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ABSTRACT

This study evaluated the effects of processing methods on the proximate composition, vitamin content, and
sensory properties of tiger nut milk extracts. Four samples were prepared: sprouted (STNM), roasted (RTNM),
fermented (FTNM), and control (CTNM). Standard analytical methods were used for nutrient determination,
and sensory evaluation was conducted. Results showed significant (p < 0.05) differences among samples.
Moisture content ranged from 75.25% (RTNM) to 78.95% (FTNM). Protein was highest in FTNM (4.80%)
and lowest in CTNM (3.22%). Fat and ash contents were highest in RTNM (4.19% and 1.22%, respectively),
while crude fiber ranged from 1.35% (FTNM) to 1.74% (RTNM). Carbohydrate content was highest in CTNM
(14.94%) and lowest in FTNM (11.09%). Vitamin C was significantly higher in FTNM (17.87 mg/100 g),
whereas vitamin A was highest in CTNM (2.28 pg/100 g).Sensory evaluation also showed significant
differences, with CTNM having the highest scores in appearance (8.40), taste (8.00), aroma (7.90), and overall
acceptability (8.10). RTNM was moderately accepted, while FTNM recorded the lowest sensory ratings.The
study demonstrates that processing methods significantly improved the nutritional value, but reduced the
sensory qualities of tiger nut milk. Fermentation enhanced protein and vitamin C, roasting improved fat and
mineral content, while germination showed moderate effects. These methods can be utilized to improve the
nutritional value ,while process optimization should be employed to enhance consumer acceptability of tiger
nut milk for an improved food and nutrition security.

Keywords: Tiger nut milk; processing methods; nutrient value, sensory evaluation
INTRODUCTION

Tiger nut (Cyperus esculentus L.) 1s an ancient tuber crop widely cultivated in Africa and the Mediterranean
region, yet it remains largely classified as an under-utilized food resource despite its rich nutritional and
functional potential (Yuchen , Qihui , Guohua, & Fayin (2024).1t is commonly known as earth almond, chufa,
chew-fa, attadew and Zulu nuts. It is known in Nigeria as Ayaya in Hausa, Ofio in Yoruba an Akiausa in Igbo
where three varieties (black,brown and,yellow) Recent reviews highlight that tiger nut contains appreciable
amounts of lipids (22-45%), starch (23-48%), dietary fibre, protein, minerals, vitamins, and diverse bio-active
compounds, positioning it as a valuable raw material for functional foods and plant-based beverages such as
tiger nut milk (Yuchen , Qihui,Guohua, & Fayin, 2024). In particular, tiger nut milk (locally consumed in
many parts of Nigeria and globally known as “horchata de chufa”) has gained increasing attention as a lactose-
free alternative beverage with promising nutritional and health benefits.

Despite its long history of consumption, contemporary authors emphasize that tiger nut remains under-
exploited compared with major oil-seeds and legumes, largely due to limited research on optimized processing
and value addition (Yu, Lu, Zhang, Zhao, Guan, Pu, Gao, 2022). Recent systematic and review studies (2022—
2025) further stress that the crop holds strong potential for sustainable food systems, owing to its high energy
value, bio-active profile, and adaptability, but requires improved processing strategies to enhance its utilization
and acceptability (Fabrice , Catherine , Hilaire , Denise , Annick , Stephano & Tuba, 2022).
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Processing plays a critical role in determining both the nutrient composition and sensory quality of tiger nut
milk (Aremu et al., 2015; Sanchez-Zapata et al., 2012). Current literature shows that methods such as soaking,
roasting, germination, fermentation, drying, and enzymatic treatment significantly influence nutrient
availability, physicochemical properties, and consumer acceptability (Nwosu, 2011; Adebayo-Oyetoro ef al.,
2017; Madaki et al., 2018). Variations in extraction and processing techniques have been shown to alter
protein content, starch digestibility, lipid profile, and bioactive compounds, as well as sensory attributes such
as taste, aroma, colour, and mouthfeel (Chukwuma et al., 2010; Okorie & Nwanekezi, 2014). Similarly, recent
studies on processing modifications demonstrate that structural and compositional changes directly affect both
functional and sensory properties of derived products (Codina-Torrella et al., 2015; Rosello-Soto et al., 2019;
Li,, Yan, , Niu, Gong, , Bai, , Qu, & Wei, 2025; Ogodo, Benjamin , and Chrinius, 2025; Opurum,
Achinehwu, Barber , Obinna-Echem, (2025).

Consequently, there is a growing research interest in process modification as a means of improving the
nutritional quality and consumer acceptability of tiger nut milk. Understanding how different processing
techniques influence nutrient retention and sensory characteristics is essential for promoting the wider
utilization of this under-valued crop and for developing high-quality, acceptable plant-based beverages.

Statement of the Problem

Food insecurity remains a major challenge in low-income countries, driven by factors such as poor food
processing and storage, high food prices, inadequate infrastructure, poverty, and climatic variations (Abbey,
2018). Despite the need for sustainable nutritional solutions, tiger nut—an underutilized crop in Nigeria—is
largely consumed as a snack and not fully explored for its nutritional and economic potential.

Evidence shows that tiger nut possesses valuable nutrients and health-promoting properties, including support
for digestion, cardiovascular health, and immune function (Yeboah, 2012; Samuel, 2016; Aude, 2015).
However, its potential contribution to addressing malnutrition and food insecurity remains under-exploited.

Therefore, there is a need to enhance the utilization of tiger nut through processing techniques such as
fermentation, germination, and roasting, particularly in the production of tiger nut milk, to improve its
nutritional value and broaden its application in promoting food and nutrition security.

Purpose of the study

The main purpose of this study is to investigate the effect of modification on the proximate composition, some
vitamin contents and sensory value of tiger nut milk. Specifically, the study intends to;

1. modify the processing of tiger nut through sprouting (germinating), mild roasting and fermentation
(solid substrate), to achieve three products, and then the control sample.

2. determine the proximate compositions of the modified samples of tiger nut milk.

3. determine the vitamins C and A contents of the modified samples of tiger nut milk.

4. assess the organoleptic properties and general acceptability of the modified samples of tiger nut milk.
Design of the Study

This study adopted the experimental research design in carrying out the work. Experimental research design is
a blueprint procedure that enables, the researcher to test the hypothesis by reaching valid conclusion about
relationship between independent and dependent variables (Tapsoba, 2015).

Area of the Study
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The study was carried out in the Food Laboratory of the Department of Home Economics and Hospitality
Management, Alvan Ikoku Federal University of Education (AIFUE), Owerri, Imo State. AIFUE was named
after a leading educationist then in the person of "Alvanlkoku. Presently, the school is located along
Akwakuma-Amakohia/Orlu road just before the Federal Medical Centre Owerri.

Sample Preparation

Fresh tiger nuts were used for all treatments. The nuts were sorted to remove defective tubers, washed
thoroughly, and divided into portions for different processing methods.

Production of Fresh Tiger Nut Milk (Control) [CTNM]

Selected tiger nuts (1 kg) were washed, drained, and blended (electric blender Philips blender 1000w
(hr3573/91) with 200 ml of water to form a paste. The slurry was filtered using a 0.5 mm sieve (mesh). The
filtrate was collected in sterilized bottles and stored in a freezer (- 18°C) prior to analysis.

Production of Fermented (Solid-Substrate) Tiger Nut Milk [FTNM]

The sorted tiger nuts (1kg) were thoroughly washed with potable water. The cleaned tubers were soaked in
distilled water at ambient temperature (30+3 °C) for 24 hours to soften the tissues and initiate natural microbial
activity. After soaking, the water was drained, and the hydrated tubers were coarsely milled to increase the
surface area for fermentation.

The resulting mash was transferred into sterile shallow plastic trays and adjusted to a moisture content of
approximately 60%, ensuring a moist but non-waterlogged substrate suitable for solid-substrate fermentation.
No starter culture was added, allowing natural fermentation by indigenous micro-flora present on the tiger nut
and in the environment.

Fermentation was carried out under ambient dry-season conditions typical of tropical environments, with
temperature ranging 3043 °C and relative humidity of approximately 45-55%. The substrate was loosely
covered with sterile muslin cloth to prevent contamination while allowing aeration. The mash was fermented
for 48 hours, during which it was manually turned at 12-hour intervals to ensure uniform fermentation and to
prevent localized heat buildup.

During the fermentation period, a gradual decrease in pH from approximately 6.4 to 4.3 was observed,
accompanied by the development of a mildly sour aroma characteristic of lactic acid fermentation. The
temperature of the fermenting mass increased slightly (by about 2-3 °C above ambient) due to microbial
metabolic activity.

At the end of the fermentation period, the fermented mash was immediately processed into milk. Potable water
was added to the fermented substrate in a ratio of 1:3 (w/v), and the mixture was homogenized using a
laboratory blender (electric blender Philips blender 1000w (hr3573/91). The slurry was then filtered through a
double-layer muslin cloth (coarse pore size, (100-500 micrometer; 0.5mm mesh size) to obtain the fermented
tiger nut milk.

Production of Germinated (Sprouted) Tiger Nut Milk [STNM]

Tiger nuts (1 kg) were washed and soaked in potable water (1:3 w/v), then spread on moist jute cloth and
allowed to sprout for 48 hours at room temperature (30 £ 2 °C). The sprouted nuts were blended (electric
blender Philips blender 1000w (hr3573/91) with 200 ml water, filtered, bottled and stored in a freezer (- 18°C).

Production of Roasted Tiger Nut Milk [RTNM]

Cleaned and dried tiger nuts (1kg) were subjected to roasting. Prior to roasting, the tubers were washed and
air-dried for 24 hours to a moisture content of 10%. The process was carried out using an open pan under
controlled conditions. The tiger nuts were spread in a single layer and roasted at a temperature of 120-150 °C
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for 30 minutes, until golden brown. During roasting, the samples were stirred intermittently (every 5 minutes)
to ensure uniform heat distribution and to prevent charring. The roasted samples were then removed from the
heat source and allowed to cool at ambient temperature (30+£3 °C). After cooling, the roasted nuts were
blended (electric blender Philips blender 1000w (hr3573/91) with 200 ml water, filtered, and the extract was
stored in sterilized bottles in the freezer (-18°C).

Fresh Tiger nut

|

Washing
Draining
I v
Sprouting Roasting Cracking (pistle) Milling
(Allow to germinate, 48hrs) (Open fire, agbada ™)
Fermentation
(Solid substrate 48hrs)
Milling Cooling
4, ¢; W v
Sieving (0.5mm sieve) Milling Milling Sieving (0.5mm sieve)
l l A 4
Packaging Sieving (0.5mm sieve)  Sieving (0.5mm sieve)
l v A 4
Packaging Packaging Packaging
v l l
Sprouted Tiger Roasted Tiger Fermented Tiger CTNM
Nut Milk (STNM) Nut Milk (RTNM) Nut Milk (FTNM) Control

Fig 1: Flow diagram for production of modified Tiger nut milk
Proximate composition analysis

Proximate analysis of samples was carried out in triplicate determination using standard methods (AOAC,
2010).

Vitamin Analysis
Vitamin A Determination

Vitamin A determination was determined using Awolu et a/ (2013), the sample (1 ml) was measured into the
test-tube I (centrifugal) with a tight stopper and 1 ml of the KOH solution was added, the tube was plugged
and shake vigorously for 1 minute. The tube was heated in a water bath (60°C, 20 minutes), and was then
cooled down in cold water. About 1 ml of xylene was added, the tube was plugged and shaken vigorously
again for 1 minute. The tube was centrifuged (1500xg, 10 minutes), the whole of the separated extract (upper
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layer) was collected and transferred into the test tube II made of “soft” (sodium) glass. The absorbance A1l of
the obtained extract was measured at 335 nm against xylene. The extract in the test tube II was irradiated to the
UV light for 30 minutes, then the absorbance A2 was measured. The concentration Cx of vitamin A (nug/g) in
the analyzed liquid was calculated, using equation.

Cx (as B-carotene) = A1 — A2 x 22.23

Where: 22.23 is the multiplier received on basis of the absorption coefficient of 1% solution of vitamin A (as
the retinol form) in xylene at 335 nm in a measuring cuvette, 1 cm thickness.

Vitamin C Determination

Vitamin C content was determined by the spectrophotometric method using ascorbic acid as a reference
compound. About 10ml of the juice sample was weighed into 10ml of water and mixed together. The extract
(200ul) was pipetted and mixed with 300ul of 13.3% of trichloro-acetic acid (TCA) and 75ul (0.075ml) of
Dinitrophenylhydrazyl (DNPH). The mixture was incubated in water bath at 37°C for 3 hours. After 3 hours,
500ul of 65% sulphuric acid was added and the absorbance was read with the spectrophotometer at 520nm.
The concentration of vitamin C was calculated (Awolu ef al. 2013).

Vitamin C = Absorbance of standard = Absorbance of sample

Concentration of standard Concentration of sample
Sensory Evaluation

The sensory evaluation of the tiger nut milk samples was conducted using a panel of ten (10) trained and semi-
trained assessors, comprising lecturers and students of Alvan Ikoku Federal University of Education, Owerri.
The panelists were randomly selected based on their availability, willingness to participate, and absence of any
known allergies or intolerance to plant-based milk products.

Training of Panelists

Prior to the evaluation, the assessors underwent a brief training session aimed at familiarizing them with the
sensory attributes to be evaluated and the use of the hedonic scale. The training involved:

v" Explanation of key quality attributes such as appearance, colour, aroma, taste, mouthfeel, and texture
v Orientation on the 9-point hedonic scale and how to score samples objectively

v' Practice session using similar beverage samples to calibrate responses and improve consistency among
panelists

v" Guidance on avoiding bias, including not discussing scores during evaluation

Both trained (experienced) and semi-trained (naive but oriented) panelists were included to reflect a balance
between expert judgment and consumer perception.

Sample Preparation and Presentation

The samples were prepared, packaged, and presented under hygienic conditions. Each sample was placed in
identical, transparent, and sealed containers and coded as follows:Sprouted tiger nut milk (STNM); Roasted
tiger nut milk (RTNM); Fermented (solid-substrate) tiger nut milk (FTNM); Control tiger nut milk (CTNM).
The samples were arranged on a clean table and presented to panelists in a randomized order to minimize
positional bias. Each sample was served at ambient temperature (30+£2 °C).To further reduce bias, samples
were presented sequentially at different time intervals, and panelists were instructed to rinse their mouths with
clean water between evaluations.
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Evaluation Procedure

A structured questionnaire was administered to each panelist to assess the samples based on the following
attributes: Appearance; Colour; Aroma; Taste; Mouthfeel; Texture; Overall acceptability. Each attribute was
rated using a 9-point hedonic scale, where: 9 = Like extremely, 8 = Like very much ,7 = Like moderately ,6 =
Like slightly,5 = Neither like nor dislike , 4 = Dislike slightly , 3 = Dislike moderately , 2 = Dislike very much ,
1 = Dislike extremely

Bias Control Measures

To ensure reliability of results: ; Samples were coded to conceal identity; Panelists evaluated samples
independently; Order of presentation was randomized; Interaction among panelists during evaluation was
discouraged.

Statistical Data Analysis

The statistical package for service solution (SPSS) version (21) was used to analyze the data- proximate
composition, vitamins C and A, and sensory evaluation). The analyzed data were expressed using one-way
(one factor) analysis of variance (ANOVA). Duncan’s multiple range was used to separate/compare the means
obtained after each experiment. Difference was considered significant when P= 0.05.

RESULTS AND DISCUSSION

Table 1: Proximate and vitamins content of tiger nut milk extracts

Sample Moisture Protein Fat % Ash % Crude Carbohydrate Vitamin C Vitamin
% % fiber % mg/100g A
pg/100g

STNM 78.10°+0.01 4.26°+0.16 2.94°+0.02 1.18%+0.0 1.62%+0.0 11.88°+0.15 13.73°40.02 1.64°+0.0
RTNM 75.25%0.03 3.67°:0.01 4.19%£0.01 1.22*+0.01 1.74*£0.0 13.90*+0.01 6.25%£0.01  2.01°+0.0
FTNM  78.95%+0.04 4.80°£0.03 2.719+0.02 1.06°+0.0 1.35°+0.20 11.09°+0.39 17.87°£0.0  1.58£0.0
CTNM  75.99°+0.01 3.229+0.0  3.13°+0.01 1.029+0.01 1.67°°+0.0 14.94°+0.03 10.65°¢0.01 2.28%+0.0

LSD 0.02211 0.06038 0.02018  0.00955  0.13834  0.21156 0.01650 0.00345

Mean of duplicate and standard analysis. Mean value with different superscript along column are significant
(p<0.05). LSD-Least Significant Different.

Key:

STNM- Sprouted tiger nut milk extract sample

RTNM- Roasted tiger nut milk extract sample

FTNM- Substrate fermented tiger nut milk extract sample
CTNM- Control tiger nut milk extract sample

RESULTS AND DISCUSSION
Nutrient Composition of Tiger Nut Milk

The proximate composition and vitamin contents of tiger nut milk samples processed through sprouting
(STNM), roasting (RTNM), fermentation (FTNM), and untreated control (CTNM) are presented in Table 1.
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Significant differences (p < 0.05) were observed across all parameters, indicating that processing methods
markedly influenced nutrient composition.

Moisture content ranged from 75.25% (RTNM) to 78.95% (FTNM). The relatively high moisture levels
observed across all samples are consistent with previous reports, although slightly lower than the 85.79-89.93%
reported by earlier authors (Okorie & Nwanekezi, 2004; Udeozor, 2020; Ntukidem et al., 2019). The lower
values obtained in this study may be attributed to variations in extraction efficiency and processing conditions.
High moisture content suggests a greater susceptibility to microbial spoilage, thus necessitating preservation
methods such as refrigeration or pasteurization.

Crude protein content showed a clear improvement with processing, increasing from 3.22% in CTNM to 3.67%
(RTNM), 4.26% (STNM), and 4.80% (FTNM). The highest protein value (4.80%) recorded in FTNM agrees
with findings by Li ef al. (2025), who reported a 27-35% increase in crude protein following solid-state
fermentation of tiger nut substrates. Similarly, Ogodo et al. (2025) documented enhanced protein and amino
acid profiles in fermented tiger nut milk. They reported that laboratory fermentation of tiger nut milk led to a
significant increase in crude protein content from approximately 3.10% in the un-fermented sample to about
4.45-4.72% after fermentation, representing an increase of roughly 35-50%. The increase observed in this
study (approximately 49% increase from control to FTNM) is therefore consistent with these reports and can
be attributed to microbial biomass synthesis, enzymatic hydrolysis, and increased nitrogen availability.

RTNM (3.67%) showed higher protein than CTNM (3.22%), although lower than STNM and FTNM. This
indicates that roasting moderately improves protein concentration, likely due to moisture loss and enhanced
extractability, but is less effective than biological processes such as fermentation and germination. Similar
trends were reported by Olapade ef al. (2021), who observed increases in protein content from 2.69% in the
raw (control) sample to as high as 18.65% in processed samples (fermented, germinated, and roasted)
following thermal and biochemical processing of tiger nut,indicating a substantial enhancement due to
combined thermal and biochemical treatments.The magnitude of increase observed by Olapade ef al. (2021)
was much higher;the difference may be attributed to variation in sample form (flour vs. milk extract),
processing intensity, and analytical basis (dry vs. liquid matrix).

The increase in protein content across processed samples can also be explained by degradation of anti-
nutritional factors such as phytates and tannins, which bind proteins and reduce their detectability. Olapade et
al. (2021) reported significant reductions in these compounds alongside improved protein availability, while
Sotongui et al. (2025) confirmed enhanced nutrient bio-availability in fermented tiger nut products (reducing
sugars increased from 2.48 to 4.05 g/100 g; protein content increased from 29.33 to 34.00 mg/100 g),
increasing soluble and reducing sugars (improving digestibility) and reducing anti-nutritional factors that limit
nutrient absorption.

Fat content varied significantly, with the highest value observed in RTNM (4.19%), compared to 2.94%
(STNM), 2.71% (FTNM), and 3.13% (CTNM). The increase in roasted samples may be due to concentration
effects following moisture loss. Conversely, the lower fat content in FTNM suggests microbial utilization of
lipids during fermentation, as supported by Ogodo et al. (2025), who reported reductions in fat content during
fermentation processes.Specifically, their study showed that crude fat content decreased significantly (p < 0.05)
after fermentation (spontaneously fermented,11.72%; lab-fermented,10.23%) compared to the un-fermented
control ( 11.84%). The reduction in fat content reported by Ogodo et al. (2025) is attributed to: microbial
lipolytic activity, where microorganisms hydrolyze lipids,utilization of fatty acids as energy sources during
fermentation, and conversion of lipids into metabolic intermediates.

Ash content ranged from 1.02% (CTNM) to 1.22% (RTNM), indicating that processing slightly improved
mineral content. This supports Onyeka (2008), who described ash as an index of mineral composition, and
suggests that processing does not adversely affect mineral retention.

Crude fibre values were relatively close (1.35-1.74%), although FTNM (1.35%) was lower than other samples,
likely due to enzymatic breakdown of fibre during fermentation. Ntukidem et al. (2019) similarly reported
fibre degradation following processing. Specifically,they reported that crude fibre content was highest in fresh
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tiger nut milk (0.12%) but decreased significantly (p < 0.05) in sprouted (0.10%) and roasted samples (0.11%),
indicating fibre degradation during processing, which supports the lower fibre value (1.35%) observed in the
fermented sample (FTNM) in the present study.

Carbohydrate content was highest in CTNM (14.94%) and lowest in FTNM (11.09%), reflecting carbohydrate
utilization during fermentation. This agrees with previous quantitative findings where fermentation reduced
carbohydrate levels to about 9.60%, representing an estimated 20-35% decrease compared to un-fermented
samples. Similarly, total sugars have been reported to decline by approximately 10—11% during fermentation

due to microbial metabolism, with reductions becoming more pronounced as fermentation time increases
(Adebo et al., 2022; Sotongui et al., 2025; Ogodo et al., 2025).

Vitamin C content showed marked variation, with FTNM recording the highest value (17.87 mg/100 g),
compared to 13.73 mg/100 g (STNM), 10.65 mg/100 g (CTNM), and 6.25 mg/100 g (RTNM). This increase in
FTNM is consistent with Li et al. (2025), who reported an increase in vitamin C from approximately 8.40 to
15.20 mg/100 g (~80% increase) following fermentation, and Ogodo et al. (2025), who observed a rise from
about 9.50 to 14.60 mg/100 g (~55% increase). The significantly lower value in RTNM confirms the heat
sensitivity of vitamin C, as thermal processing leads to degradation.

Vitamin A content, however, was highest in the control sample (2.28 ng/100 g) and lower in processed
samples (1.58-2.01 pg/100 g), suggesting losses during processing. This may be linked to the fat-soluble
nature of vitamin A and its susceptibility to oxidation and heat. Madaki et al. (2018) reported that raw tiger nut
contains approximately 24.0-28.5% fat, indicating a high lipid matrix that supports fat-soluble vitamins; thus,
processing-induced fat losses may account for the observed reduction in vitamin A content.

Table 2: Sensory properties content of tigernut milk samples

Sample Appearance Mouth-feel Aftertaste Aroma Taste Overall acceptability

STNM 7.80°t1.31  5.70%+0.59  6.50°°£0.63  5.80°£0.44  4.70°:0.57  5.40°+0.54
RTNM 7.40°£0.84  6.70°+0.39  6.50°°+0.56  6.80*+0.48 7.0°£0.49  6.90°°+0.45
FTNM 5.40°+1.50  4.40°+0.61  4.50°+0.73 5.10°£0.62  3.40°£0.70  3.80°+0.59
CTNM 8.40°£0.51  7.50°+0.34  7.90°+0.10 7.90°£0.23  8.0°+0.25 8.10°+0.17

LSD 0.66999 0.71141 0.79722 0.75462 0.75462 0.66583

Mean of duplicate and standard analysis. Mean value with different superscript along column are significant
(p<0.05). LSD-Least Significant Different.

Key:

STNM- Sprouted tiger nut milk extract sample

RTNM- Roasted tiger nut milk extract sample

FTNM- Substrate fermented tiger nut milk extract sample
CTNM- Control tiger nut milk extract sample

Sensory Properties of Tiger Nut Milk samples

The sensory evaluation results (Table 2 above) revealed significant differences (p < 0.05) among samples
across all attributes.The control sample (CTNM) consistently recorded the highest scores in appearance (8.40),
mouth-feel (7.50), aftertaste (7.90), aroma (7.90), taste (8.00), and overall acceptability (8.10), indicating that
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it was the most preferred by panelists. In contrast, FTNM recorded the lowest overall acceptability score (3.80),
despite its superior nutritional profile.

Although STNM and RTNM showed moderate acceptability (5.40 and 6.90, respectively), they were still
significantly lower than the control. This suggests that while processing improves nutritional quality, it may
adversely affect sensory attributes, particularly in fermented samples. The lower scores for FTNM may be
attributed to the development of strong acidic or fermented flavours, which are less acceptable to consumers
unfamiliar with such profiles.

The findings highlight a trade-off between nutritional enhancement and sensory acceptability. While
fermentation significantly improved protein (4.80%) and vitamin C (17.87 mg/100 g), it resulted in poorer
sensory ratings. This agrees with Ogodo ef al. (2025), who reported that protein increased from approximately
3.20% to 7.44% and vitamin C from 9.50 to 14.60 mg/100 g following fermentation, while taste and aroma
scores declined from about 7.20 to 5.10 and 7.00 to 5.00, respectively, indicating a 25-30% reduction in
overall acceptability.

CONCLUSION

The results clearly demonstrate that processing methods significantly influence both the nutritional and
sensory properties of tiger nut milk. Fermentation produced the highest improvements in protein (4.80%) and
vitamin C (17.87 mg/100 g), consistent with recent literature (Li et al., 2025; Ogodo et al., 2025). Sprouting
also improved protein content (4.26%), while roasting moderately enhanced protein (3.67%) compared to the
control (3.22%).

However, despite these nutritional improvements, the control sample remained the most preferred overall
(8.10), indicating that processing negatively affected sensory attributes, particularly in fermented samples.
Therefore, future studies should focus on optimizing processing conditions to achieve a balance between
improved nutritional quality and consumer acceptability.

RECOMMENDATIONS

1. Future research should focus on optimizing processing conditions, particularly fermentation parameters
(time, temperature, and starter cultures), to achieve a balance between enhanced nutritional quality and
improved sensory acceptability. The use of flavour-masking strategies and natural additives should be
explored to enhance consumer preference.

2. Studies should also investigate combined processing techniques (e.g., sprouting and fermentation) and
optimize sprouting conditions to maximize nutrient retention while maintaining acceptable sensory
properties. In addition, efforts should be made to minimize losses of heat-sensitive vitamins through
controlled thermal processing.

3. Further research is needed on shelf-life stability, microbial safety, and packaging for large-scale
production. Finally, comprehensive evaluation of nutrient bio-availability and functional properties is
recommended to support the development of tiger nut milk as a nutritionally enhanced and consumer-
acceptable functional beverage.
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