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ABSTRACT
Background and Objective: In African countries, the percentage of people who have access to quality
foods is below 30%, therefore ready to drink healthy beverages can solve the problems that come with
malnutrition.  This  study  aimed  to  evaluate the effect of fermentation on the nutritional profile and
metal   content   of   functional   food   blends   developed   for   a   health-enhancing   beverage.
Materials and Methods: Garlic, ginger, bitter kola, turmeric, lime, neem leaf and onion were sterilized,
ground and mixed with sterile water to extract juice. Pineapple juice was added as a sweetener. The
mixture was split into two batches, pasteurized and cooled. One batch was fermented with Saccharomyces
cerevisiae for 5 days, while the other remained unfermented. Results: The fermented beverage exhibited
a significant reduction in ash (0.14%), fat (0.85%) and carbohydrate content (0.84%) compared to the
unfermented beverage, which contained 0.19, 1.93 and 0.84%, respectively. The metal content also
decreased substantially in the fermented beverage. Conversely, a slight increase was observed in the crude
protein content, rising from 0.42% in the unfermented beverage to 0.54% in the fermented beverage.
Conclusion: Nutritional and metal analyses revealed that the unfermented juice had superior nutritional
value, making it a recommended option for malnourished or immunocompromised individuals.
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INTRODUCTION
For ages, it has been discovered that some plant products are beneficiary to mankind if consumed in the
right proportion. Garlic, ginger, bitter kola, neem leaf, onion, moringa, citrus and some other plant
produce or products have been found to have antimicrobial and antioxidant properties1.

Garlic (Allium sativum) has long been used medically and in recent times it is known for its cardiovascular
antineoplastic and antimicrobial properties2. Fresh garlic contains an amino acid called allin which is
considered the major biological active component of garlic. It also contains vitamin C, vitamin B6,
selenium and manganese3. Ginger (Zingiber officinale) is used mostly as a flavouring agent. Aside from
this, it’s also full of nutrients. A tablespoon of fresh  ginger  has  4.8  calories,  1.07  g  of  carbohydrate,
0.12 g of dietary fiber, 0.11 g of protein, 0.5 g of fat, 0.11 g of sugar, vitamins and minerals in trace
amounts.  Ginger  has  also  been  proven  to  have  anti-inflammatory  and  anticancer  effects4. Turmeric
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(Curcuma longa) is used widely as a spice and according to the US Food and Drug Administration, it can
be used to treat any disease5. Benzie and Wachtel-Galor6 reported that turmeric can be used to treat
digestive disorders, abdominal pain, skin cancer, smallpox, chicken pox and urinary tract infections. Lime
(Citrus aurantifolia) is rich in vitamin C and its pulp and peel contain diverse phytochemicals including
polyphenols and terpenes7. Neem leaf (Azadirachta indica) has antifungal, antidiabetic, antibacterial,
contraceptive and sedative properties8. It is used in preparing vegetable soup in India, it has a strong bitter
taste. Bitter cola (Garcinia kola)9 contains 70.31% carbohydrate and 11.27% protein.  All these indicate that
bitter kola has a high nutritional value. This research work aimed to investigate the effects of fermentation
on the nutritional composition and metal values of functional foods juiced together for a healthy drink.
Combining garlic, ginger, bitter kola, neem leaf, onion, moringa and citrus to make a juice that can be
used to naturally boost the immune system of man to combat immunodeficiency and other related
diseases, since these natural plants have been known to have beneficial effect on man with little or no
known adverse effect when consumed in the right proportion. The purpose of this study was to investigate
whether combining all these plants into a single beverage will enhance its nutritional benefits.

MATERIALS AND METHODS
Study area: The study was conducted from early April, to late October, 2023.

Sample  collection:  The  samples  used  were  purchased  from  a  farm  situated  at  Benin-Owena
multipurpose dam and farmland, Ondo State, Nigeria. These plants produce (garlic (Allium sativum),
ginger (Zingiber officinale), bitter kola (Garcinia kola), turmeric (Curcuma longa), lime (Citrus aurantifolia),
neem leaf (Azadirachta indica), onion (Allium cepa) and pineapple (Ananas comosus)) were taken to
laboratory, washed and kept in cool dry place for further treatments and use.

Preparation of functional food drink: The plant’s products are garlic (Allium sativum), ginger (Zingiber
officinale), bitter kola (Garcinia kola), turmeric (Curcuma longa), lime (Citrus aurantifolia), neem leaf
(Azadirachta indica) and onion (Allium cepa) were rinsed under running water and soaked in Huwa-san
sterilizing fluid (containing 5% hydrogen peroxide) for 30 min,  sliced  then  dried  in  oven  at  40°C  for
48 hrs10 and ground into powder11. From the powdered plant products, the following quantities were
weighed separately into a stainless bowl and mixed: Ginger 50 g, turmeric 50 g, garlic 20 g,  bitter  kola
10 g, onion 30 g and neem leaf 30 g. Two liters of sterile water at 35°C were used to soak the combined
powder for 2 hrs, after which they were mixed with a mechanical stirrer and a screw press was used to
squeeze out the juice, this made extract A. To make extract B, matured pineapple, washed, peeled and
weighed (2000 g) was ground in the blender with 500 mL of water and sieved with sterile muslin cloth
given the total yield of 1.5 L. Extract A and B were mixed in a stainless bowl to form a juice and divided
into two. A part was pasteurized at 62°C for 30 min and cooled rapidly12, the other part was not
pasteurized serving as a control. The pasteurized juice was divided into 2 equal parts (2 L each),
Saccharomyces cerevisiae was introduced to a part and allowed to ferment for 5 days at room temperature
(fermented juice (B.05)) while the remaining part was left unfermented (A0).

Proximate analysis of the plant’s juice: The B.05 and A0 were subjected to proximate analysis to
determine the nutritive value of the extracts13 and subjected to statistical analysis using the Fisher LSD
method at 95% confidence.

Determination of minerals present in the plant juice: The standard procedure was followed for the
preparation of the sample and the analysis of metals present in the juice (B.05 and A0)14. The absorption
measurements were made using a Varian spectrum AA 10 with background correction and hollow cathode
lamps. Air-acetylene flame was used for the determination of all the elements.

RESULTS
Proximate analysis of the unfermented and fermented plant juice: The ash, fat and carbohydrate of
unfermented juice gave 0.19, 1.93 and 1.50% reduced significantly to 0.14, 0.85 and 0.84%, respectively
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Fig. 1: Metal values of the fermented and unfermented juice
Means  that  do  not  share  a  letter  are  significantly  different,  fermented  juice  (B.05),  unfermented  (A0),  Na:  Sodium,
K: Potassium, Ca: Calcium, Mg: Magnesium, Cu: Copper, Cr: Chromium, Fe: Iron, Mn: Manganese, Pb: Lead and Zn: Zinc

Table 1: Proximate composition of the juice
Composition (%) A0 B0.5
Ash 0.193±0.012A 0.143±0.015B

M.C 95.94±0.318A 96.3±1.224A

CP 0.42±0.01B 0.537±0.015A

Fat 1.933±0.076A 0.85±0.03B

Fiber - -
CHO 1.503±0.317A 0.837±0.099B

Fermented juice (B.05), unfermented (A0), MC: Moisture content, CP: Percentage of crude protein and CHO: Carbohydrates

in fermented juice. There was a slight increase in the crude protein of fermented juice (0.53%) when
compared with unfermented plant extract (0.42%) (Table 1).

Metals: The metal values in fermented juice reduced significantly when compared with the unfermented
juice (Fig. 1). The highest metal value is 60% indicating that 60% of the metal content in the beverage is
potassium.

DISCUSSION
Functional foods are foods that provide health benefits beyond basic nutrition. These foods contain
bioactive compounds that may improve health, reduce disease risk or promote well-being15. Both
fermented and unfermented beverages are rich in nutrients and minerals and can improve or support
good health. This finding is in line with previous studies16,17, which reported that the combination of
ginger, turmeric and garlic increased bioactive compounds that can exert pharmacological effects.
According to Vishwas et al.18, a neem, ginger and garlic powder mixture was able to improve the immune
responses of layer birds against Newcastle diseases.

Dietary metals serve important roles in bodily functions; even trace amounts can  improve  health  and
well-being. Zinc and copper are essential for a healthy immune system2. Metals ions that are important
to our health include calcium, chromium, copper, iron, magnesium, manganese, molybdenum, potassium,
sodium and zinc, contributing to the proper functioning of nerve cells, muscle cells, the brainthe heart,
the transportation of oxygen and in many other biological processes. All these essential metals are present
in this single drink19.
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The study was limited by the lack of assessment of sensory attributes and consumer acceptability, which
are critical for the marketability of the functional beverage blend. Future research should focus on scaling
up the fermentation process, evaluating shelf lifeexploring the bioavailability of nutrients and metals in
the beverage to enhance its functionality and consumer appeal.

CONCLUSION
This study has been able to show that plant juice obtained from garlic (Allium sativum), ginger (Zingiber
officinale), bitter kola (Garcinia kola), turmeric (Curcuma longa), lime (Citrus aurantifolia), neem leaf
(Azadirachta indica), onion (Allium cepa) and pineapple (Ananas comosus) mixed to make a beverage
(fermented and not fermented) contains nutrients that are necessary for a healthy diet. The process of
fermentation does not improve the nutritional content of the juice; therefore, need not be fermented
before consumption can be used to boost the immune system of people living with immune deficiency.

SIGNIFICANCE STATEMENT
The study evaluates the effect of fermentation on the nutritional and metal content of functional foods
blended into a healthy beverage. Findings indicate that while fermentation slightly increased protein
content, it did not enhance overall nutritional composition. Both fermented and unfermented beverages
were found to possess substantial nutrient levels, making them suitable for addressing malnutrition and
aiding in the prevention of immunodeficiency diseases.
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