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ABSTRACT

Wine was produced from must formulated by mixing roselle calyces hot water extract with
pineapple juice at ratios of 100:0, 90:10, 80:20, 70:30, 60:40, 50:50 for A, B, C, D, E and F
respectively. Must were pitched with Saccharomyces cerevisiae, fermented at room temperature
for 8 days followed by racking, pasteurization and ageing at room temperature for 31 days. The
antioxidant capacity, mineral content and microbiological analyses were carried out on the musts
and wine samples using standard procedures. There was a significant (p<0.05) difference between
must and wines as fermentation was observed to increase its antioxidant capacity (2, 2-diphenyl -
1- picrylhydrazylradical scavenging activity, ferric reducing antioxidant properties, trolox equivalent
antioxidant properties and hydroxyl radical scavenging activity). Fermentation decreased the
mineral contents (manganese, zinc and magnesium) of wines except for sodium that increased
significantly. Values ranged from 3.81 — 7.77 mg/L for Manganese, 162.38 — 166.66 mg/L for
sodium, 2.71 — 4.71 mg/L for zinc and 35.45 — 40.67 mg/L for magnesium. Microbial count was
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done at different stages of production and there was no detectable growth on cultured wine
samples. The result of this study showed that wines of nutritionally high quality can be produced
from blends of roselle hot water extract and pineapple juice.

Keywords: Wine; roselle calyces extracts; pineapple juice; antioxidant; minerals.

1. INTRODUCTION

Tropical countries possess a wide diversity of
fruits and vegetables with many possibilities of
commercial exploitation. Fruits and vegetables
are consumed fresh and largely used in food
industry for the production of canned fruits, jam,
candy, concentrates and some are also used in
wine production [1]. Traditionally, wine is
produced from the juice of grapes.

Wine is any alcoholic beverage produced from
juices of variety of fruits by fermentative action of
microorganisms either spontaneously or seeding
with a particular strain mainly of yeast species.
Wine is one of the most recognizable high value-
added products from fruits [2]. Fruit wines are
undistilled alcoholic beverages usually made
from grapes or other fruits. These fruits undergo
a period of fermentation and ageing. They
usually have an alcohol content ranging between
5-13% [3]. Wines made from fruits are often
named after the fruits. Since fruit based wines
are fermented and undistiled product, they
contain most of the nutrients present in the
original fruit juice. The nutritive value of wine is
increased due to release of amino acids and
other nutrients from yeast during fermentation

[3].

Roselle (Hibiscus sabdariffa) is a member of
Malvaceae family and is a known medicinal plant
with a worldwide fame [4]. Roselle calyces are
edible and the red variety is used to produce
‘karkade drink’ in Sudan and ‘Zobo’ in Nigeria [5].
Roselle is also called “red sorrel”. It is mainly
cultivated for its calyx, which is of three types:
green, red and dark red. The red calyces are the
most used and they are characterized by their
concentration of anthocyanin. Anthocyanins are
water-soluble compounds that provide color to
plant tissues (leaves, stems, roots, flowers and
fruits) ranging from red, purple to blue according
to the environmental conditions, pH and their
structural composition [6]. Regarding to human
consumption, the high intake of foods rich in
anthocyanins offers potential health beneficial
effects on various disorders associated with
cancer, aging diseases, obesity, neurological
diseases, inflammation, diabetes as well as
bacterial infections [7,8]. Those health benefits
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are mainly associated with their antioxidant
effects, which clearly are influenced by the
molecular mechanism related to the expression
and modulation of key genes [9].

Pineapple (Ananas comosus) is a tropical and
subtropical fruit belonging to the Bromeliaceae
family which composes of many flowers whose
individual fruitlets fuse together around a central
core. Each fruitlet can be identified by an "eye,"
the rough spiny marking on the pineapple's
surface [10]. Pineapples have exceptional
juiciness and a vibrant tropical flavor that
balances the tastes of sweet and tart. They are
second only to bananas as America's favorite
tropical fruit [11]. Pineapples contain vitamin A,
B-complex vitamins, vitamins C, E, K, essential
amino acids and minerals such as calcium, iron,
magnesium, phosphorous, potassium, zinc,
copper, manganese and selenium [12]. They are
especially high in potassium and vitamin C and
provide the body with powerful antioxidant
activity. Pineapple also contains 12-15% sugars
of which two-third is in the form of sucrose and
the rest are glucose and fructose.

The aim of this work was to determine the
antioxidant capacity, mineral content and
microbiological properties of musts and wines
produced from blends of roselle calyces extract
and pineapple juice.

2. MATERIALS AND METHODS
2.1 Materials

Materials used include dried roselle calyces,
mature ripe pineapples, baker’s yeast (STK royal
instant dry yeast), sugar, diammonium
phosphate and potassium metabisulphite.

2.2 Raw Material Collection and Study
Site

Dried roselle calyces, mature ripe pineapples,
granulated sugar, baker’s yeast were purchased
from Modern market Makurdi, Nigeria, they were
stored under ambient conditions before
processing. Diammonium phosphate, potassium
metabisulphite were obtained from Chemistry
Department, Benue State University Makurdi.
Raw materials obtained were taken to the
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Department of Chemistry, Benue State University
where samples were produced under ambient
conditions. The  mineral content  and
microbiological counts of samples were analyzed
in Chemistry and Biology Departments
respectively in Benue State University Makurdi,
while the antioxidant capacity was analyzed in
National root  crop research institute
Umudike, Nigeria.

2.3 Sample Preparation

Dried roselle calyces were dry cleaned by hand
picking of impurities such as straws, dried
grasses. Ten grams of the calyces was weighed
using an electronic weighing scale (Adam AE
437544). Weighed samples were washed with
cold water to remove dust and other adhering
impurities. Cleaned calyces were transferred into
stainless steel pots where water (80 mL) was
added for heating. It was allowed to boil for 20
minutes after which samples were filtered using
muslin clothes (0.8 mm). Rinsing was done twice
by adding 10 mL of cold water at each time to the
supernatant. The filtrate and two rinse water
extracts (100 mL) were mixed to give 10% w/v of
roselle calyces hot water extract. The extract was
allowed to cool to room temperature.

Mature fresh pineapples were washed using
clean flowing tap water and peeled using
stainless steel knives. The peeled pineapples
were sliced and cored. It was then reduced into
smaller sizes and blended using electronic
blender (Eurosonic type). It was strained through
0.8mm sieve to obtain juice. The juice was
pasteurized at 80°C for 30 seconds after which it
was allowed to cool. Roselle calyces extract and
pineapple juices were blended according to the
desired ratios of 100:0; 90:10; 80:20; 70:30,
60:40, 50:50 designated as samples A-F
respectively.

Mixing of blends with water was done at ratio 2:1.
This is called amelioration and it was done to
raise the pH from a range of 3.0-3.3 to a range of
4.1- 4.4, Granulated sugar was also added to
each of the blends to raise the brix level from
7.50-8.00 to 17.00-18.50. Also, 200 ppm of
potassium metabisulphite was added to each
blend. This was done to Kkill all wild yeast that
may be present in the samples. The roselle and
pineapple blend known as the must was covered
and allowed to rest for 24 hours and 250 ppm
diammonium phosphate was added to the rested
must before pitching or inoculation with 14% of
activated Saccharomyces cerevisiae. The must
was allowed to ferment for 5 days - this is called
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the primary fermentation. Sugar was again
added to raise the sugar content to 14 °Brix and
8% of activated Saccharomyces cerevisiae was
added to the must to begin the secondary
fermentation. Fermentation was allowed to
continue for 72 hours after which it was stopped
and wines were racked, bottled and pasteurized.
Wines were allowed to age for 31 days.

2.4 Determination of Antioxidant Capacity

Determination of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity, ferric
reducing antioxidant property (FRAP), hydroxyl
radical scavenging activity (HRSA),trolox
equivalent antioxidant capacity (TEAC) were
carried out according to methodsdescribed by
[13,14,15,16] respectively.

2.5 Determination of Mineral Contents

Mineral elements such as sodium, manganese,
magnesium, potassium and zinc were
determined as described by AOAC [17]. Fifty
milliliters of each sample were digested with a
mixture of nitric acid and perchloric acid in the
ratio of 15:5 (v/v) on hot plates. After complete
digestion, samples were cooled to room
temperature and filtered using filter paper. The
volume was made up to 50 ml using distilled
water. Samples were then analyzed using Atomic
Absorption Spectrophotometer (PG990).

2.6 Microbiological Analysis

The microbiological analysis was carried out
according to a method described by [18]. Nutrient
agar was used for enumeration of bacteria while
potato dextrose agar was used for fungi count. A
well homogenized sample was serially diluted
with 0.1% peptone water up to 10, One ml
aliquot from a suitable dilution was transferred
aseptically into sterile petri dishes. To each plate
about 15 ml of melted and cooled media was
added. The inoculum was evenly mixed with
media by rotating the plates which was then
allowed to solidify. The inverted plate was
incubated for 24 hours at 37°C. The total
bacterial count (CFU/mL) and total fungal count
was determined using a colony counter [18].

2.7 Statistical Analysis

Data were obtained in triplicate and subjected to
statistical analysis using one-way Analysis of
Variance (ANOVA) and Duncan Multiple Range
Test and judged significantly different at 95%
confidence level (p<0.05) [19].
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3. RESULTS AND DISCUSSION

3.1 Antioxidant Capacity of Musts and
Wines from Roselle Calyces Extract
and Pineapple Juice Blends

Antioxidants are compounds that inhibit
oxidation. Oxidation is a chemical reaction that
can produce free radicals, thereby leading to
chain reactions that may damage the cells of
organisms. Fruits and vegetables contain a wide
range of flavonoids and other phenolic
compounds which possess antioxidant activity
[20].

Fig. 1 show 2,2 diphenyl -1- picrylhydrazyl
(DPPH) scavenging activity of musts and wines
from blends of roselle calyces extract and
pineapple juice. The results show an increase in
wine samples as compared to the musts
samples. This indicates that fermentation may
have increased the radical scavenging power of
the wine samples. In general, there was
significant difference in variation of antioxidants
in each sample. Jagtap et al. [21] reported that
jackfruit wine showed high radical scavenging
capacity of 69% and this can be compared with
the result from this study which had values
ranging from 72.15 to 79.44%.

The Ferric reducing antioxidant capacity (FRAP)
of musts and wines from blends of roselle
calyces extract and pineapple juice is shown in
Fig. 2. The musts had higher concentration when
compared to the wine samples except in sample
A where the wine had a higher value. The least

FRAP value was recorded in sample A (musts)
(26.52%) while the highest value was found in
wine sample F (51.44%). For the fresh samples,
the FRAP increased as the quantity of pineapple
juice increased in the blends. The depletion in
the FRAP values in the wine may be associated
with the Fe*/Fe* acting as catalysts in the
fermentation process. There was observable
difference in the values for all samples.

Fig. 3 shows the trolox equivalent antioxidant
capacity (TEAC) of musts and wines from roselle
calyces extract and pineapple juice blends. The
result indicates that wine samples had higher
values for TEAC when compared with the musts.
For the musts, the TEAC increased as the ratio
per volume of pineapple increased. A similar
trend was observed for the wines with the least
value for TEAC recorded in must sample A
(3.72%) and maximum value in wine sample F
(7.47%). It is possible that pineapple contains
essential components which tend to increase the
effect as seen from the observed trend.

Fig. 4 shows hydroxyl radical scavenging activity
(HRSA) of musts and wines from blends of
roselle calyces extract and pineapple juice.
From the results, the wine samples showed
higher values than the musts. The must samples
recorded lower inhibition ranging from 0.52 to
4.01% for A — F respectively. Wine samples had
values which ranged from 3.72 to 7.47% for A —
F respectively. The trend suggests that an
increase in pineapple increased the hydroxyl
radical scavenging activity while fermentation
further increased this activity.

C D

Samples

m Before Fermentation
B After Fermentation

Fig. 1. DPPH radical scavenging activity of musts and wines produced from roselle extract and
pineapple juice blends
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Fig. 2. Ferric reducing antioxidant power of samples of roselle extract and pineapple juice
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Fig. 3. Trolox equivalent antioxidant capacity of musts and wines from roselle extract and
pineapple juice blends

3.2 Selected Mineral Composition of
Musts and Wines from Blends of
Roselle Calyces Extract and
Pineapple Juice

Tables 1 and 2 present the results of selected
minerals (mg/L) of musts and wines from blends
of roselle extract and pineapple juice. Juice
contains many minerals that affect fermentation
and subsequent reactions. The source of
minerals in wine could be from the raw materials
used, the processing of the juice to wine, bottling,
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and storage [22]. Minerals contribute to particular
characteristics in wine such as colour, flavour
and aroma. The manganese content was found to
decrease with addition of pineapple juice. In the
musts, values ranged from 7.55 to 12.85 mg/L
while manganese values of the wines decreased
with values ranging from 3.81 to 7.77 mg/L, the
value of manganese was found to decrease
(p<0.05) significantly among the samples.

Sodium content in the musts decreased with
increased concentration of pineapple juice with
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Fig. 4. Hydroxyl radical scavenging activity of musts and wines from roselle extract and
pineapple juice blends

Table 1. Selected mineral composition of musts from blends of roselle calyces extract and
pineapple juice (mg/L)

Sample Mn Na Zn Mg

A 12.85°+0.00 118.81%°+0.00 4.64°°+0.00 42.87°+0.00
B 11.72°+0.00 97.54°+0.00 4.43°+0.00 42.79°+0.00
C 11.59°+0.00 108.47°+0.00 4.26°+0.00 42.67°+0.00
D 10.65%+0.00 104.75°°+0.00 5.69°+0.00 42.55°0.00
E 9.54°+0.00 94.53°+0.00 3.94°+0.00 41.97°+0.00
F 7.55°+0.00 83.18%+0.00 2.95%+0.00 40.69°+0.00

Values are meanszt standard deviation for triplicate determinations. Means on the same columns with different
superscript are significantly different at (p<0.05)
RE: PJ A (100:0); B (90:10); C (80:20), D (70:30); E (60:40), F (50:50)

Table 2. Selected mineral composition of wine from blends of roselle calyces extract and
pineapple juice (mg/L)

Sample Mn Na Zn Mg

A 3.81°+0.00 166.667°+0.00 2.71%£0.00 35.45°+0.00
B 7.77°40.00 165.59%°+0.00 5.61°+0.00 40.67°+0.00
C 7.66°+0.00 164.56°+0.00 4.12°+0.00 40.54°+0.00
D 7.43°+0.00 163.74°+0.00 3.82°+0.00 40.41°+0.00
E 7.09°+0.00 163.54°+0.00 3.86°+0.00 40.31°+0.00
F 5.25°+0.00 162.38°+0.00 4.71°+0.00 38.88°+0.00

Values are meansz standard deviation for triplicate determinations. Means on the same columns with different
superscript are significantly different at (p<0.05)
RE: PJ A (100:0); B (90:10); C (80:20), D (70:30); E (60:40), F (50:50)

sample A having the highest value of 118.81
mg/L. The sodium content increased in the final
wines with sample A (Fermented 100% roselle
extract) having the highest value of 166.6 mg/L.
The increase in sodium content in the wines
could be attributed to the presence of sodium

metabisulphite which was added to the wine to
stop fermentation. Sodium can be added to wine
during sulfur dioxide additions when SO, is
added in the form of sodium metabisulphite
(N828205) [23]
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Table 3. Total bacterial counts of musts and wines from blends of roselle calyces extract and
pineapple juice

Sample Must Wine
(TBC) x10° CFU/mL (TBC) x10? CFU/mL
A 1.10£0.10° ND
B 0.72+0.03° ND
C 3.43+0.15¢ ND
D 3.17+0.06° ND
E 3.07+0.12° ND
F 0.86+0.06° ND

Values are means of triplicate determinations + standard deviation
Means on the same columns with different superscript are significantly different at (p<0.05)
RE: PJ A (100:0); B (90:10); C (80:20), D (70:30); E (60:40), F (50:50)
ND: Not detectable

Table 4. Total fungal counts of musts and wines from blends of roselle calyces extract and
pineapple juice

Sample Must Wine
(TFC) x10°CFU/mL (TFC) x10°CFU/MI
A 4.37+0.12° ND
B 3.90+0.10° ND
c 0.63+0.12° ND
D 3.43+0.15° ND
E 3.130.06° ND
F 3.03+0.06" ND

Values are means of triplicate determinations + standard deviation
Means on the same columns with different superscript are significantly different at (p<0.05)
RE: PJ A (100:0); B (90:10); C (80:20), D (70:30); E (60:40), F (50:50)
ND: Not detectable

Zinc content in the musts was highest in sample
D with value of 5.69 and least in sample F with
value of 2.95 mg/L. There was a general
decrease in zinc content after fermentation. The
decrease in zinc could be attributed to the fact
that yeast uses zinc during fermentation as its
nutrient for growth and multiplication [24].
Samples were significantly different from each
other at p<0.05.

Magnesium content decreased in the wines.
However, there was no significant (p>0.05)
difference for wine samples B, C, D and E. The
general decrease in the mineral content during
fermentation is due to precipitation. Clarification
of wine may also lead to a decrease in
concentration of heavy metals [24].

3.3 Microbial Counts of Musts and Wines
from Blends of Roselle Calyces
Extract and Pineapple Juice

Total bacterial count and total fungal counts are
presented on Tables 3 and 4 respectively. The
freshly prepared unfermented must had high
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microbial load ranging from 7.20 x 10" to 3.43 x
10° CFU/mL and 6.30 x 10* to 4.37 x 10°
CFU/mL for total bacterial count and total fungi
count respectively. After fermentation, sieving,
addition of metabisulphite, bottling and
pasteurization, there was no detectable microbial
growth on cultured wine samples. This
suggested that the wines did not contain living or
wild yeast «cells or any contaminating
microorganisms, this could be as a result of
pasteurization that was carried out and addition
of metabisulphites, thereby making the wines
safe for consumption. Addition of sulphite inhibits
bacteria and fungi growth [25]. Bacteria are part
of the natural microbial ecosystem of wine and
play an important role in winemaking. They
contribute to the wines flavor and aroma. On the
other hand, they can cause wine spoilage
thereby reducing its quality [25].

4. CONCLUSION

This study established that wine of good quality
could be produced from roselle calyces extract
and pineapple juice. The antioxidant properties
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showed improved characteristics in the wine
compared to the must. Also, the selected
minerals analyzed had contents which are within
the acceptable limits with sodium having the
highest values of 162.38 - 166.66 mg/L and zinc
having the least value of 2.71 — 4.71 mg/ L.
Microbial counts also showed that the wines are
safe for consumption. From the results,
therefore, it is evident that nutritious wine of high
quality can be produced from roselle calyces
extract and pineapple juice.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Duarte WF, Dias DR, Oliveira JM, Vilanova
M, Teixeira JA, e Silva JBA, Schwan RF.
Raspberry (Rubus idaeus L.) wine: Yeast
selection, sensory evaluation and
instrumental analysis of volatile and other
compounds. Food Research International.
2010;43(9):2303-2314.

2. Okeke BC, Agu KC, Uba PO, Awah NS,
Anaukwu CG, Archibong EJ, Orji MU.
Wine production from mixed fruits
(Pineapple and Watermelon) using high
alcohol tolerant yeast isolated from palm
wine. Universal Journal of Microbiology
Research. 2015;3(4):41-45.

3. Swami SB, Thakor NJ, Divate AD. Fruit
wine production: A review. Journal of Food
Technology. 2014;2(3):93-100.

4. Mohagheghi A, Maghsoud S, Khashayar

P, Ghazi-Khansari M. The effect of
Hibiscus sabdariffa on lipid profile,
creatinine and serum electrolytes: A
randomized clinical trial. ISRN

Gastroenterology. 2011;976019.
DOI: 10.5402/2011/976019

5. Singh P, Khan M, Hailemariam H.
Nutritional and health importance of
Hibiscus  sabdariffa: A review and
indication for research needs. Journal of
Nutritional Health & Food Engineering.
2017;6(5):00212.

6. Riaz M, Zia-Ul-Haq
Anthocyanins and human health:
Biomolecular and therapeutic aspects.
Switzerland: Springer. 2016;125-138.

7. Hassan HA, Abdel-Aziz AF. Evaluation of
free radical-scavenging and anti-oxidant
properties of black berry against fluoride

M, Saad B.

56

10.

1.

12.

13.

14.

15.

16.

17.

18.

toxicity in rats. Food and Chemical
Toxicology. 2010;48(8-9):1999-2004.

Sancho RAS, Pastore GM. Evaluation of
the effects of anthocyanins in type 2

diabetes. Food Research International.
2012;46(1):378-386.
Ellingsen |, Hjerkinn EM, Seljeflot |,

Arnesen H, Tonstad S. Consumption of
fruit and berries is inversely associated
with carotid atherosclerosis in elderly men.
British Journal of Nutrition. 2008;99(3):
674-681.

Haripyaree A, Guneshwor K, Damayanti
M. Evaluation of antioxidant properties of
phenolics extracted from Ananas comosus
L. Notulae Scientia Biologicae. 2010;2(2):
68-71.

Ahmad |, Chwee CP. An overview of the
world production and marketing of tropical
and subtropical fruits. In International
Workshop on Tropical and Subtropical
Fruits. 2007;787:47-58.

Hossain MF, Akhtar S, Anwar M.
Nutritional value and medicinal benefits of
pineapple. International Journal of Nutrition
and Food Sciences. 2015;4(1):84-88.
Hossain MA, Al-Toubi WA, Weli AM, Al-
Riyami QA, Al-Sabahi JN. Identification
and characterization of chemical
compounds in different crude extracts from
leaves of Omani neem. Journal of Taibah
University for Science. 2013;7(4):181-188.
Alashi AM, Blanchard CL, Mailer RJ,
Agboola SO, Mawson AJ, He R, Aluko RE.
Antioxidant properties of Australian canola
meal protein hydrolysates. Food
Chemistry. 2014;146:500-506.

Re R, Pellegrini N, Proteggente A, Pannala
A, Yang M, Rice-Evans C. Antioxidant
activity applying an improved ABTS radical
cation decolorization assay. Free Radical
Biology and Medicine. 1999;26(9-10):
1231-1237.

Van den Berg R, Haenen GR, van den
Berg H, Bast AALT. Applicability of an
improved Trolox equivalent antioxidant
capacity (TEAC) assay for evaluation of
antioxidant capacity measurements of
mixtures. Food Chemistry. 1999;66(4):
511-517.

AOAC. Official methods of analysis (22"
Edn). Association of Official Analytical
Chemists. Washington USA; 2005.
Harrigan WF. Laboratory methods in food
microbiology. Gulf Professional Publishing;
1998.



19.

20.

21.

Ukeyima et al.; EJINFS, 12(7): 49-57, 2020; Article no.EJNFS.58641

Iwe MO. Handbook of sensory methods
and analysis. Rojoint Communication
Services Ltd., Enugu, Nigeria. 2002;71-75.
Gomez-Plaza E, Gil-Muioz R, Lépez-Roca
JM, Martinez-Cutillas A, Fernandez-
Fernandez JI. Phenolic compounds and
color stability of red wines: Effect of skin
maceration time. American Journal of
Enology and Viticulture. 2001;52(3):266-
270.

Jagtap UB, Waghmare SR, Lokhande VH,
Suprasanna P, Bapat VA. Preparation and
evaluation of antioxidant capacity of
Jackfruit (Artocarpus heterophyllus Lam.)
wine and its protective role against
radiation induced DNA damage. Industrial
Crops and Products. 2011;34(3):1595-
1601.

22.

23.

24.

25.

Joshi VK, Sharma S, Thakur AD.
Wines: White, red, sparkling, fortified and
cider. In Current Developments in
Biotechnology and Bioengineering.
2017;353-406.

Margalit Y. Concepts in wine chemistry.
Board and Bench Publishing; 2012.
Iwegbue CM, Nwozo SO, Overah CL,
Bassey Fl, Nwajei GE. Concentrations of
selected metals in some ready-to-eat-
foods consumed in Southern Nigeria:
Estimation of dietary intakes and target
hazard quotients. Turkish Journal of
Agriculture-Food Science and Technology.
2013;1(1):1-7.

Thurmond DL. Vinification. In From Vines
to Wines in Classical Rome. 2017;136-
207.

© 2020 Ukeyima 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:
http://www. sdiarticle4.com/review-history/58641

57



