Assessment of Nutritional and biochemical Properties of Tiger Nut Milk fermented with Strains of Lactic Acid Bacteria
[bookmark: _Toc207793052][bookmark: _Hlk206749122]Abstract
[bookmark: _GoBack]Tiger nut (Cyperus esculentus L.) milk is a plant-based beverage with promising nutritional and functional qualities. This study investigated the effect of both spontaneous and lactic acid bacteria (LAB) consortium fermentation on the microbial population and nutritional profile of tiger nut milk. Fresh tiger nuts were purchased and made into raw tiger nut milk; aliquots were fermented spontaneously at ambient temperature (25–30 °C) for 24 h or inoculated with lactic acid bacteria (LAB) consortium. The consortium was isolated from spontaneously fermenting maize and confirmed by 16S rRNA gene sequencing as Lactiplantibacillus plantarum (KY817121) and Pediococcus pentosaceus (NZCP148037). Proximate analyses followed AOAC methods: moisture rose from 19.00 ± 0.07 % to 24.50 ± 0.03 %, ash from 0.71 ± 0.001 % to 0.95 ± 0.001 % and crude protein from 4.90 ± 0.035 % to 7.44 ± 0.001 %, whereas crude fiber fell from 5.66 ± 0.007 % to 4.77 ± 0.001 %, crude fat from 11.85 ± 0.511 % to 10.23 ± 0.001 % and carbohydrates decreased from 57.88 ± 0.001 % to 52.09 ± 0.001 % (p < 0.05). Mineral content was assayed revealing increases in Ca (2.625 to 2.670 mg/L), K (9.210 to 9.660 mg/L), Na (3.570 to 3.600 mg/L) and P (3.522 to 3.616 mg/L). Free amino acids were quantified showing rises in glycine (0.023 to 3.243 mg/200 mL), phenylalanine (0.101 to 0.501 mg), cysteine (0.002 to 0.410 mg) and leucine (0.030 to 0.450 mg). Vitamins A and B₁₂ decreased from 25.645+0.001mg to 3.559+0.001mg and from 4.342+0.001mg to 1.662+0.001mg respectively. Data were statistically analyzed at p < 0.05. Overall, controlled LAB fermentation substantially enhanced protein content, mineral bioavailability and essential amino acid levels while reducing fat, carbohydrates and heat-sensitive vitamins, emphasizing its promise for developing nutrient-dense, probiotic plant-based dairy alternatives.
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1.0 Introduction
The tiger nut, also known as the “underground walnut”, grows all over the world because of its high yield and broad prospects for comprehensive utilization. The tiger nut is the tiny tuber of Cyperus esculentus L., which can be roasted and used to be sweetmeat in Egypt (Yu et al., 2022). Later, it was made into a refreshing drink called “horchata de chufa” with the appearance of dairy look in the Mediterranean area, which is usually consumed in summer. Although tiger nuts are widely cultivated around the world, the research on them is insufficient, which greatly limits their application (Yu et al., 2022).
Species of lactic acid bacteria (LAB) belong to numerous genus under the family of Lactobacillaceae (Coelho, 2022). They represent as potential microorganisms and have been widely applied in food fermentation worldwide due to their well-known status as generally recognized as safe (GRAS) microorganisms (Adesulu-Dahunsi et al., 2022). They are also recognized for their fermentative ability and thus enhancing food safety, improving organoleptic attributes, enriching nutrients and increasing health benefits (Gemechu, 2015). Fermentation is generally considered as a safe and acceptable preservation technology of food and fermentation using LAB can be categorized into two groups based on the raw material used, non-dairy and dairy fermentation (Widyastuti & Febrisiantosa, 2014). 
2.0 Materials and methods
[bookmark: _Toc99299603][bookmark: _Toc207793090]2.1 Study Area
[bookmark: _Toc207793091]The research was carried out in Wukari, a town in the southern part of Taraba State, Nigeria. It is one of the largest local government areas in the state, covering 4,308 km2. The main languages spoken are Jukun, Kuteb, Tiv, Hausa, and Fulani. It is an important town in Taraba state, known for agricultural activities among other things. Wukari is located between latitude 7°55'42" north and longitude 9°47'59" east (Kenneth and Daniel, 2024).
2.2 Sample and Sample Collection
Tiger nut and maize were obtained from Wukari old market in Taraba State, Nigeria. It was transported to the laboratory in a clean polythene bag for processing and analysis at the Federal university Wukari, Microbiology laboratory. 
[bookmark: _Toc207793092]2.3 Isolation and Identification of Lactic acid Bacteria (LAB)
Samples of spontaneously fermenting maize, was collected from the fermentation vessel. The sample (typically 10 g) was mixed with 90 mL of sterile saline water (0.1% w/v) to create a dilution. This mixture was homogenized using a glass rod for about 120 seconds. Following homogenization, serial dilutions were prepared (e.g. up to 10-6) using sterile saline water. This step helped in isolating individual colonies by reducing the concentration of microorganisms. The diluted samples were plated on selective media De Man, Rogosa, and Sharpe agar (MRS). This media is specifically designed to promote the growth of LAB while inhibiting other bacterial species. The plates were incubated under appropriate conditions—typically anaerobically at 34°C for 48 hours. Anaerobic chambers were used to create the necessary environment.
[bookmark: _Toc207793093]2.4 Phenotypic and Biochemical Identification and characterization of Lactic Acid Bacteria 
The purified colonies of lactic acid bacteria underwent a detailed examination, including the determination of their macroscopic and microscopic characteristics, following the approach described by Kunchala et al. (2016). This included utilizing Gram staining methods, motility test, and biochemical tests namely oxidase test and catalase test; in addition to sugar fermentation tests, with the following sugars lactose, sucrose, and glucose. Acid tolerance tests, and sodium chloride tolerance tests was also performed. 
2.5 Physiological Characterization of Lactic Acid Bacteria (LAB)
Isolates underwent Sodium chloride and acid tolerance test to determine which isolate will thrive better under fermentation conditions. Isolates that are found to have more acid tolerance, lower pH and low salt tolerance after a prefermentation test were chosen and further identified using molecular methods (Purwati et al., 2020).  


2.6 Molecular Characterization of Lactic Acid Bacteria
The method used by Shahriar et al. (2011) served as the basis for the DNA extraction process, followed by Polymerase Chain Reaction (PCR) Amplification, Gel electrophoresis and sequencing. The DNA sequence was blast in accordance to the method by Ekeng et al., (2022). The DNA sequences were edited using the bioinformatics algorithm and compared with similar sequences from the National Center for Biotechnology Information (NCBI) database using the Basic Local Alignment Search Tool (BLAST) at Nucleotide BLAST: Search nucleotide databases using a nucleotide query.

2.7 Extraction of Milk from Tiger Nut
The method described by Makut et al. (2018) was applied. The nuts were carefully selected to remove stones, spoiled nuts, and other debris. Following that, 100g of tiger nut was washed and soaked in 8 litres of distilled water for 24 hours. The entire contents were washed with distilled water and blended repeatedly with a milling machine. After fermentation, the milled tiger-nut chaff was filtered through a piece of muslin to separate the milk from the insoluble chaff. The tiger nut milk was transferred to a clean container.
2.8 Choice of Inoculum
The inoculum was chosen based on its documented benefits, and also its capacity to tolerate acidic conditions, salt, and lower the pH in a pre-fermentation test during the fermentation process (Ogodo et al., 2018).

2.9 Fermentation of Tiger Nut Milk
[bookmark: _Toc207793112]The study followed Makut et al.'s (2018) method for fermentation, starting with two LAB isolates, Lactiplantibacillus plantarum and Pediococcus pentosaceus. They were incubated for 48 hours at 37°C, then cultured for 18 hours at 37°C. The cells were extracted using centrifugation, washed, and resuspended to 10⁹ CFU/mL. The LAB consortium starter was prepared by heating raw tiger-nut milk to suppress microflora and then inoculating it with 20 mL of the LAB starter. The jars were incubated at 37°C for 24 hours, and cell counts were monitored. For spontaneous fermentation, non-pasteurized milk was dispensed into a separate jar and incubated under the same conditions.
2.10 Proximate Analysis
Moisture, lipid, ash, protein, carbohydrate and crude fibre content were analysed following methods by AOAC, 2019.
2.11 Determination of Mineral Composition
[bookmark: _Toc207793120]The study used atomic absorption spectroscopy and flame photometry to analyze mineral composition in a muffle furnace. Ash was dissolved in a solution, heated, and filtered. The resulting solution was then diluted and analyzed using an advanced atomic absorption spectrophotometer for mineral element quantification and identification following methods by Amadou et al. (2013).
2.12 Amino Acid Composition
[bookmark: _Toc207793121]The samples were digested under vacuum with 6 N HCl in sealed ampoules for 22 hours at 110°C in order to assess the amino acid content in triplicate. Using a Waters HPLC machine and Millenium 2010 software, the hydrolysates were processed and analyzed for amino acids (Waters Div., Millipore Corp., Milford, MA). According to Csapó et al. (2008), performic acid oxidation was used to identify cysteine as cysteic acid.
2.13 Vitamin Content Analysis
A modified high-performance liquid chromatography (HPLC) method developed by Aslam et al. (2008) that includes simultaneous UV and fluorescence detection was used to measure the amounts of vitamin C and B12. 50 mL of water and 1 mL of 25% HCl were used to hydrolyze 2–7 g of materials in a 100 mL volumetric flask at 70°C for 30–60 minutes. The sample solution was cooled to 40°C, combined with 5 mL of 2.5 N sodium acetate solution, and incubated with 1 mL of freshly prepared enzyme solution (4 mg/mL phosphatase and 15 mg/mL Taka-Diastase) at 37°C for the entire night. After cooling, the mixture was topped off with deionized water and filtered. The eluent was tested using HPLC after the filtrate was further rinsed over a C18-SPE ion exchange column.
2.14 Statistical Analysis
The results were presented as mean standard deviation. Data was analyzed using ANOVA and Duncan's Multiple Range Test (DMRT) with a significance level of P≤0.05.
[bookmark: _Toc207793124]3.0 Results and Discussion
After conducting morphological and biochemical identification, the LAB isolates from fermenting maize were Lactobacillus species, Pediococcus species, Streptococcus species, and Lactococcus species (Table 1). This was similar to the report by Fowoyo and Ogunbanwo (2010) who isolated Lactobacillus fermentum, Lactobacillus plantarum, Pediococcus acidilactici, Lactococcus lactis and Leuconostoc mesenteroides. These bacteria were gram positive and negative for motility, catalase, oxidase, and H2S production. They also showed varying fermentation capabilities of carbohydrates, with some fermenting only glucose and others fermenting glucose, lactose, and sucrose. Growth rates were compared at 2%, 4%, and 8% salt concentrations, with Lactobacillus species showing optimal growth at 2% salt concentration. However, as salt concentration increased to 4% and 8%, growth rates decreased, indicating lower salt tolerance. Lactobacillus species showed higher growth at 4% salt concentration, while Lactobacillus species (D) had optimal growth at 8% salt concentration (Fig 1). The growth of lactic acid bacteria isolates from milk was analyzed using optical density values, showing that all LAB showed optimum growth at acidic pH of 4. Pediococcus species had the highest optical density at acidic pH of 2 (Fig 2).

Molecular methods were used to ensure proper identification and characterization of the isolates. Polymerase chain reaction amplification and agarose gel electrophoresis were used to assess the genetic composition of the selected lactic acid bacteria isolates based on the 16S rRNA gene sequences. The subsequent BLAST analysis identified the isolates as Lactiplantibacillus plantarum (Lactobacillus plantarum) strain UIGOAI37, and Pediococcus pentosaceus, strain SPCL771 with the accession number of KY817121 and NZCP148037 respectively. During fermentation, microbial load was observed to have increased between 0 to 24 hours and can be attributed to the favorable growth conditions present in the fermenting medium (Table 2). It is likely that further fermentation hours will result in nutrient depletion and reduction in microbial load.

[bookmark: _Hlk206107252]







Table 1: Morphological and Biochemical Properties of Lactic Acid Bacteria Isolates
	      Colony features         Microscopy                    Biochemical test
	Sugar fermentation test
	Most probable organism

	Isolate
	Colour
	Gram reaction
	Cell shape
	Arrangement
	Motility
	Catalase
	Oxidase
	H2S production
	Glucose
	Lactose
	Sucrose
	

	A
	Cream
	+
	rod
	Clusters
	-
	-
	-
	-
	+
	+
	+
	Lactobacillus speciesa


	B
	Cream
	+
	Rod
	Clusters
	-
	-
	-
	-
	+
	+
	+
	Lactobacillus speciesb


	C
	Cream
	+
	Rod
	Pairs
	-
	-
	-
	-
	+
	+
	+
	Lactobacillus speciesc


	D
	Cream
	+
	Rod
	Chains
	-
	-
	-
	-
	+
	+
	+
	Lactobacillus speciesd


	E
	Cream
	+
	rod
	Pairs
	-
	-
	-
	-
	+
	-
	+
	Pediococcus species


	F
	Cream
	+
	Rod
	Chains
	-
	-
	-
	-
	+
	-
	-
	Lactobacillus speciese


	G
	Cream
	+
	Cocci
	Clusters
	-
	-
	-
	-
	+
	-
	-
	Streptococcus species

	H
	Cream
	+
	cocci
	chains
	-
	-
	-
	-
	+
	+
	+
	Lactococcus species


+ = Positive reaction and - = Negative reaction.
The superscripts (abcde) signifies that different species of Lactobacillus are suspected.

 
Fig 1: Effects of salt (NaCl) concentration on the growth of lactic acid bacteria.
A: Lactobacillus speciesa; B: Lactobacillus speciesb; C: Lactobacillus speciesc; D: Lactobacillus speciesd; E: Pediococcus species; F: Lactobacillus speciese; G: Streptococcus species; H: Lactococcus species. The superscripts (abcde) signifies that different species of Lactobacillus are suspected.








Fig 2: Effects of pH on the growth of lactic acid bacteria.
A: Lactobacillus speciesa; B: Lactobacillus speciesb; C: Lactobacillus speciesc; D: Lactobacillus speciesd; E: Pediococcus species; F: Lactobacillus speciese; G: Streptococcus species; H: Lactococcus species. The superscripts (abcde) signifies that different species of Lactobacillus are suspected.









Table 2: Microbial load (CFU/ml) of tiger nut milk during fermentation
	Fermentation time (h)
	SF (CFU/ml)  
	LF (CFU/ml)

	0
	3.5 × 105
	2.5 × 107

	24
	2.6 × 107
	4.2 × 109


Key: SF: Spontaneously fermented; LF: LAB-fermented.
CFU/ml: Colony forming units per milliliter.


















The effect of fermentation on the nutritional composition of tiger nut milk is presented below (Table 3). In Figure 3, the effect of fermentation on the moisture content of tiger nut milk are represented. The moisture content increased from 19.00+0.07% to 21.22+0.001% in spontaneously fermented tiger nut milk and 24.50+0.03% in LAB consortium fermented tiger nut milk respectively. This increase was significant (P0.05) with LAB consortium fermented tiger nut milk having the highest values. The increased moisture may be due to microbial metabolic activities during fermentation, which can affect water retention in the matrix. This is consistent with Agboola, (2014) and Wakil et al. (2014) who linked similar findings to microbial breakdown of cellular structures, resulting in the release of bound water. The study by Ogodo et al. (2019) also observed a significant increase in moisture which was associated to the introduction of water into the substrate before fermentation.
The effect of fermentation on the percentage Ash content of tiger nut milk are presented in Figure 4. A significant increase was noted in the ash content of fermented tiger nut milk compared to the nonfermented milk. There was increase in ash content in non-fermented tiger nut. The highest increase was found in the LAB consortium fermented tiger nut milk (0.955+0.001%) followed by the spontaneously fermented milk (0.775+0.001%). The least ash content was that of the nonfermented tiger nut (0.710+0.001%). These findings are consistent with those of Yeboah (2020) and Ogodo et al., 2019, who found increased mineral recovery in fermented tiger nut cereal blends. This could be that LAB fermentation uses phytase activity to release chelated minerals from phytate complexes, thereby increasing bioavailability. This finding negates the work of Agboola, (2014) and Adejuyitan et al. (2018) who observed a reduction in ash content after fermentation.

The effect of fermentation of tiger nut shows that the percentage composition of crude protein increases from 4.900+0.035% in nonfermented Tiger nut milk to 5.687+0.006% in spontaneously fermented and 7.438+0.001% in LAB consortium fermented tiger nut milk respectively (Figure 5). This increase may be attributed to LAB driving more proteolysis and microbial amino acid synthesis. Agboola, (2014), Wakil et al. (2014), Olabiyi et al. (2017) and Adejuyitan et al. (2018) also observed an increase in crude protein levels during LAB fermentation, which was driven by proteolysis. This could be due to microbial synthesis of amino acids and peptides during fermentation, as well as the breakdown of complex proteins into more digestible forms.  Ogodo et al., (2019) attributed their observed increase in protein content to the actions and growth of fermenting microorganisms.
The effect of fermentation of tiger nut shows that the percentage composition of crude fibre decreases from 5.666+0.007% in nonfermented Tiger nut milk to 4.784+0.001% in spontaneously fermented and 4.779+0.001% in LAB consortium fermented tiger nut milk respectively (Figure 6). Although small, the decrease in fibre could indicate a partial microbial hydrolysis of insoluble polysaccharides. Yeboah (2020) observed similar effects in cereal-based tiger nut drinks. Therefore, the loss of fiber could be attributed to microbial degradation of complex carbohydrates during fermentation as reported by Agboola, (2014) and Ogodo et al., (2019).

The effect of fermentation of tiger nut shows that the percentage composition of crude fat increases from 11.485+0.511% in nonfermented Tiger nut to 11.720+0.001% in spontaneously fermented to 10.235+0.001% in LAB consortium fermented tiger nut milk respectively (Figure 7). Wakil et al. (2014) reported similar reductions, which they attributed to lipolytic activity and fat conversion into volatile compounds that contribute to aroma and flavor. The crude fat content also decreased as reported by Agboola, (2014), Adejuyitan et al. (2018) and Ogodo et al., (2019) and was attributed to the biochemical or physiological activities that happened during fermentation which required energy. This reduction could provide a nutritional benefit for people looking for heart-healthy, low-fat beverage options without sacrificing flavour.

The effect of fermentation of tiger nut shows that the percentage composition of carbohydrate decreases from 57.885+0.001% in nonfermented tiger nut milk to 55.810+0.001% in spontaneously fermented to 52.093+0.001% in LAB consortium fermented tiger nut milk respectively (Figure 8) % because LAB consumes more sugars for acid production, lowering carb levels. The decrease in carbohydrates is most likely due to their use as energy sources by fermenting microorganisms. Similar findings has been well documented by Agboola, (2014), Olabiyi et al. (2017) and Ogodo et al., (2019). The decline reflects fermentation-driven metabolic conversion, which reduces the beverage's glycemic potential. This makes LAB-fermented tiger nut milk a potential candidate for diabetic-friendly dietary interventions, as evidenced by findings from Wakil et al. (2014), who linked similar carbohydrate reductions to improved glycemic responses.

Figure 9 shows the differences in the mineral compositions of nonfermented, spontaneously fermented and LAB fermented tiger nut milk. Calcium increased from 2.625+0.001mg/L in nonfermented tiger nut milk to 2.630+0.001mg/L in spontaneously fermented tiger nut milk to 2.670+0.001mg/L in LAB fermented tiger nut milk. Potassium increased from 9.210+0.001mg/L in nonfermented tiger nut milk to 9.230+0.001mg/L in spontaneously fermented tiger nut milk to 9.660+0.001mg/L LAB fermented tiger nut milk. Sodium increased from 3.57+0.001mg/L in nonfermented tiger nut milk to 3.580+0.001mg/L in spontaneously fermented tiger nut milk to 3.600+0.001mg/L LAB fermented tiger nut milk. Phosphorus increased from 3.522+0.001mg/L in nonfermented Tiger nut milk to 3.532+0.001mg/L in spontaneously fermented tiger nut milk to 3.616+0.001mg/L LAB fermented tiger nut milk. It was observed that LAB fermentation is most effective at liberating bound minerals as compared to spontaneous fermentation. 

Wakil et al. (2014) similarly reported that LAB fermentation of tigernut milk maintains potassium and phosphorus as the predominant minerals while modestly elevating their levels, aligning with our increases to 9.660 mg/L for potassium and 3.616 mg/L for phosphorus in LAB‐fermented tiger nut milk. Olabiyi et al. (2017) likewise observed that a mixed lactic acid bacteria culture enhanced mineral extractability in a tiger nut beverage, boosting Ca by 4 % and P by 6 %. Conversely, Ogodo et al. (2019) found that sodium levels remained essentially unchanged in fermented sorghum flour, suggesting that Na mobilization is highly substrate‐ and strain‐dependent. These increases indicate increased mineral bioavailability, possibly due to the degradation of phytates and other antinutritional factors during fermentation and lend credence to enzymatic liberation theory and suggests better nutritional value for bone and cardiovascular health. According to Olabiyi et al. (2017), such mineral enhancements can combat micronutrient deficiencies in regions where plant-based diets are prevalent.

The effects of fermentation on the Vitamin content of nonfermented, spontaneously fermented and LAB fermented tiger nut milk are represented on Figure 10. Vitamin A content decreased from 25.645+0.001mg in nonfermented tiger nut milk to 19.551+0.001mg in spontaneously fermented tiger nut milk to 3.559+0.001mg in LAB fermented tiger nut milk. Vitamin B12 content decreased from 4.342+0.001mg in nonfermented tiger nut milk to 3.693+0.001mg in spontaneously fermented tiger nut milk to 1.662+0.001mg in LAB fermented tiger nut milk. There is decline in both, but LAB fermentation causes more pronounced degradation. The decrease in Vitamin levels aligns with Znamirowska et al. (2021) who observed that Lactic acid bacteria fermentation resulted in a substantial Vitamin C degradation. The reduction in vitamin content could be attributed to microbial utilization or vitamin degradation during fermentation. This finding contradicts Olabiyi et al. (2017), who found vitamin B enrichment in LAB-fermented samples. The discrepancy could be attributed to strain specificity; not all LAB strains produce vitamins. Furthermore, longer fermentation times or oxidative exposure can degrade heat-sensitive vitamins. Roselló-Soto et al. (2019) emphasized the importance of fermentation conditions like temperature, pH, and oxygen in determining vitamin stability. These results underscore the importance of strain selection and process control when targeting vitamin retention.

The effects of fermentation on the Amino acid profile of nonfermented, spontaneously fermented and LAB fermented tiger nut milk are represented on Figure 11. Asparagine content increased from 0.107+0.001mg in nonfermented tiger nut milk to 0.108+0.001mg in spontaneously fermented tiger nut milk to 0.127+0.001mg in LAB fermented tiger nut milk. Phenyl alanine content increased from 0.101+0.001mg in nonfermented tiger nut milk to 0.121+0.001mg in spontaneously fermented tiger nut milk to 0.501+0.001mg in LAB fermented tiger nut milk. Cystein content increased from 0.002+0.001mg in nonfermented tiger nut milk to 0.013+0.001mg in spontaneously fermented tiger nut milk to 0.410+0.001mg in LAB fermented tiger nut milk. Leucine content increased from 0.030+0.001mg in nonfermented tiger nut milk to 0.070+0.001mg in spontaneously fermented tiger nut milk to 0.45+0.001mg in LAB fermented tiger nut milk. Glycine content increased from 0.023+0.001mg in nonfermented tiger nut milk to 0.145+0.001mg in spontaneously fermented tiger nut milk to 3.243+0.001mg in LAB fermented tiger nut milk. The review by Harper et al. (2022) also aligns with the increase (as a result of lactic acid bacteria fermentation) of essential amino acids, especially leucine and glycine in a range of dairy-alternative beverages. Likewise, Zheng et al. (2025) found that cultures of Lactiplantibacillus plantarum boosted total free amino acids in milk by 15–25 %, with glycine rising from 0.8 to 2.7 mg/mL, corroborating our finding of 3.243 % glycine in LAB-fermented tiger nut milk.





















Table 3: Effects of fermentation on the nutritional composition of Tiger nut milk.
	SAMPLE


	MOISTURE
CONTENT
(% )
	ASH
(% )

	CRUDE PROTEIN (%) 
	FIBRE
(% )


	CRUDE FAT (%)

	CARBOHYDRATE
(% )

	LF
	24.50a±0.030
	0.95a±0.001
	7.44a±0.001
	4.77b±0.001
	10.23c±0.001
	52.09c±0.001

	SF
	21.22b±0.001
	0.77b±0.001
	5.69b±0.006
	4.78b±0.001
	11.72a±0.001
	55.81b±0.001

	NF
	18.95c±0.07
	0.71c±0.001
	4.88c±0.035
	5.66a±0.007
	11.84b±0.511
	57.49a±0.39


NF: nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.
Key; Values with different superscript across a column are significantly different.
Values with same superscript across a column are not significantly different.
















Fig 3: Moisture content of nonfermented and fermented Tiger nut milk.
NF: nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 4: Ash content of nonfermented and fermented Tiger nut.
NF: nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 5: Crude protein of nonfermented and fermented Tiger nut milk.
NF: nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 6: Crude Fibre of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 7: Crude fat of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 8: Carbohydrate content of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 9: Mineral composition of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.










Fig 10: Vitamin composition of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.





Fig 11: Amino acid composition of nonfermented and fermented Tiger nut milk.
NF: Nonfermented; SF: Spontaneously fermented; LF: LAB-fermented.











 

[bookmark: _Toc207793129]4.0 Conclusion
This study found that fermenting tiger nut milk with a defined lactic acid bacteria (LAB) consortium (Lactiplantibacillus plantarum (Lactobacillus plantarum) strain UIGOAI37 and Pediococcus pentosaceus, strain SPCL771) significantly altered its nutritional profile. Controlled LAB fermentation significantly increased moisture content, peaking at 24.5%, while liberating bound minerals and increasing ash content to 0.96%. LAB-driven proteolysis increased protein levels by 7.44%, releasing bioactive peptides and essential amino acids. At the same time, the fat and carbohydrate content decreased, resulting in a lower-glycemic, leaner beverage profile. The amino acid spectrum was similarly enriched, with glycine, phenylalanine, cysteine, and leucine all exhibiting significant increases, hinting at enhanced functional properties. However, vitamins C and B12 were significantly reduced under the same fermentation conditions, highlighting the delicate balance between nutrient enhancement and micronutrient preservation. Comparisons to spontaneous fermentation demonstrated that a controlled LAB consortium fermentation of tiger nut milk standardizes and maximizes health-promoting constituents, while improving protein, mineral bioavailability, and amino acid content. However, it can deplete heat- and oxygen-sensitive vitamins unless parameters are carefully controlled. Overall, LAB consortium fermentation is a promising strategy for transforming tiger nut milk into a functional beverage.
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2% NaCl	A	B	C	D	E	F	G	H	1.02	1.84	1.23	0.78	2.4500000000000002	0.79	1.61	2.5099999999999998	4% NaCl	A	B	C	D	E	F	G	H	1.93	1.07	1.59	0.69	1.21	1.1100000000000001	2.12	1.51	8% NaCl	A	B	C	D	E	F	G	H	0.81	0.89	1.3	0.82	0.91	0.97	0.82	0.93	Lactic Acid Bacteria Isolates


Absorbance at 560nm




pH 2	A	B	C	D	E	F	G	H	0.55000000000000004	0.52	0.56000000000000005	0.61	0.65	0.27	0.59	0.59	pH 4	A	B	C	D	E	F	G	H	0.83	0.77	0.56999999999999995	0.57999999999999996	0.57999999999999996	0.48	0.51	0.6	pH 8	A	B	C	D	E	F	G	H	0.1	0.62	0.66	0.55000000000000004	0.49	0.52	0.71	0.77	 Lactic Acid Bacteria isolates


Absorbance at 560nm




Column1	NF	SF	LF	19	21.222000000000001	24.5	
Moisture content (%)



Series 1	NF	SF	LF	0.71	0.77500000000000002	0.95	
Ash content (%)



Series 1	NF	SF	LF	4.9000000000000004	5.6879999999999997	7.4379999999999997	
Crude Protein (%)



Series 1	NF	SF	LF	5.6660000000000004	4.7839999999999998	4.7789999999999999	
Fibre content (%)



Series 1	NF	SF	LF	11.845000000000001	11.72	10.234999999999999	
Crude fat (%)



Series 1	NF	SF	LF	57.884999999999998	55.811	52.093000000000004	Fermentation


Carbohydrate content (%)



NF	Calcium	Potassium	Sodium	Phosphorus	2.625	9.2100000000000009	3.57	3.5219999999999998	SF	Calcium	Potassium	Sodium	Phosphorus	2.63	9.23	3.58	3.532	LF	Calcium	Potassium	Sodium	Phosphorus	2.67	9.6	3.57	3.6160000000000001	Fermentation


Mineral composition (mg/L)




NF	Vitamin C	Vitamin B12	25.645	4.3419999999999996	SF	Vitamin C	Vitamin B12	19.550999999999998	3.6930000000000001	LF	Vitamin C	Vitamin B12	3.5590000000000002	1.6619999999999999	
Vitamin composition (mg)




NF	Asparagine	Phenyl alanine	Cystein	Leucine	Glycine	0.107	0.10100000000000001	0.02	0.03	2.3E-2	SF	Asparagine	Phenyl alanine	Cystein	Leucine	Glycine	0.108	0.121	1.2999999999999999E-2	7.0000000000000007E-2	0.14499999999999999	LF	Asparagine	Phenyl alanine	Cystein	Leucine	Glycine	0.127	0.501	0.41	0.45	3.2429999999999999	Amino acids


Amino acid composition (mg)




