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Abstract

Tea, derived from the plant Camellia sinensis, is a globally valued beverage originating from East and
South Asia, recognized for its flavor and health benefits. The methodology includes the use of soxhlet,
cold maceration and infusion extraction methods while physicochemical properties such as pH, color,
Brix, turbidity, and viscosity were done using standard procedures. The unbiased results demonstrated
that, Soxhlet extraction gave superior efficiency and higher yields compared to Maceration and
Infusion, attributed to its continuous and automated solvent cycling. The resulting TLFE was a rich,
dark brown-black color, consistent with the oxidation of black tea. Stability testing of the raw extract
over 14 days under different storage conditions revealed that refrigeration was the most effective
preservation method, maintaining a stable pH (6.7 to 5.7) and original color by inhibiting chemical and
enzymatic degradation. In contrast, room temperature and, particularly, sunlight exposure pH drop to
2.7) accelerated degradation, photo-oxidation, and color change. Formulating TLFE into Kunu
Sorghum, Tiger Nut Milk, and Ginger Juice beverages confirmed the critical role of storage as
refrigeration minimized changes in pH and color across all beverages, while sunlight caused the most
rapid deterioration. Furthermore, the physicochemical analysis showed that the base ingredients (Kunu
Sorghum, Tiger Nut Milk, Ginger Juice) significantly dictated the final product's properties.
Increasing the proportion of the base ingredient consistently increased Brix, turbidity, and viscosity,
whereas increasing the proportion of the TLFE consistently decreased viscosity and, in some cases,
turbidity, as the extract acted as a low-viscosity diluent. In conclusion, the findings underscore the
importance of low-temperature storage for TLFE-based products to maximize shelf-life and maintain
quality, while demonstrating that the extract can be successfully incorporated into traditional
beverages, influencing their final textural and sensory profile.
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INTRODUCTION

Tea, derived from the plant Camellia sinensis, is a globally valued beverage originating from
East and South Asia, recognized for its flavor and health benefits (Serdar et al., 2019). The
quality and composition of tea are influenced by factors such as farming methods,
environmental conditions, tea grade, and post-harvest techniques.

Based on processing and the degree of oxidation (fermentation), tea is broadly categorized into
non-fermented (green tea), semi-fermented (oolong tea), and fully fermented (black tea) (Serdar
et al., 2019). The fermentation process involves oxidation facilitated by the enzyme Polyphenol
Oxidase (PPO), which converts fresh tea polyphenols, notably catechins, into theaflavins and
thearubigins key oxidation products (Teng et al., 2017). Further, non-enzymatic browning, or
the Maillard reaction, can generate theabrownins (Zhou et al., 2017; Zhang et al., 2019). Beyond
its role as a beverage, tea extract is utilized in food science to regulate Polyphenol Oxidase
activity, act as an antimicrobial agent, prevent lipid oxidation, and reduce non-enzymatic
browning (Zhang et al., 2019; Jansson et al., 2019). These properties stem from its high content
of water-soluble colorants, or Tea Polyphenols, which typically surpass the polyphenol content
found in cocoa and grapes (Hassan and Che Abdul Rahim, 2021).

A significant environmental challenge in tea production is the disposal of Tea Leaf Fibres (TLF),
a waste product often discarded in large quantities on farmland or incinerated (Zhou et al.,
2017). This practice leads to environmental pollution, negatively impacting human health,
animal welfare, and aquatic ecosystems. Concurrently, popular West African beverages like
Kunun-zaki (Kunu) and Tiger Nut Milk face limitations, primarily a short shelf life due to
spontaneous fermentation. Kunu, a non-alcoholic fermented beverage typically made from
cereals like Sorghum (Sorghum bicolor), millet (Pennisetum typoidum), or maize (Zea mays), is
consumed widely in Nigeria (Akoma, 2006; Amusa, 2009). Tiger nut (Cyperus esculentus
lativum), an underutilized tuber, is used to produce a milk classified as a medicinal drink, rich
in minerals (phosphorus, potassium) and vitamins (Abaejoh, 2006). However, the quick
deterioration of these local drinks results in changes in color, taste, and quality, reducing
consumer acceptance and potentially causing stomach disorders.

The environmental and health concerns associated with TLF disposal, combined with the
limited shelf life and quality issues of Kunu sorghum and Tiger Nut Milk, necessitate
innovative solutions.

Ginger rhizome (Zingiber officinale), known for its spicy flavor and functional properties due to
bioactive compounds, is also a valuable additive (Srinivasan, 2017; Vasala, 2012). Therefore,
this study aimed to optimize the proportions of Kunu Sorghum, Tiger Nut Milk, and Ginger
Extract within a Tea Leaf Fibre base to formulate a novel, stable, and high-quality beverage.

MATERIALS AND METHODS

Sample Collection and Preparation

Tea leaf fibre from Mambila was Obtained after Mambila Beverages Production Company
located in Kakara, Taraba State, Nigeria. The collected Mambila tea leaf fibre samples
underwent oven drying at a temperature of 60 °C overnight to decrease moisture levels. The
dried fibre was subsequently ground into a fine powder was sieved with a mesh of 20 pm
(Azwanida, 2015).

A moisture content assessment was performed on the powdered tea Fibres. 5 g of the sample
were weighed, dried in the oven for 30 minutes at 150 °C, allowed to cool in a desiccator, and
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weighed multiple times until consistent weights were attained. The ground samples were then

stored in labeled brown envelopes for later use in the extraction of colorants (Azwanida, 2015).
Intial weight weight—weight of oven sample % 100

% Moisture content = — .
Initial weight of sample

EXTRACTION TECHNIQUES FOR COLORANTS FROM TEA LEAF FIBRE

Soxhlet Method

sample of 120 grams of the finely ground tea leaf Fibres were placed in a thimble within a
Soxhlet extractor. In this process, methanol solvent was vaporized, condensed, and cycled back
into the sample chamber, facilitating the extraction of the desired compounds (Bozinou et al.,
2019). Following extraction, it was filtered through muslin cloth and the extract was then
evaporation using a water bath at 40 °C which was then utilized for phytochemical analysis.

Maceration Method

To extract the fine powder of tea leaf fibre, the maceration technique was used. This involved
adding 120 grams of fine powdered tea leaf fibre into a 1000 mL beaker and covering it with
water as the menstruum. The container was sealed and left for a minimum of three days, during
which it was stirred occasionally to ensure thorough extraction (Azwanida, 2015). After three
days, it was filtered through muslin cloth and the extract was then evaporation using a water
bath. The yield of the extract was subsequently measured and noted.

Infusion Method

The extraction of the fine powdered tea leaf Fibres was carried out using the infusion method.
In this process, 120 grams of the fine powder was steeped in 260 mL of hot boiling water within
a 1000 mL beaker. The mixture stood in hot water for about five minutes before being filtered
through muslin cloth and then Whatman No. 1 filter paper. collected in a 250 mL conical flask.
The clear filtrate was then concentrated using a water bath set at 60 °C. The yield of the extract
was subsequently measured and noted (Nn, 2015).

PURIFICATION OF THE EXTRACTS

Soxhlet, Maceration and Infusion method was employed to extract the desired compounds
from the TLF. The soxhlet, Maceration, and Infusion extracts were filtered through a muslin
cloth and then, the extracts were filtered through a Whatman No. 1 filter paper to remove
particulate matter and impurities.

COLOR STABILITY EVALUATION

To assess the color stability of the beverage, a three-pronged approach was used. First, visual
evaluation was conducted using photography to capture and document any changes over time.
The beverage samples were then stored under different conditions: room temperature,
refrigeration, and direct sunlight to simulate various storage environments. Finally, to track
any chemical changes that might affect color, regular observations and pH measurements were
taken every 24 hours. (Sikorski, et al 2007).

APPLICATION AND EVALUATION OF THE EXTRACTED COLOURANTS IN LOCAL
BEVERAGES

Preparation of Kunu Beverage

Sorghum grains and sugar was obtained from Sangere supermarket and cleaned before being
soaked in water. The method of preparation was a modification of that of traditional method.
After thorough washing, about 500 g of the washed sorghum grain were soaked in water at
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room temperature. The soaked grain was washed and wet milled together with spices.
Following wet sieving, the mixture underwent partial gelatinization. The final product was
sweetened with sugar and packaged (Adeyemi and Umar, 2004). Kunu sorghum beverage
sample were created in the Department of Chemistry at Modibbo Adama University of Yola,
Nigeria.

Preparation of Tiger Nut Beverage (Kunu Aya)

Tiger nut seeds, fresh ginger, coconut, dates, and sugar were bought from a local supermarket
in Sangere for making the Kunu-aya beverage. To create Kunu-aya or Tigernut nut milk, it
involves removing nut nodules after which a cleaning, washing and sorted tiger nut seeds were
soaked in water for 5 hours, then they were wet milled together with preferred spices and
tiltered using muslin cloth to get the milk- like supernatant which is the tiger nut milk (TNM)
(Akoma et al., 2020). The resultant slurry bottled and chilled for further analysis.

Preparation of Ginger Beverage

Fresh ginger and sugar were sourced from the Sangere local supermarket in Yola. About 500 g
of fresh ginger roots were thoroughly washed and peeled, then chopped into smaller segments.
This ginger was blended with hot water; the resulting mixture was filtered through cheesecloth
to collect the ginger extract or juice. It was sweethen with sugar, bottled and chilled for further
analysis.

Optimization of the Local Beverage Composite

The optimization of the Local Beverage composite for each base ingredient (Kunu Sorghum,
Tiger Nut Milk, Ginger Extract) with the Tea Leaf Fibre Extract (TLFE) was formulated
through a two-stage approach. Varying the ratio of tea leaf fibres extract to base beverage.
TLFE increased relative to the base (1:1, 2:1, 3:1, 4:1, and 5:1). Varying the ratio of base
beverage to tea leaf fibres extract. Base beverage increasing relative to TLFE (1:1, 1:2, 1:3, 1:4,
and 1:5) (Olufunke and Oluremi, 2015). All composite samples were prepared in the
Department of Chemistry at Modibbo Adama University of Yola, Nigeria, using traditional
techniques.

pH Measurements of Extracted Colorants and the Formulated Beverages

pH of the drink was determined using a pH meter Hanna model HI 70300. Twenty (20 ml) of
the drink was measured into a beaker and the pH was determined after the meter was
calibrated using standard buffer of pH 4.00 and 6.86, sufficient time was allowed for
stabilization before readings were taken (AOAC, 2012).

BRIX SOLUBLE CONCENTRATE OF THE OPTIMIZED LOCAL BEVERAGE

the soluble solid content, express as °Brix, was determined in local beverages using
refractometer 740. The prism of the refractometer was cleaned and a drop of each optimized
local beverage sample was placed on the prism. Reading the sugar content percentage (soluble
sugar) directly from the refractometer display, with the results express in °Brix. (Obinna-Echem
and Cookey, 2022).

TURBIDITY OF THE OPTIMIZED LOCAL BEVERAGE

The turbidity meter was calibrated using standard solutions. Each optimized local beverage
sample was poured into a sample container and inserted into turbidity meter. The turbidity
reading in Nephelometric Turbidity Units (NTU) was recorded. The reading was repeated 2-3
times for each optimized local beverage sample, and the results were used to determine the
level of turbidity in each beverage (Hamad et al., 2022).
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VISCOSITY OF THE OPTIMIZE LOCAL BEVERAGE

Viscosity was measured using a vibro viscometer SV-10, using spindle at 12 rpm. About 25 ml
of each optimized local beverage sample was transferred in to a 250 ml beaker and the content
beaker was introduced directly unto the rotating spindle and the value of the viscosity
displayed on the screen and the temperature. The value was recorded at various ratios and the
temperature noted (Obinna-Echem and Cookey, 2022).

RESULTS AND DISCUSSION

Generally, Soxhlet extraction produces higher yield percentages when compared to Maceration
and Infusion. This is mainly due to the fact that Soxhlet extraction is a more automated and
efficient method, allowing continuous cycling of solvents that aids in extracting more
compounds from finely ground Tea Leaf Fibres.

In contrast, Maceration and Infusion depend on slower and milder extraction methods, which
might lead to lower yields. Nevertheless, these techniques can still work well for extracting
specific compounds, especially those that are sensitive to heat or strong solvents.

The extract from tea leaf Fibres appeared dark brown to black. This coloration could result from
the oxidation process that black tea experiences during its production, giving it its typical dark
hue. The extract maintains this deep color, leading to a rich, brown-black appearance. This was
in agreement with the report from the related Extraction studies of crude Curcumin from
Tumeric using Soxhlet apparatus and ethyl alcohol as a solvent was found to be 10.23%
(Himesh et al., 2011).

Table 1: Comparison of Yields from Different Extraction Techniques
Extraction Technique: Infusion Method = Maceration Method  Soxhlet Extraction Method

Weight of Samples (g) 120.00 120.00 120.00
Loss of Weight (g) 15.30 26.30 31.70
Extraction yields % 12.75 21.92 26.42

Table 2. shows the optimization stability of tea leaf fiber extract (TLFE), which is significantly
affected by storage conditions, including temperature and light exposure. The original TLFE
had an initial pH of 6.7. Over a 14-day period, its pH was monitored under three different
conditions: room temperature, refrigeration, and exposure to sunlight and it revealing the
following results:

Room Temperature: The pH of the TLFE steadily decreased from an initial 6.7 to 3.7 after 14
days. The color also showed a slight change, turning a darker brown. This decline in pH and
color change suggests chemical or enzymatic degradation of the extract's components over
time, which is accelerated at room temperature.

Refrigeration: The refrigerated sample demonstrated the greatest stability. Its pH remained
relatively stable, dropping only slightly from 6.7 to 5.7 over two weeks. Crucially, the
refrigerated extract maintained its original color, indicating that low temperatures effectively
inhibited the degradation processes observed in the other samples.

Sunlight Exposure: The sample exposed to sunlight showed the most rapid and significant
changes. The pH dropped from 6.7 to 2.7, and the color changed dramatically from brownish
to a very dark brown. This acceleration of degradation is likely due to photo-oxidation, where
light and heat cause polyphenols in the extract to undergo reactions, leading to color and pH
changes.
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This study demonstrates that low temperature is the most effective method for preserving the
stability of the tea leaf fiber extract, as it minimizes the degradation of its chemical components,
thereby maintaining its pH and original color.

The findings presented in the table 3. align with well-established principles regarding the
stability of plant extracts. Many studies confirm that factors like pH, temperature, and light
exposure are critical to the longevity of natural colorants and polyphenolic compound (Sun et
al., 2018).

pH stability, the general decrease in pH over time is a common phenomenon in natural extracts,
often due to the formation of organic acids through fermentation or oxidation. This is consistent
with a study by Zeng et al. (2017), which examined the stability of tea polyphenols and found
that pH is a key factor influencing their degradation.

Temperature effects, the superior stability of the refrigerated sample is a fundamental concept
in food science and chemistry. Lowering the temperature slows down chemical reaction rates
and enzymatic activity. Research by Anwar and Przybylski (2012) on the antioxidant activity of
flaxseed noted that high temperatures and prolonged storage can lead to a significant loss of
active compounds like catechins, which correlates with the observed pH and color changes in
the room temperature and sunlight samples.

Light Exposure, the rapid degradation and darkening of the sunlight-exposed sample are
consistent with photo-degradation. Light, especially UV radiation, provides the energy to
initiate chemical reactions, such as the oxidation of polyphenols (Sobolewski et al., 2014).

The pH and color stability of the study's findings are summarized in Table 3. above. The table
gives a detailed breakdown of the observations for each beverage type.

Before formulation, the pH was 3.2, which increased slightly to 4.28 after the addition of tea leaf
fiber extract.

The pH of the beverage exposed to direct sunlight showed a notable decrease from 4.28 to 3.2
over a seven-day period. This drop in pH, coupled with the color change from brown to dark
brown, suggests a breakdown of components likely due to oxidation and photodegradation.
Sunlight's ultraviolet (UV) radiation can accelerate these reactions, leading to the formation of
new, darker compounds.

The beverage stored at room temperature also experienced a pH decrease, from 4.28 to 3.5.
However, its color remained relatively stable. The decrease in pH is likely due to microbial
activity or natural fermentation processes.

Refrigeration proved most effective in maintaining stability. The pH showed only a minimal
change, from 4.28 to 4.25, and the color remained stable. This is because low temperatures
significantly slow down both chemical degradation and microbial growth.

The initial pH of the tiger nut milk was 5.8, which slightly decreased to 4.70 after being
combined with the tea leaf fiber extract.

Similar to the Kunu Sorghum beverage, the tiger nut beverage stored in sunlight showed the
most significant pH drop, from 4.70 to 3.0. The color shifted dramatically from brownish to
dark brownish. This rapid deterioration is likely a result of accelerated oxidation caused by
solar radiation, which degrades the beverage's components and affects its color.
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At room temperature, the pH decreased from 4.70 to 3.4. While the color was stable, the pH
change indicates ongoing chemical or biological activity.

Refrigeration was highly effective. The pH remained nearly constant, from 4.70 to 4.66, and the
color stayed stable, demonstrating the preservative effect of low temperatures.

Ginger juice had an initial pH of 5.7, which slightly dropped to 5.5 after being formulated with
the tea leaf fiber extract.

This beverage also experienced a substantial pH decline from 5.5 to 3.9 when exposed to
sunlight. The color changed from golden brown to a darker brown. This color change is likely
caused by the oxidation of polyphenols present in the ginger and tea, which are sensitive to
light and heat.

The pH decreased from 5.5 to 4.0 at room temperature, while the color remained stable.
Refrigeration provided the best stability. The pH showed a slight decrease from 5.5 to 4.8, and
the color remained stable throughout the storage period.

The observed trends align with existing research on the stability of traditional Nigerian
beverages. A study by Tyover et al. (2024) on the analysis of soy milk, kunu, and zobo beverages
using atomic absorption spectrophotometry and UV-Vis spectrometry reported similar
findings. They noted that environmental factors, particularly temperature and light,
significantly impact the physicochemical properties of these local drinks. The degradation of
color and a decrease in pH are common indicators of spoilage and reduced shelf life.

This study's findings corroborate the well-established principle that refrigeration is the most
effective method for preserving the physicochemical properties of food and beverages. The data
clearly shows that lower temperatures inhibit the chemical reactions and microbial growth
responsible for changes in pH and color, thereby extending the product's (Rahman, 2020).

Table 2: Optimization of the Tea Leaf Fibre Extract

Days pH of TLFE at Rm Temp pH of TLFE in Refrigerator pH of TLFE at Sunlight

59 6.7 6.4
5.4 6.6 55
52 6.6 54
52 6.6 53
51 6.6 52
51 6.6 51
47 6.6 49
43 6.6 43
41 5.8 41
4.0 5.8 3.6
4.0 5.8 3.4
3.8 5.8 31
3.7 5.8 31
3.7 5.7 2.7

Table 3. Shows the Brix values of the various formulated beverages. Brix values are crucial in
the food industry, as they impact product acceptance by influencing sugar content and
sweetness. The brix values of soluble concentrate from these local beverages exhibited varying
trends. Kunu Sorghum Tea Variation; when kunu sorghum was varied and tea leaf fibre extract
was kept constant, brix values increased from 3.02 to 3.16. this may be due to the gradual break
down of the polysaccharides and oligosaccharides. Conversely, when tea leaf fibre extract was
varied and kunu sorghum was kept constant, brix values decreased from 3.04 to 1.45. Tiger
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Nuts Tea Beverage Variation; Tiger Nuts Tea Beverage, being naturally sweet, show an
increased in sugar content from 1.37 to 2.58 when tea leaf fibre extract was kept constant.
However, when tea leaf fibre extract was varied, sugar content decreased from 2.58 to 1.37.
Ginger Tea Beverage Variation; ginger tea beverage exhibited an increased in sugar content
from 1.51 to 2.69 when ginger juice was varied and tea leaf fibre extract was kept constant in
contrast, when tea leaf fibre extract was varied and ginger juice was kept constant, sugar
content decreased from1.52 to 1.04. This study revealed a progressive increased as the
proportion of kunu sorghum, tiger nuts and ginger juice increased in their respective beverages.
Similarly, trends were observed in a previous study on value added zobo drink with date juice,
where increasing the amount of date juice resulted in higher sugar content (prince et al., 2023).

Table 3: Physicochemical Properties of the pH and Stability of the Colorant in Optimized
Local Formulated Beverages

Days pH Under the Sun Room Temperature Refrigerator
1 Kunu Sorghum Tea Teverage (1:1) 4.28 4.28 428
2 4.8 4.10 4.28

3 3.8 4.8 4.28

4 3.6 3.9 4.26

5 3.5 3.5 4.26

6 3.3 3.4 4.25

7 3.2 3.5 4.25

1 Tiger Nut Tea Beverage (1:1) 470 4.70 470
2 4.60 4.62 4.70

3 42 44 4.70

4 3.9 4.0 4.70

5 3.3 3.8 4.68

6 3.2 3.5 4.66

7 3.0 34 4.66

1 Ginger Juice Tea Beverage (1:1) 5.5 55 5.5
2 5.1 53 5.5

3 5.0 51 55

4 4.6 4.8 55

5 43 45 49

6 41 44 49

7 3.9 4.0 4.8

Table 4. Shows the turbidity results of the various formulated beverages. The turbidity values
ranged from 86 NTU to 98 NTU, indicating that all formulations were highly turbid. A lower
NTU value signifies less cloudiness, which is generally considered desirable for many
beverages. The observed changes in turbidity are likely due to the concentration of insoluble
components like fibers, starches, and proteins from the primary ingredients.

When the proportion of kunu sorghum was increased while keeping the tea extract constant
(1:1 to 1:5 ratios), the turbidity increased from 91 NTU to 98 NTU. This suggests that the
sorghum component contributes significantly to the cloudiness, likely due to its high starch and
fiber content. Conversely, when the tea extract was increased and kunu sorghum was kept
constant (1:1 to 5:1 ratios), turbidity slightly decreased from 91 NTU to 90 NTU, indicating that
the tea extract itself is less turbid than the kunu sorghum slurry.

Similar to the kunu sorghum beverages, increasing the proportion of tiger nut milk at a constant
tea extract ratio (1:1 to 1:5) led to an increase in turbidity from 90 NTU to 94 NTU. This is
expected, as tiger nuts are rich in insoluble fibers and fats, which contribute to a milky, turbid
appearance. When the tea extract was varied with constant tiger nut milk (1:1 to 5:1), the
turbidity showed the most significant decrease across all beverage types, dropping from 90
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NTU to 86 NTU. This suggests that the tea extract, when added in larger quantities, dilutes the
suspended particles from the tiger nut milk, resulting in a clearer product.

The ginger juice and tea extract blends showed a different pattern. Increasing the ginger juice
content with a constant tea extract (1:1 to 1:5) resulted in a slight increase in turbidity, from 90
NTU to 93 NTU. This increase is likely due to the fibrous pulp and other solids present in the
ginger juice. However, increasing the tea extract at a constant ginger juice concentration (1:1 to
5:1) led to a minimal decrease in turbidity, from 90 NTU to 88 NTU.

The high turbidity values observed in this study (86-98 NTU) are consistent with what's
expected for traditional, unfiltered beverages like kunu and tiger nut milk (Stounbjerg et al.,
2018). These drinks, by nature, contain suspended solids that give them their characteristic
opaque appearance.

For instance, research on similar beverages has reported a wide range of turbidity values. One
study showed that mechanically depulped mango juice exhibited turbidity levels as high as
approximately 7,300 NTU, underscoring how raw, unfiltered fruit juices can surpass 100 NTU
substantially (Santhirasegaram, 2015).

The slight decrease in turbidity observed when increasing the tea extract may be attributed to
the extract acting as a diluent and possibly introducing tannins and other compounds that
promote the settling of suspended particles similar to how mucilaginous plant-based extracts
can aid clarity in beverages. Moreover, it has been demonstrated that certain plant extracts such
as chitosan, Moringa oleifera seeds, okra, cassia, and cactus can serve as natural clarifying
agents to significantly reduce turbidity in liquid media (Othmani et al., 2020; Stephen and Lal,
2022).

Table 4: Brix Values of the Various Formulated Beverages

S/N  Ratios of Local Made Beverages Brix SC (©Bx) Refractive Index
1 1.1 Varying Kunu Sorghum at Constant Tea E 3.02 1.3373
2 1:2 3.04 1.3374
3 1:3 3.09 1.3374

4 1:4 3.12 1.3375

5 1:5 3.16 1.3350

6 1:1 Varying Tea Extract at Constant Kunu S 3.02 1.3373
7 2:1 3.04 1.3374

8 31 2.32 1.3363

9 4:1 1.67 1.3356

10 5:1 1.45 1.3351

1 1:1 Varying Tiger Nuts Milk at Constant Tea E 1.37 1.3350
2 1:2 1.59 1.3353

3 1:3 2.09 1.3360

4 1.4 245 1.3366

5 1.5 2.58 1.3367

6 1:1 Varying Tea Extract at Constant Tiger nuts M 1.37 1.3500
7 2:1 0.88 1.3343

8 31 0.82 1.3342

9 4:1 0.72 1.3340

10 5:1 0.60 1.3339

1 1:1 Varying Ginger Juice at Constant Tea Extract 1.51 1.3352
2 1:2 1.66 1.3354

3 1:3 2.36 1.3364

4 1:4 2.57 1.3367

5 1:5 2.69 1.3369

6 1:1 Varying Tea Extract at Constant Ginger Juice 1.51 1.3352

Luntsi J. et al, DUJOPAS 12 (1a): 21-34, 2026 29



Quality Improvement of a Tea-Leaf-Fibre Beverage Through Optimization of Sorghum Kunu, Tiger Nut Milk,
And Ginger Extract Blends

7 2:1 1.25 1.3348
8 3:1 1.14 1.3346
9 4:1 1.09 1.3347
10 51 1.04 1.3369

The Table 5. shows the viscosity trends by Beverage type across Kun Sorghum and Tea Blend,
Tiger Nuts Milk and Tea Blend, and Ginger Juice and Tea Blend, respectively.

The data for the Kunu Sorghum blend shows two distinct trends. Varying Kunu Sorghum:
When the ratio of Kunu Sorghum to tea extract was increased (from 1:1 to 1:5), the viscosity of
the beverage increased from 3.06 cP to 3.93 cP. This is a logical result, as Kunu Sorghum, a
traditional Nigerian beverage made from sorghum grains, contains starches and other solids
that contribute to a thicker consistency (Luo et al., 2024). Adding more sorghum to the mixture
increases the concentration of these thickening agents, thereby raising the viscosity.

Conversely, when the ratio of tea extract was increased (from 1:1 to 5:1), the viscosity decreased
from 3.06 cP to 1.99 cP. This suggests that the tea leaf fiber extract itself has a low viscosity and
acts as a thinning agent. As its proportion in the mixture increases, it dilutes the thicker Kunu
Sorghum component, leading to a thinner final product.

Similar trends were observed with the Tiger Nuts milk and tea blend. Increasing the proportion
of Tiger Nuts milk relative to the tea extract (from 1:1 to 1:5) caused the viscosity to increase
from 2.27 cP to 2.52 cP. This increase in tiger Nuts milk, or kunnu aya, could be due to its creamy,
slightly thick consistency due to its carbohydrate and fiber content. Increasing its concentration
naturally increases the overall viscosity. As the tea extract proportion was increased (from 1:1
to 5:1), the viscosity of the blend decreased from 2.27 cP to 2.06 cP. Again, the tea extract appears
to have a lower viscosity, causing a thinning effect when added in greater amounts.

Table 5: Turbidity Values of the Various Formulated Beverages

S/N Ratios of Local Made Beverages Turbidity Results (NTU)
1 1:1 Varying Kunu Sorghum at Constant Tea E. 091
2 1:2 093

3 1:3 094

4 1:4 096

5 1:5 098

6 1:1 Varying Tea Extract at Constant Kunu S. 091
7 2:1 090

8 31 090

9 4:1 090

10 51 090

1 1:1 Varying Tiger Nuts M at Constant Tea Extract. 090
2. 1:2 091

3 1:3 092

4 1:4 093

5 1:5 094

6 1:1 Varying Tea Extract at Constant Tiger Nuts M 090
7 2:1 089

8 31 088

9 4:1 087

10 51 086

1 1:1 Varying Ginger Juice at Constant Tea Extract 090
2 1:2 090

3 1:3 091

4 1:4 092

5 1:5 093

6 1:1 Varying Tea Extract at Constant Ginger Juice 090
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7 2:1 090
8 31 090
9 4:1 089
10 51 088

The Ginger Juice blend followed the same pattern. Varying Ginger Juice Increasing the ratio of
Ginger Juice (from 1:1 to 1:5) resulted in a gradual increase in viscosity from 2.32 cP to 2.87 cP.
Although fresh ginger juice is not highly viscous, it contains soluble solids that, when
concentrated, can contribute to a slightly thicker solution. Increasing the tea extract proportion
(from1:1 to 5:1) led to a decrease in viscosity, from 2.32 cP to 2.01 cP. This result further supports
the conclusion that the tea extract is a low-viscosity component that thins the final beverage.

The findings in this study align with general principles of fluid dynamics and food science. The
viscosity of a solution is directly related to the concentration of suspended solids, starches,
fibers, and other high-molecular-weight compounds (Steffe, 1996).

The observed viscosity values for Kunu Sorghum (3.06-3.93 cP) are similar to those reported for
other cereal-based beverages. For example, a study by Udo et al. (2018) on the rheological
properties of fermented cereal drinks in Nigeria found that the viscosity of kunnu zaki (a related
drink) was influenced by fermentation time and ingredient ratios. The increase in viscosity with
higher sorghum content is consistent with findings that show cereal starches swell and
gelatinize, thickening the liquid matrix (Zayas, 2012).

The most significant finding is that increasing the proportion of tea leaf fiber extract consistently
decreased the viscosity of all three beverages. This is a common phenomenon in food
processing, where adding a less viscous component to a more viscous one reduces the overall
resistance to flow. This effect is similar to diluting a thick syrup with water or a low-viscosity
liquid (Fennema, 2008). The tea extract, likely a watery solution of tea compounds and some
fibers, serves as this diluting agent.

The data demonstrates that the viscosity of the formulated beverages is a function of the
ingredient ratio, specifically the concentration of the base component (Kunu Sorghum, Tiger
Nuts milk, or Ginger Juice). The tea leaf fiber extract, being a low-viscosity fluid, acts as a
diluent. These findings are consistent with established principles of food science and the known
properties of the ingredients used. tea leaf fibre extract generally decreases the viscosity of the
local beverage

Table 6: Viscosity Values and the Temperatures of the Various Formulated Beverages

S/No Ratios of Local Made Beverages Results (CP) Temperature (°C)
1 1:1 Varying Kunu Sorghum at constant Tea E 3.06 322

2 1:2 3.34 324

3 1:3 3.40 324

4 1:4 3.64 324

5 1:5 3.93 324

6 1:1 Varying Tea Extract at constant Kunu S 3.06 32.2

7 2:1 2.32 32.2

8 31 2.28 32.5

9 4:1 2.23 325

1 51 1.99 32.4

1 1:1 Varying Tiger Nuts M at constant Tea Extract 2.27 31.5

2 1:2 2.35 31.3

3 1:3 2.65 31.7

4 1:4 2.76 31.2

5 1:5 291 31.8
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6 1:1 Varying Tea Extract at Constant Tiger Nuts M 227 31.5

7 21 2.23 325

8§ 31 2.20 325

9 41 211 32.6

10 51 2.06 32.7

1 1:1 Varying Ginger Juice at Constant Tea Extract 232 32.6

2 12 2.37 32.6

3 1:3 2.40 323

4 14 2.63 321

5 15 2.87 32.6

6 1:1 Varying Tea Extract at Constant Ginger Juice 2.32 32.6

7 21 2.29 322

8§ 31 2.23 32.1

9 41 2.03 32.0

10 51 2.01 32.0
CONCLUSION

The study successfully evaluated the extraction method, stability, and application of Tea Leaf
Fiber Extract (TLFE) in traditional Nigerian beverages, yielding three key conclusions. First, the
Soxhlet method proved to be the most efficient technique, providing higher yields of the
characteristic dark brown-black extract compared to Maceration and Infusion. Second, the
stability trials unequivocally established that refrigeration is essential for the preservation of
the raw TLFE and its formulated beverages. Low temperatures effectively stabilized the pH
and color by inhibiting chemical and microbial degradation, which were rapidly accelerated by
exposure to room temperature and sunlight. This highlights a necessary step for the commercial
viability and quality assurance of TLFE-based products. Finally, the physicochemical analysis
demonstrated that TLFE could be integrated into Kunu Sorghum, Tiger Nut Milk, and Ginger
Juice with predictable effects on texture and sweetness. The concentration of the base beverage
dictated increases in Brix, turbidity, and viscosity, a finding consistent with the starches, fibers,
and solids inherent to the local drinks. Critically, increasing the proportion of the TLFE acted
as a diluent, which consistently lowered the final viscosity across all three beverage types. In
sum, TLFE is a viable functional ingredient, but its products require refrigerated storage for
optimal quality retention, and its low-viscosity nature must be accounted for in formulation to
achieve desired textural attributes.
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