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1. Introduction

Abstract

Globally, among fermented milk products, yoghurt is in high demand because of
its live bacterial cultures, which help break down lactose in the gut. The extract,
Tiger nut milk, is rich in fibre, protein, vitamins, and minerals, making it a suitable
base for yoghurt production, especially for individuals with lactose intolerance or
those seeking healthier, non-dairy options. The addition of natural fruit flavours
enhances the sensory appeal and nutritional profile of tiger nut yoghurt, offering a
unique blend of taste and health benefits. Its nutty flavour gives the product distinct
sensory characteristics. The effect of different natural flavourings on the quality
and consumer acceptability of tiger nut yoghurt was evaluated. Tiger nut yoghurt
flavoured with pineapple, banana, and coconut fruits were compared for proximate
composition, selected physicochemical properties, percentage syneresis, and mi-
crobial count. Samples were subjected to sensory evaluation by a 60-member panel
on a 7-point hedonic scale, and data were analysed using ANOVA at a =0.05. The
protein content ranged from 3.93% to 6.70%, moisture content from 81.00% to
89.33%, ash content from 0.26% to 0.45%, fat content from 2.62% to 4.46%, and
carbohydrate content from 3.86 to 9.19%. The lactic acid was 0.11%-0.18% on the
2nd day and 0.10%-0.30% on the 8th day; the pH value of the freshly prepared
tiger nut milk was 4.6, while that of tiger nut yoghurt ranged between 3.8-4.9 on
the 2nd day and 3.4-3.8 on the 8th day, respectively. The specific gravity ranged
from 0.9818 to 1.0422, and soluble solids content ranged from 12.00 to 20.00%.
The percentage syneresis ranged between 38.20% and 49.10% on the second day
and 42.70 % and 50.80% on the 8th day of production, respectively. Total viable
count was between 340-220x10° CFU/mL, fungal count between 2.90-2.10x10*
CFU/mL, and coliforms were not detected. The sensory scores for banana-fla-
voured yoghurt had the highest values for taste (6.40), flavour (6.20), consistency
(6.60), and overall acceptability (6.60) among all samples. Plain tiger nut yoghurt
(negative control) had the lowest scores for colour, flavour, and overall acceptabil-
ity. The study concluded that natural fruit flavouring improved the sensory quality
of tiger nut yoghurt without compromising its physicochemical and microbiologi-
cal stability. These findings therefore present a viable dairy alternative with poten-
tial for commercialization and improved nutrition.
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Yoghurt is a dairy product produced by the anaerobic fermentation of milk lactose by lactic acid-producing micro-
organisms, mainly classified as probiotics. The global production of yoghurt has expanded significantly in recent
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years owing to the prevalence of lactose intolerance among the adult population and the interest in probiotics as
well as lactose-reduced dairy products driven by awareness of gut-health issues and demand for more digestible
dairy options [1].

It is often consumed as a dessert, snack, or probiotic drink and preferred over fresh milk in many dietary contexts
because it delivers substantial amounts of key minerals such as calcium, magnesium, phosphorus, and zinc, which
support digestion and also maintain balance within the intestinal microflora [2]. These nutrients are important in
physiological processes, and their contribution to total phosphorus intake has been reported as 30%-45% in Western
countries, including Nigeria, Ghana, and Senegal [3, 4]. Compared with lactose-containing unfermented milk, yo-
ghurt is generally more easily digested.

Tiger nut (Cyperus esculentus), sometimes identified as underground walnut, is an edible tuber-bearing plant
valued for its rich nutritional composition and versatility. The small, brownish tubers grow at the tips of the plant’s
rhizomes and possess a sweet, nutty flavor that enhances their sensory appeal [4]. Nutritionally, tiger nuts are ex-
cellent sources of lipids, proteins, carbohydrates, dietary fiber, vitamins, and essential minerals. They are charac-
terised by relatively low fat content, higher protein levels, and minimal antinutritional factors, such as polyphenols,
compared with some conventional plant-based sources. Beyond their nutritional value, tiger nuts exhibit antioxidant
and therapeutic properties that contribute to their increasing relevance in functional food formulations. The milk
extracted from tubers, commonly known as horchata de chufa, has attracted growing attention as a plant-based milk
alternative [5]. Exploring plant-based milk sources is crucial to meeting the nutritional needs of a growing popula-
tion, improving micronutrient intake, and promoting health in addition to addressing the rising prevalence of lactose
intolerance. This is crucial because animal milk remains expensive and not always readily accessible [6]. Tiger nut
milk is naturally sweet, lactose-free, and cholesterol-free, making it particularly suitable for consumers with lactose
intolerance or those seeking plant-based diets [7].

Flavourings are prepared from natural and synthetic aromatic substances, some of which may not occur in nature.
They are used to mask or modify undesirable flavours, thereby increasing the product’s acceptability by stimulating
the nose and palate. Natural fruit flavourings in yoghurt not only improve taste and aroma but also confer nutritional
and health-promoting benefits absent in synthetic flavourings [8]. Artificial flavourings are chemically synthesized
substances used to reproduce or enhance the sensory characteristics of natural flavours. Although approved flavour-
ing substances are generally considered safe when used within established permitted levels, certain compounds or
impurities may cause adverse reactions in susceptible individuals, including hypersensitivity responses and gastro-
intestinal symptoms. For some substances, toxicological studies have raised concerns about genotoxicity or carcino-
genicity, particularly at high exposure levels [9, 10, 11]. Furthermore, these flavourings typically do not provide
nutritional benefits, unlike natural flavourings which may possess antioxidant, antimicrobial, and anti-inflammatory
properties [12]. Conventional dairy yoghurt is frequently flavoured with synthetic flavouring substances. Although
authorized flavourings are generally considered safe when used at permitted concentrations, concerns may arise
from excessive exposure, impurities, individual sensitivities, and the limited toxicological information available for
some substances. Consequently, natural flavourings are being investigated as potential alternatives if their safety,
stability, sensory performance, composition, and sustainability are adequately established. Therefore, this study
aims to evaluate the effect of different fruits (banana, pineapple, and coconut) as flavorings on the quality and
consumer acceptability of tiger nut yoghurt. Banana, pineapple, and coconut were selected as natural flavouring
materials because they are widely consumed tropical fruits and are commonly traded within West African food
markets. These fruits are also suitable for value-added food production and can be sourced through regional pro-
duction and distribution systems, although their abundance may vary according to season and location [13]. In
addition, the fruits provide complementary sensory characteristics: banana contributes sweetness, body and a char-
acteristic fruity aroma; pineapple contributes a distinctive sweet-acidic flavour and attractive colour; while coconut
contributes a creamy mouthfeel and nutty aroma. Previous studies have shown that coconut- and fruit-enriched
yoghurt products can achieve acceptable sensory properties, supporting the suitability of these fruits for improving
the consumer appeal of plant-based yoghurt [14].

2. Materials and Methods
2.1 Materials

The materials utilized in this study include Tiger nut (Cyperus esculentus) seeds, glucose, salt, different fruits (ba-
nana, coconut, and pineapple) as flavourings, and sucrose, which were purchased in Towobowo market in Igboora,
Oyo State. Yoghurt starter culture (probiotics) and stabilizer (CMC) were purchased from a supermarket in Ojota,
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Lagos State, Nigeria. Other materials, including sterile airtight containers, a sieve, water bath, hammer mill, plastic
bowls, thermometer, blender, freezer, and electric oven, were obtained from the Food Processing Laboratory, Oyo
State College of Agriculture and Technology, Igboora, Oyo State.

2.2 Methods

2.2.1 Preparation of Tiger Nut Yoghurt

With slight modifications, the method of [15, 16] was adopted. Good-quality tiger nut (Cyperus esculentus) seeds
(1000 g) were sorted, washed, soaked in water (30+2°C) for 12 hours, blanched (60°C) for 10 minutes, ground, and
water was added in a ratio of 1:4 to give 12% total solids; the slurry was sieved aseptically. The recovered tiger nut
milk was pasteurised at 72°C for 15 minutes and cooled to 42°C in an ice bath. One (1) kg of tiger nuts yielded
approximately 2.5 L of milk. Other ingredients, including stabiliser (30g), glucose (10g), sugar syrup (2% W/V),
salt (2 g), and selected fruits for flavouring (50g), including banana, pineapple, and coconut, were added to 500 mL
of milk, then homogenized in a blender and cooled rapidly using a water bath (42°C). The homogenized milk was
inoculated with 4 g of selected starter culture (Lactobacillus bulgaricus and Streptococcus thermophilus at a ratio
of 1:1) and fermented for 6 hours at 42°C undisturbed. After fermentation, the yoghurts were cooled to 20°C in a
water bath, packaged in sterile enclosed containers (250 mL), and stored in the refrigerator (4 + 1°C) for up to 8
days for further analysis and sensory evaluation. The stabiliser concentration (30 g) was selected following [16] for
optimal gel formation, while sugar (2%) and glucose (10 g/L) were added to support fermentation and balance the
natural tartness of fermented milk, as recommended by [15, 16].

2.2.2 Analyses
The tiger nut yoghurt samples were evaluated for proximate and selected physicochemical properties using the
standard method of [17].

Proximate Analysis
Samples were analysed for moisture, protein, fat, and ash contents, with all analyses carried out in triplicate.

Determination of pH Value

The pH value of the tiger nut milk and all the yoghurts was measured using a pH meter (PYE UNICAM Model 292
MK?2). The pH meter was standardized with pH 4.0, 7.0, and 10.0 buffer solutions. The measurements were taken
in triplicate.

Lactic Acid Content Determination

Lactic acid content of tiger nut milk and all the yoghurt samples was determined by placing 20 g of a well-homog-
enised sample in a beaker and titrating it against 0.1 M NaOH with approximately 2 mL phenolphthalein indicator.
Titratable acidity was expressed as % Lactic acid and calculated below:

V x N x0.09008 x 100
m

%Acidity as lactic acid =

where:

V = volume of NaOH used, mL

N = normality of NaOH

m = sample mass, g

0.09008 = gram-equivalent weight of lactic acid for a 1 M acid-base reaction.

Determination of Soluble Solids Content

Soluble solids content was determined by calibrating the refractometer (Bausch and Lomb Abbe type) with distilled
water at the specified temperature of 20°C. A few drops of centrifuged sample were placed on the prism, covered,
and allowed to spread evenly. The soluble solids value was read in °Brix. The measurements were performed in
triplicate.

Determination of Specific Gravity

Specific gravity was determined using a pycnometer with its stopper as Wo. The pycnometer was filled with distilled
water; the stopper was inserted and placed in a constant-temperature water bath (20°C). The pycnometer was al-
lowed to equilibrate, and the liquid level was adjusted so the meniscus was at the calibration mark. The outside was
dried carefully and weighed as Ww. It was emptied, rinsed, and dried, filled with homogenized sample, equilibrated
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at the same temperature, adjusted to the calibration mark, dried, and weighed as Ws. The measurements were per-
formed in triplicate, and results were calculated using the equation below:
. . Ws -W
Specific Gravity = 20
Ww - Wo

Percentage Syneresis
Syneresis was determined using the method of [18]. A sample of 30 g was weighed into a clean container (M,),
centrifuged, and the whey was drained for about 20 minutes. The drained liquid was weighed as Mq. The weight of
the drained whey, expressed as a percentage of the weight of the yoghurt, gives the percentage of syneresis. The
test was performed in triplicate and calculated as follows:

% Syneresis = Ma/M, x 100 or [(weight of whey separated / initial sample weight) x 100]

Microbiological Examination

The microbiological analysis, including coliform, total viable, and fungal counts, was carried out following the
method of [19]. All analyses were carried out in triplicate, and the results were expressed as mean + standard devi-
ation.

Sensory Evaluation

Sensory evaluation was conducted on the yoghurt samples using sixty (60) untrained panelists consisting of students
and staff of Oyo State College of Agriculture and Technology (aged 18-50) who were regular consumers of yoghurt
[20]. Samples were coded with three-digit random numbers and presented in randomised order using a complete
block design. The panelists were asked to rate each sample for taste, flavour, consistency, colour, and overall ac-
ceptability on a 7-point hedonic scale where 1-7 represent dislike extremely (1) to like extremely (7) [21]. Each
panelist received each sample once. The responses generated were analysed using a two-way analysis of variance
(ANOVA) with product and panelist as fixed and random factors, respectively. Means were separated using Tukey’s
Honestly Significant Difference (HSD) test at o= 0.05. All analyses were performed using statistical software. The
degrees of freedom, F-statistics, and p-values for each attribute were reported in a structured format. Panelists were
included as a random factor in the ANOVA model (SPSS Version 26.0).

3. Results
Table 1. The proximate composition of tiger nut milk and tiger nut yoghurt samples (%)

Samples Moisture Protein Fat Ash CHO
Banana-flavoured yoghurt 81.00+0.10 5.66+0.02 3.77+0.01 0.38+0.01 9.19+0.02
Coconut-flavoured yoghurt 84.13+0.06 6.13+0.10 4.00+0.03 0.41+0.03 5.33+0.03

Dairy yoghurt 81.80+0.16 5.53+0.06 3.69+0.01 0.37+0.02 8.61+0.06

Plain tiger nut yoghurt 83.40+0.11 6.70+0.02 4.46+0.02 0.45+0.02 4.9940.03
Pineapple-flavoured yoghurt 82.87+0.12 5.344+0.13 4.45+0.01 0.36+0.01 6.98+0.07
Tiger nut milk 89.33+0.17 3.93+0.07 2.62+0.06 0.26+0.05 3.86+0.01

Note. Mean + SD of triplicate determinations in each sample

Table 2. pH value and lactic acid content of tiger nut milk and tiger nut yoghurt samples on the 2nd and 8th day

2nd Day 8th Day
Sample pH Lactic Acid (%) pH Lactic Acid (%)

Banana-flavoured yoghurt 3.8+0.5 0.14+0.01 3.5+0.1 0.20+0.02

Coconut-flavoured yoghurt 3.940.7 0.09+0.01 3.6+0.3 0.10+0.01

Dairy yoghurt 4.2+0.4 0.18+0.03 3.8+0.1 0.30+0.02

Plain tiger nut yoghurt 4.9+0.5 0.11+0.02 3.6+0.2 0.10+0.01

Pineapple-flavoured yoghurt 3.9+0.3 0.11+0.02 3.4+0.2 0.20+0.01
Tiger nut milk 4.6£0.6

Note. Mean + SD of triplicate determinations in each sample
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Table 3. Specific gravity and soluble solid contents of tiger nut yoghurt samples

Samples Specific gravity Soluble solid content (%)
Banana-flavoured yoghurt 1.0422+0.019 16.00+1.50
Coconut-flavoured yoghurt 1.0390+0.020 16.00£1.00
Dairy yoghurt 1.0395+0.016 20.0042.30
Plain tiger nut yoghurt 0.9818+0.007 12.00+1.00
Pineapple-flavoured yoghurt 1.0209+0.013 14.00+0.80

Note. Mean + SD of triplicate determinations in each sample

Table 4. The percentage syneresis of tiger nut yoghurt samples on the 2nd and 8th day (%)

Samples 2nd day 8th day
Banana-flavoured yoghurt 40.20+2.25 45.00+2.50
Coconut-flavoured yoghurt 41.60+2.00 45.00+2.50

Dairy yoghurt 44.50+1.50 46.90+1.40
Plain tiger nut yoghurt 38.20+2.50 42.70+2.30
Pineapple-flavoured yoghurt 49.10£1.90 50.80+1.20

Note. Mean + SD of triplicate determinations in each sample

Table 5. Microbiological evaluation of tiger nut yoghurt samples (CFU/ml)

Yoghurt Sample Total viable count (x10°) Fungal count (x10%) Coliform count (x10%)
Banana-flavoured 220+2.00 2.10+0.02 -
Coconut-flavoured 250+5.00 2.30+0.04 -
Dairy yoghurt 340+2.00 2.90+0.01 -
Plain yoghurt 320+3.00 2.40+0.02 -
Pineapple-flavoured 290+5.00 2.70+0.03 -

Notes. Mean = SD of triplicate determinations in each sample; -: Not found

Table 6. Mean ranks for quality attributes and consumers’ preferences

Sample Taste Colour Flavour Consistency Overakl)lﬂ./ixt;cepta-
332 6.40£0.672 6.30£0.46% 6.20+£0.61% 6.60 +£0.492 6.60 £0.67%
342 5.80+0.61° 6.10 +0.84 2 5.60+1.21° 6.10 £ 0.54° 6.10£0.71%
352 5.90+0.96° 6.00 +0.78 2 6.30£0.792 5.50+£0.68¢ 5.90+£0.71¢
362 5.90+0.71° 5.80 +0.88° 490+0.95¢ 6.10£0.71° 5.70+£0.6594
372 6.40+0.67% 6.30+0.65° 5.40+0.92° 6.00 +0.78" 6.30+0.652

Notes. Samples in the same column with different superscripts are significantly different from each other (ays). 332 (Banana-Flavoured), 342 (Coconut-
Flavoured), 352 (Pineapple-Flavoured), 362 (Plain Tiger nut Yoghurt) and 372 (Dairy Yoghurt).
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Table 7. The two-way ANOVA table of the Sensory attributes with product and panelist as fixed and random factors

Attribute Source df F p-value

‘ Sample 4 8.804 0.000

Taste Panellist 59 0.494 0.999
‘ Error 236

Sample 4 4.784 0.001

Colour ‘ Panellist 59 0.811 0.830
Error 236

‘ Sample 4 27.13 0.000

Flavour Panellist 59 1.648 0.005
‘ Error 236

Sample 4 23.326 0.000

Consistency ‘ Panellist 59 1.349 0.062
Error 236

‘ Sample 4 15.380 0.000

Overall Acceptability Panellist 59 0.786 0.863
‘ Error 236

4. Discussion
4.1 Proximate Composition

The results for the proximate composition of four different tiger nut yoghurt samples (banana, coconut, pineapple
and plain), tiger nut milk and dairy yoghurt (positive control) were summarised in Table 1. It was revealed that the
proximate composition of tiger nut milk and each tiger nut yoghurt sample varied among the 5 samples, with the
presence of protein ranging from 3.93-6.70%, moisture content (81.00-89.33%), ash content (0.26-0.45%), fat con-
tent (2.62-4.46%), and carbohydrate content (3.86-9.19%). The proximate composition of the tiger nut milk and
yoghurt samples differed considerably, indicating that the type of milk base, flavouring ingredient, fermentation
process, and formulation ratio influenced the nutritional characteristics of the products. The observed ranges are
generally consistent with the composition expected for fermented plant-based beverages and yoghurt-like products.
Similar variation has been reported for tiger nut and plant-based yoghurts, where moisture ranged from 78.4 to
81.8%, protein from 2.28 to 4.00%, ash from 0.29 to 0.40%, fat from 2.73 to 5.60%, and carbohydrate from 9.02 to
13.77% [22]. The milk yield was about 60%, while the ratio of slurry-to-water was 1:4. This yield was slightly
higher than that reported in [23], which could be a result of the water-to-slurry ratio.

Moisture was the most abundant component in all samples, ranging from 81.00 to 89.33%. This result is expected
because tiger nut milk and yoghurt are high-moisture foods consisting largely of water retained in the continuous
phase of the product. The highest moisture content was observed in tiger nut milk; the moisture content of all the
yoghurt samples, including controls (dairy and plain unflavoured tiger nut), is not significantly different from each
other. The values aligned with those reported for tiger nut milk, including approximately 90.7% moisture, and with
previous tiger nut yoghurt studies reporting values within the low- to mid-80% range [24]. The moisture contents
of the yoghurt samples are also within the range reported by [14] for another plant-based yoghurt.

The protein content ranged from 3.93% to 6.70%, with the highest value observed in the plain, unflavoured tiger
nut yoghurt sample (negative control). Tiger nut is not primarily a protein-rich crop; consequently, the protein level
of tiger nut milk depends strongly on the amount of nut solids extracted and retained after filtration. The flavoured
samples and the positive control did not differ significantly in protein content. Previous work reported crude protein
values of approximately 5.5% in tiger nut milk and 6.9% in fermented tiger nut milk [25], while another study
reported about 6.91% protein in conventionally produced tiger nut yoghurt [26]. These reports supported the rela-
tively high protein values obtained in the present study, although the protein content of tiger nut milk in this study
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is lower (3.93%) than 5.5%. The protein content in the milk aligned with the value reported by [27] and was a little
lower than that reported by [28]. There is a slight difference between the protein content in the milk and yoghurt
samples; this may be due to the presence of the starter microorganisms during processing. Fermentation may also
increase the measured protein concentration on a percentage basis as microorganisms utilize sugars and produce
biomass, although fermentation does not necessarily create new protein in nutritionally meaningful quantities. From
a nutritional perspective, the protein content suggests that the products can contribute to dietary protein intake, but
tiger nut yoghurt should not automatically be regarded as nutritionally equivalent to dairy yoghurt.

The fat content varied from 2.62 to 4.46%. Tiger nut is recognised for its appreciable oil content, and its lipid
fraction is an important contributor to the creamy mouthfeel and energy value of tiger nut milk. The present range
agrees with values reported for tiger nut yoghurt by [24], including 2.00-3.50% fat, and other plant-based yoghurt
formulations with fat ranging from 2.73 to 5.60%.

Ash content was low in all samples, ranging from 0.26 to 0.45%. This indicates that the products contained
relatively small amounts of total inorganic residue, although ash values do not identify individual minerals. The
findings are within the range of 0.28—0.40% reported for tiger nut yoghurt and 0.29-0.40% reported for plant-based
yoghurt formulated from tiger nut, coconut and date milk [24]. The variation in ash content may reflect differences
in the mineral contribution of tiger nut milk and fruits, as well as differences in filtration. Mineral-rich particles
retained in the milk can increase ash, whereas extensive sieving or filtration can reduce it. Fermentation itself is
unlikely to substantially increase the total mineral content, but it may change mineral solubility and distribution
through acidification.

Carbohydrate content ranged from 3.86 to 9.19%. This variation may be attributed to differences in the natural
carbohydrate content of tiger nut and the added fruit flavourings, as well as the possible use of sucrose and/or other
sweeteners. Banana preparations may increase carbohydrate levels through their natural sugars, whereas lactic acid
fermentation can reduce available sugars by converting them to lactic acid and other metabolites. The present values
are within the range reported for tiger nut yoghurt, although higher carbohydrate values of 9.02 to 13.77% [22] have
been reported in some plant-based yoghurt formulations.

4.2 Other Physicochemical Properties

The results for pH and lactic acid content on the 2nd and 8th day of storage were revealed in Table 2. The pH value
of the freshly prepared tiger nut milk was 4.6, while the yoghurt samples recorded pH values ranging from 3.80 to
4.90 on the second day of storage. By the eighth day, the pH had decreased to 3.40-3.80. The lower pH values in
the flavoured yoghurt samples compared with the fresh tiger nut milk and plain tiger nut yoghurt (negative control)
indicated that the starter microorganisms utilised fermentable carbohydrates in the milk and produced lactic acid
and other organic acids. The day-8 pH range of 3.40-3.80 indicated that the products became more acidic during
storage and that the formulations may have approached a relatively similar acidification endpoint. The lactic acid
content ranged from 0.09 to 0.17%. These results indicate acid production during fermentation and are consistent
with the acidity values (0.088-0.095%) reported for tiger nut and cow-milk yoghurt samples by [29]. Nevertheless,
higher acidity values of 0.56-0.64% have also been reported for tiger nut milk and tiger nut-cow-milk composite
yoghurts [30], indicating that starter culture, fermentation time, substrate composition, storage temperature, and
analytical method can substantially influence the result.

The opposite changes observed in pH and lactic acid content are consistent with the expected pattern of yoghurt
fermentation. However, pH and titratable (lactic acid) acidity are not interchangeable measurements: pH reflects
hydrogen-ion activity, whereas titratable acidity reflects the total acid neutralised during titration and is affected by
the buffering capacity of proteins, minerals and plant solids. Therefore, the results suggest that tiger nut milk was
capable of supporting lactic acid fermentation and producing an acidic yoghurt-like product. The decrease in the pH
of the yoghurt samples was accompanied by an increase in lactic acid content, which is often due to the activity of
lactic acid bacteria that are predominant in milk fermentation.

The specific gravity and soluble solid content of tiger nut yoghurt samples were highlighted in Table 3. The
specific gravity ranged from 0.9818 to 1.0422, and soluble solid content ranged from 12.00 to 20.00. [16] reported
arange of 0.8 to 0.9 for specific gravity and 11.4 to 19.2% for soluble solid content in another plant-based yoghurt.
The results are similar to the current study.

4.3 Percentage Syneresis

The percentage syneresis of tiger nut yoghurt samples on the 2™ and 8" days was revealed in Table 4. The percentage
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syneresis ranged between 38.20-49.10% on the second day and 42.70-50.80 on the eighth day of production. [31]
reported the range of 40.9 to 47.0% on the 1st day and 42.60 to 52.70% on the 8th day of production for soy yoghurt
samples. In the present study, the highest percentage of syneresis was observed in pineapple-flavoured tiger nut
yoghurt in comparison with other samples, which may be attributable to the high acidity and fibre content of pine-
apple pulp. The acidic conditions could weaken the protein network, causing greater whey separation. This obser-
vation is consistent with the study of [32], which reported that fruit acidity influences gel strength in plant-based
yoghurts, and excessive acidification can promote protein aggregation and syneresis, while negatively affecting
water-holding capacity.

4.4 Microbiological Examination

The microbial population of the tiger nut yoghurt samples is shown in Table 5. The total viable count was between
220x10° CFU/mL and 340x10° CFU/mL, while the fungal count was between 2.10x10* CFU/mL and 2.90x10*
CFU/mL, and there was no count for coliforms. The microbiological evaluation was done to examine the finished
product for the survival of starter organisms and possible spoilage or food pathogens. It was reported that the total
viable count of yoghurt should be greater than 200 x10° CFU/mL, and the yeast (fungal) count should be less than
10x10* CFU/mL, while the coliform/mL count should be less than 1 [33]. The absence of detectable coliforms
indicates that coliform contamination was not detected in the tested samples.

4.5 Sensory Evaluation

Table 6 shows the mean scores for the quality attributes of the tiger nut yoghurt samples, and Table 7 displays the
two-way ANOVA table of the sensory attributes with panelist and product as fixed and random factors, along with
degrees of freedom, F-statistics, and p-values for each attribute.

Sensory evaluation of five yoghurt samples (banana-, coconut-, and pineapple-flavoured tiger nut yoghurts; plain
tiger nut yoghurt; and dairy yoghurt) showed significant effects of sample on all attributes (o = 0.05). For taste,
banana-flavoured tiger nut yoghurt and dairy yoghurt received the highest scores and did not differ significantly,
while coconut- and pineapple-flavoured and plain tiger nut yoghurts scored significantly lower. For flavour, pine-
apple- and banana-flavoured tiger nut yoghurts were rated highest and were significantly superior to plain tiger nut
yoghurt, which had the lowest flavour score. Banana-flavoured tiger nut yoghurt had the highest consistency score,
significantly higher than all other samples, whereas pineapple-flavoured tiger nut yoghurt had the lowest con-
sistency. Overall acceptability was highest for banana-flavoured tiger nut yoghurt, which did not differ significantly
from dairy yoghurt and was significantly higher than plain and pineapple-flavoured tiger nut yoghurts. These results
indicated that banana flavouring improves the sensory quality of tiger nut yoghurt to a level comparable with or
exceeding that of dairy yoghurt, particularly in taste, consistency, and overall acceptability. The significant effects
of fruits on all sensory attributes are consistent with the previous study on sensory evaluations of soy yoghurts [16].

5. Conclusion

This study demonstrates that natural fruit flavourings-particularly banana-can significantly enhance the sensory
acceptability of tiger nut yoghurt without compromising its physicochemical or microbiological quality. The novelty
of the study lies in the comparative evaluation of three fruit flavourings in a tiger nut-based yoghurt, providing a
framework for optimising plant-based yoghurt formulations for the West African market. Limitations include the
absence of storage stability studies beyond 8 days. Future studies should evaluate the product’s shelf life under
ambient tropical conditions and investigate mineral composition, fatty acid profile, amino acid profile, antioxidant
activity, rheological properties, and sugar composition to provide a more complete assessment of product quality.
The further development of tiger nut yoghurt could provide an additional plant-based alternative to dairy-based
yoghurt and may support local agricultural value chains.

The incorporation of fruits as natural flavouring agents not only improves the flavour, colour and aroma of tiger
nut yoghurt but also enhances its nutritional value. Thus, fruit-flavoured tiger nut yoghurt may offer supplementary
nutritional and sensory benefits compared with conventional plain dairy yoghurt.
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