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Abstract
This study sought to investigate the influence of pineapple and watermelon on the nutritional qualities and phytochemical compo-

sitions of zobo drink. Dry calyces of H. sabdariffa (zobo) leaves were obtained from Lafenwa market in Abeokuta, Nigeria. The leaves 
were boiled, cooled, filtered and stored in 3 different containers labelled A, B and C respectively. Pineapple and watermelon juice 
were extracted and added to the zobo drink labelled B and C respectively in ratio 1:4. The samples were immediately transferred to 
the laboratory for analysis. The proximate and phytochemical analyses were carried out using standard methods. The results showed 
that zobo drinks flavored with pineapple and watermelon was generally higher in proximate and phytochemical contents. It was ob-
served that zobo drink flavored with watermelon has the highest concentrations of protein (0.91%) and ash (0.79%). Zobo drink fla-
vored with pineapple was observed to contain the highest concentrations of crude fat (3.04%), crude fibre (0.16%) as well as energy 
value of 73.12 KJ/100mL. On the other hand, unflavored zobo drink was highest in moisture (87.33%) and carbohydrate (11.07%) 
concentrations. The results of the phytochemical analysis showed that concentrations of alkaloid (0.47 mg/100mL), flavonoid (1.71 
mg/100mL) and phytate (2.83 mg/100mL) were highest in zobo drink flavored with pineapple while the concentrations of saponnin 
(7.95 mg/100mL), tannin (0.89) and phenol (2.76 mg/100mL) as well as pH (4.95) value were highest in zobo drink flavored with 
watermelon. This result showed that fortification of zobo drinks with pineapple and watermelon enhances its nutritional qualities 
and phytochemical compositions.
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Introduction

By boiling and filtration, zobo drink (Sorrel, zoborodo) is a non-
alcoholic local beverage created from many varieties of dried pet-
als, acid-succulent calyces of the flower Hibiscus sabdariffa [1,2]. 
Nigerians produce a vast range of cuisines using local technology 
and a variety of plant products. Beverages are food items that are 

unique and different from other foods. They are liquid in nature but 
have lower nutritional value than food products. Beverages can be 
liquid or thin gruel preparations with a high water content, which 
provides the body with the water it needs to be healthy.

Zobo is mostly consumed by low-income individuals, but it is 
gaining widespread acceptance, with millions of people from vari-
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ous socioeconomic classes and backgrounds throughout the West 
African sub-region using it. Its nutritional value, as well as its or-
ganoleptic characteristics and keeping quality, must be improved 
to promote its acceptance. This will supply consumers with more 
nutrient-dense Zobo variations that will also last longer than tra-
ditional Zobo. Zobo has a sour (vinegar) flavor and is popular 
throughout the country. It is a hot water heater. Hibiscus sabdariffa 
extract, which is used to satisfy thirst in the tropics when it's hot 
[3].

It is a beverage manufactured on a small scale by traditional 
women at minimal cost because its ingredients are cheap and read-
ily available. It is primarily consumed by low-income individuals of 
society. Given the expanding popularity, socio-economic potentials, 
and ready source of protein, Vitamin C, and other minerals, Zobo 
drink, if appropriately prepared and marketed, will compete favor-
ably with most foreign non-alcoholic beverages available in Nigeria 
[4].

Figure 1: Dry Zobo (Hibiscus sabdariffa) Leaves.

The following components are used to make Zobo: dry Zobo 
leaves (Figure 1), artificial tastes, as well as water, can be employed. 
Water is the most abundant constituent in Zobo, and it serves as 
the solvent for all other constituents. Zobo is strong in vitamins, 
natural glucose, protein, Vitamin C, and other antioxidants, despite 
its inexpensive cost of manufacture [5].

Despite these clear benefits, the transition from locally market-
ed to commercial product is still a long shot due to its short shelf 
life, which would necessitate very little inventory and storage time. 
Several spices, such as garlic, ginger, and clove, have long been rec-
ognized and used for their scent and, to a lesser extent, preserva-
tion properties [6]. The goal of this study was to see how pineapple 
and watermelon affected the nutritional value and phytochemical 
makeup of zobo drink.

Materials and Methods 

Preparation of zobo drinks

Dry calyces of H. sabdariffa (zobo) leaves were obtained from 
Lafenwa market in Abeokuta, Nigeria and were identified by a 
botanist. They were manually cleaned by handpicking stones and 
other unwanted debris. They were thoroughly washed using ster-
ile de-ionized water. About 400g of the washed calyces zobo leaves 
were boiled in 2000 mL of water for 15 minutes as described by 
Oghier and Nwafor [7] and was left to cool for 15 minutes before 
removing the calyces using a white muslin cloth and left to stand in 
a vessel. The cooled zobo drink was stored in 3 different containers 
and were labelled A, B and C respectively.

The pineapple and watermelon were also purchased from the 
same market. They were separately washed, peeled and chopped 
into small bits with a clean stainless knife. The seeds of the wa-
termelon were removed. The chopped pineapple and watermelon 
were separately blended with a blender with stainless steel blades 
until juice and pulp was obtained. The juice was filtered using a 
white muslin cloth and the resulting extract was stored in a clean 
bottle [8]. Pineapple juice was added to the zobo drink labelled B 
and watermelon was added to the zobo drink labelled C in ratio 1:4. 
Sample B therefore contained 80 mL of zobo drink and 20 mL of 
pineapple juice while sample C contained 80 mL of zobo drink and 
20 mL of watermelon juice. The samples were immediately trans-
ferred to the laboratory for analysis.

Determination of proximate and energy composition of zobo 
drink samples

The samples' proximate compositions were analyzed using 
methods developed by the Association of Official Analytical Chem-
ists (AOAC) [9]. The seed's moisture content was measured gravi-
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metrically. The nitrogen conversion factor was 6.25, and the pro-
tein level was measured using the micro Kjeldahl method. Soxhlet 
extraction with petroleum ether was used to determine the fat con-
tent. The crude fibre content was determined using the acid-base 
technique. The ash composition of the samples was evaluated by 
incineration at 600°C in a muffle furnace. The carbohydrate con-
centration was calculated using the Airaodion., et al. [10] method. 
Using the approach of Airaodion., et al. [11], the energy value was 
estimated by multiplying the percentages of crude protein and car-
bohydrate by 4 and crude fat by 9. The calories per 100 grams of 
each sample were then calculated.

Energy = (carbohydrate 4) + (crude protein 4) + (crude fat 9) 
[11].

Quantitative determination of phytochemical composition of 
zobo drink samples

The phytochemical composition of zobo drink samples was 
evaluated quantitatively using the AOAC [9] techniques.

Determination of pH of zobo drink samples

The pH value was calculated using Airaodion., et al. [12] ap-
proach. Using a previously standardized pH meter, 10 mL of the 
sample was poured into a beaker and the pH was calculated (Jen-
Way 3505). A phosphate buffer of pH 4.0 and 7.0 was used to cali-
brate the pH meter.

Statistical analysis

The results were calculated using Microsoft Excel 2013 pro-
gram. The results of the triple analysis (n = 3) were provided as 
means standard deviation (SD). Graph Pad Prism was used to do 

analysis of variance on the data. The mean was compared using 
one-way analysis of variance (ANOVA), followed by Tukey's post 
hoc test. At p0.05, differences between means were judged signifi-
cant.

Results 

The results showed that zobo drinks flavored with pineapple 
and watermelon was generally higher in proximate (Table 1) and 
phytochemical (Table 2) contents. It was observed that zobo drink 
flavored with watermelon has the highest concentrations of pro-
tein (0.91%) and ash (0.79%) when compared with those in zobo 
drink flavoured with pineapple and the unflavored drink. Zobo 
drink flavored with pineapple was observed to contain the highest 
concentrations of crude fat (3.04%), crude fibre (0.16%) as well 
as energy value of 73.12 KJ/100mL when compared with those in 
zobo drink flavored with watermelon and the unflavored drink. 
On the other hand, unflavored zobo drink was highest in moisture 
(87.33%) and carbohydrate (11.07%) concentrations when com-
pared with those in zobo drink flavored with both pineapple and 
watermelon (Table 1).

The results of the phytochemical analysis showed that concen-
trations of alkaloid (0.47 mg/100mL), flavonoid (1.71 mg/100mL) 
and phytate (2.83 mg/100mL) were highest in zobo drink flavored 
with pineapple when compared with those in zobo drink flavored 
with watermelon and the unflavored drink while the concentra-
tions of saponnin (7.95 mg/100mL), tannin (0.89) and phenol 
(2.76 mg/100mL) as well as pH (4.95) were highest in zobo drink 
flavored with watermelon when compared with those in zobo 
drink flavored with pineapple and the unflavored drink.

Parameters Zobo Only Zobo + Pineapple Zobo + Watermelon p-Value
Protein (%) 0.73 ± 0.01 0.84 ± 0.02 0.91 ± 0.00 0.05

Crude Fat (%) 0.22 ± 0.11 3.04 ± 0.08 2.06 ± 0.12 0.01
Crude Fibre (%) 0.09 ± 0.00 0.16 ± 0.00 0.14 ± 0.01 0.03

Ash (%) 0.56 ± 0.01 0.76 ± 0.00 0.79 ± 0.01 0.04
Moisture (%) 87.33 ± 3.05 85.44 ± 4.22 85.05 ± 3.72 1.25

Carbohydrate (%) 11.07 ± 0.97 10.60 ± 1.31 11.05 ± 1.53 0.47
Energy (KJ/100mL) 49.18 ± 2.92 73.12 ± 3.36 67.98 ± 3.64 0.02

Table 1: Proximate and Energy Composition of Flavored Zobo Drinks.

Results are presented as means ± standard deviation (SD) of triplicate analysis (n = 3). Mean values are significantly different at p  0.05.
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Phytochemical Zobo Only Zobo + Pineapple Zobo + Watermelon p-Value
Alkaloid 0.16 ± 0.00 0.47 ± 0.02 0.44 ± 0.06 0.02
Flavonoid 1.25 ± 0.06 1.71 ± 0.08 1.69 ± 0.03 0.04
Saponin 4.83 ± 0.21 7.07 ± 0.48 7.95 ± 1.11 0.00
Tannin 0.09 ± 0.00 0.77 ± 0.01 0.89 ± 0.02 0.00
Phytate 1.03 ± 0.00 2.83 ± 0.16 2.67 ± 0.06 0.01
Phenol 1.42 ± 0.02 2.69 ± 0.69 2.76 ± 0.39 0.01

Table 2: Phytochemical Composition (mg/100mL) of Flavored Zobo Drinks.

Results are presented as means ± standard deviation (SD) of triplicate analysis (n = 3). Mean values are significantly different at p 0.05.

Discussion 

Proximate composition of flavored zobo drink 

Rural residents rely on wild fruits to meet their daily nutritional 
demands as well as generate revenue [13]. The importance of de-
termining the proximate composition of plants is that it predicts 
the profitability of a certain plant as a possible source of nutrients. 
This study's proximate analysis revealed that flavored Zobo drinks 
contain significantly more nutrients than unflavored Zobo drinks 
(Table 1). Unflavored zobo drink has a crude protein percentage 
of 0.73 percent. This is similar to the 0.76 percent protein found in 
unflavored zobo drink reported by Akujobi., et al. [14]. However, 
it is much lower than the 9.64 percent recorded by Nwankwo., et 
al. [15] and the 8.00 percent reported by Mohammed., et al. [16]. 
Furthermore, the crude protein concentration in unflavored zobo 

Figure 2: pH Values of Flavored Zobo Drinks.

drink found in this study is higher than the 0.36 percent and 0.28 
percent reported for unflavored zobo drink by Fasoyiro., et al. [17] 
and Gbadegesin and Gbadamosi [18]. The protein concentration of 
the non-alcoholic drink was boosted to 0.83 percent and 0.91 per-
cent, respectively, by flavoring it with pineapple and watermelon. 
The protein level of flavored zobo drink is higher than unflavored 
zobo drink, possibly due to the protein content of pineapple and 
watermelon. The 0.83 percent crude protein found in pineapple 
flavored zobo drink in this study matches the 0.82 percent found 
in zobo drink flavored with pineapple by Akujobi., et al. [14]. In a 
study published by Koopman [19], flavoring zobo drink with tur-
meric resulted in increased protein content than unflavored zobo 
drink. Protein has been highlighted as a nutrient in short supply in 
poor countries; this means that ingesting zobo drinks, particularly 
those flavored with pineapple and watermelon, as well as other 
protein-rich foods, will enhance protein intake. Protein deficiency 
is a severe problem on the African continent, particularly in Nigeria 
[20].

The 0.22 percent crude fat concentration in unflavored zobo 
drink observed in this study is similar to the 0.21 percent and 0.26 
percent crude fat concentrations in unflavored zobo drink report-
ed by Gbadegesin and Gbadamosi [18] and Nwankwo., et al. [15] 
respectively. This figure is much lower than those of Fasoyiro., et 
al. [17] and Mohammed., et al. [16], who reported 1.14 percent and 
3.00 percent, respectively. However, the result is much greater than 
Akujobi., et al. [14]'s finding of 0.05 percent crude fat in unflavored 
zobo drink. Low-fat substances will not go rancid during storage 
[10]. Because of the low fat content in this study, unflavored zobo 
drink could be stored for a long time without discoloring or de-
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veloping an off-odor. This study also discovered that the crude fat 
concentrations in zobo beverages flavored with pineapple (3.04%) 
and watermelon (2.06%) were considerably greater than those in 
the unflavored drink. This could indicate that flavored zobo drinks 
cannot be stored as long as unflavored ones without discolouration 
or off-odor development.

Fibre has been shown to improve digestion [10] and reduce the 
risk of constipation in consumers [11]. Fibre included in plant ma-
terials is also important for lipid metabolism [22]. Both flavored 
and unflavored zobo beverages had low crude fiber contents. The 
flavored drinks' values were much greater than the unflavored 
drinks'. This could mean that flavored zobo drinks are better for 
digestion than unflavored ones. The low crude fibre levels found in 
this study are similar to those found in investigations by Fasoyiro., 
et al. [17], Gbadegesin and Gbadamosi [18], and Akujobi., et al. [14]. 
In fact, neither Adeniji [3] nor Ekanem [23] detected fibre in zobo 
beverages.

The ash value has been used as a criterion for evaluating food 
quality [11]. When Airaodion., et al. [10] reported the nutritional 
and anti-nutritional evaluation of garri prepared by conventional 
and instant mechanical processes, they explained that ash content 
is a measure of the total minerals present inside a product. The 
ash content of the unflavored zobo drink used in this study was 
0.56 percent, which is similar to the 0.52 percent and 0.50 percent 
reported by Gbadegesin and Gbadamosi [18] and Koopman [19] 
respectively, but lower than the 1.30 percent and 2.31 percent re-
ported by Adeniji [3] and Fasoyiro., et al. [17]. However, it is greater 
than the 0.24 percent found by Akujobi., et al. [14]. The ash content 
of zobo drink with pineapple flavor is 0.76 percent, whereas zobo 
drink with watermelon flavor is 0.79 percent. They are both much 
higher than the unflavored zobo drink. Adeniji [3] found that ash 
content in zobo drinks flavored with ginger was higher than in un-
flavored zobo drinks in a similar investigation.

Moisture content determines the sample's water content and, 
indirectly, its dry matter content. It's also a measure of the flour 
samples' storage stability [11]. Moisture level more than 14 per-
cent makes substances susceptible to microbial growth and so has 
a lower storability [10]. Unfortunately, the moisture level of both 
flavored and unflavored zobo drinks found in this investigation is 
more than 500% greater than the 14 percent spoiling threshold. 

This means that flavored and unflavored zobo drinks are suscep-
tible to microbial growth and have a shorter shelf life. This result is 
consistent with previous findings by Fasoyiro., et al. [17], Gbadege-
sin and Gbadamosi [18], Adeniji [3], Koopman [19], and Akujobi., 
et al. [14], who all reported moisture content in both flavored and 
unflavored zobo drinks to be greater than 80%.

For unflavored zobo drink, the carbohydrate and energy content 
were 11.07 percent and 49.18 KJ/100mL, respectively. The sample 
has low carbohydrate and calorific values. At rest, the human body 
requires a lot of energy. The amount needed is around 1 kcal per kg 
of body weight every hour, or 1,500 to 2,000 kcal per day. This is 
dependent on the metabolism of the individual. The majority of hu-
man energy consumption comes from food and is utilized to main-
tain vital life functions and body temperature [20]. The quantity of 
energy obtained by the body from food is less than that obtained by 
burning or totally oxidizing food in a bomb calorimeter [11]. This 
is due to calorie-producing foods such as protein, lipids, and carbs 
not being completely digested, absorbed, or oxidized in the body to 
produce energy [24]. The carbohydrate content of the unflavored 
zobo drink used in this study is identical to that of unflavored zobo 
drink reported by Gbadegesin and Gbadamosi [18]. The finding is 
much higher than Fasoyiro., et al. [17] and Akujobi., et al. [14]'s 
6.31 percent and 5.34 percent, respectively. Furthermore, flavored 
zobo drinks were found to contain more energy than unflavored 
ones. Because both pineapple and watermelon contain calories, 
this is to be expected. This could indicate flavored zobo beverages. 
Based on the daily energy requirement (1,500-2,000 Kcal) [25], 
zobo drinks may only provide a percentage of the daily energy re-
quirement when eaten, but they would considerably contribute to 
meeting the daily energy requirement, especially the flavored ones.

Differences in the analyzed values of proximate composition 
of zobo drink samples compared to certain earlier research could 
be related to differences in the soil, meteorological circumstances, 
harvest time, geographical condition, relative humidity of the sur-
rounding atmosphere, and cultural practices. According to Airao-
dion., et al. [11], the aforementioned factors influence the composi-
tion of plant products.

Phytochemical composition of flavored zobo drink 

Bioactive molecules present in vegetables, seeds, cereal grains, 
and plant-based beverages like tea and wine are known as phy-
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tochemicals. Plants produce them as a result of their primary or 
secondary metabolism. They've been employed in traditional 
medicine and as a poison [26]. Table 2 shows the results of the 
phytochemical content of the zobo drink samples. Both flavored 
and unflavored zobo beverages were found to be low in alkaloid 
content. The alkaloid levels in zobo flavored with pineapple (0.47 
mg/100mL) and watermelon (0.44 mg/100mL) are much greater 
than in the unflavored drink (0.16 mg/100mL). Antihypertensive 
effects (various indole alkaloids), antiarrhythmic effects (quini-
dine, spareien), antimalarial activity (quinine), and anticancer ef-
fects (dimeric indoles, vincristine, vinblastine) are just a few of the 
pharmacological properties of alkaloids [27]. Caffeine, nicotine, 
and morphine are examples of alkaloids that have stimulant quali-
ties and are employed as analgesics [28]. For millennia, alkaloids 
have been connected with medical purposes, and cytotoxicity is 
one of their most prevalent biological features [29]. Alkaloids have 
been shown to have analgesic, antispasmodic, and antibacterial ef-
fects by several researchers [30-35]. Alkaloids have been linked to 
antihypertensive and detoxifying activities [36-40]. As a result, fla-
vored zobo will be more therapeutic than plain zobo.

Flavonoids have been shown to have antibacterial, cytotoxic, 
anti-inflammatory, and anticancer characteristics, but their abil-
ity to act as antioxidants, which can protect the human body from 
free radicals, is the most well-known property of practically every 
group of flavonoids [41]. Flavonoid concentrations in the unfla-
vored zobo drink utilized in this study are 1.25 mg/100mL, while 
flavonoid concentrations in pineapple and watermelon-flavored 
drinks are 1.71 mg/100mL and 1.69 mg/100mL, respectively. 
These results are higher than those reported by Akujobi., et al. [14] 
for unflavored zobo (0.05 mg/100mL) and orange-flavored zobo 
(0.06 mg/100mL). Flavonoids' ability to serve as antioxidants is 
determined by their chemical structure. Flavonoids' antioxidant 
and free radical scavenging capabilities are influenced by the loca-
tion of hydroxyl groups and other factors in their chemical struc-
ture [11]. Anti-inflammatory activity, enzyme inhibition, antibacte-
rial activity, oestrogenic activity, anti-allergic activity, antioxidant 
activity, vascular activity, and cytotoxic anticancer activity have all 
been reported for flavonoids [42]. Flavonoids are a type of second-
ary plant metabolite that have anti-inflammatory and antioxidant 
properties [11]. Flavonoids are a diverse group of compounds that 
protect biological systems from the detrimental effects of oxidative 
processes on macromolecules such as carbohydrates, proteins, lip-

ids, and DNA [25]. Several studies have found that the presence of 
flavonoid in several plant extracts can help prevent peptic ulcers 
[43-45].

Saponin has been shown to have a variety of biological activi-
ties and potential health benefits, including hypocholesterolemic, 
anti-coagulant, anti-carcinogenic, hepatoprotective, hypoglycemic, 
immunomodulatory, neuroprotective, anti-inflammatory, anti-oxi-
dant, and platelet aggregation inhibition [46]. In this investigation, 
saponin concentrations in zobo drink samples were found to be 
4.83 mg/100mL, 7.07 mg/100mL, and 7.95 mg/100mL for unfla-
vored zobo, zobo flavored with pineapple, and zobo flavored with 
watermelon, respectively. The amounts of saponin in flavored zobo 
beverages are much higher than in the unflavored drink, according 
to this result. Saponin has been discovered to have a favorable ef-
fect on growth, feed intake, and reproduction in animals and could 
be utilized to treat hypercalciuria. Saponins have also been found 
to kill protozoa and mollusks, as well as acting as antifungal and 
antiviral agents [11,47].

Tannin-containing plant extracts are employed as astringents, 
diuretics, anti-inflammatory, antibacterial, antioxidant, and hemo-
static medicines, as well as against stomach and duodenal cancers 
[11,48]. Both flavored and unflavored zobo beverages have mini-
mal tannin concentration, according to the findings of this study. 
Tannin levels in zobo flavored with pineapple (0.77 mg/100mL) 
and watermelon (0.89 mg/100mL) are much greater than in the 
unflavored drink (0.09 mg/100mL).

Tannins are known to react with proteins to create the usual 
tanning effect, which is useful for the treatment of inflamed or ul-
cerated tissues, according to Han., et al. [29], Parekh and Chanda 
[49], and Senchina., et al. [50]. Tannins attach to proline-rich pro-
teins, preventing them from being synthesized. Astringent herbs 
with tannins as their primary constituents are used to treat intesti-
nal problems such as diarrhea and dysentery [51].

It's important to know how much phytate is in your food be-
cause too much can affect your digestion [10,52]. Because of its 
negative consequences, phytate has been labeled as an anti-nutri-
ent. Mineral bioavailability was lowered, and growth was inhibited. 
Phytate can chelate divalent cationic minerals such calcium, iron, 
magnesium, and zinc, causing deficit in the diet [53,54]. According 
to Wise [55], dietary calcium levels influence phytate solubility and 
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the fraction of minerals bound to the complex. The concentration 
of phytate in the unflavored zobo drink used in this study is 1.03 
mg/100mL, whereas the concentrations of phytate in the pineap-
ple and watermelon flavored zobo beverages are 2.83 mg/100mL 
and 2.67 mg/100mL, respectively.

Phenols have been shown to exhibit a variety of biological func-
tions [56,57]. Biological properties of phenol include increased 
bile production, lower blood cholesterol and lipid levels, and an-
tibacterial activity against bacteria such as staphylococcus aureus. 
Antiulcer, anti-inflammatory, antioxidant, cytotoxic and anticancer, 
antispasmodic, and antidepressant effects are among the many bio-
logical activities of phenolics [11]. In this investigation, phenol con-
centrations in unflavored zobo, zobo flavored with pineapple, and 
zobo flavored with watermelon were found to be 1.42 mg/100mL, 
2.69 mg/100mL, and 2.76 mg/100mL, respectively. The amounts 
of phenol in flavored zobo beverages were substantially higher 
than in the unflavored drink, according to this finding.

Figure 2 depicts the results of the pH of zobo beverages. The pH 
of the unflavored zobo drink is 2.91, whereas the pH of zobo fla-
vored with pineapple is 4.35, and zobo flavored with watermelon is 
4.95, according to the findings. This demonstrates that zobo bever-
ages, particularly the unflavored variety, are acidic. It is said to be a 
naturally acidic fruit with a high content of organic acids [58]. This 
means that zobo drink should not be eaten on an empty stomach 
or without a snack. Because of the low pH, those with peptic and 
stomach ulcers should avoid drinking unflavored zobo drink on 
a regular basis [18]. Instead, they should drink a zobo drink with 
pineapple and/or watermelon flavors.

Conclusion

The results from this study showed that fortification of zobo 
drinks with pineapple and watermelon enhances its nutritional 
qualities and phytochemical compositions.

Ethical Approval

Not Applicable

Consent for Publication

Not applicable.

Availability of Data and Material

The datasets used and/or analyzed during the current study are 
available from the corresponding author on reasonable request

Conflict of Interests

Authors declare that they have no conflict of interests in this 
research and publication.

Funding

This research did not receive any grant from funding sources 
in the public, commercial, or not-for-profit sources. It was solely 
funded by the authors.

Authors’ Contributions

The research was carried out by both authors. Both authors 
read and approved the final manuscript.

Bibliography

1. Bamishaiye EL., et al. “Effects of boiling time on mineral and 
vitamin C content of three varieties of Hibiscus sabdarifa drink 
in Nigeria”. World Journal of Agricultural Sciences 7.1 (2011): 
62-67.

2. Ukwuru MU and Uzodinma CC. “Preservative effect of spices 
and their flavor acceptability in zobo drink”. Nigerian Food 
Journal 28.2 (2010): 265-274.

3. Adeniji PO. “Nutritional, sensory and microbiological quality 
assessment of fortified zobo drink: a home-prepared tradi-
tional Nigerian beverage”. Journal of Nutrition and Food Sci-
ences 7.5 (2017): 627.

4. Obi CD. “Assessment of the preservative effects of different lo-
cal spices and their flavour acceptability in Hibiscus sabdariffa 
Calyx drinks”. International Journal of Agriculture and Rural 
Development 18.1 (2015): 2161-2165. 

5. Popoola OO., et al. “Sensory Evaluation of Zobo Drink Spiced 
with Different Spices”. Research Journal of Food Science and 
Quality Control 5.1 (2019): 21-23.

6. Izah SC., et al. “Advances in preservatives and condiments used 
in zobo (a food-drink) production”. Biotechnological Research 
2.3 (2016): 104-119.

7. Ogiehor IS and Nwafor OE. “Associated microbiological, bio-
chemical and chemical quality changes in zobo beverages pro-
duced from Hibiscus sabdariffa Linn, Niger”. Annals of Natural 
Sciences 5 (2004): 1-10.

09

Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and Watermelon enhances its Nutritional Qualities and Phytochemical  
Compositions

Citation: Kehinde Salewa Onabanjo and Augustine Ikhueoya Airaodion. “Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and 
Watermelon enhances its Nutritional Qualities and Phytochemical Compositions". Acta Scientific Nutritional Health 6.7 (2022): 03-12.

https://www.researchgate.net/publication/265233359_Effects_of_Boiling_Time_on_Mineral_and_Vitamin_C_Content_of_Three_Varieties_of_Hibiscus_sabdriffa_Drink_in_Nigeria
https://www.researchgate.net/publication/265233359_Effects_of_Boiling_Time_on_Mineral_and_Vitamin_C_Content_of_Three_Varieties_of_Hibiscus_sabdriffa_Drink_in_Nigeria
https://www.researchgate.net/publication/265233359_Effects_of_Boiling_Time_on_Mineral_and_Vitamin_C_Content_of_Three_Varieties_of_Hibiscus_sabdriffa_Drink_in_Nigeria
https://www.researchgate.net/publication/265233359_Effects_of_Boiling_Time_on_Mineral_and_Vitamin_C_Content_of_Three_Varieties_of_Hibiscus_sabdriffa_Drink_in_Nigeria
https://www.researchgate.net/publication/274784976_Preservative_effect_of_spices_and_their_flavour_acceptability_in_Zobo_drink
https://www.researchgate.net/publication/274784976_Preservative_effect_of_spices_and_their_flavour_acceptability_in_Zobo_drink
https://www.researchgate.net/publication/274784976_Preservative_effect_of_spices_and_their_flavour_acceptability_in_Zobo_drink
https://www.researchgate.net/publication/320350712_Nutritional_Sensory_and_Microbiological_Quality_Assessment_of_fortified_Zobo_Drink_A_Home-Prepared_Traditional_Nigerian_Beverage
https://www.researchgate.net/publication/320350712_Nutritional_Sensory_and_Microbiological_Quality_Assessment_of_fortified_Zobo_Drink_A_Home-Prepared_Traditional_Nigerian_Beverage
https://www.researchgate.net/publication/320350712_Nutritional_Sensory_and_Microbiological_Quality_Assessment_of_fortified_Zobo_Drink_A_Home-Prepared_Traditional_Nigerian_Beverage
https://www.researchgate.net/publication/320350712_Nutritional_Sensory_and_Microbiological_Quality_Assessment_of_fortified_Zobo_Drink_A_Home-Prepared_Traditional_Nigerian_Beverage
https://www.semanticscholar.org/paper/ASSESSMENT-OF-THE-PRESERVATIVE-EFFECTS-OF-DIFFERENT-Obi/37c7ae6030dd890b3ff8fa99f5ae5cd1a3f58f50
https://www.semanticscholar.org/paper/ASSESSMENT-OF-THE-PRESERVATIVE-EFFECTS-OF-DIFFERENT-Obi/37c7ae6030dd890b3ff8fa99f5ae5cd1a3f58f50
https://www.semanticscholar.org/paper/ASSESSMENT-OF-THE-PRESERVATIVE-EFFECTS-OF-DIFFERENT-Obi/37c7ae6030dd890b3ff8fa99f5ae5cd1a3f58f50
https://www.semanticscholar.org/paper/ASSESSMENT-OF-THE-PRESERVATIVE-EFFECTS-OF-DIFFERENT-Obi/37c7ae6030dd890b3ff8fa99f5ae5cd1a3f58f50
https://www.semanticscholar.org/paper/Sensory-Evaluation-of-Zobo-Drink-Spiced-with-Spices-Popoola/fe7fe36544379c5d773c5f55f9f1c0fd18186e13
https://www.semanticscholar.org/paper/Sensory-Evaluation-of-Zobo-Drink-Spiced-with-Spices-Popoola/fe7fe36544379c5d773c5f55f9f1c0fd18186e13
https://www.semanticscholar.org/paper/Sensory-Evaluation-of-Zobo-Drink-Spiced-with-Spices-Popoola/fe7fe36544379c5d773c5f55f9f1c0fd18186e13
https://www.researchgate.net/publication/305278715_Advances_in_Preservatives_and_condiments_used_in_Zobo_a_food-drink_production
https://www.researchgate.net/publication/305278715_Advances_in_Preservatives_and_condiments_used_in_Zobo_a_food-drink_production
https://www.researchgate.net/publication/305278715_Advances_in_Preservatives_and_condiments_used_in_Zobo_a_food-drink_production


8. Adelekan AO., et al. “Production and acceptability of fruits en-
hanced zobo drink”. Food Science and Technology Letters 5.1 
(2014): 46-51.

9. AOAC (Association of Official Analytical Chemist) Official 
Methods of Analysis. Association of Official Analytical Chem-
istry. Washington DC (2006).

10. Airaodion AI., et al. “Nutritional and anti-nutritional evalua-
tion of garri processed by traditional and instant mechanical 
methods”. Asian Food Science Journal 9.4 (2019): 1-13.

11. Airaodion AI., et al. “Chemical composition and nutraceutical 
potential of velvet tamarind fruit pulp”. Asian Journal of Bio-
chemistry, Genetics and Molecular Biology 3.5 (2021): 22-31.

12. Airaodion AI., et al. “Antifertility effect of ethanolic leaf extract 
of Carica papaya in male Wistar rats”. Merit Research Journal of 
Medicine and Medical Science 7.10 (2019): 374-381.

13. Akin-Osanaiye BC and Ahmad AA. “Nutrient composition anal-
ysis of African walnut (Tetracarpidium conophorum) and iso-
lation of microorganisms responsible for its spoilage”. Direct 
Research Journal of Agriculture and Food Science 6.7 (2018): 
173-181.

14. Akujobi IC., et al. “Nutrient composition, phytochemical and 
sensory properties of zobo (Hibiscus sabdariffa) drinks sub-
stituted with pineapple (Ananas comosus) and orange (Citrus 
sinensis) juices”. Journal of Agriculture and Food Sciences 16. 2 
(2018): 1-13.

15. Nwankwo CS., et al. “Quality evaluation of zobo tea flavoured 
with clove and ginger packed in tea bags”. African Journal of 
Agriculture and Food Science 5.1 (2022): 1-10.

16. Mohammed SF., et al. “Production and Quality Evaluation of In-
stant Sorrel (Zobo) Drink Produced by Infusion, Dehydration 
and Size Reduction Methods”. Journal of Nutrition and Health 
Sciences 4.2 (2017): 205.

17. Fasoyiro SB., et al. “Chemical and storability of fruit-flavoured 
(Hibiscus sabdariffa) drinks”. World Journal of Agricultural Sci-
ences1.2 (2005): 161-164.

18. Gbadegesin AR and Gbadamosi SO. “Pineapple flavoured 
roselle drink concentrates: nutritional, physicochemical and 

sensory properties”. Annals of Food Science and Technology. 
18.2 (2017): 1-9.

19. Koopman E. “The nutritional quality of turmeric fortified zobo 
(Hibiscus sabdariffa)”. Food Quality and Design. A B.Sc. thesis 
on Food Technology (2019): 1-26.

20. Okudu HO., et al. “Nutritional, functional and sensory attri-
butes of jam from velvet tamarind pulp”. African Journal of 
Food Science 11.2 (2017): 44-49.

21. Airaodion AI., et al. “Nutritional and anti-nutritional evalua-
tion of garri processed by traditional and instant mechanical 
methods”. Asian Food Science Journal 9.4 (2019): 1-13.

22. Airaodion AI., et al. “Effect of oral intake of African locust bean 
on fasting blood sugar and lipid profile of albino rats”. Asian 
Journal of Research in Biochemistry 4.4 (2019): 1-9.

23. Ekanem JO. “Microbial, sensory and nutritional properties of 
laboratory prepared sorrel (zobo) drinks fortified with spices 
and sugar”. Journal of Global Biosciences 7.8 (2018): 5573-
5584.

24. Akubugwo IE., et al. “Nutritional and chemical value of Amara-
thus hybridus L. leaves from Afikpo Nigeria”. African Journal of 
Biotechnology 6.24 (2007): 2833-2839.

25. Osborne D and Voogt E. “Analysis of nutrients in food. Aca-
demic Press London. Sharma SK, Anup Ga, Radhakrishman L, 
Thapa I, Shrestha NR, Pande (1978).

26. Airaodion AI., et al. “Effect of methanolic extract of Corchorus 
olitorius leaves on hypoglycemic and hypolipidaemic activities 
in albino rats”. Asian Plant Research Journal 2.7 (2019): 1-13.

27. Airaodion AI., et al. “Effect of oral intake of African locust bean 
on fasting blood sugar and lipid profile of albino rats”. Asian 
Journal of Research in Biochemistry 4.4 (2019): 1-9.

28. Airaodion AI., et al. “Evaluation of Phytochemical Content and 
Antioxidant Potential of Ocimum gratissimum and Telfairia 
occidentalis Leaves”. Asian Journal of Research in Medical and 
Pharmaceutical Sciences 7.1 (2019): 1-11.

29. Han MA., et al. “6-Shogaol enhances renal carcinoma Caki cells 
to TRAIL-induced apoptosis through reactive oxygen species- 

10

Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and Watermelon enhances its Nutritional Qualities and Phytochemical  
Compositions

Citation: Kehinde Salewa Onabanjo and Augustine Ikhueoya Airaodion. “Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and 
Watermelon enhances its Nutritional Qualities and Phytochemical Compositions". Acta Scientific Nutritional Health 6.7 (2022): 03-12.

https://bioinfopublication.org/files/articles/5_1_1_FSTL.pdf
https://bioinfopublication.org/files/articles/5_1_1_FSTL.pdf
https://bioinfopublication.org/files/articles/5_1_1_FSTL.pdf
https://www.researchgate.net/publication/333696632_Nutritional_and_Anti-Nutritional_Evaluation_of_Garri_Processed_by_Traditional_and_Instant_Mechanical_Methods
https://www.researchgate.net/publication/333696632_Nutritional_and_Anti-Nutritional_Evaluation_of_Garri_Processed_by_Traditional_and_Instant_Mechanical_Methods
https://www.researchgate.net/publication/333696632_Nutritional_and_Anti-Nutritional_Evaluation_of_Garri_Processed_by_Traditional_and_Instant_Mechanical_Methods
https://www.researchgate.net/publication/354363990_Chemical_Composition_and_Nutraceutical_Potential_of_Velvet_Tamarind_Dialium_guineense_wild_Fruit_Pulp
https://www.researchgate.net/publication/354363990_Chemical_Composition_and_Nutraceutical_Potential_of_Velvet_Tamarind_Dialium_guineense_wild_Fruit_Pulp
https://www.researchgate.net/publication/354363990_Chemical_Composition_and_Nutraceutical_Potential_of_Velvet_Tamarind_Dialium_guineense_wild_Fruit_Pulp
https://www.researchgate.net/publication/336653579_Antifertility_Effect_of_Ethanolic_Leaf_Extract_of_Carica_papaya_in_Male_Wistar_Rats
https://www.researchgate.net/publication/336653579_Antifertility_Effect_of_Ethanolic_Leaf_Extract_of_Carica_papaya_in_Male_Wistar_Rats
https://www.researchgate.net/publication/336653579_Antifertility_Effect_of_Ethanolic_Leaf_Extract_of_Carica_papaya_in_Male_Wistar_Rats
https://directresearchpublisher.org/drjafs/files/2018/07/Akin-Osanaiye-and-Ahmad.pdf
https://directresearchpublisher.org/drjafs/files/2018/07/Akin-Osanaiye-and-Ahmad.pdf
https://directresearchpublisher.org/drjafs/files/2018/07/Akin-Osanaiye-and-Ahmad.pdf
https://directresearchpublisher.org/drjafs/files/2018/07/Akin-Osanaiye-and-Ahmad.pdf
https://directresearchpublisher.org/drjafs/files/2018/07/Akin-Osanaiye-and-Ahmad.pdf
https://www.ajol.info/index.php/jafs/article/view/189396
https://www.ajol.info/index.php/jafs/article/view/189396
https://www.ajol.info/index.php/jafs/article/view/189396
https://www.ajol.info/index.php/jafs/article/view/189396
https://www.ajol.info/index.php/jafs/article/view/189396
https://www.researchgate.net/publication/358283667_Quality_Evaluation_of_Zobo_Tea_Flavoured_with_Clove_and_Ginger_Packed_in_Tea_Bags
https://www.researchgate.net/publication/358283667_Quality_Evaluation_of_Zobo_Tea_Flavoured_with_Clove_and_Ginger_Packed_in_Tea_Bags
https://www.researchgate.net/publication/358283667_Quality_Evaluation_of_Zobo_Tea_Flavoured_with_Clove_and_Ginger_Packed_in_Tea_Bags
https://www.researchgate.net/publication/319612240_Production_and_Quality_Evaluation_of_Instant_Sorrel_Zobo_Drink_Produced_by_Infusion_Dehydration_and_Size_Reduction_Methods
https://www.researchgate.net/publication/319612240_Production_and_Quality_Evaluation_of_Instant_Sorrel_Zobo_Drink_Produced_by_Infusion_Dehydration_and_Size_Reduction_Methods
https://www.researchgate.net/publication/319612240_Production_and_Quality_Evaluation_of_Instant_Sorrel_Zobo_Drink_Produced_by_Infusion_Dehydration_and_Size_Reduction_Methods
https://www.researchgate.net/publication/319612240_Production_and_Quality_Evaluation_of_Instant_Sorrel_Zobo_Drink_Produced_by_Infusion_Dehydration_and_Size_Reduction_Methods
https://www.researchgate.net/publication/26433571_Chemical_and_Storability_of_Fruit-Flavoured_Hibiscus_sabdariffa_Drinks
https://www.researchgate.net/publication/26433571_Chemical_and_Storability_of_Fruit-Flavoured_Hibiscus_sabdariffa_Drinks
https://www.researchgate.net/publication/26433571_Chemical_and_Storability_of_Fruit-Flavoured_Hibiscus_sabdariffa_Drinks
https://www.cabdirect.org/cabdirect/abstract/20183035877
https://www.cabdirect.org/cabdirect/abstract/20183035877
https://www.cabdirect.org/cabdirect/abstract/20183035877
https://www.cabdirect.org/cabdirect/abstract/20183035877
https://edepot.wur.nl/496703
https://edepot.wur.nl/496703
https://edepot.wur.nl/496703
https://academicjournals.org/journal/AJFS/article-abstract/B205CD062600
https://academicjournals.org/journal/AJFS/article-abstract/B205CD062600
https://academicjournals.org/journal/AJFS/article-abstract/B205CD062600
https://journalafsj.com/index.php/AFSJ/article/view/30021
https://journalafsj.com/index.php/AFSJ/article/view/30021
https://journalafsj.com/index.php/AFSJ/article/view/30021
https://journalajrb.com/index.php/AJRB/article/view/30073
https://journalajrb.com/index.php/AJRB/article/view/30073
https://journalajrb.com/index.php/AJRB/article/view/30073
https://www.researchgate.net/publication/329950598_MICROBIAL_SENSORY_AND_NUTRITIONAL_PROPERTIES_OF_LABORATORY_PREPARED_SORREL_ZOBO_DRINKS_FORTIFIED_WITH_SPICES_AND_SUGAR
https://www.researchgate.net/publication/329950598_MICROBIAL_SENSORY_AND_NUTRITIONAL_PROPERTIES_OF_LABORATORY_PREPARED_SORREL_ZOBO_DRINKS_FORTIFIED_WITH_SPICES_AND_SUGAR
https://www.researchgate.net/publication/329950598_MICROBIAL_SENSORY_AND_NUTRITIONAL_PROPERTIES_OF_LABORATORY_PREPARED_SORREL_ZOBO_DRINKS_FORTIFIED_WITH_SPICES_AND_SUGAR
https://www.researchgate.net/publication/329950598_MICROBIAL_SENSORY_AND_NUTRITIONAL_PROPERTIES_OF_LABORATORY_PREPARED_SORREL_ZOBO_DRINKS_FORTIFIED_WITH_SPICES_AND_SUGAR
https://www.ajol.info/index.php/ajb/article/view/58233
https://www.ajol.info/index.php/ajb/article/view/58233
https://www.ajol.info/index.php/ajb/article/view/58233
https://journalaprj.com/index.php/APRJ/article/view/30054
https://journalaprj.com/index.php/APRJ/article/view/30054
https://journalaprj.com/index.php/APRJ/article/view/30054
https://journalajrb.com/index.php/AJRB/article/view/30073
https://journalajrb.com/index.php/AJRB/article/view/30073
https://journalajrb.com/index.php/AJRB/article/view/30073
https://www.researchgate.net/publication/332534228_Evaluation_of_Phytochemical_Content_and_Antioxidant_Potential_of_Ocimum_gratissimum_and_Telfairia_occidentalis_Leaves
https://www.researchgate.net/publication/332534228_Evaluation_of_Phytochemical_Content_and_Antioxidant_Potential_of_Ocimum_gratissimum_and_Telfairia_occidentalis_Leaves
https://www.researchgate.net/publication/332534228_Evaluation_of_Phytochemical_Content_and_Antioxidant_Potential_of_Ocimum_gratissimum_and_Telfairia_occidentalis_Leaves
https://www.researchgate.net/publication/332534228_Evaluation_of_Phytochemical_Content_and_Antioxidant_Potential_of_Ocimum_gratissimum_and_Telfairia_occidentalis_Leaves


mediated cytochrome c release and down-regulation of c-FLIP 
(L) expression”. Chemico-Biological Interactions 228 (2015): 
69-78.

30. Cushnie TPT., et al. “Alkaloids: an overview of their antibacte-
rial, antibiotic-enhancing and antivirulence activities”. Inter-
national Journal of Antimicrobial 44 (2014): 377-386.

31. Airaodion AI., et al. “Antibacterial potential of ethanolic and 
aqueous extracts of Carica papaya leaves”. Asian Journal of Bio-
chemistry, Genetics and Molecular Biology 3.2 (2020): 1-6.

32. Airaodion AI., et al. “Antimalarial efficacy of ethanolic seed ex-
tract of Vernonia amygdalina against Plasmodium berghei in 
infected Swiss albino mice”. International Journal of Bioscience 
and Biotechnology 11.8 (2019): 68-76.

33. Airaodion AI., et al. “Antiplasmodial Potency of Ethanolic Leaf 
Extract of Carica papaya against Plasmodium berghei in Infect-
ed Swiss Albino Mice”. Asian Journal of Medical Principles and 
Clinical Practice 2.2 (2019): 1-8.

34. Airaodion AI., et al. “Ethanolic extract of Garcinia kola (Heckel) 
seed possesses antiplasmodial properties against Plasmodium 
berghei”. Asian Journal of Medical Principles and Clinical Prac-
tice 3.1 (2020): 33-39.

35. Airaodion AI and Ogbuagu EO. “Antiplasmodial potential of 
ethanolic leaf extract of Jatropha curcas against Plasmodium 
berghei”. Asian Journal of Medical Principles and Clinical Prac-
tice 3.3 (2020): 29-36.

36. Matsuura HN., et al. “Oxidative stress and production of bioac-
tive monoterpene indole alkaloids: biotechnological implica-
tions”. Biotechnology Letters 36 (2014): 191-200.

37. Porto DD., et al. “Shoot accumulation kinetics and effects on 
herbivores of the wound-induced antioxidant indole alkaloid 
brachycerine of Psychotria brachyceras”. National Products 
Communication 9 (2014): 629-632.

38. Airaodion AI., et al. “Antihypertensive potential of coconut (Co-
cos nucifera L.) water in Wistar rats”. Asian Journal of Research 
in Cardiovascular Diseases 1.1 (2019): 1-8.

39. Airaodion AI., et al. “Garlic (Allium sativum L.) Bulb Prevents 
High Blood Pressure in Egg Yolk-Induced Hypertensive Rats”. 

International Journal of Research and Innovation in Applied Sci-
ence 5.3 (2020): 88-93.

40. Airaodion AI and Ogbuagu EO. “Ameliorative Effect of Parkia 
biglobosa (African Locust Bean) against Egg-Yolk Induced Hy-
pertension”. International Journal of Bioscience and Biotech-
nology 12.5 (2020): 17-25.

41. Airaodion AI., et al. “Abortifaceous properties of ethanolic leaf 
extract of Jatropha curcas Linn. in female Wistar rats”. Asia re-
search Journal of Gynaecology and Obstetrics 4.1 (2020): 1-8. 

42. Airaodion AI., et al. “Comparative Assessment of Phytochemi-
cal Content and Antioxidant Potential of Azadirachta indica 
and Parquetina nigrescens Leaves”. Asian Plant Research Jour-
nal 2.3 (2019): 1-14. 

43. Airaodion AI., et al. “Prophylactic Efficacy of Aqueous Extract 
of Curcuma longa Leaf Against Indomethacin-Induced Ulcer”. 
International Journal of Research 6.1 (2019): 87-91.

44. Airaodion AI., et al. “Investigation of Aqueous Extract of 
Zingiber officinale Root Potential in the Prevention of Peptic 
Ulcer in Albino Rats”. International Journal of Research and In-
novation in Applied Science 4.2 (2019): 64-67.

45. Airaodion AI., et al. “Evaluation of Moringa oleifera Leaf Poten-
tial in the Prevention of Peptic Ulcer in Wistar Rats”. Interna-
tional Journal of Research 6.2 (2019): 579-584.

46. Rahal A., et al. “Oxidative Stress, pro-oxidants, and antioxi-
dants: The interplay”. BioMed Research International (2014).

47. Ayoola GA., et al. “Phytochemical screening and antioxidant 
activities of some selected medicinal plants used for malaria 
therapy in Southwestern Nigeria”. Tropical Journal of Pharma-
ceutical Research 7.3 (2008): 1019-1024.

48. Obadoni BO and Ochuko PO. “Phytochemical studies and com-
parative efficacy of the crude extracts of some Homostatic 
plants in Edo and Delta States of Nigeria”. Global Journal of 
Pure and Applied Sciences 8b (2001): 203-208.

49. Parekh J and Chanda S. “Antibacterial and Phytochemical stud-
ies on twelve species of Indian Medicinal plants”. Africa Jour-
nal Biomedicinal Resources 10 (2007): 175-181.

11

Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and Watermelon enhances its Nutritional Qualities and Phytochemical  
Compositions

Citation: Kehinde Salewa Onabanjo and Augustine Ikhueoya Airaodion. “Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and 
Watermelon enhances its Nutritional Qualities and Phytochemical Compositions". Acta Scientific Nutritional Health 6.7 (2022): 03-12.

https://pubmed.ncbi.nlm.nih.gov/25130096/
https://pubmed.ncbi.nlm.nih.gov/25130096/
https://pubmed.ncbi.nlm.nih.gov/25130096/
https://www.researchgate.net/publication/341554040_Antibacterial_Potential_of_Ethanolic_and_Aqueous_Extracts_of_Carica_papaya_Leaves
https://www.researchgate.net/publication/341554040_Antibacterial_Potential_of_Ethanolic_and_Aqueous_Extracts_of_Carica_papaya_Leaves
https://www.researchgate.net/publication/341554040_Antibacterial_Potential_of_Ethanolic_and_Aqueous_Extracts_of_Carica_papaya_Leaves
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6537240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6537240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6537240/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6537240/
https://journalajmpcp.com/index.php/AJMPCP/article/view/30097
https://journalajmpcp.com/index.php/AJMPCP/article/view/30097
https://journalajmpcp.com/index.php/AJMPCP/article/view/30097
https://journalajmpcp.com/index.php/AJMPCP/article/view/30097
https://www.researchgate.net/publication/339363064_Ethanolic_Extract_of_Garcinia_kola_Heckel_Seed_Possesses_Antiplasmodial_Properties_against_Plasmodium_berghei
https://www.researchgate.net/publication/339363064_Ethanolic_Extract_of_Garcinia_kola_Heckel_Seed_Possesses_Antiplasmodial_Properties_against_Plasmodium_berghei
https://www.researchgate.net/publication/339363064_Ethanolic_Extract_of_Garcinia_kola_Heckel_Seed_Possesses_Antiplasmodial_Properties_against_Plasmodium_berghei
https://www.researchgate.net/publication/339363064_Ethanolic_Extract_of_Garcinia_kola_Heckel_Seed_Possesses_Antiplasmodial_Properties_against_Plasmodium_berghei
https://www.researchgate.net/publication/343654073_Antiplasmodial_Potential_of_Ethanolic_Leaf_Extract_of_Jatropha_curcas_against_Plasmodium_berghei
https://www.researchgate.net/publication/343654073_Antiplasmodial_Potential_of_Ethanolic_Leaf_Extract_of_Jatropha_curcas_against_Plasmodium_berghei
https://www.researchgate.net/publication/343654073_Antiplasmodial_Potential_of_Ethanolic_Leaf_Extract_of_Jatropha_curcas_against_Plasmodium_berghei
https://www.researchgate.net/publication/343654073_Antiplasmodial_Potential_of_Ethanolic_Leaf_Extract_of_Jatropha_curcas_against_Plasmodium_berghei
https://pubmed.ncbi.nlm.nih.gov/24062135/
https://pubmed.ncbi.nlm.nih.gov/24062135/
https://pubmed.ncbi.nlm.nih.gov/24062135/
https://pubmed.ncbi.nlm.nih.gov/25026705/
https://pubmed.ncbi.nlm.nih.gov/25026705/
https://pubmed.ncbi.nlm.nih.gov/25026705/
https://pubmed.ncbi.nlm.nih.gov/25026705/
https://journalijrrc.com/index.php/AJRCD/article/view/30091
https://journalijrrc.com/index.php/AJRCD/article/view/30091
https://journalijrrc.com/index.php/AJRCD/article/view/30091
https://www.researchgate.net/publication/341614094_Garlic_Alliumsativum_L_Bulb_Prevents_High_Blood_Pressure_in_Egg_Yolk-Induced_Hypertensive_Rats
https://www.researchgate.net/publication/341614094_Garlic_Alliumsativum_L_Bulb_Prevents_High_Blood_Pressure_in_Egg_Yolk-Induced_Hypertensive_Rats
https://www.researchgate.net/publication/341614094_Garlic_Alliumsativum_L_Bulb_Prevents_High_Blood_Pressure_in_Egg_Yolk-Induced_Hypertensive_Rats
https://www.researchgate.net/publication/341614094_Garlic_Alliumsativum_L_Bulb_Prevents_High_Blood_Pressure_in_Egg_Yolk-Induced_Hypertensive_Rats
https://www.researchgate.net/publication/342420362_Ameliorative_Effect_of_Parkia_biglobosa_African_Locust_Bean_against_Egg-Yolk_Induced_Hypertension
https://www.researchgate.net/publication/342420362_Ameliorative_Effect_of_Parkia_biglobosa_African_Locust_Bean_against_Egg-Yolk_Induced_Hypertension
https://www.researchgate.net/publication/342420362_Ameliorative_Effect_of_Parkia_biglobosa_African_Locust_Bean_against_Egg-Yolk_Induced_Hypertension
https://www.researchgate.net/publication/342420362_Ameliorative_Effect_of_Parkia_biglobosa_African_Locust_Bean_against_Egg-Yolk_Induced_Hypertension
https://journalarjgo.com/index.php/ARJGO/article/view/30128
https://journalarjgo.com/index.php/ARJGO/article/view/30128
https://journalarjgo.com/index.php/ARJGO/article/view/30128
https://journalaprj.com/index.php/APRJ/article/view/30045
https://journalaprj.com/index.php/APRJ/article/view/30045
https://journalaprj.com/index.php/APRJ/article/view/30045
https://journalaprj.com/index.php/APRJ/article/view/30045
https://www.researchgate.net/publication/330423231_Prophylactic_Efficacy_of_Aqueous_Extract_of_Curcuma_longa_against_Indomethacin-Induced_Ulcer_in_Male_Wistar_Rats
https://www.researchgate.net/publication/330423231_Prophylactic_Efficacy_of_Aqueous_Extract_of_Curcuma_longa_against_Indomethacin-Induced_Ulcer_in_Male_Wistar_Rats
https://www.researchgate.net/publication/330423231_Prophylactic_Efficacy_of_Aqueous_Extract_of_Curcuma_longa_against_Indomethacin-Induced_Ulcer_in_Male_Wistar_Rats
https://www.researchgate.net/publication/331438134_Investigation_of_Aqueous_Extract_of_Zingiberofficinale_Root_Potential_in_the_Prevention_of_Peptic_Ulcer_in_Albino_Rats
https://www.researchgate.net/publication/331438134_Investigation_of_Aqueous_Extract_of_Zingiberofficinale_Root_Potential_in_the_Prevention_of_Peptic_Ulcer_in_Albino_Rats
https://www.researchgate.net/publication/331438134_Investigation_of_Aqueous_Extract_of_Zingiberofficinale_Root_Potential_in_the_Prevention_of_Peptic_Ulcer_in_Albino_Rats
https://www.researchgate.net/publication/331438134_Investigation_of_Aqueous_Extract_of_Zingiberofficinale_Root_Potential_in_the_Prevention_of_Peptic_Ulcer_in_Albino_Rats
https://journals.pen2print.org/index.php/ijr/article/view/17103
https://journals.pen2print.org/index.php/ijr/article/view/17103
https://journals.pen2print.org/index.php/ijr/article/view/17103
https://pubmed.ncbi.nlm.nih.gov/24587990/
https://pubmed.ncbi.nlm.nih.gov/24587990/
https://www.researchgate.net/publication/43561066_Phytochemical_Screening_and_Antioxidant_Activities_of_Some_Selected_Medicinal_Plants_Used_for_Malaria_Therapy_in_Southwestern_Nigeria
https://www.researchgate.net/publication/43561066_Phytochemical_Screening_and_Antioxidant_Activities_of_Some_Selected_Medicinal_Plants_Used_for_Malaria_Therapy_in_Southwestern_Nigeria
https://www.researchgate.net/publication/43561066_Phytochemical_Screening_and_Antioxidant_Activities_of_Some_Selected_Medicinal_Plants_Used_for_Malaria_Therapy_in_Southwestern_Nigeria
https://www.researchgate.net/publication/43561066_Phytochemical_Screening_and_Antioxidant_Activities_of_Some_Selected_Medicinal_Plants_Used_for_Malaria_Therapy_in_Southwestern_Nigeria
https://www.scienceopen.com/document?vid=bbcaec5f-28ca-4327-9801-920ec3e0a275
https://www.scienceopen.com/document?vid=bbcaec5f-28ca-4327-9801-920ec3e0a275
https://www.scienceopen.com/document?vid=bbcaec5f-28ca-4327-9801-920ec3e0a275
https://www.scienceopen.com/document?vid=bbcaec5f-28ca-4327-9801-920ec3e0a275
https://www.bioline.org.br/pdf?md07023
https://www.bioline.org.br/pdf?md07023
https://www.bioline.org.br/pdf?md07023


50. Senchina DS., et al. “Alkaloids and athlete immune function: 
caffeine, theophylline, gingerol, ephedrine, and their conge-
ners”. Exercise Immunology Review 20 (2014): 68-93.

51. Dharmananda S. “Galnuts and the uses of Tannins in Chinese 
Medicine”. In: proceedings of Institute for Traditional Medi-
cine, Port land, Oregon (2003).

52. Nwokolo EN and Bragg BB. “Influence of phytic acid and crude 
fiber on the availability of minerals from protein supplements 
in growing chicks”. Journal of Animal Science 57 (2007): 475-
477.

53. Valero M and Salmeron MC. “Antibacterial activity of 11 essen-
tial oils against Bacillus aureus in tyndallized carrot broth”. In-
ternational Journal of Food and Microbiology 85 (2003): 73-81.

54. Ladeji O., et al. “Levels of antinutritional factors in vegetables 
commonly eaten in Nigeria”. African Journal of Natural Science 
7 (2004): 71-73.

55. Wise A. “Dietary factors determining the biology activities of 
phytate nutrition”. Abstract Review of Clinical Nutrition b53 
(1993): 791-806.

56. Silva EM., et al. “Antioxidant activities and polyphenolic con-
tents of fifteen selected plant species from the Amazonian re-
gion”. Food Chemistry 101 (2007): 1012-1018.

57. Ghasemzadeh A., et al. “Antioxidant activities, total Phenolics 
and flavonoids content in two varieties of Malaysia Young Gin-
ger (Zingiber officinale Roscoe)”. Molecules 15 (2010): 4324-
4333.

58. Olayemi F., et al. “The nutritional quality of three varieties of 
zobo (Hibiscus sabdariffa) subjected to the same preparation 
condition”. American Journal of Food Technology 6 (2011): 
705-708.

12

Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and Watermelon enhances its Nutritional Qualities and Phytochemical  
Compositions

Citation: Kehinde Salewa Onabanjo and Augustine Ikhueoya Airaodion. “Fortification of ‘Zobo’ (Hibiscus sabdariffa) Drink with Pineapple and 
Watermelon enhances its Nutritional Qualities and Phytochemical Compositions". Acta Scientific Nutritional Health 6.7 (2022): 03-12.

https://pubmed.ncbi.nlm.nih.gov/24974722/
https://pubmed.ncbi.nlm.nih.gov/24974722/
https://pubmed.ncbi.nlm.nih.gov/24974722/
https://www.itmonline.org/arts/gallnuts.htm
https://www.itmonline.org/arts/gallnuts.htm
https://www.itmonline.org/arts/gallnuts.htm
https://cdnsciencepub.com/doi/10.4141/cjas77-060
https://cdnsciencepub.com/doi/10.4141/cjas77-060
https://cdnsciencepub.com/doi/10.4141/cjas77-060
https://cdnsciencepub.com/doi/10.4141/cjas77-060
https://www.researchgate.net/publication/286274863_Level_of_antinutritional_factors_in_vegetables_commonly_eaten_in_Nigeria
https://www.researchgate.net/publication/286274863_Level_of_antinutritional_factors_in_vegetables_commonly_eaten_in_Nigeria
https://www.researchgate.net/publication/286274863_Level_of_antinutritional_factors_in_vegetables_commonly_eaten_in_Nigeria
https://www.sciencedirect.com/science/article/abs/pii/S0308814606002007
https://www.sciencedirect.com/science/article/abs/pii/S0308814606002007
https://www.sciencedirect.com/science/article/abs/pii/S0308814606002007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6264263/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6264263/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6264263/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6264263/
https://scialert.net/abstract/?doi=ajft.2011.705.708
https://scialert.net/abstract/?doi=ajft.2011.705.708
https://scialert.net/abstract/?doi=ajft.2011.705.708
https://scialert.net/abstract/?doi=ajft.2011.705.708

	_GoBack

