.3 9.3
= £ Shade 11.6 11.6 9.4 9.4
5 5 Sun 11.3 113 93 9.4
2 £ E.Oven 11.0 11.0 9.3 9.3
~ N Solar 11.0 11.0 9.3 9.3
< £ Shade 11.5 115 9.3 9.4
2 5 Sun 115 115 93 9.3
) £ E.Oven 11.2 11.2 9.3 9.3
n ¥ Solar 11.1 11.1 9.3 9.3
£ Shade 11.5 11.5 9.3 9.3
5 Sun 11.4 115 9.3 9.3
€ E.Oven 11.3 11.3 9.3 9.3
© Solar 11.2 11.1 9.3 9.3
L.S.D g5 0.14 0.12 0.19 0.2

no significant differences between the different
storage periods for both varieties (dark and light).
The pH depends on the concentration of free H
ions or mirrored the changes in total organic
acids. The free state of H ions is due to
dissociation of H ions from the carboxylic group
(- COOH) of organic acid. This increase in pH
throughout maturation was due to a metabolic
process in the fruits that resulted in the decrease
of organic acids. This is because organic acids
are an important source of respiratory energy in
plant cell [42].

3.4 Ascorbic Acid

Data in Tables 7, 8 and 9 indicate that the
calyxes content of ascorbic acid was higher with

the method of drying in the shade compared to
other drying methods in both cultivars in the two
seasons (2018 and 2019), while the calyxes
content of the ascorbic acid for both variety (dark
and light) were slight differences between them
for the different storage periods. Also, the results
showed that the calyxes content of ascorbic acid
for the light variety was higher than the dark
variety with significant differences in the two
seasons (2018 and 2019). These results were in
a good agreement with the findings of [12].

3.5 Total Anthocyanin Content (mg/100 g
DWS)

Tables 7, 8 and 9 showed that drying methods in
the shade and direct sunlight gave the highest
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calyxes content of anthocyanins compared to
other drying methods in both variety (Dark and
Light) in the two seasons. On the other hand, the
results indicated that the roselle calyxes content
of the anthocyanins was clearly higher in the
dark variety than in the light variety in the two
seasons. In agreement with [44] their showed
that heat treatment had a significant impact on
anthocyanin stability. The results are in a good
agreement with the results obtained [45].

3.6 Total Phenolic Compound (TPC)

Based on Tables 10, 11 and 12, the results show
that the calyxes content of total phenols for light
variety was the highest in the fourth drying
methods relative to the dark variety in the two
seasons (2018 and 2019), on the other hands
the zero time of storage gave the heights TPC for
both varieties in the two seasons. The results of
TPC for the light variety showed that there are no
significant differences between the storage times

(zero and two months) for the first season 2018
and the four different storage times (zero,2,4 and
6 months) for the second season 2019. The
results in an agreement with [41, 42] and also in
an agreement with [43].

3.7 Total Flavonoids Content (TFC)

From Tables 10, 11 and 12 the same trend as
the results obtained for the total phenol content
(TPC) of calyxes roselle was obtained for the
total flavonoids (TFC). Also, the results indicated
that the roselle calyxes content of the total
flavonoids was clearly higher in the light variety
than in the dark variety in the two seasons. Most
of the total flavonoids content (TFC) obtained
results indicate that there are no significant
differences between the different storage periods
within each variety (Dark or Light) separately in
the two seasons (2018 and 2019). These results
were in a good agreement with the findings of
[41, 46].

Table 4. Effect of different drying methods on calyxes content (Dry % and Total acidity
content) in the two seasons 2018 and 2019

Roselle variety Drying method Dry % Total acidity content
(As malic acid %)
2018 2019 2018 2019
Sabhya 17 (Dark) Shade 20.75 f 21.00 d 419 d 415 ¢
Sun 21.25 e 2150 b 435 ¢ 4.33 bc
E.Oven 20.25 h 20.25 f 418 d 428 ¢
Solar 20.50 g 20.75 e 420 d 423 c
Sabhya 17 (Light) Shade 22.00 b 21.75 a 453 a 455 a
Sun 22.25 a 21.25 ¢ 458 a 453 a
E.Oven 21.25 e 21.00 d 4.50 ab 455 a
Solar 21.50 d 2150 b 4.43 bc 4.43 ab
L.S.D o05 0.17 0.15 0.11 0.14

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level

Table 5. Effect of different storage time on calyxes content (Dry % and Total acidity content) in
the two seasons 2018 and 2019

Roselle variety Storage Dry % Total acidity content
time (As malic acid %)
2018 2019 2018 2019
Sabhya 17 (Dark) Zero month 20.75d 21.25b 428 b 420 b
2 month 20.50e 20.50e 428 b 428 b
4 month 20.75d 20.75d 4.28b 428 b
6 month 20.75d 21.00c 423 b 423 b
Sabhya 17 (Light) Zero month 21.75b 21.25b 453 a 455a
2 month 2150c 21.25b 450 a 453 a
4 month 21.75b 21.75a 4.48 a 4.48 a
6 month 22.00a 21.25b 453 a 4.50 a
L.S.D g5 0.20 0.15 0.19 0.17

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level
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Table 6. Means of Dry% and Total acidity content in calyxes content as influenced by the
interaction between different drying methods and storage time in the two seasons 2018 and

2019
Roselle Storage  Drying method Dry % Total acidity content
variety time (As malic acid %)
2018 2019 2018 2019
. Shade 22 22 4.4 4.1
°or Sun 21 21 4.3 4.2
N 2 E.Oven 20 20 4.3 4.2
Solar 20 21 4.3 4.1
< < Shade 21 22 4.3 4.3
= g Sun 21 21 4.4 4.4
[a) £ E.Oven 22 22 4.4 4.3
~ N Solar 21 21 4.3 4.3
o < Shade 20 20 4.2 4.1
2 S Sun 20 20 4.2 4.3
< = E.Oven 20 20 4.2 4.4
0 < Solar 21 21 41 4.3
< Shade 20 21 4.2 4.3
g Sun 20 20 4.2 4.2
c E.Oven 21 21 4.2 4.2
© Solar 21 21 4.2 4.2
= Shade 23 22 4.6 4.6
°ox Sun 22 22 45 4.6
NI 2 E.Oven 21 22 45 45
Solar 22 21 4.5 4.5
= < Shade 22 21 4.6 4.5
g, g Sun 22 21 4.6 4.5
Q = E.Oven 23 22 4.5 4.5
™~ N Solar 22 21 4.6 4.6
© < Shade 21 21 4.5 4.6
E‘ g Sun 21 21 4.5 4.6
g £ E.Oven 21 21 45 45
n < Solar 22 21 45 45
< Shade 21 21 4.4 4.5
g Sun 21 21 4.4 4.4
£ E.Oven 22 22 4.4 4.4
© Solar 22 22 45 4.4
L.S.D g5 0.19 0.17 0.15 0.11

Table 7. Effect of different drying methods on calyxes content (pH, ascorbic acid and total
anthocyanin content) in the two seasons 2018 and 2019

Roselle Drying pH Ascorbic acid Total anthocyanin
variety method (mg/100g DWS) content
(mg/100g DWS)
2018 2019 2018 2019 2018 2019
Sabhya 17 Shade 3.67a 3.72a 12.08e 12.01le 487.3 a 490.5 a
(Dark) Sun 3.67a 3.73a 12.05e 12.00e 486.2 a 488.7 ab
E.Oven 360a 2.73b 11.93f 11.93f 484.7 b 486.0 bc
Solar 356a 2.73b 11.73g 11.73g¢g 482.5c 484.0c
Sabhya 17 Shade 277b 281b 1533a 15.28a 401.5d 407.5d
(Light) Sun 275b 2.82b 1520b 15.20b 401.0d 403.3 e
E.Oven 274b 283b 1488c 14.98c 396.2 e 401.8 e
Solar 272b 283b 1470d 14.80d 389.7 f 398.8 f
L.S.D go0s 0.15 0.13 0.05 0.06 2.06 2.29

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level
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Table 8. Effect of different storage time on calyxes content (pH, ascorbic acid and total
anthocyanin content) in the two seasons 2018 and 2019

Roselle Storage pH Ascorbic acid Total anthocyanin
variety time (mg/100 g DWS) content
(mg/100g DWS)
2018 2019 2018 2019 2018 2019
Sabhya 17 Zero 3.6la 3.22a 12.00 ¢ 1198 d 485.2 a 488.0 a
(Dark) month

2 month 3.63 a 322 a 1195c¢ 1195d 485.0 a 487.2 a

4 month 362 a 322a 1198 c 1188 e 485.0 a 487.0a

6 month 362 a 322a 1198 c 1188 e 4855 a 487.0a
Sabhya 17 Zero 275b 281b 15.15 a 15.18 a 3975b 404.5b
(Light) month

2 month 275 b 283 b 1498b 15.05b 397.2b 402.7 bc

4 month 274 b 282 b 15.00b 15.05 b 397.0b 401.7 bc

6 month 274 b 283 b 1498b 14.98 c 396.7b 4015¢c
L.S.D g5 0.11 0.09 0.08 0.04 2.21 2.81

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level

Table 9. Means of pH, ascorbic acid and total anthocyanin content in calyxes content as
influenced by the interaction between different drying methods and storage time in the two
seasons 2018 and 2019

Roselle  Storage Drying pH Ascorbic acid Total anthocyanin

variety time method (mg/100g DWS) content
(mg/100g DWS)
2018 2019 2018 2019 2018 2019

- Shade 3.65 3.71 12.1 12.2 488 491
°e Sun 3.68 3.70 121 12.2 486 490
N g E.Oven 3.68 3.72 12.0 12.0 487 490
Solar 3.67 3.73 12.1 12.0 488 491
< < Shade 3.67 3.73 12.0 12.0 486 490
5 S Sun 3.68 3.73 12.0 12.0 486 489
o = E.Oven 3.67 3.72 12.1 12.0 486 488
~ N Solar 3.67 3.72 12.1 12.0 487 488
« < Shade 3.57 2.73 12.0 11.9 484 487
2 5 Sun 3.58 2.73 11.9 11.9 485 486
3 £ E.Oven  3.56 2.72 11.9 11.8 485 486
0 < Solar 3.57 2.72 11.9 11.8 485 485
< Shade 3.56 2.72 11.9 11.8 483 484
S Sun 3.56 2.74 11.8 11.7 483 484
£ E.Oven 3.55 2.73 11.9 11.7 482 484
© Solar 3.55 2.72 11.8 11.7 482 484
< Shade 2.78 2.81 154 15.5 402 410
o€ Sun 2.77 2.81 15.3 15.2 402 407
= NI g E.Oven 2.76 2.80 15.3 15.2 401 407
S Solar 2.77 2.81 15.3 15.2 401 406
= < Shade 2.75 2.80 15.3 15.3 401 404
™ S Sun 2.75 2.83 15.2 15.2 401 404
o £ E.Oven 2.74 2.82 15.2 15.2 401 403
2 N Solar 2.74 2.82 15.1 15.1 401 402
g < Shade 2.75 2.81 15.1 15.0 397 403
n S Sun 2.74 2.83 14.8 15.0 396 400
= E.Oven 2.73 2.84 14.8 15.0 396 400
< Solar 2.73 2.84 14.8 14.9 396 401
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Roselle  Storage Drying pH Ascorbic acid Total anthocyanin
variety time method (mg/100g DWS) content
(mg/100g DWS)
2018 2019 2018 2019 2018 2019
< Shade 2.73 2.83 14.8 14.9 390 401
S Sun 2.72 2.83 14.6 14.8 390 400
e E.Oven 2.72 2.82 14.7 14.8 390 397
© Solar 2.72 2.83 14.7 14.7 389 397
L.S.D g5 0.11 0.14 0.09 0.07 6.02 7.48

Table 10. Effect of different drying methods on calyxes content (TPC, DPPH % and TFC) in the
two seasons 2018 and 2019

Roselle Drying TPC DPPH % TFC
variety method (mg GAE/g DWS) (mg/100g DWS)
2018 2019 2018 2019 2018 2019
Sabhya 17 Shade 386 b 38.4b 37.2c 365 ¢ 266.2 ¢ 262.0 cd
(Dark) Sun 38.7Db 384b 365cd 362 c 266.0 c 263.2 ¢
E.Oven 376 ¢ 385hb 36.2cd 36.0 c 265.2 ¢ 261.7 d
Solar 375¢c 38.4hb 35.2d 357 ¢ 264.2 ¢ 2615 d
Sabhya 17 Shade 40.5 a 41.3a 40.2 a 415a 286.0 a 284.2 a
(Light) Sun 40.2 a 411a 390a 415a 284.0ab 2835a
E.Oven 39.7 a 40.2 a 385D 41.2 a 283.0 b 282.5 ab
Solar 39.4 ab 399ab 380 b 39.7 b 282.0 b 280.7 b
L.S.D g5 1.38 1.53 1.55 1.40 2.05 2.41

Means with similar alphabetical letters are not significant different according to least significant difference test at
0.05 level of probability

Table 11. Effect of different storage time on calyxes content (TPC, DPPH % and TFC) in the two
seasons 2018 and 2019

Roselle Storage TPC DPPH % TFC
variety time (mg GAE/g DWS) (mg/100g DWS)
2018 2019 2018 2019 2018 2019
Sabhya 17 Zero month 38.3b 38.6Db 37.2b 38.7b 265.7b 262.5d
(Dark) 2 month 36.9c¢c 36.0c 36.6b 36.2d 264.7b 261.7d
4 month 36.4c 359c 36.4b 345e 265.2 b 262.5d
6 month 35.0d 352c 35.0c 340 e 266.0 b 262.7 d
Sabhya 17 Zero month 41.0a 40.8 a 39.0a 416 a 284.7a 2840a
(Light) 2 month 40.3a 40.7a 388a 415a  283.2a 282.0b
4 month 389b 40.1a 38.7 a 40.7 a 283.5a 282.2b
6 month 385b 40.0 a 38.2a 40.7 a 283.5a 282.7c
L.S.D g5 1.04 1.03 1.07 1.01 1.81 1.04

Means with similar letters of the alphabet are not significantly different according to the least significant difference
test at the 0.05 probability level

3.8 DPPH% Radical Scavenging Assay

Tables 10, 11 and 12 shows that DPPH in
roselle dried for most storage times
possess higher antioxidant activities in light
variety of roselle. This may be due to the
difference in the composition of antioxidants in
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the Roselle dried at different drying methods.
Most of the drying methods, especially
the two methods of drying in the shade and
in the sun gave a higher percentage of DPPH for
both varieties, each separately in the seasons
2018 and 2019. In a good agreement with
[43].
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Table 12. Means of TPC, DPPH % and TFC in calyxes content as influenced by the interaction
between different drying methods and storage time in the two seasons 2018 and 2019

Roselle Storage time Drying TPC DPPH % TFC
variety method (mg GAE/g DWS) (mg/100g DWS)
2018 2019 2018 2019 2018 2019
- Shade 38.2 385 37 36 267 264
g = Sun 385 385 37 37 265 262
o
N E.Oven 38.9 384 37 36 266 263
E Solar 38.9 384 38 37 267 263
< < Shade 38.8 384 37 36 266 263
= 5 Sun 38.7 384 36 36 266 263
a = E.Oven 38.7 385 36 36 266 263
™ N Solar 38.8 384 37 37 266 264
« < Shade 37.6 384 36 36 266 262
2 5 Sun 376 38.3 36 36 264 261
2 £ E.Oven 37.5 383 36 36 265 262
0 < Solar 37.7 384 37 36 266 262
< Shade 377 384 35 35 264 261
5 Sun 375 384 35 36 264 261
£ E.Oven 375 384 35 36 264 262
© Solar 375 385 36 36 265 262
- Shade 406 41.4 40 42 288 288
ox Sun 40.4 414 40 41 286 283
N 2 E.Oven 405 413 40 41 285 283
Solar 405 41.3 41 42 285 283
= < Shade 40.2 413 39 42 284 284
S 5 Sun 40.2 41.2 39 41 284 283
) £ E.Oven 40.2 411 39 41 284 283
™ N Solar 40.1 411 39 42 284 284
« < Shade 39.8 40.3 39 41 284 282
2 5 Sun 39.7 403 38 41 282 282
g = E.Oven 39.7 40.2 38 41 283 283
n < Solar 39.7 40.1 39 42 283 283
< Shade 39.5 40.1 38 39 283 282
5 Sun 39.5 40.0 38 39 281 280
= E.Oven 39.4 39.9 38 40 282 280
© Solar 39.4 39.9 38 41 282 281
L.S.D g5 1.4 15 1.6 1.3 4.2 4.8
4, CONCLUSIONS majority of those bioactive substances. The
) . _ study confirmed that dark varieties had
It is known that Roselle (HlblSCUS sabdariffa L) Superior total anthocyanin content and ||ght

plant has multiple medicinal uses and post-
harvest studies have been numerous and our
study was concerned with studying the effect of
different drying methods and storage periods on
the bioactive substances in Roselle calyxes of
two local cultivars (Sabhia 17), dark and light
varieties. In general, the results showed that
drying in the shade was the best for the majority
of the estimated bioactive substances, both for
the dark variety as well as for the light variety,
and came after drying in the shade other drying
methods. While, in general, the concentration of
the bioactive substances was not affected by the
increase in the different storage periods for the

11

varieties had superior total acidity (As Malic
acid %).

The study confirms that hibiscus is
increasing in medicinal and nutritional uses,
and more future studies will show other uses,

which is reflected on hibiscus producers
and increases their profits from hibiscus
cultivation.

CONSENT AND ETHICAL APPROVAL

It is not applicable.



Elghany et al.; AJRIMPS, 11(4): 1-14, 2022; Article no.AJRIMPS.90878

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

11.

Ali B, Wabel N, Blunden G. Phytochemical,
pharmacological and toxicological aspects
of Hibiscus sabdariffa L.: A review.
Phytother Res. 2005;19(5):369-75.

Tsai P, McIntosh J, Pearce P, Camden B,
Jordan B. Anthocyanin and antioxidant
capacity in Roselle (Hibiscus sabdariffa L.)

extract. Food Res Int. 2002;35(4):
351-6.
Farombi E, Ige O. Hypolipidemic and

antioxidant effects of ethanolic extract from
dried calyx of Hibiscus sabdariffa in
alloxan-induced diabetic rats. Fundam Clin
Pharmacol. 2007;21:601-9.

Al-Kahtani A, Bakri H. Spray drying of
roselle (Hibiscus sabdariffa L.) extract.
Food Science & Technology. 1990;55(4):
1073-1076.

Jabeura |, Eliana B, Barrosa L, Ricardo C,
Sokovicc M, Beatriz P, Isabel F. Hibiscus
sabdariffa L. as a source of nutrients,
bioactive compounds and colouring
agents. Food Research International.
2017;100:717-723.

Wang J, Mazza G. Inhibitory effects of
anthocyanins and other phenolic
compounds on nitric oxide production in
LPS/IFNgamma-activated RAW  264.7
macrophages. J Agric Food Chem.
2002;50:850-857.

Tee E, Noor M, Azudin M, Idris K. Nutrient
composition of Malaysian food, Institute for
medical  research, Kuala  Lumpur,
Malaysia. 1997;299.

Pragya S, Khan M, Hailemariam H.
Nutritional and health importance of
Hibiscus sabdariffa:a review and indication
for research needs.J. Nutr. Health Food
Eng. 2017;6(5):125-128.

Zhang M, Hettiarachchy N, Horax R.
Protective effect of Hibiscus anthocyanins
against tert-butyl hydroperoxide-induced
hepatic toxicity in rats. J Med Plants Res.
2011;5(30):6672-80.

Lin T, Lin H, Chen C. Hibiscus sabdariffa
extract reduces serum cholesterol in men
and women. Nut Res. 2007;27:140-5. 30.
Salazar-Gonzalez C, Vergara-Balderas F,
Ortega-Regules A. Antioxidant properties
and color of Hibiscus sabdariffa extracts.

12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ciencia Investigacion 2012;
39(1):79-90.

Da-Costa-Rocha |, Bonnlaender B, Sievers
H, Pischel |, Heinrich M. Hibiscus
sabdariffa  L..a  phytochemical and
pharmacological review. Food Chemistry.
2014;15,165:424-443.

Jeannett A, lzquierdo V, Diego A,
Arteaga B, Manuel S, Séanchez G,
José A, Morales-Gonzélez A, Nancy V,
Carlos A, Aldapa G, Castro-Rosas J,
Delgado-Olivares L, Madrigal E. Organic
acids from roselle (Hibiscus sabdariffa L.):
A brief review of its pharmacological
effects biomedicines. Apr. 2020;28;8(5):
100.

Bety W, Manikharda H, Setyaningsih W.
Methodologies in the analysis of phenolic
compounds in roselle (Hibiscus sabdariffa
L.): Composition, biological activity, and
beneficial effects on human health.
Horticulturae. 2021;7:35.

Zhu Z, Piao S, Myneni R, Huang B, Zeng
M, Canadell Z. Greening of the Earth and
its drivers. Nature Climate Change.
2016;6(8):791—795.

Jonadet M, Bastide J, Bastide P. In vitro
enzyme inhibitory and in vivo
cardioprotective  activities of hibiscus
(Hibiscus sabdariffa L.). J. Pharm Belg.
Mar-Apr. 1990;45(2):120-4.

Wang C, Wang J, Lin W. Protective effect
of Hibiscus anthocyanins against tert-butyl
hydroperoxide-induced hepatic toxicity in
rats. Food Chem  Toxicol. May.
2000;38(5):411-6.

Rio D, Rodriguez-Mateos A, Spencer J.
Dietary (poly) phenolics in human health:
Structures, bioavailability and evidence of
protective effects against chronic diseases.
Antioxid Redox Signal. 2013;18(14):1818-
92. 24.

Usoh F, Akpan E, Etim E. Antioxidant
actions of dried flower extracts of Hibiscus
sabdariffa L. on sodium arsenite-induced
oxidative stress in rats. Pakistan J. Nut.
2005;4(3):135-41.

Azevedo J, Fernandes |, Faria A.
Antioxidant properties of anthocyanidins,
anthocyanidin-3-glucosides and respective
portisins. Food Chem. 2010;119:518-23.
27.

Wang H, Wang H, Wache Y, Pagot Y,
Belin J, Gaillardin C, Nicaud J. Cloning and
characterization of the peroxisomal acyl
CoA oxidase ACO3 gene from the alkane-

Agraria.


https://onlinelibrary.wiley.com/toc/17503841/1990/55/4
https://www.yeastgenome.org/author/Wang_H
https://www.yeastgenome.org/author/Wache_Y
https://www.yeastgenome.org/author/Pagot_Y
https://www.yeastgenome.org/author/Belin_JM
https://www.yeastgenome.org/author/Gaillardin_C
https://www.yeastgenome.org/author/Nicaud_JM

22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

33.

Elghany et al.; AJRIMPS, 11(4): 1-14, 2022; Article no.AJRIMPS.90878

utilizing yeast Yarrowia lipolytica. Yeast.
1998;14(15):1373-86.

Pham-Huy L, He H, Pham-Huyc C. Free
radicals, antioxidants in disease and
health. Inter. J. of Biomed. Sci. 2008;4:89-
96.

David P, Bonnie B, David F, Michelle N,
Benjamin W, Elizabeth K, Steven C, Elaine
P, Elizabeth A, Sudha N. Water resources,
agriculture, and the environment. College
of Agriculture and Life Sciences, Cornell
University, Ithaca, NY, USA. 2004;Report
04-1.

Dilip Ghosh, Tetsuya Konishi.
Anthocyanins and anthocyanin-rich
extracts: role in diabetes and eye function,
Asia Pac J Clin Nutr. 2007;16 (2):200-208.
Batra P, Sharma A. Anti-cancer potential of
flavonoids: recent trends and future
perspectives. Biotech. 2013;3:439-459.
Ferreyra M, Rius S, Casati P. Flavonoids:
biosynthesis, biological functions, and
biotechnological applications. Front. Plant
Sci. 2012;3:222, 1.

Dai J, Mumper R. Plant phenolics:
extraction, analysis and their antioxidant
and anticancer properties. Molecules.
2010;15:7313-7352.

Fimognari C, Berti F, Nusse M, Cantelli F,
Hrelia P. In vitro antitumor activity of
cyanidin-3-O-glucopyranoside.
Chemotherapy. 2005;51:332-335.
Ogasawara M, Matsunaga T, Suzuki
H. Differential effects of antioxidants on the

in vitro invasion, growth and lung
metastasis of murine colon cancer cells.
Biol. Pharmaceut. Bull. 2007;30:200-
204.

Ramos-Jiliberto R, Garay-Narva’ez L.
Qualitative effects of inducible defenses in

trophic chains. Ecological Complexity.
2007;4:58-70.

Vengaiah P, Pandey J. Dehydration
kinetics of sweet pepper (Capsicum

annum L.). J. of Food Eng. 2007;81:282—
286.

Ekechukwu O, Norton B. Review of solar-
energy drying systems lll:low temperature
air-heating solar collectors for crop drying
applications. Energy Convers. Manage.
1999b;40(6):657— 667.

Potter N, Hotchkiss J. Food Science.
1995;5th edn. New York: Chapman & Hall.
Industry in Senegal

13

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Moursy M. Utilization of thermal solar
energy storage for drying some medicinal
and aromatic plants. ph.Dr.; 2013.

Ceylan |, Aktas M, Dog H. Mathematical
modeling of drying characteristics of
tropical fruits. Applied Thermal
Engineering. 2007; 27:1931-193.

Laima C, Remigijus D, Pranas V, Antanas
S. Plant foods for Human Nutrition. 2012;
67(3):256-261.

Siriwoharn T, Wrolstad R, Finn C, Pereira
C. Influence of cultivar, maturity, and
sampling on blackberry (Rubus L. hybrids)
anthocyanins, polyphenolics, and
antioxidant properties. Journal of
Agricultural and Food Chemistry. 2004;
52(26):8021-8030.

A.O. A. C. (Association of official
Agricultural  Chemists).  Official and
tentative Methods of analysis 10" ed.
Washington D. C.USA. 1965;1008.

Hariri, Sallé G, Andary C. Involvement of
flavonoids in the resistance of two poplar
cultivars to mistletoe (Viscum album L.).
Protoplasma. 1991;162(1):20-26.

Gomez K, Gomez A. Statistical
procedures for agricultural research 2"
edition. John Wiley & Sons. Inc. New York;
1984.

Abdel-Hameed S, Reem M, Abdel-Aleem
W. Drying kinetics, quality attributes and
moisture sorption isotherms during storage
of roselle (Hibiscus sabdariffa L.) dried
under solar drying conditions. Egypt. J.
Food. Sci. 2017;45:43- 56.

Abou-Arab A, Ferial M, Esmat A. Physico-
chemical properties of natural pigments
(anthocyanin) extracted from Roselle
calyxes (Hibiscus sabdariffa L.). 2011;
7(7):556-545.

Nguyen Q, Hoang V. Processing of herbal
tea from roselle (Hibiscus sabdariffa L.):
Effects of drying temperature and brewing
conditions on total soluble solid, phenolic
content, antioxidant capacity and sensory
quality. Faculty of Agriculture & Forestry,
Tay Nguyen University, Buon Ma Thuot
City, Daklak 630000, Vietham. Beverages.
2020;6:2:1-11.

Selim K, Abdel-Bary K, Abdel-Azeim N.
Extraction, encapsulation and utilization of
red pigments from roselle (Hibiscus
sabdariffa L.) as natural food colourants.
Food Science and Technology Dept., Fac.



45,

Elghany et al.; AJRIMPS, 11(4): 1-14, 2022; Article no.AJRIMPS.90878

of Agric. Fayoum Univ., Fayoum, Egypt.
2008;7-20.

Maripillai Munusamy Pragalyaashree M, 46.

Tiroutchelvame D, Sashikumar S.

Degradation  kinetics of anthocyanin
extracted from roselle calyces (Hibiscus
sabdariffa). Journal of Applied

Pharmaceutical Science. 2018;8(11):057-
063.

Anokwuru C, Esiaba O, Adesuyi
A. Polyphenolic content and
antioxidant activity of Hibiscus sabdariffa L.
calyx. Res. J. Med. Plant. 2011;5:557-
566.

© 2022 Elghany et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/90878

14


http://creativecommons.org/licenses/by/4.0

