


Comparative Study on the Phytochemical and Antioxidant Capacity of Plant and Dairy-Based Yoghurts

[bookmark: _GoBack]Abstract 
The rising demand for non-dairy functional foods has spurred the demand for the development of Plant-Based Yoghurt (PBY) and Plant / Dairy-Based Yoghurt (PDBY) blends as alternatives with health benefits similar to traditional Dairy-Based Yoghurt (DBY). This study examined and compared the phytochemical composition and antioxidant capacity of coconut-tigernut yoghurt (a plant-based product) and conventional dairy yoghurt using standard methods. Phytochemical quantification identified bioactive compounds such as flavonoids, phenolics, tannins, and saponins, while antioxidant assays, including DPPH, FRAP, reducing power, and hydroxyl radical scavenging activity, assessed antioxidant potential. The results showed that the yoghurt samples exhibited antioxidant activity, but the plant-based yoghurt contained higher levels of phenolic compound, flavonoids and other bioactives and demonstrated stronger free radical scavenging activity (IC₅₀: DPPH 2.41 mg/ml; FRAP 3.52 mg/ml; reducing power 3.32 mg/ml; hydroxyl radical scavenging 5.29 mg/ml), followed by PDBY when compared with dairy yoghurt (DBY). The study highlights the therapeutic potential of plant-based yoghurt in promoting oxidative balance and supporting human health as compared to conventional yoghurt.
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1. Introduction
Yoghurt remains among the most widely consumed fermented dairy products, produced by bacterial fermentation of milk and valued for its nutritional, probiotic, and therapeutic properties (Deshwai et al., 2021). Plant-based milk is on the rise due to increased awareness of its sustainability and health benefits (Gengghatarani et al., 2025). Traditional dairy yoghurt is produced through the fermentation of cow, goat or sheep milk by Lactobacillus bulgaricus and Streptococcus thermophilus, which convert lactose into lactic acid, giving yoghurt its characteristic tangy flavour and gel-like texture. The recent awareness of lactose intolerance, cholesterol-related issues, and dietary preferences has led to the growing popularity of plant-based yoghurt alternatives. These non-dairy formulations, often derived from tiger nut, coconut, legumes, and cereals, are gaining recognition for their rich bioactive and antioxidant constituents (Acevedo-Fani et al., 2021). The non-dairy carbohydrates and proteins are fermented by lactic acid bacteria, often supplemented with stabilisers and fortification to mimic the nutritional composition of dairy yoghurt. This compositional and microbial diversity directly influences their phytochemical content and antioxidant capacity, which forms the core of plant-based yoghurts. Although, despite their rich bioactive constituents, Gupta et al. (2022) reported that most plant-based yoghurts available in the market are characterized by a low consumer acceptability, which is due to the lack of a smooth consistency, highly noticeable acidity and bean flavour as reported by Cardello et al. 2024. 
Coconut (Cocos nucifera) milk is typically characterized as a protein-oil-water aqueous solution derived from mature coconut endosperm. In recent years, coconut milk has attracted growing interest as a plant-based milk alternative. Studies show that coconut contains approximately 31–35% fat and 3.5–4.0% protein, along with substantial amounts of essential amino acids, calcium, phosphorus, potassium, and vitamins C, E, and B6, and is readily digestible (Goral et al., 2018). Coconut oil is rich in medium-chain fatty acids, which have been clinically demonstrated to help prevent hyperlipidemia, fatty liver disease, and diabetes (Narayanamkutty et al., 2018). 
Tigernut (Cyperus esculenta) is a spherical rhizome crop grown in large quantities in many West African countries (Yu et al., 2022). Washed fresh tigernuts are used in the production of milk. Manufacturers can improve plant milk’s sensory properties and consumer acceptability by combining two or more plant materials to leverage their different physicochemical and sensory properties (Adel et al., 2015)
 Phytochemicals are naturally occurring, biologically active compounds found in plants. They have gained increasing attention for their important role in promoting health and preventing disease. These compounds include flavonoids, carotenoids, phenolic acids, lignans, alkaloids, tannins, terpenes, and saponins, among others. Each class of phytochemicals has unique mechanisms of action, yet many share common benefits such as antioxidant, anti-inflammatory, antimicrobial, and anticarcinogenic properties (Adebayo et al., 2021). In the context of human health, phytochemicals perform several vital functions. One of their main roles is as antioxidants. By scavenging free radicals and reducing oxidative stress, they help prevent cellular damage that contributes to aging and chronic illnesses. This antioxidant action supports the integrity of DNA, proteins, and lipids within the body, which helps to maintain cellular function and resilience (de Lira Mota et al.,2009).  
Antioxidant capacity is increasingly recognised as a critical factor in promoting health and preventing disease. This term refers to the ability of a substance, commonly a nutrient, food, or biological molecule, to neutralize reactive oxygen species (ROS) and free radicals and prevent oxidative stress, a major factor in chronic diseases such as cancer, cardiovascular disorders, and inflammation (Ahmed et al., 2021). These reactive oxygen species are a natural byproduct of metabolism but can also result from exposure to environmental stressors such as pollution, smoking, radiation, and certain medications (Abdel-Hamid et al., 2020). Several studies have demonstrated the antioxidant potential of plant-derived food matrices when compared with animal-based products (Sabiu et al., 2015 and Momoh et al., 2022). However, limited research has been conducted on comparing the phytochemical and antioxidant capacity of plant-based yoghurt with conventional dairy yoghurt; hence, this study.
2. Materials and Methods
2.1 Sample Collection and Preparation
Fresh coconuts and tigernuts were purchased from Mile 1 market in Port Harcourt, Nigeria. The samples were sorted to remove debris and damaged nuts. Tigernuts were washed thoroughly and soaked in clean water for 12 hours to soften before blending, while coconuts were cracked, and the flesh was grated. Both samples were blended using a sterile electric blender with distilled water in a 1:2 ratio (w/v) to obtain the milk extracts.
2.2 Formulation of Yoghurt Samples
The modified method of Eke et al. (2020) was used in the preparation of all the yoghurt samples.	
2.2.1 Formulation of Plant-Based Yoghurt 
Equal portions (500ml each) of coconut and Tigernut milk were mixed in a 50:50 ratio and homogenised. The mixture was pasteurised at 85°C for 20 minutes and cooled to 45°C. Exactly 0.5g of starter culture containing Lactobacillus bulgaricus and Streptococcus thermophilus, along with 0.5 g of Carboxymethyl Cellulose (CMC), was added. Dates paste was also added based on the sweetness preference. The mixture was stirred and incubated at 45°C for 12 hours and cooled immediately at 4°C to stop fermentation. It was then packed into a sterile container and stored at ≤4⁰C.
2.2.2 	Formulation of Dairy-Based Yoghurt
Weighed powdered milk of 250g was dissolved in 1 litre of distilled water, the milk was heated to 72 °C for 20 minutes and allowed to cool to 45 °C. Exactly 0.5g of yoghurt starter culture and 0.3g of CMC were added. Dates were also added based on the sweetness preference. The mixture was thoroughly stirred to ensure even distribution and incubated at 45 °C for 8 hours. It was allowed to cool to halt fermentation, packaged into a sterile container and stored at ≤ 4 °C.
2.2.3	Formulation of Plant-Based/Dairy-Based Yoghurt Blend
Tigernut and coconut milk were measured at 300ml each and poured into a container. 100g of powdered milk was dissolved in 300ml of water and mixed properly. The full blend mixture was heated to 72 ℃ for 20minutes and cooled to 45℃. Exactly, 0.5g of starter culture and 0.2g of CMC were added. Dates paste was also added to taste; the mixture was stirred to ensure even distribution and incubated at 45 ℃ for about 6-8 hours. It was allowed to cool immediately to halt fermentation and was packed into a sterile container.
2.3 Determination of Phytochemical Constituents

The procedure used was a modification of the method by Gololo et al. (2021). Ethanol was selected as the extraction solvent because of its efficiency in dissolving both polar and moderately nonpolar phytochemical compounds such as flavonoids and phenolics (Ahmed et al., 2021). The quantitative analysis of the phytochemical constituents was carried out using Gas Chromatography–Flame Ionization Detection (GC–FID). The analysis was performed on an Agilent 6890 GC system equipped with a RESTEK MXT-1 capillary column (15 m × 0.25 mm × 0.15 µm). The injector temperature was maintained at 280°C with a splitless injection of 2 µL of sample and a linear carrier gas velocity of 30 cm/s using helium at a flow rate of 40 mL/min. The oven temperature was initially held at 200°C, increased to 330°C at 3°C/min, and held for 5 minutes. The detector operated at a temperature of 320°C. Phytochemical compounds were quantified based on their retention times compared with standard reference compounds.
2.4 Determination of Antioxidant Activity
Antioxidant assays were performed on the ethanolic extracts of the yoghurt samples to evaluate their free radical scavenging activity. The antioxidant analysis, measured using assays such as DPPH radical scavenging activity, FRAP (Ferric Reducing Antioxidant Power), Reducing Power, and hydroxyl radical scavenging capacity.
2.4.1	 DPPH Radical Scavenging Assay
The antioxidant activity of the extracts was determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method as described by Brand-Williams et al. (1995). Briefly, 1 mL of the extract at varying concentrations was mixed with 2 mL of 0.1 mM DPPH solution in methanol. The mixture was incubated in the dark for 30 minutes at room temperature, and the absorbance was measured at 517 nm against a blank. The percentage inhibition of DPPH radicals was calculated, and IC₅₀ values (concentration required to inhibit 50% of radicals) were determined.
2.4.2	 Ferric Reducing Antioxidant Power (FRAP) Assay
The reducing power of the extracts was evaluated using the FRAP method as described by Benzie and Strain (1996). A 1 mL portion of the sample extract was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of potassium ferricyanide [K₃Fe(CN)₆] (1%). The mixture was incubated at 50 °C for 20 minutes, followed by the addition of 2.5 mL of trichloroacetic acid (10%) and centrifugation at 3000 rpm for 10 minutes. The supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of FeCl₃ (0.1%), and the absorbance was read at 700 nm.
2.4.3 	Reducing Power Assay
The reducing power of the extract was determined by the method of Oyaizu (1986). Different concentrations of the extract (1 mL) were mixed with 2.5 mL phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide (1%). After incubation at 50 °C for 20 minutes, 2.5 mL of trichloroacetic acid (10%) was added, and the mixture was centrifuged. The absorbance of the resulting supernatant was measured at 700 nm
2.4.4	 Hydroxyl Radical Scavenging Assay
Hydroxyl radical scavenging activity was measured using the method of Halliwell et al. (1992). The reaction mixture contained 1 mL of the extract, 1 mL of FeSO₄ (1.5 mM), 0.7 mL of hydrogen peroxide (6 mM), and 0.3 mL of sodium salicylate (20 mM). The mixture was incubated at 37 °C for 1 hour, and the absorbance was read at 562 nm. The hydroxyl radical scavenging ability was expressed as a percentage inhibition relative to the control.
2.5 Data Analysis 
Statistical Package for Biological and Social Sciences (SPSS) Inc., 27.0 Software program was used. Mean values (M) ± SD were calculated, and one-way analysis of variance (ANOVA) was performed for multiple comparisons. A p≤0.05 was considered statistically significant.

3. Results and Discussion
3.1 Phytochemical Properties
[bookmark: _Hlk211397570]The phytochemical analysis of yoghurt samples revealed the presence of key bioactive compounds, including flavonoids, phenolics, alkaloids, tannins, and saponins. The phytochemical composition of the yoghurt samples is presented in Table 1. 
Table 1: Phytochemical Composition of Yoghurt Samples (ppm)
	Phytochemical
	PBY
	DBY
	P/DBY

	Apigenin
	73.115
	0.243
	0.295

	Flavonoid Polyphenol
	42.209
	ND
	0.507

	Genistein
	16.200
	0.152
	ND

	Daidzein
	8.863
	0.181
	6.845

	Zingiberene
	19.407
	9.341
	9.513

	Flavonoids
	ND
	22.461
	0.383

	Epicatechin
	0.251
	8.578
	3.676

	Myricetin
	2.017
	9.974
	0.362

	Phenolic
	0.864
	18.419
	ND

	Naringenin
	3.984
	9.404
	0.881

	Kaempferol
	0.330
	0.419
	0.553

	Luteolin
	2.701
	0.222
	4.808

	Gallocatechin gallate
	0.533
	8.499
	5.991

	Quercetin
	ND
	0.898
	0.325

	Ellagic acid
	ND
	5.017
	ND

	Piperic acid
	ND
	5.095
	1.695

	Cinnamic acid
	0.271
	9.379
	0.228

	Vanillic acid
	0.424
	0.149
	ND

	Coumaric acid
	0.184
	0.155
	0.360


(ND = Not Detected). Plant-based (PBY), Dairy-based (DBY), Plant/Dairy-Based (P/DBY)
Plant-based yoghurt showed very high levels of apigenin (73.115 ppm) and resveratrol (42.209 ppm), in addition to moderate amounts of daidzein and zingiberene, suggesting a richer phytochemical profile. While Dairy-based yoghurt had elevated (18.419ppm) levels of phenolic compounds.
The stronger presence of these compounds in the plant-based sample can be attributed to the inherent bioactive constituents of coconut and tigernut, which are known to contain high levels of polyphenols and flavonoids that enhance antioxidant and anti-inflammatory activity. This finding is consistent with the reports of Eke et al. (2020) and Falade et al. (2021), who observed that plant-derived milk products retain significant phytochemical content even after fermentation. The high levels of phenols present in DBY are attributed to a byproduct of protein metabolism, which is largely due to the metabolic action of starter cultures during fermentation, which releases phenolic compounds from milk proteins (Scalbert et al., 2005). Lactic acid bacteria break down milk proteins, releasing amino acids like tyrosine, which possess a phenolic side chain. The accumulation of these phenolic amino acids and the release of phenolic compounds from the matrix during fermentation lead to a high Total Phenolic Content (TPC) in the final product. Besides, during cold storage, TPC continues to increase due to the continuous metabolic activity of lactic acid bacteria (Blum, 1998).  While plants are natural sources of phenols, the fermentation process in dairy using Lactobacillus and Streptococcus frequently creates a higher, more stable phenolic profile than that found in many PBY. The result further supports the assertion by Adepoju et al. (2019) that fermentation enhances the release and bioavailability of phytochemicals by breaking down complex molecules into simpler, more bioactive forms. In comparison, the relatively lower content in dairy yoghurt may be due to the limited presence of phytochemicals in animal-based substrates.

3.2 Antioxidant Capacity   
The antioxidant capacity of the PBY, DBY and P/DBY samples was evaluated using four in vitro assays: DPPH, FRAP, Reducing Power, and Hydroxyl Radical Scavenging. The antioxidant of the yoghurt samples is presented in Figures 1- 4
3.2.1 DPPH Radical Scavenging
PBY (2.41 mg/ml) showed significantly stronger scavenging ability than DBY (6.57mg/ml) and P/DBY (4.53 mg/ml). The lower IC₅₀ indicates higher efficiency in neutralising free radicals. The DPPH scavenging activity showed that the PBY had higher radical inhibition compared to the P/DBY and the DBY. This indicates a stronger hydrogen-donating capacity and higher antioxidant potential in the plant-based yoghurt sample











Fig 1: DPPH Radical Scavenging Activity of Yoghurt Samples

3.2.2 	FRAP (Total Antioxidant Capacity)
PBY (3.52 mg/ml) showed greater ferric reducing ability compared to DBY (9.84 mg/ml) and P/DBY (5.85 mg/ml). The FRAP assay revealed that the plant-based yoghurt had a higher ferric ion reducing power than the dairy-based yoghurt and plant-based/dairy yoghurt blend, indicating superior electron-donating capacity and antioxidant potential.  












Fig 2: FRAP Activity of yoghurt Samples 

3.2.3 	Reducing Power
PBY (3.32 mg/ml) exhibited higher reducing capacity than DBY (9.93 mg/ml) and P/DBY (6.94 mg/ml). The reducing power test showed that the plant-based yoghurt had a higher absorbance value, confirming a better ability to reduce Fe3+ to Fe2+, which corresponds to increased antioxidant activity and further confirms its enhanced antioxidant strength, compared to the dairy-based yoghurt and plant-based/dairy yoghurt blend.









Fig 3: Reducing Power Activity of Yoghurt Samples
3.2.4	 Hydroxyl Radical Scavenging
PBY (5.29 mg/ml) was also more effective at hydroxyl radical inhibition compared to DBY (8.09 mg/ml) and P/DBY (5.39 mg/ml). The hydroxyl radical scavenging result indicated that the plant-based yoghurt had a higher scavenging percentage than the dairy-based yoghurt and plant-based/dairy yoghurt blend, reflecting its potential in neutralising highly reactive free radicals.











Fig 4: Hydroxyl Radical Percentage Inhibition of Yoghurt Samples

The results of this study revealed that all three yoghurt samples exhibited considerable antioxidant capacity, although the plant-based yoghurt showed slightly higher activity across most of the assays conducted (DPPH, FRAP, reducing power, and hydroxyl radical scavenging), as indicated by its lower IC₅₀ values, showing a higher presence of phenolic compounds, flavonoids or other bioactive phytochemicals inherent in the plant source, often resulting in higher antioxidant activity than conventional dairy yoghurt (DBY) and P/DBY. This observation aligns with previous findings that plant-based foods possess enhanced antioxidant properties due to their phenolic constituents (Acevedo-Fani et al., 2021). The performance of the plant-based yoghurt in DPPH and FRAP assays indicates a greater ability to donate electrons and reduce ferric ions, reflecting its potential to enhance biological antioxidant defences. Similarly, the higher hydroxyl radical scavenging capacity suggests its possible protective effect against lipid peroxidation and cellular damage. These bioactive molecules donate hydrogen atoms or electrons to neutralise free radicals, thereby reducing oxidative stress (Sabiu et al., 2015). These results correspond with previous studies (such as Adefegha & Oboh, 2012), which demonstrated that plant-based formulations exhibit enhanced antioxidant activities compared to dairy products due to their diverse phytochemical matrix. The report by Momoh et al. (2022), also emphasised the link between phenolic levels and antioxidant effectiveness in plant-derived formulations. He also noted that natural antioxidants from plants help protect cells and improve the value of functional foods. Furthermore, Budryn and Grzelczyk (2024) reported that the presence of cholesterol in conventional yoghurt (DBY) can lead to oxidation, whereas PBY alternatives are cholesterol-free and often contain phytosterols as well as high amounts of fibre and protein-bound antioxidants, which are made more bio accessible during the acidification and fermentation process.
The findings from this study therefore support the hypothesis that plant-based yoghurt could serve as a viable functional food with added health-promoting benefits beyond basic nutrition compared to dairy yoghurt and may also serve as a non-dairy functional food for individuals who are lactose intolerant or allergic to milk proteins. 
4. Conclusion 
This study successfully compared the phytochemical and antioxidant capacities of plant-based and dairy-based yoghurt samples. Both samples exhibited significant antioxidant activity; however, the plant-based yoghurt demonstrated superior free radical scavenging and reducing power. These results indicate that substituting animal milk with plant sources like coconut and tigernut can enhance the nutritional and therapeutic value of yoghurt.
The strong antioxidant potential observed may be attributed to the presence of phytochemicals such as flavonoids and phenolics, which are known for their role in mitigating oxidative stress. Therefore, plant-based yoghurt can serve as a functional food that contributes to the prevention of oxidative-related diseases while providing an alternative to conventional dairy yoghurt. The results of this study provide evidence that functional foods formulated from coconut–tigernut blends may serve as viable alternatives to dairy yoghurt, particularly for lactose-intolerant individuals.
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