Antioxidant Properties and Probiotic Viability of Millet-Soy Snack Bars 
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ABSTRACT
This study investigated the nutritional composition, antioxidant activity, and probiotic viability of millet–soybean-based snack bars enriched with Lactobacillus acidophilus. Snack bars were formulated using millet, soybean, dates, cashew nuts, and date syrup, with probiotics encapsulated in tempered chocolate. Proximate analysis showed that the probiotic snack bar (PSB) contained the highest protein (22.05%), fat (12.23%), and fibre (12.63%) contents, alongside reduced carbohydrate levels (38.96%) compared to millet–soy (MSB) and oat-based control (OSB) bars. Energy values ranged between 343.64 and 354.05 kcal/100 g, with PSB recording the highest. Total phenolic content was significantly higher in PSB (24.99 mg/100 g), accompanied by enhanced antioxidant activity (DPPH: 92.66%; ABTS: 79.54%). A strong positive correlation was observed between phenolic content and antioxidant activity. Viability tests revealed that L. acidophilus in PSB maintained counts above 10⁶ CFU/g at production but declined significantly after five days of refrigerated storage. These results indicate that probiotic millet–soy snack bars are nutrient-dense functional foods with potential antioxidant benefits, though probiotic viability requires optimization for extended shelf life.
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INTRODUCTION
Functional foods are regarded as naturally existing or modified foods which, through processes like fortification and enrichment, offer health benefits beyond essential nutrients when consumed in effective amounts (Baker et al., 2022; Constantin & Istrati, 2018). These foods have the ability to improve general physical well-being, diminish the potential of disease progression, and regulate various body functions (Constantin & Istrati, 2018). Functional food bars have the potential to satisfy growing consumer demand for healthy and convenient food options (Baker et al., 2022; Kosicka-Gębska et al., 2022). Certain foods are recognized as functional foods due to the availability of certain functional components such as bioactive components, antioxidants, dietary fibre, and probiotics (Saibhavani, et al.,2021). 
According to the FAO, probiotics are specific “live microorganisms” that, when ingested in effective quantities, have clinically proven health benefits for the consumer (FAO/WHO, 2001). This category is among the fastest growing in the functional food sector (Kavitha, et al., 2018). The potential of these probiotics to address various health issues is gaining recognition and in turn an increasing interest in probiotic foods (Arepally et al., 2022; Kavitha, et al., 2018). These health issues include lactose intolerance, hypercholesterolemia, cardiovascular diseases like atherosclerosis and arteriosclerosis, hypertension, inflammatory bowel disease, allergies, and eczema (Kavitha, et al., 2018). To ensure efficacy, the probiotics within food products must remain viable and active throughout processing, handling, and storage, with a final verification of these characteristics at the expiration of its shelf life (FAO/WHO, 2001). According to research by Laličić-Petronijević et al. (2015), the probiotic bacteria Lactobacillus acidophilus and Bifidobacterium lactis microencapsulated in dark chocolate remained viable for about 180 d in refrigerated storage. 
Probiotic foods, particularly dairy-based, help in the maintenance of gut health (Arepally et al., 2022). The probiotics are naturally found or incorporated into fermented fruits, vegetables, dairy products, meat (usually wet food matrices) or supplied as food supplements (Świeca et al., 2018). However, these wet food matrices, have a relatively short shelf life (Rajagukguk et al., 2022). Furthermore, limitations such as lactose intolerance, cold storage requirements and dairy allergies promote the need for non-dairy probiotic food options. Probiotic bakery products represent an innovative area of research in this field (Arepally et al., 2022).   Addition of microencapsulated probiotics in foods has revealed benefits such as increasing free radial scavenging capacity of food matrices during storage (Świeca et al., 2020; Gawlik-Dziki, et al., 2021). Lactobacillus acidophilus helps restore balance to the human intestinal microflora especially after antibiotic treatment, and can alleviate symptoms of childhood lactose intolerance, respiratory infections, and infections in female urinary and genital tracts (Lalicic-Petronijevic et al., 2015). 
In some formulations, probiotics combine with prebiotics to form a synbiotic food product (Gibson et al., 2017). Prebiotics play a protective role in maintaining the viability of probiotics both within food products and the gastrointestinal tract (Gibson et al., 2017). Prebiotics such as inulin, β-glucan are complex carbohydrates that serve as food for gut microbiome and offer additional health advantages (Gibson et al., 2017; Świeca et al., 2020). Notably, whole-grain millets possess prebiotic activity which can support the growth of beneficial gut microbiota contributing to improved digestive function (Sai Dharshini & Meera, 2023; Sarita & Singh, 2016). 
This research seeks to produce a convenient and stable functional snack bar with local underutilised raw materials. Formulating snack bar with soybean and millet is expected to give a nutrient balanced food product as soybean provides amino acids that are otherwise lacking in millet grains. It can be a suitable snack or a good meal replacement for people with irregular meals. The product is expected to be a good addition to the variety of snack bars and encourage the diversity of millet-based products. By embracing nutraceuticals and functional foods, we can address complex nutritional needs and diversify probiotic offerings in the market. This research evaluated the impact of microencapsulated probiotics on the nutritional composition and antioxidant activity, as well as determine the viability of probiotics in the millet-and-soybean-based snack bars. 
MATERIALS AND METHODS
Raw Materials
Pearl millet grains (Pennisetum glaucum), soybean (Glycine max), cashew nuts (Anacardium occidentale) and dates (Phoenix dactylifera) were purchased from Fruit Garden Market, D-line, Port Harcourt and were properly identified by a crop scientist. Milk chocolate (70% cocoa solids) was procured from Next Cash and Carry supermarket, Oginigba, Port Harcourt, Rivers state, Nigeria. 
Reagents
The chemical reagents and microbiological materials used for analysis were obtained from the respective laboratories in the Department of Food Science and Technology, Rivers State University, Port Harcourt, where the laboratory analyses were also conducted. Probiotic specie used was Lactobacillus acidophilus (NPSelection, UK). All chemicals used for this study were of analytical grade.
Preparation of raw materials
The millet grains were sorted to remove spoiled grains and winnowed to remove other impurities. The grains were then washed and steamed for 45 min. While still hot the steamed grains were rolled to flakes and dried in an oven at 65 °C for 12 h. The flakes obtained were stored in an air-tight container for preparation of snack bar (Decker et al, 2014).
Soybeans were processed according to methods described by Orhevba et al. (2021). The soybeans were sorted, washed and soaked in water at room temperature for 13 h, and then drained. The legumes were transferred to boiling water for 25 min, drained, and dehulled. The dehulled soybeans were dried in an oven at 65 °C. The dried soybean was packaged in an air-tight container until required for snack bar preparation. 
The process for date syrup production was adopted from Fyne-Akah et al., 2025. The date fruits were pitted, cleaned and washed. After washing, the fruits were cut to smaller pieces with a knife into a blender and dry milled for 3 min to pulp. The date pulp was mixed with water (1:3 w/v), blended to a homogenous mix and heated in a water bath at 70°C, 2 h for extraction. The extract was filtered through a cheese cloth and hand pressed to remove large impurities and insoluble matters. Filtered extract was concentrated using a water bath at 70°C to about 72 °Brix. The resulting date syrup was packed in a glass bottle.
Activation of the lyophilized probiotic culture was done following manufacturer’s guidelines. The culture was inoculated into 1L of sterile milk and incubated at 37 °C for 24 h. A culture aliquot was extracted and used to produce probiotic snack bars
Production of snack bars
Millet (31.3 g), soybean (13.7 g), chopped cashew nuts (7.5 g) and chopped dates (7.5 g) were first mixed before combining with the date syrup (40 ml). The mix was transferred to a pan, properly compacted, and baked at 180°C for 25 mins. The baked product was allowed to cool for 1 h before cutting into bars (Fyne-Akah et al., 2025). An oat snack bar was also produced to serve as control in the study.
For the probiotic millet-soy snack bars, 3mls of probiotic milk was mixed in 30 g of tempered milk chocolate. The probiotic chocolate was combined with the millet-soy snack bars using a silicone mould and further incubated at 37 °C for 24 h. After that, they were wrapped in aluminium foil, packed in low-density polyethylene (LDPE) pouches and stored in a refrigerator until required for analysis. The complete process of the snack bar production is presented in Figure 1.




Table 1: Formulation of Snack Bars with Probiotics
	Ingredients
	Quantity

	Rolled Oats (g)
	0
	45

	Rolled Millet (g)
	31.32
	0

	Soybean (g)
	13.68
	0

	Date syrup (ml)
	40
	40

	Chopped dates (g)
	7.5
	7.5

	Cashew nuts (g)
	7.5
	7.5

	Post Baking
	

	Milk chocolate (g)
	30
	0

	Probiotic milk (ml) (Lactobacillus acidophilus)
	3
	0
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Fig. 1: Production of millet-soy snack bars and Probiotic Millet-Soy Snack Bars (Rajagukguk, et al., 2022)
Determination of Proximate composition and Calorie Value of Snack bars
Standard analytical methods (AOAC, 2019) were used in the determination of moisture content (gravimetry), crude protein content (micro Kjedahl, N × 6.25), fat content (soxhlet extraction), crude fibre content (gravimetry) and ash content (muffle furnace incineration). The available carbohydrate content was determined by total difference.
The caloric value was calculated in kilocalories per 100 g (kCal/100g) by multiplying the percentages of crude protein, fat and carbohydrate by the Atwater factor of 4, 9, 4 respectively and adding the figures together (AOAC, 2019).
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The total phenolic content, antioxidant assay of ABTS ((2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) and DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals were determined (Onwuka 2018). Snack bar samples (3.5 ± 0.1 g) were ground and extracted in 100 mL ethanol for 2 h at 20 °C, then filtered using filter paper.
Total Phenolic Content (TPC): Determined using the Folin–Ciocalteu method. Briefly, 0.3 mL extract was mixed with 3 mL Folin–Ciocalteu reagent, followed after 5 min by 3 mL of 6% Na₂CO₃. The mixture was incubated at room temperature for 90 min and absorbance read at 725 nm. Results were expressed as mg gallic acid equivalents (GAE)/100 g.
DPPH Radical Scavenging Activity: 100 µL of sample extract was mixed with 250 µL of 1 mM DPPH solution and 2 mL ethanol, vortexed, and incubated in the dark for 20 min. Absorbance was measured at 515 nm. Percentage inhibition was calculated relative to the control.
ABTS Radical Scavenging Activity: ABTS•⁺ stock solution was prepared by reacting 7.4 mM ABTS with 2.6 mM potassium persulfate (1:1) and incubating for 12 h in the dark. The working solution was diluted to an absorbance of 1.1 at 734 nm. Sample extracts were reacted with this solution, and absorbance was read at 734 nm after incubation. Percentage inhibition was calculated against the control
Enumeration of Lactobacillus acidophilus Content in Samples 
The probiotic millet-soy snack bar was wrapped in aluminium foil, packed in low-density polyethene (LDPE) pouches, and stored at refrigeration temperature (3°C) for 14 days. Probiotic Lactobacillus acidophilus was enumerated using the spread plate method conducted at initial and 5-day intervals. One gram of the sample was soaked in buffered peptone water supplemented with 0.1% Tween 80 for 1 h with continuous mixing. The obtained product suspension was serially diluted in buffered peptone water, and selected dilutions were plated in triplicate on MRS (De Man, Rogosa, and Sharpe) agar for Lactobacillus spp. enumeration. The plated agar media was incubated anaerobically (Oxoid) at 37 °C for 48 h. When the incubation was complete, the bacterial colonies were counted on an electronic counter, and the bacterial cell counts (colony-forming units) per 1 g of the product were calculated. The bacterial count was expressed as Lactobacillus acidophilus cells per gram of product (CFU/g) and log10 values (Rajagukguk, et al., 2022).
Statistical Analysis
Analysis of Variance (ANOVA) was carried out on all data obtained from product evaluation to compare different sources of variance within the data set. This was done using IBM SPSS (Version 20.0 for windows, SPSS Inc. Illinois, USA). Mean separation was carried out using Duncan Multiple Range test. Statistical significance was at 0.05 level of probability (p < 0.05). Pearson’s Correlation Coefficient test was done to establish the relationship between total phenolic content and scavenging activity.


RESULTS AND DISCUSSION
Proximate Composition and Energy Content of the Snack Bars 
The proximate composition and calorie values of the snack bars is Presented on Table 2. The moisture content ranged from 8.08% to 11.11%. The ash content was between 1.37% and 3.03%. Fat content was from 4.75% to 12.23%. The crude fibre content of the snack bars ranged between 8.32% and 12.63%. Crude protein content of the bars ranged from 14.36% – 22.05%. PSB had the least carbohydrate content of 38.96% while 54.99% and 60.84% was the carbohydrate content of MSB and OSB respectively. The energy value of the snack bars was between 343.64 Kcal/100g and 354.05 Kcal/100g for OSB and PSB respectively. MSB varied significantly from PSB but not significantly different from OSB. 
Proximate analysis is the evaluation of the major components of food (Onwuka, 2018). Generally, like the weight of snack bars, there was an increase in the proximate composition of PSB in comparison to MSB and the control (OSB). The moisture content of millet-soy snack bar did not significantly (p < 0.05) vary from the control. There was a 37.5% increase in the moisture content with the incorporation of probiotic chocolate. The moisture content of snack bars was within the range reported by previous authors (Adhav et al., 2023; Kavitha et al., 2018) and lower than the moisture content of snack bars reported by Samuel and Peerkhan (2020). Low moisture content indicates shelf stability of snack bars. The ash content of MSB was lower than the control however the addition of probiotic chocolate commensurably improved the ash content of millet-soy snack bars to the control. Ash residue is typically considered an indicator of the mineral content in the original food (Onwuka, 2018; Eke-Ejiofor & Okoye 2018). The ash content of MSB was similar to other findings (Eke-Ejiofor & Okoye 2018; Samuel & Peerkhan, 2020; Singh et al., 2021; Sohan et al., 2021). Probiotic millet fruit bar had an ash content of 4.28% (Kavitha et al., 2018).
There was a significant increase (p < 0.05) in the fat content of the snack bars. PSB having the highest fat content of 12.23% could be attributed to the cocoa butter used in the production of chocolate. The fat content of MSB was significantly higher than the control. Formulating snack bars with soybeans could be responsible for the increased fat content. Fat content also increased when oat was supplemented with amaranth and soy flour (Shere et al., 2018). The fat content of MSB was higher than the fat content of millet bars observed in previous studies (Adhav et al., 2023; Kavitha et al., 2018; Singh, et al., 2021). 
There was a significant (p < 0.05) increment in the crude protein content of snack bars from the control. The protein content was within the range of high protein millet bars produced by Samuel and Peerkhan (2020). However, the protein content is lower than that reported by Eke-Ejiofor and Okoye (2018) (21.6%). Some other research had a protein content of about 10% (Kavitha et al., 2018; Singh et al., 2021).
The fibre content of PSB and OSB was significantly higher than the control OSB. Crude fibre content analysis is relevant because the presence of fibre, both soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) contribute to gastrointestinal health through various mechanisms. IDF increases faecal bulk by retaining water, while SDF serves as substrate for beneficial gut microbes. Additionally, prebiotics like inulin, fructooligosaccharides (FOS), and galactooligosaccharides (GOS) are crucial for safeguarding lactic acid bacteria (LAB) against digestive acids (Rajagukguk, et al., 2022). When compared to other local cereal, millet bars had the highest fibre content (Eke-Ejiofor & Okoye 2018; Sohan et al; 2021). Edima-Nyah et al. (2019) reported increasing fibre content with increasing amount of African breadfruit seed flour snack bars produced with African breadfruit seed flour, maize flour, and coconut grits (10.12 – 17.76%). 
The carbohydrate content of PSB and MSB (38.96% and 54.99% respectively) was significantly (p < 0.05) lower than the control (60.84%). Reduction in carbohydrate content from the control (oat bar) was also observed by other authors (Adhav et al., 2023; Shere et al. 2018). The carbohydrate content of OSB is like that (38.5%) observed by Eke-Ejiofor and Okoye (2018). The carbohydrate content of MSB was within the range reported by Samuel and Peerkhan (2020). According to Shere et al. (2018) carbohydrate content of high fibre and protein amaranth bar was 53.99g/100g. Other studies also formulated snack bars with carbohydrate content between 50 and 70% (Adhav et al., 2023; Kavitha et al., 2018; Sai Dharshini & Meera, 2020; Sohan et al; 2021).
Energy in food is required by the body for basic functions (Edima-Nyah, et al., 2019) The energy content is a factor of the carbohydrate, protein, and especially the fat content of the snack bars. PSB had the highest fat, carbohydrate and protein content, which was reflected in its energy content. The energy content of PSB is commensurable to the energy content of probiotic millet fruit bars and pearl millet protein bars of 352 Kcal/100g (Kavitha et al., 2018; Samuel & Peerkhan, 2020). Edima-Nyah et al. (2019) also reported low calorie snack bars produced with maize flour, coconut grits and increasing amount of African breadfruit seed flour (334.50 –369.71 Kcal/100g).  The energy content of snack bars was lower than the range observed in previous studies 400 – 500 Kcal (Adhav et al., 2023; Eke-Ejiofor & Okoye, 2018; Sai Dharshini & Meera, 2020; Shere et al. 2018; Sohan et al; 2021).
Total Phenol Content and Antioxidant Activity of the Snack Bars 
As shown on Table 3, there was significant difference (p < 0.05) in the phytochemical content and activity of the snack bars. PSB had the highest phenolic content and activity. The total phenols ranged from 17.87 – 24.99 mg/100g. DPPH activity was 71.35% – 92.66%, OSB recording the least value. ABTS activity was between 50.87% and 79.54% MSB recording the least. A Pearson’s correlation coefficient between total phenol content and DPPH was not significant, (r = 0.57, p > 0.05) while the correlation coefficient between total phenols and ABTS was significant (r = 0.72, p < 0.05). 
Pearson’s correlation coefficient showed a strong positive relationship between total phenols and antioxidant activities (DPPH and ABTS). This indicates that the antioxidant activities were influenced by the total phenol content. However, the relationship between total phenol and DPPH was insignificant. Total phenol content of the millet-soy bar increased with the addition of probiotic chocolate. Kavitha et al. (2018) also observed an increment of total phenol in millet fruit bar from 112.20mg/100 to 158.62mg/100g after Probiotic inclusion. DPPH and ABTS assays measure polyphenols' reducing ability, including lipophilic and hydrophilic chelators like flavonoids against DPPH and ABTS radicals (Adhav, et al., 2023). DPPH and ABTS radical scavenging activity revealed that although OSB had more ABTS radical scavenging activity than MSB, the DPPH inhibition activity of MSB was higher than the control (OSB). The increased antioxidant activity could be due to the presence of soybean in snack bars. Pulses are notable for their high total phenols and flavonoids (Rajagukguk et al., 2022). Millet bars formulated with gorgon nut powder had DPPH radical scavenging activity of 59.47% higher than control (52.13%) (Adhav et al., 2023). The presence of chocolate in PSB contributed to its significantly high total phenol content and antioxidant activity. Polyphenols are increased in cocoa beans during processing due to fermentation (Kaltsa et al., 2021). 
Viability of Lactobacillus acidophilus in Probiotic Chocolate Snack Bar 
Figure 2. reveals the viable cell count of Lactobacillus acidophilus in the probiotic snack bar during two weeks of refrigerated storage. The results show that the probiotic chocolate snack bar contained 3.38 × 106 CFU/g or 6.53 LogCFU/g (about 1.28 × 108 CFU/g in 38g) post-production and 1.75 × 104 CFU/g (4.24 LogCFU/g), 5 days after. The probiotic remained viable for 5 days as there was no growth recorded subsequently.
It has been stated that any food claimed to have probiotic effect must contain at least 106 to 107 CFU/g (or ml) of viable probiotic bacteria (FAO/WHO, 2001; Voss et al., 2021). Kavitha et al., (2018) reported 3.50 × 108 CFU/g in probiotic millet fruit bar. After 5 days of storage, there was a 2Log decrease in the number of viable cells in PSB. A decrease was also observed in probiotic pulse-based snack bars stored for two months with an initial count of 3.06 × 106 CFU/g after one month of storage at 20 °C (Rajagukguk et al., 2022).  The viability of probiotics in any food product is influenced by but not limited to food ingredients, microbial parameters like strain and inoculum size, processing, packaging and storage conditions (Voss et al., 2021).  The lyophilised probiotic claimed to contain a minimum of 2.10 × 1010 CFU of L. acidophilus. However, the activated milk contained 6.00 × 106 CFU/ml on analysis. The low viability of the probiotic in the snack bar could be because of inadequate packaging and storage conditions in addition to the already low probiotic load.

Fig 2: Viability of L. acidophilus in probiotic snack bar
CONCLUSION
The study demonstrated that probiotic-enriched millet–soy snack bars possessed improved nutritional quality, higher phenolic content, and superior antioxidant activity compared to oat-based controls. The bars were rich in protein, fibre, and essential nutrients, positioning them as functional snack options with potential health benefits. However, while probiotics were initially viable in the product, their survival drastically declined after five days of refrigerated storage. This highlights the challenge of maintaining microbial viability in non-dairy functional foods. Future research should focus on improving probiotic survival in snack bars through advanced encapsulation methods, optimized packaging, and controlled storage conditions.










Table 2.: Proximate composition and calorie content of snack bars
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	Moisture (%)
	Ash (%)
	Fat (%)
	Crude Protein (%)
	Crude Fibre (%)
	Carbohydrate (%)
	Energy (Kcal/100g)

	MSB
	8.08b±0.20
	1.37b±0.13
	5.93b±0.38
	18.43b±0.14
	11.21a±0.09
	54.99b±0.43
	347.04b±2.17

	OSB
	8.76b±0.33
	2.95a±0.47
	4.75c±0.51
	14.36c±0.75
	8.32b±0.80
	60.84a±1.05
	343.64b±1.91

	PSB
	11.11a±0.59
	3.03a±0.08
	12.23a±0.38
	22.05a±0.37
	12.63a±0.97
	38.96c±0.54
	354.05a±0.61


Values are means ± standard deviation. Columns with different superscripts are significantly different (p < 0.05)
Key:
MSB – Millet-Soy snack bar
OSB – Oat snack bar (control)
PSB – Probiotic Millet-Soy snack bar

Table 3: Total phenol content and antioxidant activity of the snack bars
	Sample
	TPC (mg/100g)
	DPPH (%)
	ABTS (%)

	MSB
	17.87a±0.49
	74.94b±0.13
	50.87c±0.05

	OSB
	23.22b±0.24
	71.35c±0.43
	52.51b±0.25

	PSB
	24.99c±0.41
	92.66a±0.38
	79.54a±0.10

	r
	1
	0.566**
	0.724*


Values are means ± standard deviation. Columns with different superscript are significantly different (p < 0.05). r = Pearson’s correlation coefficient between TPC and antioxidant assay (**= not significant, *=significant
Key:
MSB – Millet-Soy snack bar
OSB – Oat snack bar (control)
PSB – Probiotic Millet-Soy snack bar
TPC – Total phenol content
DPPH – (2,2-diphenyl-1-picrylhydrazyl)
ABTS – ((2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) 
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