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Abstract: Roselle (Hibiscus sabdariffa L) belongs to the Malvaceae family is a multipurpose plant with
high economic importance and worldwide fame for its nutritional and therapeutic value, but
unfortunately, it is underutilized in India. Their calyces are utilized as ethnic food and in traditional
medicine to cure many degenerative diseases in different parts of the world and by the tribal of India.
However, no evidence is available in the literature regarding the existent quality assessment of the
roselle calyces in India. Therefore, the objective of the study was to characterize the calyces of roselle
(Hibiscus sabdariffa L.) from India. The calyces were grounded, sieved to 20 mesh sizes, and stored in
the refrigerator for further analysis. The parameters analyzed included nutritional composition and the
biologically effective component that is total phenols and the total anthocyanins. A procedure to
measure the anthocyanins by pH-differential UV-visible spectrometry was followed. Total phenolic
content was assessed by the Folin Ciocalteau method, and gallic acid was used as a standard. The
individual anthocyanins present in Hibiscus were characterized by TLC. The results reveal that these
indigenous powdered calyces are rich sources of macro and micronutrients, bioactive components like
polyphenols and flavonoids, especially anthocyanins. Our study substantiates the health /nutritional
claims and validates its applicability in functional food processing and therapeutic treatments.
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1. Introduction

Roselle (Hibiscus sabdariffa L.) is a multipurpose plant, is a member of the Malvaceae
family, and is anticipated as a medicinal plant. It is widely distributed in tropical and sub-
tropical regions and originally native to Africa. It is known by various vernacular names in
different countries, roselle, karkade, zobo, bissap, congo, etc.; however, the most common
among them is roselle. Usually, the plant is cultivated for its stem, leaves, and calyces. The
stems are primarily used for the production of fiber, which can be used as a substitute for jute
in making burlap. Nevertheless, the economic interest of roselle exists in the dried calyces,
which are perhaps a good resource of carbohydrate, dietary fiber, vitamins, minerals, and
bioactive compounds such as organic acids, phytosterols, and polyphenols [1]. The phenol
content in the plant consists primarily of anthocyanins like delphinidin-3-sambubioside and
cyanidin- 3- sambubioside, delphinidin -3-glucoside, and cyanidine-3-glucoside [3-4], which
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contribute to their antioxidant properties 5]. Roselle calyces are often used in the production of
beverages such as herbal tea, wine, and preserves like syrup, jams, jellies, and sauces 6]. They
are used as a natural colorant and flavoring agent in ice cream, cake, pudding, and rum 7-8].
Its brilliant red color and distinctive flavor make it a cherished food product. The juice from
the calyces of roselle is presumed to be a health-augmenting drink and is generally expended
dietary items in certain parts of the globe.

Furthermore, roselle has certain therapeutic properties; the reported health benefits of
consuming the herbal tea involves the hypotensive effect, hypolipidemic effect, diuretic,
antimicrobial, anti-carcinogenic, remedy for relieving coughs and biliousness [1,7,9-13],
toothaches, urinary tract infections [14], improves the kidney functions [15]and is
neuroprotective [12] These research reports highlighting the health improvements linked with
the consumption of roselle acquired products has attracted many researcher and scientist to
characterize the components of the calyces.

Surprisingly no fundamental research in terms of the nutritional and biological
composition of the calyces has been carried out in India. So, the objective of our study was to
investigate the nutritional and bioactive component of the locally produced Indian sorrel/roselle
that will validate its applicability in functional food processing.

2. Materials and Methods
2.1. Raw material.

The present study was carried out at the Department of Food and nutrition, institute of
home economics, university of Delhi. Dried roselle calyces were procured from Maharashtra.
They were carefully cleaned, freed from foreign material, and were grounded using the kitchen
mixer grinder, then sieved to 20 mesh sizes and stored in the refrigerator in an airtight container
for further analysis.

2.2. Chemicals.

All the solvents and chemicals were of analytical grade. High-performance liquid
chromatography (HPLC) grade solvents, ethanol, methanol, all the standards, gallic acid, Folin
Ciocalteu’s phenol reagent, and anhydrous sodium carbonate were purchased from Sigma
Aldrich.

2.3. Analytical methods.
2.3.1 Nutritional composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
2.3.1.1. Proximate composition.

Proximate composition of dried roselle calyces that included moisture percentage, fat,
protein, carbohydrate, ash, and dietary fiber was done using AOAC methods (2006). The total
carbohydrate was calculated by the difference method.

2.3.1.2. Vitamins composition.

Dried powdered calyces were supplied to Arbro India Private Limited, Delhi, for
analysis of Ascorbic acid (vitamin C) and vitamins (B1, B2, B3, B5, B6, B9, and B12). The
protocol followed for vitamin C was done through high-performance liquid chromatography
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as per APL/CHE/STP-173. Vitamins B1, B2, B3, B5, B6, B9, and B12 were analyzed
following the protocol APL/CHE/STP-012, APL/MIB/STP-036, APL/MBI/STP-006, and
APL/MBI/STP-006, respectively.

2.3.1.3. Mineral composition.

Sample ash in HCI was used to analyze the mineral contents (Ca, Mg, K, Fe, and Na)
as per AOAC (2005) using Atomic Absorption Spectrophotometer, Perkin-Elmer Model
(AANALYST 2000). (Cu, Mn, and Zn) were analyzed using the technique inductively coupled
plasma technique mass spectrometry (ICP-MS) according to the method described by [16] with
slight modification.

2.3.1.4. Sugar profile.

The sugar profile of dried roselle calyces was analyzed following the method of [17]
with slight modification. PerkinElmer HPLC, with a refractive index detector (Shodex RI 71)
system consisting of a series of 200 Micropump, was used for the analysis. Appropriately
diluted standards and samples were centrifuged and filtered through a Millipore filter before
analysis. The column used was kromacil amino column (250mm x 4.6mm with 5u m particle
size) at 35°C was used for analysis. The mixture of acetonitrile and distilled water (80: 20,
vol/vol) was used as an eluent, and the flow rate kept 1ml/min. The injection volume was 20
pL. Calibration standards were fructose, glucose, and sucrose.

2.3.1.5. Organic acid composition.

Organic acids were determined by high-performance liquid chromatography using an
absorbance detector according to the method described by Dias et al. [18]. The column used
was C18. Oxalic acid, malic acid, and fumaric acid were used as standards. The findings were
stated as percentage dry weight basis.

2.3.2. Bioactive composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
2.3.2.1. Total phenolic content.

Total phenols present in the calyces powder were ascertained using the Folin-
Ciocalteau method [19] with a slight modification. Different concentrations of gallic acid were
used to draw the standard graph, and total phenol present in the sample was expressed as mg
GAE/qg.

2.3.2.2. Total anthocyanins content.

Total anthocyanins content was examined as per the method described by [20]. 50 g of
dried calyces was extracted thrice with 100ml of acidified methanol, macerated for 1 hour, and
filtered through Whatman no.l filter paper; the filtrates were combined together and
concentrated at 40° C under vacuum in a rotary vacuum evaporator (5037- “JAISBO’). The
samples were then analyzed for total anthocyanin content using PerkinElmer LAMBDA 25
UV-VIS spectrophotometer.
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2.3.2.3. ldentification of anthocyanins by thin layer chromatography (TLC).

The anthocyanin extracts were prepared by dissolving 1 g of powdered indigenous
calyces to 6 ml of the solvent containing methanol and 25 % HCI in the ratio of 9:1 with
continuous for 15 minutes and then filtered through Whatman no 1 filter paper. 25 pl of the
filtrate was used for TLC investigation. The adsorbent used was 0.2 mm Merck silica gel 60
F234 precoated TLC plates, and the plates were developed using n-butanol-glacial acetic acid-
water 40:10:20 [21, 24].

3. Results and Discussion

3.1. Nutritional composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
3.1.1. Proximate composition.

The results of the proximate composition of dried Indian sorrel/roselle (Hibiscus
sabdariffa L) calyces are presented in Table 1. The results are a mean of three replication (n=3).
, The moisture content of the dried roselle calyces powder was found to be 9.84%, which was
almost similar to the value in the variety from the northeast region of India, with the moisture
content of 9.53 % as reported by [22]. The dietary fiber in our sample was 35.22 £+ 0.2 %, which
is slightly greater than that reported (33.9 %) in a study by [23]. 40 g of dietary fiber in the
daily adult diet is recommended (FAO/WHO, 1998). The dietary fiber helps in lowering the
blood glucose level and effective against hyperlipidemia.

However, there are minor differences in the concentration of other macronutrients in
the variety from the northeast region of India and the western part of India, although the trend
is the same that is carbohydrates being the maximum macronutrients followed by dietary fiber,
protein, total ash, and fat. The proximate composition of Hibiscus sabdariffa L. was reviewed
by [1,2], highlighting the carbohydrate to be the highest macronutrients present in roselle
calyces. In their review, they had pointed out that the differences in the concentration of several
macronutrients, as shown in different studies, were primarily due to environmental factors.

Table 1. Proximate composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces. (% dry weight

basis).

Test Result
Moisture 9.84 +0.01
Total ash 45 +0.02
Fat 0.50 + 0.03
Protein 5.82 +0.03
Carhohydrate 5.82 £ 0.03
Total dietary fiber 35.22+0.2

Results are expressed as a mean + standard deviation of three measurements.

3.1.2. Vitamin composition.

Indian sorrel was analyzed for its vitamin B and C (ascorbic acid) by HPLC (Table 3).
Vitamin A was not detected in the sample, but vitamin C content was (12.20 mg/100g) dry
weight sample. Figure 2 shows the distinct peak of vitamin C (ascorbic acid) in the HPLC
chromatogram. The results are coherent with the fact that calyces are rich in ascorbic acid,
although this value was lower as compared to the earlier study by Wong et al. [24 ] and Abou-
Arab et al. [25 ] and higher than that reported by Luvonga, [26]. This difference in the value
may be attributed to the source of calyces. Ascorbic acid is good for health and prevention of
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diseases in which free radicals are involved as it acts as an antioxidant. It helps in the absorption
of dietary iron, involved in collagen synthesis and formation of bone teeth calcification.

Niacin (B3) was the most abundant vitamin (1484.3 mg/100g), followed by pyridoxine,
folic acid, riboflavin, and pantothenic acid. Thus, the dried Indian calyces powder is a rich
source of the vitamin B complex. These groups of vitamins are important in the metabolism of
carbohydrates, proteins, and fats.

Table 2. Vitamin composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

Vitamins Concentration RDA of ICMR
vitamin C (ascorbic acid) 12.20 mg/100 g 40mg/day
Vitamin B2(riboflavin) 6.71 mg/100 g 1.3 -1.6 mg/day
Vitamin B3 (niacin) 1484.3 mg/100g 14-18 mg/day
Vitamin B5 (pantothenic acid) 0.25 mg/100g
Vitamin B6 (pyridoxin) 53.78 mg/100g 2 mg/day
Vitamin B9 (folic acid) 51.80 mcg/100g 100 mcg/day
Vitamin B12 (cobalamine) 9.13 mcg/100g 1mcg/day
Vitamin B1 (Thiamine) ND -
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Figure 1. HPLC chromatogram of vitamin C of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
3.1.3. Mineral composition.

, The mineral composition of the dried powdered calyces of Indian sorrel/roselle is
given in Table 2. The results indicate that Ca, K, and Mg have the highest value, and Fe has
the medium value, followed by Na, Zn, Cu, and Mn. Thus, the consumption of roselle calyces
plays active roles in bones and teeth formation, muscle contraction, and many enzymatic
activities. The recommended daily allowance of iron for adults is 28-38mg [27], and sufficient
quantities of Fe (21.11+ 0.2 mg/100g) in hibiscus calyces are available for biochemical
function as they are also rich in vitamin C. K and Na are present in an equitable quantity,
entailed to maintain the osmotic balance of the body fluid & pH of the body [18], and K helps
in the maintenance of the nervous system. However, there is variation in the mineral
composition of the present study as compared to other studies done earlier, which may be
attributed to the difference in the origin of soil [28].
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Table 3. Mineral composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

Test Result (mg/100g)
Sodium 7.74 £0.08
Potassium 1263.47 £ 0.5
Calcium 2105.78 £ 0.2
Iron 21.11+0.2
Magnesium 280.12+ 0.3
Manganese 2.24 + 0.09
Copper 3.68 + 0.02

Zinc 5.73+0.01

Results are expressed as mean = standard deviation of three measurements.

3.1.4. Sugar profile.

Figure 2 shows the distinct peak of sugars present in the dried calyces of Indian
sorrel/roselle by HPLC chromatogram, and the relative amount of glucose, fructose, and
sucrose are given in Table 2. The major sugar present in the powdered sample was glucose
(1.07 %w/w), followed by sucrose and fructose among them. These findings were not similar
to the findings of Wong et al. [20], where the major sugar was glucose, followed by fructose
and sucrose. Glucose serves as a source of energy that is utilized by the body for metabolic and
biological function and is specifically significant for the brain, red blood cells, and muscle cells
during workouts. The FDA has recommended that sugar intake should not be more than 10 %
of your daily calorie intake, but WHO has reduced it to 5% for the adult with normal BMI. Too
much intake of sugar poses health risks like hyperlipidemia and cardiovascular diseases. The
total sugar present in the dried calyces powder is 1.86 % W/W; thus, Indian sorrel/roselle is

characterized by very low sugar content.
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Figure 1. HPLC chromatogram of sugar profile of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

Table 4. Sugar composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

Test Result (% dry weight basis)
Glucose 1.07
Fructose 0.29
Sucrose 0.5
Sum of sugars 1.86
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3.1.5. Organic acid composition.

The organic acid found in the Indian roselle is malic acid, oxalic acid, and Fumaric
acid, as shown in Table 3. Malic acid was the most abundant acid present in the sample. Our
findings were almost similar to the data in reference [29]. Malic acid reduces the symptoms of
fibromyalgia.

Table 5. Organic acid composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
Test Result (g/100g)
Malic acid 8.62
Oxalic acid 2.01
Fumaric acid | 0.031

3.2. Bioactive composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

3.2.1. Total phenolic content.

As polyphenols are the important compounds that act as antioxidants and combat with
various degenerative diseases, it is important to know the concentration of total polyphenols in
the Indian species of roselle. Table 5 shows the total polyphenols found in the Indian
sorrel/roselle was 38.58 £1.06 mg GAE/g, which is within the range of the reported values
(32.893+£0.319 gGAE/Kg, 41.72 +2 mg GAE/g) [13, 18] in spite of the fact there are variations
in the reported value. These differences are basically due to the plant species, environmental
factors, extracting procedure, or the solvent used for the extraction [30, 22].

3.2.2. Total anthocyanins content.

The anthocyanins are not merely wonderful antioxidants but are also splendid natural
colorant due to it is bright red color that could be used in the food and pharmaceutical
industries. Table 5 shows the total anthocyanins content in the dried powdered calyces that
were found to be 635.86 £1.02 mg/100g on a dry weight basis. This value is in the range as
reported in other studies in the literature (0.76 g/100g; 622.91 mg/100g) [31, 22]. Thus, we can
ensure that dried roselle calyces are an excellent source of anthocyanins. Nevertheless, this
value is higher as compared to the values (4.08+0.02 mg/g) reported by Jabeur et al. [26] in
their study. This may be due to the differences in the plant species, methods of extraction, and
the solvent used. Thus, the indigenous calyces are richer in anthocyanin pigments as compared
to the calyces found in other countries.

Table 6. Bioactive composition of dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.
Test Results
Total phenolic content as mg GAE/g 38.58+ 1.06
Total anthocyanin content (cyanidine-3-glucoside mg/100 gm) | 635. 86 + 1.02
Results are expressed as a mean + standard deviation of three measurements.

3.3.3. Identification of anthocyanins by thin-layer chromatography (TLC).

Figure 3 showing the TLC plate with two main anthocyanins present in the Indian
sorrel/roselle. The Rf values were confirmed by comparing the values from the literature. The
color of the two pigments identified as D-3-sambubioside and cyanidin-3-sambubioside was
mauve and pink, respectively. The Rf values were 0.25 & 0. 33, which was almost the same as
reported by Du & Francis (1973) [32].
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Figure 3. TLC plate showing the separation of two major anthocyanins in the Indian sorrel/roselle calyces
powder. Chromatogram 1: D-3-sambubioside Chromatogram 2: Cyanidine-3-sambubioside.

Table 7 showing the Visible maxima and Rf value of the major anthocyanins (D-3-
sambubioside and cyanidin-3-sambubioside) present in the Indian calyces powder.

Table 7. Major anthocyanins found in dried Indian sorrel/roselle (Hibiscus sabdariffa L.) calyces.

Peak Identification Visible maxima | Rf x 100 Reference
a Delphinidine-3-sambubioside 543 25 Du and Francis (1973)
b Cyanidin-3-sambubioside 528 33 "

4. Conclusions

Roselle being a rich source of macro and micronutrients, have enormous potential for
livelihood enhancement and socio-economic development by making a variety of value-added
food products. The study illustrates a preliminary attempt to characterize the nutritional and
phytochemical components of the locally produced roselle (Hibiscus sabdariffa L.). Our study
substantiates its applicability as a functional food or functional food ingredients. It also has the
immense potential to be used in the therapeutic treatment of various diseases in developing
countries like India, where the maximum population largely relies on traditional medicine.
Further, in the present situation, when the entire world is affected by the COVID-19 pandemic,
this indigenous plant has the potency to be anticipated as an effective drug being rich in
phytochemical agents. In this regard, there is an urgent need to study the antioxidant properties
of the indigenous variety of roselle (Hibiscus sabdariffa L.) as well, the clinical trials are also
recommended.
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