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Physico-chemical properties of yoghurt flavoured with mmilo (Vangueria infausta) pulp
from Botswana


.
ABSTRACT
Mmilo (Vangueria infausta) is an edible fruit which is under-utilised in Botswana, often drying up and going to waste in the wild. As a way of embracing sustainability and indigenous value-addition in food production, yoghurt was fermented and flavoured with mmilo pulp. The purpose was to fortify yoghurt with vitamin C through the addition of different amounts of mmilo fruit and to assess the statistical significance of such fortification through physico-chemical assay. Vitamin C content of fortified yoghurt increased by 35- 150%, with statistically significant change (P=.05) noted in samples incorporating 2, 4 and 8% of mmilo pulp, and it was predicted that a 200g portion of the product incorporating 4% of pulp could meet dietary requirements of healthy adults for prevention of scurvy. Also, total dissolved solids measured as °Brix, and total titratable acidity both increased significantly from 9.03 to 16.6° and 1.22 to 1.4%, respectively (P=.05) while pH decreased significantly as well, with lowest value recorded as 3.94 in contrast to the control sample whose pH was 4.45. Addition of mmilo pulp significantly changed product colour (P=.05) resulting in reduction in lightness (L*) and green-red hue (a*) and increase in blue-yellow hue (b*). It may be concluded that flavouring yoghurt using mmilo pulp is a viable means of fortifying it with vitamin C and improving its dissolved solids content and, for further development, it is recommended that microbiological profiling and sensory evaluation be conducted to facilitate its commercialization.
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1. INTRODUCTION

Yoghurt is the outcome of fermenting pasteurised or sterilised milk using protosymbiotic cultures of Streptococcus salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus (Tewari et al., 2019). At the point when an adequate amount of lactic acid is created then the milk coagulates, and this coagulated milk is called yoghurt. It supplies good quality proteins, calcium, phosphorus, and potassium for human nutrition. The product is normally sour because of fermentation (Ndife et al., 2014), with its flavour being brought about by lactic acid – which bestows an acidic and invigorating taste – and a blend of different carbonyl mixes

like acetone, diacetyl, and acetaldehyde, the last of which is viewed as the significant flavor part (Ezeonu et al., 2016).

Dairy products like yoghurt contain micronutrients in small amounts, including Vitamin C. Even so, the little that is there gets decreased during thermal processing (pasteurisation) (Combs & McClung, 2017). Globally, vitamin C deficiency is still prevalent, and reported to affect up to 26% of adults in high-income countries, and 79% of them in low-to-middle income countries (Rowe & Carr, 2020). Vitamin C is essential because it stimulates the synthesis of collagen which is essential for adrenal function. It also aids in the absorption of micronutrients such as iron and calcium, and deficiency can lead to scurvy, fatigue, impaired osteoblast activation and triggering hair damage (Afiyah et al., 2022).

Fortification is the addition of bioactive components, nutrients or non-nutrients, food ingredients or supplements to edible products for correcting or preventing widespread nutrient intake shortfalls, restoration of nutrients, or to appeal to consumers looking to supplement their diet (Dwyer et al., 2015). Dairy products are normally fortified with vitamins A and D, but rarely vitamin C (Gahruie et al., 2015). However, fortification of dairy products with vitamin C can improve their nutritional quality and enhance their acceptability. According to Guiné & De Lemos (2020), one of the possible vitamin C supplementation options is the addition of fruit to yoghurt as fruits are known to be compatible with dairy products. The beneficial synergy between these products and the bioactive ingredients identified in dairy products has the potential to lead to a new era in functional food innovation. Susa & Pisano (2023) also mentioned that fruits from different parts of the world are the richest sources of vitamin C, followed by cruciferous vegetables and fresh herbs.

Wild plants on average contain more vitamins and minerals than their domestic counterparts (Combs & McClung, 2017), hence they would provide better nutritional enrichment when used in yoghurt fortification. In Botswana, yoghurt is usually fortified or flavoured with commercially cultivated fruits instead of non-cultivated ones. There are presently various assortments of yoghurts accessible in the market, but most of them are formulated using fruits exotic to Botswana, e.g., strawberry, banana, pineapple, with only one local producer using locally available ingredients like morula (Sclerocarrya birrea), mmilo, lerotse (Kalahari melon), motoroko (prickly pear) and mogorogorwane (Orange Monkey fruit). According to Stalline (2024), many indigenous foods are celebrated for their health benefits due to their dense nutrition as they have been selectively adapted naturally to their environment over a prolonged time.

Mmilo (Vangueria infausta) is a wild fruit widely available in Botswana, which is edible to both humans and animals. The fruit is practically round, has a glossy dull green appearance when maturing and changing to a light earthy colour when ripe. The ripe product is delicate with a rough skin that encases 3-5 seeds installed in delicate mash. The fruit is palatable and has a charming sweet-sour, coarse taste, being found on the plants during summer, from January to April in Botswana (Neudeck et al., 2012). The different parts of mmilo such as the fruits, pulp, seeds, leaves and roots can be used for medicinal purposes for conditions such as gastrointestinal disorders, malaria, pneumonia, cough and menstrual problems, among others. Furthermore, the review by Maroyi (2018), shows mmilo to be a good source of carbohydrates, copper, fibre, iron, magnesium, manganese, potassium, protein and Vitamin C, as it can meet their RDA requirements. In some communities, the fruits are used to make marmalade, while in others, the pulp is fermented to produce an alcoholic drink. Inasmuch one mmilo-flavoured yoghurt exists in the local market, a scientific study on it is not available in the literature, a gap that this report aims to contribute to filling. On this basis, therefore, the present study investigated the fortification of yoghurt with mmilo – an indigenous and

underutilised micro-nutrient dense fruit in Botswana – to determine the effects of mmilo- fortification levels on some physico-chemical properties of yoghurt.


2. MATERIAL AND METHODS

2.1 Raw Materials acquisition
Full cream ultra heat treated (UHT) milk was bought from a store in Gaborone city, Botswana, while Mmilo fruits were obtained from street vendors in Gaborone who had harvested the fruit in the wild from surrounding villages neighbouring the city. A vat-set starter culture (JOG431) containing a mixture of Streptococcus thermophilus and Lactobacillus bulgaricus was purchased from Cape Food Ingredients, situated in Cape Town, South Africa (capefoodingredients.com).

2.2 Samples Preparation
2.2.1  Yoghurt production


A stock culture was prepared first by inoculating 1L UHT milk which had been pasteurised at 85°C for 15 minutes and cooled to 42°C, using 0.038g starter culture. The stock culture was incubated at 30°C for 10hrs and allowed to set.

To produce yoghurt, milk was pasteurised and cooled as stated above, and 240g was transferred into sterilized medium-sized (300-500g capacity) glass honey jars. A mass of 2g stock culture was inoculated into each jar, after which they were covered with their screw lids and incubated for 10hrs at 30°C. The yoghurt was then allowed to chill in a refrigerator at 4°C.
2.2.1  Mmilo pulp preparation and yoghurt flavouring

Mmilo fruits were first sorted to eliminate unsuitable or defective fruits, then they were washed using tap water. The washed fruits were peeled and destoned. Water (100ml) and 25g of sugar were added to the pulp and the mixture homogenized until it was uniform in appearance. The mixture was then simmered for 10 minutes, cooled and chilled in the refrigerator at 4°C for at least one day before use. After yoghurt had chilled, the chilled mmilo pulp was added as per the treatments shown in Table 1, mixed and placed in the refrigerator to set.
Table 1 Yoghurt fortification schedule

	Sample Number
	Amount of Mmilo added to Yoghurt (g)
	Percent	Mmilo	content (g/g)

	1
	0
	0

	2
	5
	2

	3
	10
	4

	4
	20
	8




2.2 Analytical procedures

AOAC methods 932.12 and 967.21 (AOAC, 2005a, 2005b) were used to determine, respectively, soluble solids and vitamin C content, while the procedures outlined by Bultosa & Gwamba (2024) were followed to determine product pH and total titratable acidity expressed as percent lactic acid. Product colour was objectively quantified in the CIELAB L*a*b* colour space following procedures outlined in the operational manual of the Konika Minolta (CR 400) chromameter (Konica Minolta, 2002). In objective colour measurements, the parameters L*, a*, b* represent, respectively, lightness which ranges from 100 (lightness) to 0 (dark), red (+) to green (-) hue ranging from + or – 80, and yellow (+) to blue (-) hue also ranging from + or – 80. Furthermore, chroma (C*) may be computed from magnitudes of a* and b* parameters to represent colour intensity using equation (1) (Wrolstad & Smith, 2017).

   	(1)

2.3.1 Statistical Analysis

Raw data was captured and pre-processed in Microsoft Excel Spreadsheet (Microsoft 365, Release 16.0) while the R Statistical Environment, version 4.4.0 (R Core Team, 2024) was used to establish statistical inferences at 𝛼 = 0.05 using the two-tailed analysis of variance (ANOVA) and separation of means was done using the Tukey HSD test.


3. RESULTS AND DISCUSSION

Chemical properties of mmilo-fortified yorghurt are provided in Table 2, with results showing that as mmilo incorporation level increased, significant changes were elicited as further discussed. Vitamin C content increased significantly by 152% from 15.0mg/100g to 37.8mg/100g when 2% of mmilo pulp was added in comparison to the control, but it decreased significantly as level of incorporation increased at P=.05 level of significance. It is probable that after addition of the mmilo pulp to yoghurt, secondary biochemical reactions that utilized the added vitamin C could have progressed prior to the assay, with higher levels of mmilo incorporation probably enhancing such reactions more. In their study on the fortification of yoghurt using mango fruit (Mangifera indica L.) extract, Afiyah et al. (2022) reported significant increase in vitamin C content using 6-10% of the extracts, with lower levels of 2 and 4% not showing significance in comparison to the control. Globally, the recommended dietary amount (RDA) or recommended daily intake for vitamin C varies greatly ranging from 40 to 110mg/day with the lower levels being used as minimal levels for prevention of scurvy, and higher levels up 200mg/day for optimization of health (Carr & Lykkesfeldt, 2021; FAO & WHO, 2001). Hence, it may be deduced that consumption of a reasonable serving of 200-250g of mmilo-flavoured yoghurt could meet these criteria.

Also, as mmilo incorporation level was increased, the total soluble solids content of the yoghurt as measured by the °Brix level increased, but there was no significance between samples containing 4 and 8% of mmilo pulp at P=.05 level of significance. This is expected to enhance the organoleptic perception of the product of which optimal levels can be confirmed through a sensory evaluation study. In sensory evaluation, °Brix measures the sweetness of the sample due to the levels of glucose and sucrose. Therefore, the higher the °Brix, the sweeter the sample and vice versa. Generally, yoghurt has an acidic or tangy taste, and Bankole et al. (2023) have indicated that adding flavours to yoghurt can enhance its sensory properties and improve consumer appeal. Therefore, for consumers who prefer sweeter yoghurt, this mmilo fortified yoghurt might appeal to them.
Table 2 Chemical properties of yoghurt samples

	Mmilo Content (%, g/g)
	Vitamin C Content
(mg/100g)
	pH
	Total Titratable Acidity (%, v/v)
	°Brix

	0 (Control)
	15.00
	4.45
	1.22
	9.03

	2
	37.80
	4.07
	1.14
	12.3a

	4
	30.80
	4.03
	1.17
	13.10a

	8
	20.30
	3.94
	1.40
	16.60


For each parameter, samples marked with the same superscript do not differ significantly at P=.05

Yoghurt pH levels reduced significantly at P=.05 as mmilo pulp levels increased, suggesting that product microbial safety and stability improved with mmilo addition. pH is a measure of dissociated hydrogen ions attributable to weak organic acids present in foods (Tyl & Sadler, 2017). Undissociated lipophilic acid molecules can enter microbial cells where they can lower their cytoplasmic pH levels to inhibit microbial growth. In that regard, therefore, acidification of foods to pH levels below 4.2 is a major safety consideration for fermented foods, of which the present results show that mmilo-fortified yoghurts would fall within the safe band (Adams & Moss, 2008; Holzapfel, 2002).
Total titratable acidity of yoghurt fortified with mmilo reduced with increasing pulp concentration, suggesting that the pulp was less acidic than yoghurt. However, the sample into which the highest amount of pulp was added had a significantly increased total acidity level, probably associated with some secondary fermentation prior to assay. Total titratable acidity is a measure of dissociated and dissociated acid in a food product and may be related to its acid taste (Tyl & Sadler, 2017).
Product colour parameters after mmilo addition are shown in Table 3, with results showing that addition of mmilo significantly changed them, with L*, b* and C* magnitudes reducing, and a* magnitude increasing, at P=.05. These numerical changes may be interpreted as increased darkening deduced from the decrease in L* and C* values, and apparent shifts from green to red and yellow to blue hues amongst the mmilo-treated samples, but there was no significant difference in lightness value. L* (which is a measure of lightness) decreased with increasing mmilo pulp levels, signifying that products became darker on addition of mmilo pulp which was brown in appearance. According to Wrolstad & Smith (2017), chroma increases with increasing pigment concentration but decreases as the food becomes darker, which is in line with the current results. It may be further deduced from the results that as mmilo pulp incorporation level increased, yoghurt hue shifted from green to red (a*) and from yellow towards blue (b*). Further investigation to relate this numerical colour change to acceptability of the products through a sensory evaluation test is, therefore, recommended.

Table 3 Effect of mmilo pulp content on yoghurt colour
	Mmilo Content (%, g/g)
	L
	a*
	b*
	C*

	0 (Control)
	96.00
	-3.48
	7.69
	26.76

	2
	88.70ab
	-1.49
	6.83
	10.18

	4
	86.10ac
	-0.747
	5.61
	4.19

	8
	86.10bc
	0.37
	5.50
	2.04


For each parameter, samples marked with the same superscript do not differ significantly at P=.05

4. CONCLUSIONS

Yoghurt samples flavoured with different concentrations of mmilo pulp were produced and their physicochemical properties assayed. Vitamin C content in all mmilo-fortified products was found to be significantly higher (at P=.05 level of significance) than the amount in the control. From the results, it may be deduced that a 200g serving of the mmilo yoghurt into which 2% (g/g) of mmilo pulp was added could provide ≈ 75mg of vitamin C, which can meet the RDA of healthy adult consumers having a minimum daily dietary requirement of 40mg/day. Given this potential of mmilo-flavoured yoghurt to meet vitamin C requirements for healthy adult consumers, its production should be promoted in Botswana and in other regions where the fruit grows.
All the measured physico-chemical properties of the yoghurt changed significantly (P=.05) on addition of mmilo pulp, but for some properties, increasing the amount of pulp did not cause significant changes amongst the mmilo-fortified samples. It was also noted that trend in pH and titratable acidity values changed for the sample with the highest amount of mmilo pulp added, suggesting that secondary biochemical changes could have occurred prior to assay which was done at least 24 hours later. Further studies utilizing 4% mmilo incorporation may, therefore, be recommended with sensory and microbial assay to provide a complete quality profile of the yoghurt, to facilitate its commercialization.
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