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The insufficient intake of fruits and vegetables in diets is identified as a modifiable health risk, emphasizing
the need to promote their increased consumption for their health benefits. This study explores the antioxidant
potential of tea blends incorporating pineapple peels, ginger, and lemongrass at the ratios of (2:0.1:0.1),
(2.0:0.25:0.25), and (2.0:0.5:0.5) respectively. Material and methods used for this study detail the sample
collection and preparation process, focusing on the antioxidant assays to include DPPH, total flavonoid, and
vitamin C estimation. Results show variations in antioxidant activity, flavonoid, sugar, and vitamin C contents
among pineapple peels, ginger, lemon grass and their blends with the tea blend ratio of 2.0:0.1:0.1 having the
highest antioxidant activity. The subsequent investigation into composite tea blends demonstrates how different
ingredient ratios influence the antioxidant, flavonoid, sugar, and vitamin C content in the final product. The
findings underscore the potential of these blends as functional beverages with varying health benefits
suggestive for those monitoring their sugar intake and stress levels. Hence, the study is able to address the
critical role antioxidants from these materials can play in combating oxidative stress, a contributor to various

diseases.
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Introduction

Tea, originating from China as a traditional beverage, holds
the distinction of being the world's oldest and most widely
embraced non-alcoholic caffeinated drink. The infusion is
crafted through the brewing of processed leaves from the tea
plant, scientifically known as Camellia sinensis (Kumar and
Shruthi, 2014). Globally, tea stands as the second most
consumed beverage, trailing only water in popularity. The
prevalent varieties, namely black, green, and oolong, all
trace their origins back to the Camellia sinensis plant, a
member of the Theaceae family. Annually, an estimated 3.0
million metric tons of dried tea are produced, with green tea
accounting for 20%, oolong tea for 2%, and the remainder
being black tea. Notably, Asian countries predominantly
favor green and oolong tea, while black tea finds widespread
consumption in India and Western countries (Anonymous,
2002)

Nigeria possesses a rich variety of fruits that are consumed
not only for their nutritional benefits but also for their
medicinal values. The prevalent antioxidants found in these
fruits include polyphenols, vitamins A, B, C and E, with
carotenoids present in some fruits to a lesser extent. The
majority of polyphenols are flavonoids, primarily in ester
and glycoside forms (Fleuriet and Macheix, 2003). Notably,
vitamin C and phenolics are categorized as hydrophilic
antioxidants, while carotenoids are considered lipophilic
antioxidants (Klein and Kurilich, 2000). Various analytical
methods have been employed to explore the antioxidant
properties of tropical fruits (Jimenez — Escrig et al., 2001).
The imbalance between oxidative mechanisms and
antioxidants in an organism's metabolic system, attributed to
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the excessive production of free radicals, has been linked to
diseases associated with oxidative stress (Oyedemi and
Afolayan, 2011). Antioxidants play a crucial role in
preventing or delaying oxidative damage caused by reactive
oxygen species. These include reactive free radicals like
superoxide, hydroxyl, peroxyl, alkoxyl, and non-radicals
such as hydrogen peroxide and hypochlorous. Antioxidants
function by inhibiting initiation and breaking chain
propagation or by suppressing the formation of free radicals
through binding to metal ions, reducing hydrogen peroxide,
and quenching superoxide and singlet oxygen (Shi et al.,
2001).

The insufficient intake of fruits and vegetables in the diet has
been identified as a modifiable health risk factor contributing
to the global burden of chronic diseases (WHO, 2005). To
address this challenge, promoting increased consumption of
fruits and plants is crucial, as numerous studies have
demonstrated their health benefits (Stangeland et al., 2009).
The byproducts generated from fruit processing pose socio-
economic and environmental challenges due to their low
industrial and commercial value. Pineapple, for instance,
results in approximately 75% byproducts during industrial
processing, with the peel being the largest proportion, often
overlooked for commercial use (Roda et al., 2016).
Interestingly, research indicates that the peel of some fruits,
such as pineapple, contains a higher quantity of antioxidants
compared to the edible portion, showcasing its nutritional
value (Guo et al., 2003; Ajila et al., 2007). The bioactive
compounds in pineapple peel, including sugars, organic
acids, essential minerals, cellulose, hemicellulose, pectin,
lignin, enzymes, flavonoids, and vitamins A and C, make it
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a promising ingredient for various applications, including
preservatives and substitutes for synthetic antioxidants (De
Oliveira et al., 2009; Lu et al., 2014; Yang et al., 2016;
Calejaetal., 2017).

Ginger, belonging to the Zingiberaceae family, is a plant
with significant medicinal, ethno-medicinal, and nutritional
values. The rhizome of ginger contains polyphenol
compounds with high antioxidant activity, making it a
potential preventive agent against various diseases (Kumar
et al., 2014, Stoner, 2013).

Lemon grass (Cymbopogon citrates) is an aromatic herb
with  phytochemical-rich leaves, including alkaloids,
glucosides, phenols, saponins, flavonoids, tannins,
terpenoids, and resins. With its origins in North and West
tropical Africa, Lemongrass has been historically used in
folk remedies for various ailments, and research has
identified its antioxidant, antiseptic, bactericidal, and
sedative properties (Amer et al., 2018; Manvitha & Bidya,
2014; Uraku et al., 2015; Naik et al., 2010). Pineapple peels,
ginger, and lemon grass have been known for their
individual antioxidant properties, but their combined
application and effects in a tea blend remain largely
unexplored. As the demand for natural and functional
beverages rises, investigating the antioxidant potential of
these complementary ingredients can contribute valuable
insights into the development of health-promoting tea
blends.
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Material and Methods

Sample collection

Fresh pineapples were acquired from the railway market in
Makurdi, lemon grass leaves were gathered from the
surroundings of the staff quarters of Benue State University,
and fresh ginger rhizomes were purchased from Wurukum
Market in Makurdi, Benue State. Subsequently, these raw
materials were brought to the laboratory for additional
processing.

Samples preparation

Pineapple fruits were soaked in water with added vinegar.
After soaking for 5 minutes, they were scrubbed with a
vegetable brush, rinsed under running water, and peeled to
remove dark eyes. The pineapple peels were then dried in an
oven at 60 °C for 24 hours. The dried peels were grounded
using a Khafaga Glass Blender, 2 g powder was measured
and packed into an empty tea bag, heat-sealed, and labeled.
Fresh ginger fruits were washed, scrubbed with a vegetable
brush, sun-dried for a week, pounded, ground, and finally
placed in an oven at 60 °C for a day. 2 g powder was
measured and packed into an empty tea bag, heat-sealed, and
labeled.

Fresh lemon grass leaves were washed with running tap
water. Once free of water, they were dried in an oven at 60
°C. The dried leaves were pulverized using a mortar and
pestle, and then grounded using a blender. 2 g powder was
measured and packed into an empty tea bag, heat-sealed, and
labeled.
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Fig 4: Packaged Samples in Tea Bags for Analysis

Formulation of Tea Blends

The prepared powdered materials were blended in ratios and
packed into a tea bag as shown in figures 1 - 4, sealed and
ready for infusion. The three blends were mixed in the
following ratios of Pineapple peels, Lemon grass and Ginger
respectively in grams: (2.0:0.1:0.1), (2.0:0.25:0.25),
(2.0:0.5:0.5).

Prepared Sample Infusions

The Six tea samples were each infused at a temperature
(100 °C) and for a time duration of 5 min. The infused liquid
was freeze dried and kept for further analysis.

Antioxidants Assays

DPPH ANTIOXIDANT ASSAY

Reagents: 1, 1-diphenyl 2-picryl-hydrazyl (DPPH),
Methanol, Ascorbic acid
Procedure

An amount of 0.1mM working solution of DPPH in
Methanol was prepared. 1mg/ml of the sample was prepared
in appropriate solvent. The concentration of the samples was
varied to 100 — 500 pg/mL by serial dilution. The reaction
mixture contained 1000 pL of the sample and 500 pL of
DPPH reagent. The mixture was allowed to incubate at room
temperature for 30 min in dark. The absorbance of the
reaction mixture was taken at 518 nm against the reagent
blank, methanol. The control involved methanol and DPPH
reagent. Ascorbic acid was used as standard to compare the
% inhibition.

Calculation: % Inhibition= Absorbance Ctrl - Absorbance
Sample/Absorbance Ctrl x 100

DETERMINATION OF TOTAL SUGAR

Method: Phenol Sulfuric acid Method

Principle: In hot acidic medium, glucose is dehydrated to
hydroxymethyl furfural. This forms a green coloured
product with the phenol and has absorption maximum at 490
nm.

Materials

1. 2.5N Hcl

2. Phenol 5%(wi/v) ie 5g in 100 ml of distilled water

3. Sulfuric acid 96% reagent grade

4. Solid sodium carbonate

5. Standard glucose: Stock: 100mg in 100 ml of distilled
water

Working standard: 10 ml of stock diluted to 100 ml with
distilled water (10%v/v) of the stock solution.

Procedure

0.10g of the sample was weighed into 15 ml test tube and
heated to boil by adding 5ml of 2.5N HCI in water bath for
1hr. After cooling, the solution was neutralized with sodium
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carbonate until effervescence ceases. The volume was made
up to 10 ml and centrifuge for 5min at 3000rpm. 1ml of the
supernatant was taken into a test tube and 1ml of phenol
solution added to it. Iml of distilled water was set as blank
while glucose was used as standard (10-100pg/ml) and
treated similarly as standard. 2ml of 96% sulfuric acid was
added to all tubes and shaken after which the mixture was
incubated for 30min. The absorbance of the resulting
solution was taken at 490 nm against the reagent blank. The
amount of total sugar was calculated from the standard curve
obtained

ESTIMATION OF TOTAL FLAVONOID

Total flavonoid content was measured by aluminium
chloride colorimetric assay described by Talari et al. (2012).
1ml of extracts or standard solution of Quarcetin (20 — 100
pg/ml) was added to 10 ml volumetric flask containing 4 ml
of distilled water. To the above mixture, 0.3 ml of 5 %
NaNO2 was added. After 5 minutes, 0.3 ml of 10 % AICI3
was added. At 6th min, 2 ml of 1 M NaOH was added and
the total volume was made up to 10 ml with distilled water.
The solution was mixed well and the absorbance was
measured against prepared reagent blank at 510 nm. Total
flavonoids content of the samples were expressed as mg of
Quarcetin equivalent per 100 g of fresh (Singh et al., 2004;
Sakar et al., 2008; Ayodeji et al.,2016; Ademoye et al.,2018
and Zairi et al.,2020)

DETERMINATION OF VITAMIN C (ASCORBIC ACID)
An amount of 0.1 g of the sample was taken into a 15 ml test
tube. This was extracted with 1 ml of 4 % trichloroacetic acid
(TCA). This was stirred with vortex mixer and allowed to
stay for 15 minutes. The component was centrifuged at 2000
rpm for 5 minutes. 500 microliter of Vitamin C color reagent
(Dichlorophenolindophenol) was added to 250 microliter of
the supernatant. The orange color that developed was
measured at 700 nm. Blank was prepared the same way as
sample but TCA used in place of sample supernatant. The
standard was prepared by using ascorbic acid at various
concentration. The vitamin C content in each sample was
calculated from the standard curve prepared using the
standard (Okwu & Omodamiro 2005).
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Results and discussion

Table 1: Total Antioxidant, Total Flavonoid, Total Sugar and Vitamin C Content in Pineapple Peels, Ginger and Lemon

Grass
Sample (9) Total Antioxidant Total Flavonoid Total Sugar Vitamin C content
200mg/mi mg/100g ug/mi mg/100g
Pineapple 69.2653 23.8334 14.6917 25.7623
Ginger 92.4731 169.0000 2.3311 27.2787
Lemon Grass 92.2043 14.6666 0.6837 27.0738

Table 2: Total Antioxidant, Total Flavonoid, Total Sugar and Vitamin C Content of the composite Tea Blends from

Pineapple Peels, Ginger and Lemon Grass at different ratios

Composite Tea Blends

Pineapple Ginger Lemon Grass

(©) ©) ©)

Total Antioxidant
200mg/ml

Vitamin
content
mg/100g

Total
Sugar
pg/mi

Total
Flavonoid
mg/100g

C

2 0.25 0.25

91.8459

90.3226

88.0825

62.1666 21.2768 8.5902

41.8333 17.1582 11.7459

36.6667 16.1697 49.0000

Antioxidants Activity of the
pure samples

100
- m W W
O T T

Pineapple  Ginger Lemon
Grass

pure samples

% Inhibition

Fig 5: Total Antioxidant in Pineapple Peels, Ginger and
Lemon Grass

Antioxidant activity Tea Blends

93 H Antioxidant
91 activity

(2.0:0.1:0.1) 2 0:0.25:0. 25) (2.0.0.5.0.5)

Blending ratios of pineapple peels, ginger and
lemon grass

Fig 6: Antioxidant Activity of Tea Blends from Pineapple
Peels, Ginger and Lemon Grass
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The Total anti-oxidants, flavonoids, reducing properties and
vitamin C content of Pineapple peels, Ginger, lemon grass
and their ratio blends were analyzed. Table 1 presents data
on the total antioxidant, total flavonoid, total sugar, and
vitamin C content in pure powders of dried pineapple peels,
ginger, and lemon grass.

The antioxidant content of the samples reveals interesting
variations. While pineapple peels exhibit a total antioxidant
value of 69.2653, ginger and lemon grass had the values of
92.4731 and 92.2043 respectively shown in Table 1 and
Figure 5. Ginger and lemon grass show higher total
antioxidant content compared to pineapple. This indicates
their potential in combating oxidative stress and promoting
health. Furthermore, Ginger stands out in terms of flavonoid
content, boasting a remarkable 169.0000, in contrast to
pineapple's 23.8334 and lemon grass's 14.6666. Flavonoids
are known for their antioxidant properties and potential
health benefits. Ginger exhibits the highest total flavonoid
content, significantly surpassing pineapple and lemongrass.
This suggests that ginger may offer more diverse flavonoid
compounds with potential health-promoting effects
(Joshipura et al., 2001).

In terms of sugar content, pineapple leads with 14.6917,
followed by ginger with 2.3311 and lemongrass with 0.6837.
The total sugar content varied widely among the samples.
Pineapple had the highest sugar content, followed by ginger
and lemon grass. This information is essential for those
monitoring sugar intakes, and it also impacts the taste profile
of each sample. The vitamin C content is notably consistent
among the samples, with ginger having the highest value of
27.2787, followed closely by lemon grass (27.0738) and
pineapple (25.7623). This suggests that all three samples can
contribute significantly to the daily vitamin C intake.
Vitamin C is an essential nutrient known for its antioxidant
properties and role in immune function. Pineapple, with its

103



http://www.ftstjournal.com/

Evaluation of antioxidant activity of tea blends formulated using pineapple peels, ginger and lemon grass.

significant vitamin C content, can be a valuable addition to
a diet focused on immune support. Researchers and
nutritionists can use this data for further investigations into
the health-promoting properties of these plant materials.
Also food and beverage industries can use this information
to develop products with enhanced nutritional profiles.
Table 2 presents data on composite tea blends
formulated from Pineapple Peels, Ginger, and Lemon Grass,
showecasing the various ratios of these ingredients and their
corresponding Total Antioxidant, Total Flavonoid, Total
Sugar, and Vitamin C contents. The blend ratios are
presented in table 2, with ratio values of (2:0.1:0.1),
(2:0.25:0.25), and (2:0.5:0.5), indicating the proportion of
each ingredient in the blend. The Total Antioxidant content
varies across the different blends. In the first ratio
(2:0.1:0.1), the Total Antioxidant content is 91.8459. As the
ratio of Ginger and Lemon Grass increases in subsequent
ratios, the Total Antioxidant content decreases, reaching
88.0825 in the last row with ratio (2:0.5:0.5) as shown in
figure 6. This suggests a potential correlation between the
ratios of ingredients and the antioxidant capacity of the tea
blends. Similar to the Total Antioxidant activity, the Total
Flavonoid content shows variation with different ingredient
ratios. The highest Total Flavonoid content is observed in
the first row (62.1666), while the content decreases in the
subsequent rows. This variation might be indicative of the
influence of ingredient ratios on the flavonoid composition
of the tea blends. In the table 2 above, there is a consistent
decrease in Total Sugar content as the ratio of Ginger and
Lemon Grass increases. The lowest Total Sugar content is
observed in the last row with ratio (2:0.5:0.5), suggesting
that the choice of ingredients and their increasing
proportions has a reducing impact on the sweetness of the
tea blends. The Vitamin C content also exhibits variability
across the different ratios. The highest Vitamin C content is
found in the third row with ratio (2:0.5:0.5) at 49.0000, while
the first two rows show lower Vitamin C content. This
indicates that increasing the ratios of Ginger, and Lemon
Grass can increase the Vitamin C levels in the composite tea
blends.
Hence, the formulated tea blends shows increased
antioxidant activity, vitamin C, and decreasing flavonoid
and sugar contents, suggestive of a tea blend best for those
monitoring their sugar intake and stress level. While tea
blend ratio (2.0:0.5:0.5) is best for those monitoring their
sugar intake, tea blend ratio (2.0:0.1:0.1) is best for those not
monitoring their sugar intake. While both blends had
comparatively close antioxidant activity.

Conclusion

The antioxidant properties of complementary tea blends
from Pineapple Peels, Ginger, and Lemon Grass were
evaluated. The blends revealed a nuanced relationship
between ingredient ratios and the content of total antioxidant
activity, this activity was observed to be dependent on the
total flavonoid, total sugar, and vitamin C present in the
individual amount of the sample materials added to
pineapple peels. The blend ratio of (2.0:0.1:0.1) is adjudge
to be the best tea blend rich in antioxidants and require the
smallest amount of additional sample materials (Ginger and
Lemon Grass) in its formulation. The findings underscore
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the potential of these blends as functional beverages with

varying health benefits, depending on their composition.
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