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Abstract

The calyx of the roselle plant (Hibiscus sabdariffa L.) has been extensively
studied for its anthocyanins. Roselle calyces are exceedingly perishable,
making the process of drying and extracting them without sacrificing quality
quite difficult. Similarly, there are several commercial drying procedures
available, each with its own set of benefits and drawbacks on nutritional
and physicochemical qualities in the final product. The goal of this study
was to examine the effects of sun, oven and freeze drying on the physico-
chemical and nutritional properties of roselle calyx. The antioxidant (%RSA),
total anthocyanin content (TAC) and their HPLC identification, physico-
chemical as well as proximate composition were determined. The results
showed that freeze drying increased the drying rate significantly and re-
tained the antioxidant activity (32 mg/100 g QE) then fresh calyx, sun and
oven drying, freeze-dried calyx also have higher TAC (176.9 mg/l) than sun
and oven dried calyx, the HPLC analysis revealed two anthocyanidin cyani-
dine glucoside and cyanidin sambubioside. phytochemicals and proximate
of roselle calyces were higher in freeze-dried than oven and sun drying tech-
niques employed. The findings demonstrated that freeze drying the roselle
calyces preserve their quality characteristics.
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Introduction

Hibiscus sabdariffa L. Many nations in the tropics and subtropics, including
India, Indonesia, Sudan, Egypt, Mexico and Malaysia, commercially cultivate
(Roselle) (1). The rich red colour of the roselle calyx is due to anthocyanins
such cyanidin-3-sambubioside, cyanidin-3-glucoside and delphinidin-3-
glucoside (1). It's used in everything from jam and jelly to ice cream and pas-
tries to preserves and herbal drinks (2). Drinking roselle tea has been con-
nected to many medical advantages, primarily because of its antioxidant
properties (2). Antioxidant properties and roselle calyx anthocyanin have
been linked in the literature (3). Delphinidin-3-glucoside is used to express
the total anthocyanin content of roselle calyces (4). Ascorbic acid is also
found in roselle extracts. Anthocyanins have greater antioxidant activity
than ascorbic acid (1). As a result, anthocyanins are primarily responsible
for the roselle extract's antioxidant properties. Anthocyanins in food items
faced issues due to their susceptibility to oxygen, heat and light during pro-
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cessing and storage. Mazza and Miniati ascertained that
anthocyanin thermal degradation of roselle was rapid at
temperatures beyond 100 °C (5, 6).

Typically, the roselle calyx is picked with a high
moisture level (85%). Thus, drying is a critical post-harvest
process that decreases the moisture content and extends
the shelf life of produce. Dried calyxes are available for
purchase due to the drying process, which involves the
simultaneous transmission of heat and mass, which re-
moves the calyxes' water content or humidity while main-
taining their nutritional properties, notably their ascorbic
acid concentration (7-10).

One strategy for the shelf-life extension of the fresh
calyx is to dry them. There are several commercial drying
procedures available, each with its own set of benefits and
drawbacks and nutritional and physicochemical qualities
in the final product (11). Furthermore, proper drying tech-
niques can greatly improve product quality. Spray drying,
freeze drying, solar thermodynamic drying, fixed bed dry-
ing, sun drying, and oven drying were among the methods
used to dry the roselle flower (11). Drying settings and cir-
cumstance influence the scent and flavour of dried roselle
Generally, drying processes ensure microbiological stabil-
ity, extend product shelf life and make packing and distri-
bution easier demonstrates that the freeze-drying ap-
proach is greatly beneficial for the production of power-
driven fruit. Much research shows that freeze-drying main-
tains the fruit's biologically important chemicals more
effectively than other preservation methods, but the pro-
cess is expensive (12, 13). As a result, research into various
drying procedures is needed to ensure that the final prod-
uct meets the specified standards (12). As such this study
focus on the effects of various drying techniques on physi-
cochemical and nutritional qualities of (Hibiscus sabdariffa
L.) roselle calyx.

Materials and Methods
Research design

Roselle calyx fully matured 6 weeks post-transplanting
was used. About 2 kg of the calyx each was dried using sun,
oven and freeze-drying method. The quality characteristics
was analyzed in 3 replicates.

Sample preparations

Fresh samples of roselle (Hibiscus sabdariffa L.) calyces
UKMR-1 were obtained from the experimental farm of the
Faculty of Bioresources and Food Industry Besut (FBIM,
UNISZA.) 6 weeks post transplanting. The seed was re-
moved, and the fresh calyx was manually sought and
washed thoroughly in a running tap for dirt removal, then
excess water was drained and weighed. Subsequently the
calyx was dried using drying methods oven, freeze and sun
-drying respectively.

Sun drying

About (2 kg) of fresh roselle calyces of each were placed on
a plate and placed on a table in direct sunshine between
9 and 4 pm.; respectively, for 7 days. A data logger RH /

Temp (EL-USB-2-LCD+, USA) was used to monitor the dry-
ing temperature (averaged 34.9 ° C) and ensure that the
calyces were evenly agitated (2, 14).

Oven drying

About 2 kg of fresh roselle calyces were placed on a clean
metal plate and set in the oven at 60 °C for 24 hrs.

Freeze drying

About (2 kg) of the calyces were cleaned with tap water
and then frozen and preserved at -20 °C. Before using fro-
zen material, it was thawed overnight in a refrigerator (4
°C). Drying was performed beyond 48 hrs inside a freeze
dryer (Freeze dry System- LABCONCO free zone 18, Kansas
City, MO, USA) at -40 °C and pressure 3.3x 10-3 mbar (3).

Total anthocyanin content (TAC)

TAC was established by comparing the pH differences
across samples (Giusti and Wrolstad, 2001). In a nutshell, a
pH 1.0 solution (0.025 M KCl) and a pH 4.5 solution (0.025 M
KCl) were created (0.4 M CH3COONa). It was necessary to
dilute the extract samples. They were shaken for 15 min in
the dark, after which they were diluted to a pH of 1.0 and
4.5 respectively. Each sample's absorption peak wave-
length (A vis-max) was then used to compute its specific
TAC value. The absorbance values of the samples were
then measured by spectrophotometer at 700 nm (A700).
The following formulae were used to express each TAC
value in mg cyanidin-3-glucoside (C3G) equivalents per
litre of concentrate determined according to the following
equations (15).

Absorbance (A) = (AA vis-max x A700) pH 1.0 0 (AA vis-max x
A700) pH 4.5

TAC (mg/L) = (A x MW x DF x 1000)/ (€ x )

MW: the molecular weight, calculated as cyanidin-3-
glucoside (449.2); DF: the dilution factor;

l: the cuvette radius, 1 cm; €: the molar absorptivity, calcu-
lated as cyanidin-3-glucoside (26900) Anggraini et al 2019.

HPLC Preparation of anthocyanin from the calyx

The extract was produced via the standard procedures
(16). For 24 hours at 4 °C, 100 g of roselle calyces' powder
was combined with 200 ml acidic methanol and 0.1 per-
cent trifluoroacetic acid (v/v). Cotton and Whatman paper
were used to filter the macerate. A dry extract is produced
during low-pressure vacuum evaporation of methanol at
38 °C in a BUCHI Rotavapor R-114. After mixing the dried
extracts with 200 ml distilled water, the resultant aqueous
solution was filtered through gel XAD-7 to remove sugar
and chlorophyll pigments. One hundred millilitres (100 ml)
trifluoroacetic acidified methanol 0.1 % (v / v) was trans-
ferred over gel XAD-7. The obtained methanol deposit was
evaporated once more using low-pressure vacuum evapo-
ration at 38 °C in a BUCHI Rotavapor R-114. Prior to dis-
solving the dry extract, 100 ml of distilled water was add-
ed. The aqueous solution was lyophilized using a freeze
drier.
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HPLC analysis for the determination of anthocyanin in
roselle calyx

The analysis was carried out using the high-performance
liquid chromatography (HPLC) technique (17). “Around 10
mg of freeze-dried calyx extracts were dissolved in 5 ml of
methanol in a blender overnight at 4 °C. Centrifuged for 10
min at 3000 rpm, using a Millipore membrane, the super-
natant was collected and filtered (0.45 m) membrane. Two
dilutions of the filtrate with purified distilled water were
performed. The analysis was carried out on a Windows XP
Workstation with an HPLC (Agilent) model-LC 1100 series
equipped with a degasser, an autosampler automated
injector, a high-pressure pump and a UV/Visible detector
working at several wavelengths. For the HPLC analyses, a
reversed-phase C18 column (Prontosil, 250 x 4.0 mm, 5 m,
Bischoff) was utilised. A binary gradient eluent was utilised
as the mobile phase (solvent A, 0.1% trifluoroacetic acid in
water; solvent B, 0.1 % trifluoroacetic acid in acetonitrile).
Acetonitrile was purchased from Sigma/Aldrich and de-
gassed in an ultrasonic bath before to use. A Milli-Q system
was used to distilled the water (Millipore). With a flow rate
of 0.8 ml/min-* the elution programme was 5-20 % B (0-5
min), 20-35 % B (5-10 min), 35-100% B (10-25 min) and
100% B (25-40 min). Chromatograms were measured at a
wavelength of 521 nm. The identification and peak assign-
ments of anthocyanins are based on their retention dura-
tions, comparison of UV-VIS spectra to standards and pub-
lished data. The anthocyanins were quantified using cya-
nidin 3-glucoside” as an external standard.

DPPH method

A diphenyl phosphate (DPPH) test was performed using
the technique described in a previous research (18). It was
made daily, and the working solution of DPPH was pre-
pared by diluting the sample and mixing it with 1 ml of the
active ingredient. After vortexing, the mixture was allowed
to rest for 10 min in a dark environment at room tempera-
ture. The spectrophotometric measurement of the absorb-
ance at 517 nm was then carried out. As a reference stand-
ard, quercetin was used in this study. The formulation was
used to compute the % reduction in DPPH (6, 12, 19)

. AC-AS
%DPPH reduction =

X100

Calyx colour

“Ten roselle calyces was used to measure colour indices
using Minolta Chroma Meter (Model R200 Trimulus Colour
Analyzer, Minolta camera Co. Ltd., Japan). The colour was
measured on the 3 sides of the roselle calyx. The colour
data for Calyx was represented in the values L *, a *, and
b*. L * defined a lightness coefficient ranging from 0
(black) to 100 (white). A * ranged from-60 to + 60 colour,
which is red (+ 60) and green (-60). In the meantime, b *
ranged from 60 to + 60, (yellow) and blue (-60) A * and b *
are also used to calculate the colour angle (h ° =tan-1 b*/a
*) for the interpretation of colours. Hue angle (h°) were red
-violet (0°), yellow (90°), bluish-green (180°) and blue” (20).
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Titratable acidity determination

Ruck's technique for determining titratable acidity was
used to make the measurement (21). The blended Roselle
fraction of one gramme was weighed and placed in a 50 ml
centrifuge tube. Each tube was dissolved with about 10 ml
of distilled water and then flitted. A volume of about 1 ml
of each solution was transferred to another 50 ml centri-
fuge tube and 10 ml of distilled water was added to dilute
the sample due to its intense colour. Approximately 10 ml
of the diluent was titrated against 0.1N NaOH solution us-
ing phenolphthalein (2 drops) as an indicator until the mix-
ture became reddish. As malic acid, the percentage titrata-
ble acidity was computed (22).

pH determination

Standard buffer solutions 4.0 and 7.0 were used to cali-
brate the pH metre (type BA 350 EDT devices). The pH was
determined by immediately placing the electrodes into a
10 ml beaker containing the sample.

Total soluble solids concentration (TSS)

Total soluble solids (TSS) were measured and expressed at
25 °C using an Atago 8469 hand refractometer (Atago Co.
LTD., Tokyo, Japan). At 25 °C, glucose, fructose and su-
crose were determined and expressed as percentages us-
ing an A-Brix Digital refractometer HI 96811 (Hanna instru-
ments). The maximum soluble sugar concentration was
determined using the phenol-sulfuric acid technique.

Proximate analysis
Ash content determination

The ash content of roselle calyx was assessed using the
AOAC technique (23) with slight modifications. A (3 g) of
calyx was placed in a crucible and heated in a fume hood
until no fumes were produced. The sample was heated
overnight in a cooled muffle furnace to 450-500 °C. Ash
weight (g) = (crucible weight + ash) — (crucible weight +
ash) (weight of crucible).
Weight of ash

Ash Content % = x100

Weight of the sample

Crude fibre content determination

The crude fibre content was evaluated utilising a fibre-bag
as a container after consecutive extraction of pre-dried
calyx samples (0.1 g) with 1.25 % H,S04 (200 ml) and  1.25
% NaOH (200 ml). For drying and ashing, the crucible con-
taining the sample was dried in an oven at 105 °C for 5 hrs
and cooled in desiccators; this is weighed as Ml. The cruci-
ble with the sample was then ashed at 525 °C overnight
and cooled in desiccators; this is weighed as M2. The
weight of the crucible containing the sample after drying
and ashing was determined as well as the crude fibre con-
tent (23).

M1 - M2

% Fibre content = X100

Weight of the sample

Plant Science Today, ISSN 2348-1900 (online)
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Crude fat determination

Analyses of fat content, the fats were extracted from the
roselle powder using the AOAC-recommended technique
(23). About 2 g of pre-dried roselle powder was weighted
into a pre-dried extraction thimble, about 200 ml hexane
was put into a pre-dried boiling flask, and the boiling flask
was filled with 200 ml hexane for 2 to 2.5 hrs. The flask was
then dried for a further hour at 105 °C. After cooling in a
desiccator, it was weighed.

[(Weight of flask + fat) - (Weight of flask)]

Fat Content (%) = x 100

Weight of sample (mg)

Crude protein determination

Crude protein content of roselle was analyzed using the
method described by AOAC (23) with slight modifications
as recommended via Kjeltec 2300 (Foss Analytical, Den-
mark). As a starting point, a 4 g pre-dried sample was
placed in each tube for digestion. Each vial has 2 Kjeltabs
Cu 3.5 (catalyst salts) in it. A 12 ml of concentrated sulfuric
acid (H.SO4 was poured into the tube and shake gently. An
InKjel 625M digestion block (Behr, Germany) was preheat-
ed to 420°C and used for 60 min to produce a clear blue/
green solution during the digestion phase. Samples were
cool for 10 to 20 min after being digested. A Kjeltec 2300
distillation unit was used to complete the distillation pro-
cess" (Foss, Denmark).

“The % of protein was calculated by the given formular:
(24)
% Crude protein =

0.1 { volume of sample titration—veolume of blank tittration
Weight of the sample x 1000

X 14.007

Data Analysis

The data was analyzed using one way ANOVA (SPSS 23.0)
significant difference, and the result was presented as +
standard deviation.

Results

Roselle withers rapidly when fresh and, due to that, cannot
be kept for long or exported over long distances. However,
in studies, the three drying methods carried out in this
study are; Sun Drying (SD), Oven Drying (OD) and Freeze-
Drying (FD). Freeze drying showed higher dry weight than
the oven and sun-drying with lower drying time than the
sun drying Table 1. Freeze drying also retains the initial
colour and shape of the fresh calyx than oven and sun dy-

Table 1. The three drying methods of roselle calyx

ing (Fig. 1, 2). However, oven drying also has a slightly
higher dried weight and slower drying time than sun dry-

ing.

Fig. 2. (A) Oven drying of roselle calyx; (B) Oven dried roselle

Radical scavenging activity of DPPH

The anthocyanin content is responsible for the major anti-
oxidant activity in roselle calyx. Roselle calyx is known to
have higher antioxidant content; therefore, the % RSA in
this study revealed that freeze-dried calyx has a higher %
RSA with (32 mg/100 g), followed by fresh, sun and oven
drying, respectively (27, 22 and 11 mg/100 g QE). Roselle
calyx is known to have higher antioxidant content there-
fore, the % RSA in this study revealed that freeze dried ca-
lyx has a higher % RSA with (32 mg/100 g), followed by
fresh, sun and oven drying respectively (27, 22 and
11 mg/100 g QE). Roselle calyx are is known to have higher
antioxidant content therefore the % RSA in this study re-
vealed that freeze dried-dried freeze calyx has a higher %
RSA with (32 mg/100 g), followed by fresh, sun and oven
drying respectively (27,22 and 11 mg/100 g QE) Fig. 3.

Fresh
Drying . Dried Drying
s/No methods weklght weight g hours
1. Sun 2 174.1 120
2. Oven 2 175.3 48
3. Freeze 2 226.5 31

40.00

35.00 b

% RSA OF DPPH Mg/100g QE
= = ~ N w
o w 5 & S8 & 8
8 8 8 8 8 8 8
-m
-ﬂ
Qo

FC FZ SUN ov
Drying techniques

Fig. 3. % Radical scavenging activity of DPPH of various methods and
fresh as control.
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Total Anthocyanin Content of Roselle

Hibiscus sabdariffa calyx drying procedures were evaluat-
ed using the pH differential method to determine the total
anthocyanin content. When comparing the anthocyanin
concentration, it was discovered that FD roselle calyx has
significantly higher TAC, followed by FC, SD and OD has the
least TAC (Fig. 4). This is because freeze drying is one of

200
abcd
150
— 100 ab
> cb db
£
=
= 50
abcde
0 I
Fresh Freez-dried Oven-dried Sun-dried Deteriorated
-50 } :
Roselle calyx drying techniques

Fig. 4. Total anthocyanin content TAC mg/! of roselle calyx dried using vari-
ous drying techniques.

the most effective preservation methods; the high content
of TAC in FZD could be that high temperature is not used
during the drying as the high temperature is one of the
factors influencing anthocyanin stability. However, high
temperatures may lower anthocyanin levels in OD and SD
(Table 2). In general, high anthocyanin level is promoted
by low temperature.

Table 2. Roselle anthocyanin retention time, peak area and concentrations
of different drying techniques.

930
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Fig. 5. Chromatogram of the external standard anthocyanin cyanidin gluco-

side (1)
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100

16.854

PDAMulti 1 521nm,dnm|

16

17 18
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Fig. 6. Chromatogram of freeze-dried roselle calyx anthocyanin (1) cyanidin
sambubioside while (2) cyanidin glucoside.

Sample Re.tr?:‘t:on Peak Area Con(:gl}z:altion
Sun 18.268 370352 2.426
Oven 18.274 514487 4.293
Freeze 18.299 800575 6.126
Standard (cy-3-G) 18.699 800575 50.000

mAU

1004

17.693

PDA Multi 1 521nm,dnm|

18.274

Characterization of roselle anthocyanin of various drying
techniques using HPLC

High performance liquid chromatography was used to
characterized roselle calyx dried using different drying
techniques (Sun, Oven and Freeze-dried). Cyanidine gluco-
side was used as reference standard. The standard re-
vealed at retention time 18.699 as shown in (Fig. 4). among
the drying method analysed freeze dried calyx shown to
have high concentration of anthocyanin followed by oven
and sun-dried roselle calyx. The retention time, peak area
and was explain in Table 4. The anthocyanin revealed were
cyanidin glucoside with retention time of 18+++ and cyani-
dine sambubioside retention time 17+++

Physicochemical properties of roselle calyx dried differ-
ently

The result of total soluble solute was slightly different
across various drying methods and fresh calyx (Table 4)
with TSS ranges from 1.7-268 and fresh sample 2.28 Brix.
The TSS was higher in freeze-dried calyx, then sun, oven
dried and fresh calyx. A product's PH value is regarded one

254

18.565
19, 504
20.363
21.825

15 16 i7 18 19 2 il u
min

Fig. 7. Chromatogram of oven-dried roselle calyx anthocyanin (1) cyanidin
sambubioside while (2) cyanidin glucoside.

mAU

PDA Multi 1 521nm,4nm|

o -
8 3
s g
o_
15 186 17 18 19 20 il 2

min

Fig. 8. Chromatogram of anthocyanin in Sun-dried roselle calyx (1) cyanidin
sambubioside while (2) cyanidin glucoside.
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of the most important elements in determining whether or
not it was accepted by customers. The pH levels of all ro-
selle of different drying method were slightly different in
the range 2.19 to 2.86 for fresh calyx, oven, sun and freeze-
dried calyx respectively. The result for total titratable acid-
ity values of the calyx among various drying methods and
fresh calyx revealed were slightly different ranges between
18.8-23.4 g malic acid/100g dw (Table 3).

The colour characteristics of the roselle calyx dried using
oven, sun, freeze-dried and fresh calyx were significantly
different (Tables 4). The a (lightness) values of various dry-
ing process of roselle calyx were the highest fresh calyx
and freeze-dried calyx then sun and oven-dried calyx.

Table 3. Physicochemical effect of total soluble solids, pH, titratable acidity
and colour on stored roselle calyx.

TSS TA100g/
Sample . malic acid pH Moisture content%
(Brix) dw
FC 2.28+0.1 23.4 2.7+1.1 7801
FD 2.68+1.0 22.3 2.19+0.2 14.27+0.1
oD 1.77+1.01 19.01 2.86+2.1 15.75+02
SD 1.70+.001 18.8 2.35+2.01 12.033+0.2

Table 4. Colour measurement among various drying techniques.

Sample L a b
FC 14.4+0.8 25.05+4.1 5+0.6
FD 9.4246.2 24.71.9045.6 620.6
oD 549.5 18.87+2.8 5+0.6
SD 11.92+13.6 17.62+2.3 5.33£1.3
Proximate Analysis

The result of the proximate analysis among various drying
techniques revealed that the % ash content was higher in
freeze-dried samples with 17.40% followed by oven and
sun-dried with 6.76 and 10.36% respectively. The fibre con-
tent % was also higher in freeze-dried calyx than in oven
and sun-dried with 17.5 and 18.8% respectively. However
sun-dried calyx has lowest % fat with 0.37, then oven and
freeze-dried with 0.87 and 1.24%. Finally, the % crude pro-
tein revealed that freeze dried has higher protein content
with 9.2% then sun-dried and oven-dried calyx wit 7.8 and
6.9% respectively Table 5.

Table 5. Proximate composition of different dying techniques of roselle calyx.

Samples %Ash %Fibre %Fat % Protein
Sun-dried 6.76 17.5 0.87 7.8
Oven-dried 10.36 18.8 0.37 6.9
Freeze-dried 17.40 20.5 1.24 9.2

Discussion

Due to its multiple benefits, freeze-drying was more suitable
for drying roselle calyx than oven and sun-drying. The calyx
is dried without heat or high temperature, as high tempera-
ture affects the general qualities of the bioactive com-
pounds found in roselle calyx, particularly anthocyanin.

The higher antioxidant activity in freeze-dried ro-
selle might be because no heat is applied while drying all
the bioactive components were preserved because ther-
mal affects the stability of anthocyanin. Moreover, thermal
treatment is capable of causing the nutritional and organ-
oleptic decline and modifications in the levels of carote-
noids, ascorbic acid and phenolic compounds, leading to
decreased antioxidant capacity and other effects on bio-
logically active compounds (4, 13).

The prevalent of cyanidin and delphinidin in roselle
is in agreement with the findings of many authors (25, 26)
that have reported two significant anthocyanins com-
pounds (delphinidin-3-sambubioside and cyanidin-3-
sambubioside) and 2 minor compounds (delphinidin-3-
glucoside and cyanidin-3-glucoside) present in the calyces
of roselle (25, 27). Moreover, the results were consistent
with (28). Environmental factors, including solar radiation,
temperature and nitrogen level, are essential for regulat-
ing anthocyanin accumulation in plants. The freeze-dried
roselle proved superior colour stability and prevent antho-
cyanin degradation (25). Several variables, including pH
and temperature, enzymes, metal ions, light and oxygen
have been shown to deteriorate anthocyanins in nature.
Anthocyanin degradation may also produce aldehydes
with benzene rings, which could harm human health (4).
Among the most common food processing activities are
thermal treatment and pH adjustment. When it comes to
preserving industrial beverages, heat treatment is the
most used procedure. Our HPLC analysis of anthocyanin
(Fig. 4-7 and Table. 3) is similar to the findings of an earlier
study (29). The finding of cyanidine sambubioside with
17++ in our studies correspond the finding of (30). The
HPLC identification of anthocyanin in our study indicated
that freeze-dried roselle calyx has significant concentra-
tion, retention time closer to the reference standard cyani-
dine glucoside than oven and sundried roselle calyx.

The physicochemical properties in this finding re-
vealed that, the amount of total soluble solids (TSS) and
the pH value of roselle calyxes are critical to their quality.
The low pH value and high TSS levels are markers of the
product's quality. Table 4 the increase level of TSS may be
due to hydrolysis of polysaccharides to monosaccharides
and oligosaccharides (31). The finding on TSS in this study
is in agreement with an earlier report (32, 33) where they
reported TSS value ranges from 2.60 - 4.10 and 2.90 - 4.60
with slight increase due to storage. The findings of Ph lev-
el in the current study agreed with values reported (34) for
the pH of roselle from Malaysia (2.49) similar to another
report (35) who reported 2.16+0.02. The titratable acidity
in the present study is in agreement with an earlier report
(35, 36). Organic acid findings were attributed to the pres-
ence of acids in the roselle extract, including citric acid,
hydroxy citric acid, hibiscus acid, malic and tartaric acid as
main constituents and oxalic and ascorbic acid as minor
compounds (37). Finally, these findings corroborate with
another study (38). Additionally, reports are on the fact
that (39), roselle has a large amount of acid, with a titrata-
ble acidity value of 2.49%. The acid that makes roselle
unique is hibiscus acid, or (+)-hydroxy citric acid, abbrevi-
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ated (+) HCA.This inhibited fat formation and resulted in a
decrease in body weight experiments carried out on rats
(38).

Colour is one of the most critical quality aspects
influencing customer acceptance of food since it conveys
the initial impression of food quality to the consumer (38).
There have been many studies on the colour qualities of
roselle extract, with the reported values varying according
to the drying procedure, duration and temperature used
(40, 41). The present investigation discovered that the col-
our values varied according to the drying procedures used.
The calyx characteristics were aided by the colour quali-
ties. Our results on colour measurement are consistent
with those of with a few exceptions (36).

The results of proximate composition viz, moisture
content, crude protein, crude fat, crude fibre and total ash
of among various drying process including sun, oven and
freeze- dried roselle calyx are presented in Table 4 and are
discussed.

The result was similar with the literature values (35,
42-44) who reported the moisture content of fresh Roselle
calyces as 86.50% (w.b.), 85.00% and 86.50%. In the pre-
sent investigation, the result of the average moisture con-
tent of fresh calyces of Roselle was found to be 78+0.1%.
The average crude protein content of fresh calyces of Ro-
selle was found to be 2.95+0.14%. The results obtained
were slightly lower than the earlier studies reported (44),
who reported the protein content

Conclusion

The effects of different drying techniques including freeze,
oven and sun drying of roselle calyx were tested in the pre-
sent study. The freeze dried showed higher dry weight,
slower drying time, higher antioxidant and anthocyanin
content compared to HPLC analysis revealed two roselle
major anthocyanins, cyanidin glucoside and cyanidin sam-
bubioside accumulated in the freeze dried. Therefore, the
freeze-drying method was determined to be the best
method for preserving roselle calyx hence might be uti-
lized for future production and commercialization of dried
roselle calyx.
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