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Abstract

Article History

Fruits and vegetables belong to an essential class of foods that supply the human diet with v
itamins and minerals that are essential for normal body health and function. Hence, this study
aims to provide an overview of the effect of processing on the antioxidant, physicochemical,
and microbiological properties of non-alcoholic beverages made from roselle calyces using
standard procedures. Roselle drink and squash were produced from roselle extract and
pineapple juice at a ratio of 4:1 respectively using hot and cold-water extraction methods
after pasteurization at 80°C for 5 min and aseptically packaged. The result showed that the pH
of the samples CSS, HSS, CSS, and HPSS ranged between (3.89 to 4.44), total soluble solid
(5.5-6.7 °Brix), viscosity (5.5-28.5 m. Pa.s), titratable acidity (0.62 to 1.40%), specific
gravity(0.7856-1.019), vitamin C(43-47mg/100g). color dimension showed that L*( 14.3-
21.9), a*(14.3-19.25) and b" (3.89-8.0). The antioxidant activity showed that phenol ranged
between (58.51-79.59mg/100g), flavonoid (22.62-50.14mg/100g), and total antioxidant
capacity (70.67-75.03mg/100g). DPPH, reducing power, total phenols, total flavonoids, and
total antioxidant content increased significantly (p<0.05). The blending of pineapple fruit
juice with roselle extract has improved antioxidant properties and good source of vitamin C.
Therefore, the consumption of roselle-fruit juices with higher flavonoid and antioxidant
activity will protect the human body from several diseases attributed to the reactions of free
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1. Introduction

In Nigeria, fruits and vegetables are produced in abundance
which are perishable and are destroyed easily due to various
factors. The formulation of new products involves several
technical aspects that support product improvements, quality
improvements, customer requests (upgrade/ acceptance), and
cost-saving initiatives (Vijayan and Prabhat, 2015). Products
such as jam, jelly, squashes, and beverages can be made using
fruits. Fresh squashes are becoming popular compared with
synthetic beverages because of the refreshing quality, taste,
flavour, nutritive value, and storage stability of fresh squashes

(Jothi et al., 2014). Squash is a popular and non-alcoholic
concentrated syrup that is usually made from fruit juice, water,
and sugar or sugar substitutes (Joseph and Shukla, 2015,
Babasaheb, 2000). It must be mixed with a certain amount of
water or carbonated water before drinking. Nowadays herbal
extracts are added to squash to enhance its sensory and
therapeutic properties (Jain et al., 2016). Fruit squashes have a
low quantity of twenty-five percent via the capacity of fruit
juice and are proposed to be drunk after dilution. The acidities
are generally in the mixture of 1.5 to 2.5 per w/v citric acid.
The squash is packed into washed and pure bottles, exited with

4 This work is published open access under the Creative Commons Attribution License 4.0, which permits free reuse, remix, redistribution and transformation provided due credit is given.
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the plan to one-inch top space with a blocked peak, and placed
in a safe for one to 1.5 years with no large amount of change
in colour or taste (Gupta, 1993).

Roselle (Hibiscus sabdariffa L.) is a unique species cultivated
in many tropical regions for its leaves, seeds, stem, and calyces
in which the dried calyces are used to prepare tea, syrup, jams,
and jellies as beverages. It belongs to the family of Malvaceae
which originated in West Africa and is available in tropical
African countries such as Sudan, Egypt, Ethiopia, Mali,
Nigeria, and Chad (Abu-Tarboush et al., 1997). It is also,
widely cultivated in India, Indonesia, Philippines, Malaysia,
Brazil, Australia, Mexico, Hawai, and the USA but known by
different names in different countries and popularly
recognized as 'mesta’ or ‘chukur’ in the Indian subcontinent
(Halimatul et al., 2007; Rao, 2008, Ismail et al., 2008).
Roselle is a miracle plant with various utilizations with
different colour groups: pink, green, red, dark red, purple, or
yellow are available in the tropics (Halimatul et al., 2007). The
calyces of red and dark red types are used to extract juice for
fresh drinks after sweetened and the leaves of green types are
used as vegetables (Babalola, 2000). Roselle has drawn the
attention of food, beverage, and pharmaceutical manufacturers
because of its commercial potential as a natural food and
coloring agent that can replace some synthetic products
(Eslaminejad et al., 2011).

Pineapple (Ananas comosus (L.) is one of the most important
commercial fruit crops in the world and the third most
important tropical fruit in the world after Banana and Citrus. It
is known as the queen of fruits due to its excellent flavour and
taste. Pineapples are consumed or served fresh, cooked, juiced,
and can be preserved. This fruit is highly perishable and
seasonal. Mature fruit contains 14% sugar; a protein-digesting
enzyme, bromelin, and a good amount of citric acid, malic
acid, vitamins A and B, and different minerals such as calcium
and potassium that are good for the digestive system and aids
in maintaining ideal weight and balanced nutrition (Hossain et
al., 2015; Botella and Fairbairn, 2005). Its balance of sugar and
acid contributes to the fruit's refreshing flavour. Fruits and
their value-added products play a crucial role in the human diet
because they provide most of the vital nutrients especially
vitamins, carbohydrates, protein, and minerals required for
normal growth and development of the human body which
leads to maintaining a healthy physique and mind. Normal
consumption of fruits significantly reduces the risk of heart
disease, stress, and premature aging due to the antioxidant
properties of fruits (Sindumathi et al., 2015).  Nowadays
people prefer food or beverage which has physiological
benefits besides basic nutrition to reduce the risk of chronic
diseases. Beverages have been increasingly gaining popularity
throughout the country due to their health and nutritional
benefits, apart from pleasant flavour and taste. Fruit-based
beverages are rich in essential minerals and vitamins and are
delicious with universal appeal. Moreover, consumers are
looking for new, healthier alternatives to conventional soft
drinks. From the public health point of view, there is also a
need to reduce alcohol consumption and minimize the use of
additives and heat treatments. A little is being done to market
it in varieties as a ready-to-drink beverage that would be easily
accessible to consumers. Therefore, despite its great potential
as a health drink, acceptability remains a challenge. One is that
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roselle extract has a low sugar/acid ratio affecting its taste and
making it less desirable to consumers. Adjusting the sugar/acid
ratio to enhance the taste would however increase its
acceptability. Regular consumption of roselle may reduce
nutritional deficiency problems such as night blindness,
scurvy, and rickets. Squashes are advantageous in comparison
with other synthetic beverages evidently because of their taste,
flavour, nutritive value, and their storage ability. So, keeping
in view its availability in the land wasteland and importance
concerning its quality characteristics, this fruit was exploited
for the development of certain value-added products including
squash. Improper post-harvest handling methods also lead to
deterioration of the fruit. Substantial quantities of pineapple
fruits are sorted because of defects, mechanical damages, and
pest damages, bruised and partially spoiled fruits, and are
discarded as unmarketable by the farmers and traders in the
production area. Such huge quantities of waste result in
economic and food losses and also cause environmental
pollution. This work aims to establish the physicochemical,
antioxidant, and microbiological properties of roselle drink
concentrate that is flavoured with natural pineapple juice.

2. Materials and Methods

Materials: The dried roselle (Hibiscus sabdariffa) calyces
(dark red cultivar), pineapple (Ananas comosus) — cayenne
cultivar, sugar, and other materials required were obtained
from the local Mushin market, Lagos, Nigeria.

Preparation of roselle drink using hot water extraction:
The dried roselle calyces were sorted and weighed after which
were thoroughly washed and then boiled in hot water at a
temperature of 100°C for 15 minutes along with some added
spices such as ginger, and cloves. The mixture was then
strained properly using a muslin cloth to obtain unsweetened
roselle juice. The extract was allowed to cool to about 65°C
after which sugar and pineapple flavour was added. The drink
was filled into sterilized glass bottles, capped, and stored.

Preparation of roselle drink using cold water extraction:
The dried roselle calyces were sorted and weighed after which
were thoroughly washed and then soaked in water at room
temperature of 37°C for 15 min. The mixture was then strained
properly using a muslin cloth to obtain the roselle drink. The
extract was pasteurized at 72°C for 15 s. The spices (ginger
and clowes), sugar, and pineapple favour were added and the
mixture was strained to obtain a spiced roselle drink. The drink
was filled into sterilized glass bottles and then capped and
stored.

Preparation of roselle squash using hot water extraction:
Dried roselle calyces, pineapple, sugar and were weighed
separately. Fresh, ripe pineapples were washed, cut weighed,
blended, and then strained to obtain juice. The dried roselle
calyces were weighed, sorted, and thoroughly washed and then
soaked in hot water of temperature 100°C for 15 mins along
with spices (cloves and ginger), then were allowed to cool to
about 65°C and filtered through a muslin cloth. Pineapple and
roselle squash were set by integrating pulp, sugar, and water in
a ratio of 1:4:1. Citric acid was supplementary to regulate the
acidity to one-percent along with 0.05% Carboxyl Methyl
Cellulose (CMC) to avoid separation and boiled for 30 mins to
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prepare syrup and then filled into sterilized glass bottles and
stored.

Preparation of roselle squash using cold water extraction:
Dried roselle calyces, pineapple, and sugar were weighed
separately. Fresh, ripe pineapples were washed, cut and was
blended, and then strained to obtain juice. The dried roselle
calyces were weighed, sorted, and thoroughly washed, and
then soaked in water at room temperature for 25 mins to obtain
the extract. Pineapple and roselle squash were set by
integrating pulp, sugar, and water in a ratio of 1:4:1. Citric acid
was supplementary to regulate the acidity to one percent along
with 0.05% Carboxyl Methyl Cellulose (CMC) to avoid
separation and boiled for 30 mins to prepare syrup and then
filled into sterilized glass bottles, capped.

Chemical Analysis

Physicochemical analysis: A digital pH meter was used to
determine the pH according to the standard method (AOAC,
2012). Total soluble solids (TSS) were determined by using
a hand refractometer at room temperature (AOAC, 2012).
Total titratable acidity was determined by the standard method
(AOAC, 2012) (AOAC, 2012). Ascorbic acid was determined
by the direct colorimetric method using 2,6-dichlorophenol-
indophenols as a decolorizing agent by ascorbic acid in sample
extract and in standard ascorbic acid solution (AOAC, 2012).
Reducing and non-reducing sugars were determined by
the Lane Eynon method (AOAC, 2012). Viscosities of the
samples were determined using the method of Karangwa et al.
(2010) with few modifications using a digital viscometer
(NDJ-55, Shangai Nirun Intelligent Tech. Co. Ltd) measured
at 60 rpm in mPas.

Determination of specific gravity: The juice (10ml) was
measured using a 50ml measuring cylinder to a previously
weighed 10ml beaker and weight W, was taken. 10ml of water
was also measured into the same 10ml beaker of weight W,
and the overall weight was taken on the analytical weighing
balance. The specific gravity of the juice was obtained by
using the formula.

Specific Gravity = W, of 10ml of juice (W1 — Wy)
W; of an equal volume of water (W, — W)

Determination of colour: Tri-stimulus colorimeter will be
used to take colour measurements (Duangmal et al., 2004).
The instrument expresses colour measurement in the CIELAB
(L*, a*, b*) form. The instrument will first be calibrated using
standard black and white plates (with transparent papers
placed on the standard plates). L, a, b, coordinates were
obtained using Adobe Photoshop 6.0 software (Adobe
Systems Inc., California, USA) which were thereafter
normalized to L*, a*, b* according to the following equations
which were explained by Yam and Papadakis (2004).
L*=L x100
255

a*=a*240 -120

255
b* =b*240 -120

255
Also, the colour difference between the cold and hot extraction
of Roselle drink and squash was determined by taking the
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Euclidean distance between them according to the equation
given below:

DE* = [LO* L*]Z + [ao _ a—k]Z + [bO _ b*Z] 2

The colour attributes such as lightness (L*), redness (a*) and
yellowness (b*) will then be recorded.

Antioxidant properties

Reducing power assay: Various concentrations of the
extracts (20 to 100pg/ml) in 1.0 ml of deionized water were
mixed with phosphate buffer (2.5 ml) and potassium
ferricyanide (2.5 ml). The mixture was incubated at 50c for 20
min. Aliquots of trichloroacetic acid (2.5 ml) were added to the
mixture, which was then centrifuged at 3000rpm for 10 min.
The upper layer of solution (2.5 ml) was mixed with distilled
water (2.5 ml) and a freshly prepared ferric chloride solution
(0.5 ml). The absorbance was measured at 700 nm. A blank
was prepared without adding extract. Ascorbic acid at various
concentrations (1 to 16pug/ml) was used as standard.

Total phenolics: Weigh 0.5g sample of extract dissolved in 50
ml of water. Take 0.5 ml add 0.1 ml of Folin- Ciocalteu reagent
(0.5 N) mix and incubate at room temperature for 15 minutes.
After this, add 2.5 ml sodium carbonate solution (7.5% w/v)
and further incubate for 30 minutes at room temperature. The
absorbance of the solution was measured at 760 nm. The
concentration of total phenol was expressed as gallic acid
equivalent (GAE) (mg/g of dry mass) which is a commonly
used reference value’.

DPPH radical scavenging activity assay: An aliquot of 0.5
ml of extract in ethanol (95%) at different concentrations (25,
50, 75, 100ng/ ml) was mixed with 2.0 ml of reagent solution
(0.004 g of DPPH in 100 ml methanol). The control contained
only DPPH solution in place of the sample while methanol was
used as the blank. The mixture was vigorously shaken and left
to stand at room temperature. After 30 minutes the decrease in
absorbance of the test mixture (due to quenching of DPPH free
radicals) was read at 517 nm. The scavenging effect was
calculated using the expression:
% inhibition = [Ao-Aq] x 100/A0

Where A is the absorption of the blank sample and Al is the
absorption of the extract

Total anti-oxidants: The solution of the sample extract (1ml)
was mixed with 3 ml of reagent solution (0.6 M sulphuric acid,
28 mM sodium phosphate, and 4 mM ammonium molybdate).
The tubes were capped and incubated in a boiling water bath
at 950 C for 90 minutes. After the samples had cooled to room
temperature, the absorbance of the aqueous solution of each
was measured at 695 nm. The total antioxidant capacity was
expressed as equivalent to ascorbic.

Total flavonoid content estimation: 1 ml of sample solution
(100pg/ ml) was mixed with 3 ml of methanol, 0.2 ml of 10%
Aluminium chloride, 0.2 ml of 1 M potassium acetate, and 5.6
ml of distilled water. The resulting mixture was incubated at
room temperature for 30 minutes and the absorbance of the
reaction mixture was measured at 415 nm. The calibration
curve was prepared by preparing quercetin solutions at various
concentrations in methanol.
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Figure 1: Flowchart for the production of Roselle drink
Source: Modified method of Karanja (2009).
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Figure 2: Flowchart for the production of Roselle squash
Source: Modified method of Karanja (2009).
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Nitric oxide scavenging activity assay: 4 ml sample of plant
extract or standard solution of different concentrations (25, 50,
75, 100 pg/ml) were taken in different test tubes and 1 ml of
Sodium nitroprusside (5 min phosphate buffered saline)
solution was added into the test tubes. They were incubated for
2 hours at 30 °C to complete the reaction. A 2 ml sample was
withdrawn from the mixture and mixed with 1.2 ml of Griess
reagent (1% Sulphanilamide, 0.1% naphthylethylenediamine
dihydrochloride in 2% Hs;PO,). The absorbance of the
chromophore formed during the diazotization of nitrite with
sulphanilamide and its subsequent coupling with naphthyl
ethylenediamine was measured at 550 nm (Alisi et al., 2008).
Ascorbic acid was used as standard. The percentage (%)
of inhibition activity was calculated from the following
equation:

[(A0 — AL)/A0] x 100.

Where A0 is the absorbance of the Control and Al is the
absorbance of the extract or standard.

Microbiological Analysis: Roselle drink and squash were
subjected to microbiological analysis after three weeks of
storage at room temperature using Lynne Mclands Borough’s
method.

Statistical Analysis: All analysis was carried out in duplicate.
Values obtained were subjected to analysis of variance
(ANOVA) using a Microsoft Excel spreadsheet and the
difference in mean significance using the LSD test which was
defined at (p<0.05).

3. Results and Discussion

Physicochemical properties of roselle drink and squash

Table 4:1 presents the physicochemical properties of the 4
samples under hot and cold methods of extraction via
measurements for viscosity, pH, TTA, specific gravity, ascorbic
acid, and colour. The pH has great importance in maintaining
shelf stability; pH can also influence the flavour and processing
requirements of beverages. The pH value of the drinks and
squashes ranged from 3.99 — 4.44. Squash extracted using cold
water (CPSS) had the highest pH value (4.44) while drink
extracted with cold water (CSS) had the lowest pH value (3.99).
Added sugars contributed to an increase in the sugar-to-acid ratio.
Added sugars also played a role in lowering the water activity of
the beverage with a positive impact on the quality. The obtained
values were within the range of 3.0 — 5.0 as reported by Akusu et
al. (2016) for fruit drinks, pineapple juice (3.97), and orange juice
(3.50). Yapo et al. (2011) and Islam et al. (2013) also reported
similar values for pineapple juice and mango juice respectively.
The pH values observed for the drinks were in the range of normal
pH for fruit juices. A low pH is favorable for microbial stability
in juices; moreover, low pH values have been reported to inhibit
bacterial growth in fresh unpasteurized fruit juices by
Nwachukwu et al. (2013). Microorganisms have optimal pH
requirements for their growth however, the storage or shelf life of
a fruit juice or drink is dependent on its pH (Olagunju and
Sandewa, 2018). It was also observed that the increasing acidity
influenced the pH content of the drinks and squashes (Yadav et
al., 2014). Titratable acidity is a measure of the total acid present
in a juice (Sawant et al., 2015). Acidity is also an important
attribute because of the mild sour taste attributed to roselle
beverages. The predominant acid naturally occurring in orange

Research article

juice is malic acid. There are also small amounts of citric acid and
tartaric acid. The total acid may not be measured by pH because
the acids concerned are “weak acids” and not completely ionized.
The acid content was therefore measured using a titration with
0.1IN sodium hydroxide. From the results observed, the total
titratable acidity ranged from 0.62 to 1.40. CSS (cold water
extracted drink) had the highest titratable acidity of 1.40 > CPSS
(cold water extracted squash) had 0.79 > HSS (hot water extracted
drink) had 0.65 > and HPSS (hot water extracted squash) had the
lowest acidity. Roselle extract is known to be highly acidic with
low sugar content (Tsai, 2002). The addition of sugar may have
caused a decrease in acidity. This could be due to the ability of
sugar to reduce acidity. There is a correlation between pH (low)
and TTA (high) which may have led to the increase in acidity
levels. The low amount of acid in it was neutralized by a strong
alkali in the formulated drink. The viscosity of the drinks and
squashes ranged from 5.5 to 128.5 mPa.s. Higher viscosities were
observed in the squashes HPSS (128.5 mPa.s) and CPSS (23.0
mPa.s) which could be attributed to the addition of sugar and the
addition of pineapple (almost ripened) which is higher in pectin.
The addition and heating up of sugar and pineapple during
processing may have led to a reduction in the free flow of the
squashes and consequently, increased viscosity. CSS had the
lowest viscosity and this may be attributed to the extraction rate.
The ascorbic acid levels of the drinks and squashes were lower
than the content observed from the fresh extract. This could be a
result of the introduction of other components and processing
methods as well as the dilution ratio of these beverages. It could
also have been due to the addition of pineapple to the formulation
of the squashes. Ascorbic acid prevents scurvy and protects the
body against oxidative stress (Padayatty et al., 2003). The high
amount of ascorbic acid showed that the fruit is a good source of
ascorbic acid as it could meet over 50% of the recommended daily
intake of ascorbic acid for both adults (65mg/day) and children
(25mg/day) as reported by The National Institutes of Health
(retrieved, 2018). Colour is the most important quality attribute
influencing consumer acceptability of food as it gives the first
impression of food quality (Abou-Arab et al., 2001). The red
colour is due to the presence of anthocyanins (Tsai and Huang,
2004) in the roselle samples. From the results, as the concentration
of roselle extract increased as a result of the extraction method,
the redness decreased. The yellow colour is due to the presence of
carotenoids in the pineapple. The yellowness increased
significantly in the squashes containing pineapple.

Antioxidant properties of roselle drink and squash

DPPH (1-diphenyl-1- picrylhydrazyl assay)

In this study, the antioxidant properties of the hot and cold
extracted roselle drink and squash samples were tested and
compared with the activity of the well-known antioxidant,
ascorbic acid.

Antioxidants act as free radical scavengers and inhibit lipid
peroxidation and other free radical-mediated processes, thereby
helping to protect the human body from several diseases attributed
to the reactions of radicals (Atoui et al., 2005). The DPPH
antioxidant assay is based on the ability of DPPH, a stable free
radical, to decolorize in the presence of antioxidants. The DPPH
radical contains an odd electron that is responsible for the
absorbance at 517 nm and also for the visible deep purple colour.
When DPPH accepts an electron donated by an antioxidant
compound, the DPPH is decolorized, which can be quantitatively
measured from the changes in absorbance. The sequence for
DPPH radical scavenging abilities of the beverages and ascorbic
acid are shown in Figure 1: cold water extracted drink (CSS) >

346


https://doi.org/10.54117/ijnfs.v4i1.79

Available: https://doi.org/10.54117/ijnfs.v4i1.79

hot water extracted drink (HSS) > hot water extracted squash
(HPSS) > cold water extracted squash (CPSS) for concentrations
25 pg/m and 50 pg/m. For 75 pg/m, CSS (cold water-extracted
drink) > CPSS (cold water extracted squash) > HPSS (hot water
extracted squash > HSS (hot water extracted drink). For 100ug/m,
CSS (cold water extracted drink) > HPSS (hot water extracted
squash) > HSS (hot water extracted drink) > CPSS (cold water
extracted squash). The scavenging effects showed that CPSS
(cold water extracted squash) had the lowest antioxidant activity
(23.02+0.70) meanwhile CSS (cold water extracted drink) had the
highest antioxidant activity (28+0.88) in 25ug/m and 50ug/m.
The scavenging effect in 75 ug/m showed that HSS (hot water
extracted) had the lowest antioxidant activity (59.41+0.70) while
CSS (cold water extracted drink) had the highest (66.84+0.70).
The scavenging effect under 100pg/m showed that CPSS (cold
water extracted squash) had the lowest antioxidant activity
(73.64+0.52) while CSS (cold water extracted drink) had the
highest antioxidant activity (79.58). The presence of antioxidants

Table 1: Physicochemical study on roselle drinks and squashes
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in the roselle drink and squashes was significant. Thus, the drink
may possess possible beneficial potential as a free radical
scavenger. The highest antioxidant values were found among the
unprocessed tea leaves, tea powders, and coffee beans. We find
that plant-based foods are generally higher in antioxidant content
than an animal-based foods and mixed food products (Carlsen et
al., 2010). Roselle has been reported to exhibit significant
antioxidant activities. In this study, the antioxidants present when
compared with ascorbic acid (a well-known antioxidant) in these
beverages were lower but almost as much as in ascorbic acid.
Roselle is rich in anthocyanins and is traditionally used to prepare
a bright red beverage. However, heat treatment and different pH
environments are often encountered during food processing, and
these factors are often detrimental to anthocyanins. There is a
positive correlation between the total content of phenolic
compounds and the antioxidant activity of an extract, and over
95% of the antioxidant capacity of extracts is due to their phenolic
components (Turkmen et al., 2007; Wang et al., 2017).

HSS HPSS CSS CPSS
Total soluble solid( °Brix) 6.3+0.022 6.7+0.26° 5.88+0.002 5.60+0.102
Viscosity 6.1+0.14° 2815.662 5.5+0.14¢ 23.0+£1.41°
pH 4.01+0.04% 4.28+0.992 3.89+0.06° 4.44+0.012
TTA (%) 0.65+0.01° 0.62+0.012 1.40+0.03° 0.79+0.102
Specific gravity 0.8997°¢ 1.019? 0.7865¢ 1.0054°
Ascorbic acid(mg/100g) 47+0.06° 43+0.07° 44+0.03® 45+0.12,
L* 21.9+0.052 16.4+0.01° 15.140.222 14.3£0.50?
a* 14.3+0.15¢ 17.15+0.11° 19.25+0.992 18.6+0.25°
b* 8.0£0.05? 6.42+0.12° 4.6x0.05° 3.89+0.15¢

Values are expressed as mean + SD. HSS (hot water extracted roselle drink); HPSS (hot water extracted roselle squash); CSS (cold water

extracted roselle drink); CPSS (cold water extracted roselle squash).
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Figure 1: DPPH scavenging activity of roselle drink and squash

Reducing power assay

The sequence for reducing power activity is shown in Figure
2. HSS (hot water extracted drink) > HPSS (hot water
extracted squash) > CPSS (cold water extracted squash) > CSS
(cold water extracted drink) for 25ug/ml. For 50ug/ml, HSS
(hot water extracted drink) > HPSS (hot water extracted squash
>CSS (cold water extracted drink) >CPSS (cold water
extracted squash), at 75ug/ml concentration, HSS (hot water
extracted drink) > CPSS (cold water extracted squash > CSS
(cold water extracted drink) > HPSS (hot water extracted
squash) and at 100ug/ml, HSS (hot water extracted drink) >

HPSS (hot water extracted squash > CPSS (cold water
extracted squash > CSS (cold water extracted drink). The
reducing power activity effect showed that HSS had the
highest antioxidant activity (0.137+0.004) at 25ug/ml.
Meanwhile, CSS had the lowest. The effect showed that in
50ug/ml HSS had the highest (0.276+0.003) while CPSS had
the lowest (0.241+ 0.004). The reducing power activity
showed in 75ug/ml that HSS had the highest antioxidant
activity (0.373+£0.003) meanwhile HPSS had the lowest
(0.335+0.074). The reducing power activity effect in 100 ug/ml
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showed that HSS had the highest (0.544+0.004) antioxidant
activity while CSS had the lowest (0.431+0.003).
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Figure 2: Reducing power activity of roselle drink and
squash.

Nitric oxide activity of roselle drinks and squashes

The sequence for nitric oxide activity is shown in Figure 3.
CSS (cold water extracted drink) > HSS (hot water extracted
drink) > HPSS > CPSS (cold water extracted squash) in
25pg/ml, 50ug/ml, and 75ug/ml. At 100ug/ml, CSS (cold
water extracted drink) > CPSS (cold water extracted squash) >
HSS (hot water extracted drink) > HPSS (hot water extracted
squash). Nitric oxide activity effect showed that CSS (cold
water extracted drink) had the highest antioxidant activity
(30.95+0.66, 45.63+0.40, 60.13+0.40) in 25ug/ml, 50ug/ml,
and 75ug/ml respectively while CPSS had the lowest
(27.33+0.53, 40.43+0.66, 54.37+0.66) in 25ug/ml, 50ug/ml
and 75ug/ml respectively. The nitric oxide activity effect in
100ug/ml showed that CSS (cold water extracted drink) had
the highest (77.60+0.40) while HPSS (hot water extracted
squash) had the lowest (70.35+0.40) antioxidant activity.
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Fig. 3: Total antioxidant capacity of roselle drink and squash

Phenolic, flavonoid, and antioxidant activity of roselle
drink and squash

The sequence for phenolic activities was shown in Table 2,
CSS (cold water extracted drink) > HPSS (hot water extracted
squash) > HSS (hot water extracted drink) > CPSS (cold water
extracted squash) extract in 100ug/ml. The phenolic activity
showed that CSS (cold water extracted drink) had the highest
(79.59+0.16) antioxidant activity while CPSS had the lowest
(58.51+0.28). Foods with higher phenolic content generally
show stronger antioxidant activities (Onyechi et al., 2012).
The concept of antioxidant activities which describes the
ability of different food antioxidants in scavenging preformed
free radicals is a tool for investigating the health effects of
antioxidant-rich foods. Flavonoids are a large group of
compounds that are widely distributed in plant foods. They
have antioxidant properties that protect the body against
cardiovascular diseases and some forms of cancer (Onyechi et
al., 2012). The antioxidant potential of the drink was
evaluated by total flavonoid. The sequence for flavonoid
activity were shown in Table 2: CSS (cold water extracted
drink) > CPSS (cold water extracted squash) > HPSS (hot
water extracted squash) > HSS (hot water extracted drink) in
mg/100g. The result showed that CSS (cold water extracted
drink) had the highest (50.14+0.39) antioxidant activity while
HSS had the lowest (22.62+0.13) antioxidant activity. The
presence of flavonoid in roselle beverages is desirable as
flavonoids display antioxidative properties through several
mechanisms including the chelation of metal ions, scavenging
of free radicals and inhibition of enzymes that propagate the
generation of free radicals (Vinson, 2005). The total
antioxidant capacity also as shown in Table 2 CSS (cold water
extracted drink) > HSS (hot water extracted drink) > HPSS
(hot water extracted squash) > CPSS (cold water extracted
squash) in mg/100g. The result showed that CSS (cold water
extracted drink) had the highest (75.03+£0.52) antioxidant
activity while CPSS (cold water extracted squash) had the
lowest (70.67+0.35) antioxidant activity.

Table 2: Phenolic, flavonoid and total antioxidant capacity of roselle drink and squash

Phenol Flavonoid Total Antioxidant

(mg/100g) (mg/100g) Capacity (mg/1009)
HPSS 65.460.28° 29.61+0.77 70.8340.58
CSsS 79.59+0.16° 50.1440.39 75.0340.52
CPSS 58.51+0.28¢ 31.43+0.77 70.67+0.35
HPSS 61.52+0.33¢ 22.62+0.13 72.1840.17

Values are means + standard deviation. The mean values along the same column with different superscripts are significantly different (p < 0.05)
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Microbiological analysis (in cfu/ml) of roselle drink and
squash

Table 3 shows the results of the microbiological study for yeast
and mould count, total viable count of bacteria and coliform of
roselle drink and squash which was carried out to ascertain its
safety by comparing the microbial load with bacteriological
standards. The results after 24 h revealed that the hot water
extracted squash (HPSS) had no growth, HSS (hot water
extracted drink) had a total viable count of 2.01 x 108 cfu/ml,
CPSS (cold water extracted squash) had a total viable count of
2.5 x 10*cfu/ml, and CSS (cold water extracted drink) had the
total viable count of 1.4 x 10* cfu/ml. The total plate count of
the samples was less than 1.0 x 105cfu/ml which is the total
plate count level permitted in food according to the Codex
Alimentarius Commission of the Food and Agricultural
Organization (2003). This low microbial population may be
attributed to the positive effect of pasteurization in destroying
microorganisms in liquid foods. The addition of a high
quantity of sugar is known to favor microbial stability.
However, this high pH (low acid) is known to favor the growth
of yeast and may be responsible for the high microbial count
(4.5 x 10° cfu/ml) observed in CPSS with the highest pH of
454, The result from the microbial assessment of the
beverages suggests that they are safe for human consumption

Research article

and are not likely to cause any health-related microbiological
hazard. The results after 48 h revealed a total viable count of
hot water extracted squash (HPSS) of 5.1 x 102 cfu/ml, HSS
(hot water extracted drink) had a total viable count of 2.18 x
10* cfu/ml, CPSS (cold water extracted squash) had a total
viable count of 3.4 x 10* cfu/ml, and CSS (cold water extracted
drink) had the total viable count of 1.8 x 10° cfu/ml. The total
plate count of the samples was less than 1.0 x 105cfu/ml except
for sample CSS which may have been due to further growth of
the bacteria. E. coli is commonly used as an indicator organism
to reflect the hygienic quality of food. Its presence in food
generally indicates direct or indirect faecal contamination. A
substantial number of bacteria in food suggest a general lack
of cleanliness in handling and improper storage. Food-borne
pathogens do not generally grow at pH 4.6 or below, which has
been set as an official borderline between acid and low-acid
foods (Lawlor et al., 2009). Therefore, the pH of soft drinks
and alcoholic beverages is usually adjusted below this value
(Sperber, 2009). Low pH alone does not ensure the product
safety and stability. The minimum pH for growth and the rate
of inactivation depend on the nature of the acidulant, the
presence of other inhibitors and the acid resistance
mechanisms of an organism (Liicke, 2003).

Table 3: Microbiological analysis (cfu/ml) of roselle drinks and squashes

Total plate count Coliform Yeast and mould
HPSS?2 No growth 4.1x10* 1.6 x 10*
HSs? 2.01x103 3.4x10* 2.3x10°
CPSs? 2.5x10* 1.43 x 10* 45x10°
Css? 1.4 x103 4.0 x 10* 2.8x10*
HPSSP 5.1 x 10? 2.1x 10 4.3x10°
HSSP 2.18 x 10° 4.1x10* 3.9x10°
CPSSP 3.4 x 10 1.53 x 10* 4.2x10°
CSsP 1.8 x 10* 3.0 x 10 3.6 x 10*

Arepresents the count after 24 hours; ° represents count after 48 hours

4. Conclusion

The study shows that drinks and squashes of acceptable quality
can be produced from roselle using hot and cold extraction
methods without any significant changes in physicochemical
properties. The production of roselle drink and squash from
a combination of roselle calyx and pineapple rich in essential
minerals and vitamin C could replace the existing
commercially available non-alcoholic beverages in stores and
supermarkets. The consumption of roselle-pineapple juices
with high flavonoids and high phenolic activity will protect
the human body from several diseases attributed to the
reactions of free radical radicals. The formulated roselle drink
and squash is an ideal low-cost blended beverage as the
addition of pineapple in the roselle extract could bring down
cost of production as these tropical fruits are sold at a throw-
away price during their seasons and reduce seasonal losses of
these fruits. It is an opportunity for exploring the possibility of
producing other value-added food products to preserve the
fruit during off seasons and also to reduce postharvest losses.
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