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PRODUCTION OF PLANT BASED YOGHURT FROM BLENDS OF TIGER-NUTS (Cyperus esculentus) AND PUMPKIN SEEDS (Cucurbita pepo)
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Abstract 
Aim: This study evaluated characteristics of yoghurt produced from tiger nut milk analogue and pumpkin seed milk analogue.
Place and Duration of Study: Department of Food Science and Technology, Yaba College of Technology, Yaba College of Technology, Yaba, Lagos, Nigeria, between July 2025 and January, 2026.
Methodology: Tigernut and pumpkin seed milk analogue were combined at varying ratios: J8K (100% Tigernut milk analogue), B4G (95% Tigernut milk analogue: 5% pumpkin seed milk analogue), P1G (90% Tigernut milk analogue: 10% pumpkin seed milk analogue), D7P (85%tigernut milk analogue:15% pumpkin seed milk analogue), E6G 80% Tigernut milk analogue : 20% pumpkin seed milk analogue). Proximate composition, Physico-chemical analysis, anti-nutritional factors and sensory characteristics of the yogurt were determined according to standard procedure. The result of the proximate analysis: moisture content ranged between 73.80% to 78.02%, crude protein 4.98% to 6.88%, crude fat 2.44% to 3.97%, ash 1.25% to 1.84%, and carbohydrates 11.53% to 13.76%, fibre 0.43% to 0.70% and Energy value 93.42 kcal/100g and total Solids 21.92% to 26.21%; physicochemical analysis: pH ranged between 4.84 to 5.24, titratable acidity 0.583% to 0.863%, brix content 26.64 to 40.23, viscosity 19.13cP to 23.07cP, specific gravity 1.01 to 1.03 and Free Fatty Acids 0.344% to 0.524%; Antinutrients: tannins 0.024% to 0.122%, phytates 0.082 to 0.113%, and oxalates 0.106% to 0.127%; Microbial analysis: Total Plate Count 35.00×104 cfu/mL to 83.50×104 cfu/mL, Yeast and Mould 4.50×104 cfu/mL to 11.50×104 cfu/mL and Total Coliform Count 10.50×104 cfu/mL to 45.50×104 cfu/mL. 
Conclusion: Consumer acceptability test shows that sample J8K (100% Tigernut milk analogue) had the most acceptable preference in terms of color, taste, aroma, mouth feel and overall acceptability.
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1. INTRODUCTION 
In recent years, there has been a noticeable shift toward the consumption of plant-based foods, largely driven by growing health awareness, environmental concerns, and dietary restrictions such as lactose intolerance. Dairy products, particularly yoghurt, are widely valued for their nutritional and probiotic benefits; however, their dependence on animal milk limits their accessibility and suitability for a significant portion of the global population. As a result, research attention has increasingly focused on the development of plant-based yoghurt alternatives that can provide comparable nutritional and functional benefits without the limitations associated with dairy products (Montemurro et al., 2021; McClements & Grossmann, 2021).
Yoghurt is traditionally produced through the fermentation of milk by lactic acid bacteria, mainly Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus. During fermentation, lactose is converted into lactic acid, leading to a reduction in pH, coagulation of milk proteins, and the development of the characteristic texture and flavour of yoghurt. Beyond its basic nutritional value, yoghurt is recognized for its role in promoting gut health and enhancing immune function due to the presence of beneficial microorganisms. However, for individuals who are lactose intolerant or allergic to dairy proteins, conventional yoghurt is not a suitable option, thereby creating a need for alternative products derived from plant sources.
Recent studies have shown that plant-based substrates can be effectively utilized in the production of yoghurt-like products with acceptable physicochemical and sensory qualities. For example, tiger nut-based yoghurt has been reported to exhibit desirable acidity, viscosity, and microbial stability, while also providing additional nutritional benefits such as dietary fibre and healthy lipids (Okafor et al., 2024; Asante et al., 2025). Similarly, fermentation of pumpkin seed milk has been found to improve protein quality, antioxidant activity, and probiotic viability, indicating its suitability as a base material for functional yoghurt production (Wadeesirisak et al., 2025).
Tiger nut (Cyperus esculentus) is an underutilized tuber crop that is increasingly gaining recognition due to its rich nutritional profile and versatility in food applications. It contains appreciable amounts of dietary fibre, essential minerals, and monounsaturated fatty acids, particularly oleic acid, which is associated with cardiovascular health benefits. Tiger nut milk, derived from the tubers, is naturally sweet, lactose-free, and suitable for use in non-dairy beverage formulations. Its composition and functional properties make it a promising substrate for fermentation and the development of plant-based yoghurt products (Asante et al., 2025).
Pumpkin (Cucurbita pepo), especially its seeds, is another nutrient-dense plant material with significant potential in functional food development. It is rich in proteins, essential fatty acids, carotenoids, and various bioactive compounds with antioxidant properties. The presence of provitamin A carotenoids in pumpkin further enhances its nutritional importance, particularly in addressing micronutrient deficiencies. Studies have shown that pumpkin-based milk can be successfully fermented into yoghurt-like products with improved nutritional quality and functional attributes (Wadeesirisak et al., 2025).
The combination of tiger nut and pumpkin presents a unique opportunity to develop a plant-based yoghurt with complementary nutritional advantages. While tiger nut contributes energy, fibre, and healthy fats, pumpkin provides proteins, vitamins, and antioxidant compounds. The integration of these two plant materials is expected to enhance both the nutritional value and functional properties of the final product, while also improving its sensory characteristics.
Therefore, this study aims to produce plant-based yoghurt from blends of tiger nut and pumpkin milk, and to evaluate its proximate composition, physicochemical properties, and sensory acceptability. The development of such a product is expected to contribute to dietary diversification, promote the utilization of locally available crops, and provide a sustainable alternative to conventional dairy yoghurt.

2. material and methods 
2.1 Materials
Fresh tiger nuts (Cyperus esculentus) and pumpkin seeds (Cucurbita pepo) were obtained from Mile 12 Market, Ikosi-Ketu, Lagos State, Nigeria. All raw materials were sorted and cleaned to remove defective units and extraneous materials prior to processing. Analytical-grade reagents were used throughout the study.
2.2 Preparation of Milk Analogues
2.2.1 Pumpkin Seed Milk
Pumpkin seed milk was prepared according to the method described by Jasper et al. (2020) with slight modifications. The seeds were cleaned, dehulled, and blended with water (1:1, w/v). The slurry was filtered through a double-layer muslin cloth, boiled for 5 min with constant stirring, cooled to ambient temperature (≈22 °C), and stored at 5 °C prior to use.
2.2.2 Tiger Nut Milk
Tiger nut milk was prepared following the procedure of Oguntoyinbo et al. (2025). The nuts were sorted, soaked in distilled water (1:7, w/v) for 24 h, wet-milled, and filtered through muslin cloth. The filtrate was pasteurized at 95 °C for 15 min and cooled to 43 °C for subsequent use.
2.3 Formulation of Milk Blends
Tiger nut and pumpkin seed milk were blended in the following ratios: 100:0, 95:5, 90:10, 85:15, and 80:20 (tiger nut: pumpkin seed). The 100% tiger nut milk served as the control sample .
2.4 Production of Plant-Based Yoghurt
The milk blends were pasteurized at 60 °C for 30 min, cooled to 43–45 °C, and inoculated with starter culture (3 g/kg). Fermentation was carried out at 43 °C for 12 h until a pH of 4.5–4.6 was attained. The yoghurt samples were then cooled to 4 °C to terminate fermentation and stored under refrigeration prior to analysis (Adetunji et al., 2024) .
2.5 Proximate Composition
Moisture, ash, crude protein, crude fat, and crude fibre contents were determined using standard methods of AOAC (2019). Carbohydrate content was calculated by difference, while energy value was estimated using Atwater factors as described by FAO (2020).
2.6 Physicochemical Analysis
The pH and titratable acidity of the yoghurt samples were determined according to AOAC (2019). Total solids were obtained by oven drying at 105 °C to constant weight. Soluble solids (°Brix) were measured using a digital refractometer. Viscosity was determined using a rotational viscometer at 25 ± 2 °C (Grasso et al., 2020), while specific gravity was measured using a pycnometer (AOAC, 2019). Free fatty acids were determined by titration using standard procedures (Adebanjo et al., 2021).
2.7 Determination of Anti-nutritional Factors
Tannin content was determined using the Folin–Denis method, while phytate was analyzed using a colorimetric method as described by Muthoni, and Shimelis, (2025) Oxalate content was determined using a titrimetric method according to Abbas et al.,2023.
2.8 Microbiological Analysis
Total viable count was determined using Plate Count Agar following ISO 4833-1 (2023). Yeast and mould counts were determined using Dichloran Rose-Bengal Chloramphenicol agar (ISO 21527-1, 2018), while coliform counts were determined using Violet Red Bile Lactose agar. Results were expressed as colony-forming units per millilitre (CFU/mL) .
2.9 Sensory Evaluation
Sensory evaluation was conducted using twenty trained panelists familiar with yoghurt products. A 9-point hedonic scale (1 = dislike extremely, 9 = like extremely) was used to evaluate appearance, aroma, taste, mouthfeel, flavour, and overall acceptability. Panelists rinsed their mouths with water between samples to minimize carry-over effects.

2.10 Statistical Analysis
All data were subjected to analysis of variance (ANOVA), and mean differences were separated using Duncan’s Multiple Range Test at a significance level of p < 0.05.
3. results and discussion
3.1 Proximate Composition
The proximate composition of the formulated yoghurt samples showed significant variation (p < 0.05) across blend ratios in Table 1, reflecting the compositional differences between tiger nut and pumpkin seed milks . Moisture content ranged from 73.80 to 78.02%, with higher values observed in samples with greater tiger nut proportions. This trend is consistent with the high water-binding capacity and natural sugar content of tiger nut milk, which contributes to increased free moisture (Asante et al., 2025). Conversely, samples enriched with pumpkin seed milk exhibited reduced moisture levels, likely due to the higher fat and protein content of seeds, which promote water immobilization within the matrix (Montemurro et al., 2021). Crude fat content (2.44–3.97%) increased significantly with pumpkin seed inclusion, reflecting the lipid-rich nature of pumpkin seeds, which typically contain 40–50% oil (Wadeesirisak et al., 2025). Similar increases in fat content have been reported in seed-enriched plant-based yoghurts, where lipid incorporation enhances energy density and mouthfeel (McClements & Grossmann, 2021). Ash content (1.25–1.84%) followed a similar trend, indicating increased mineral content with pumpkin seed addition, consistent with their richness in magnesium, phosphorus, and zinc (Yadav et al., 2022). Crude protein content ranged from 4.98 to 6.88%, with higher values observed in samples containing pumpkin seed milk. This increase is attributable to the relatively higher protein content of pumpkin seeds compared to tiger nuts, and aligns with findings in composite plant-based yoghurt systems where seed or legume enrichment enhances protein quality (Montemurro et al., 2021). Crude fibre content (0.43–0.70%) also increased with pumpkin inclusion, supporting previous reports that fibre-rich plant ingredients improve structural stability and viscosity in non-dairy yoghurt matrices (McClements & Grossmann, 2021).Carbohydrate content varied between 11.53 and 13.76%, with higher values associated with lower moisture samples, suggesting a concentration effect. Total soluble solids (21.92–26.21%) increased with pumpkin seed addition, indicating higher levels of dissolved solids, which may contribute to improved mouthfeel and product consistency. Energy values (93.42–114.96 kcal/100 g) increased proportionally with fat and protein content, confirming the role of macronutrient composition in determining caloric density. Overall, the results demonstrate that pumpkin seed incorporation enhances the nutritional quality of the yoghurt, while tiger nut contributes to moisture and carbohydrate content.






Table 1: Result of the Proximate Composition of Plant-Based Yoghurt from the Blends of Tigernut and Pumpkin Seeds
	Sample
	Moisture (%)
	Crude Fat (%)
	Total Ash (%)
	Crude Fibre (%)
	Crude Protein (%)
	Total Carbohydrate (%)
	Total Soluble Solid (%)
	Energy Value (Kcal/100g)

	J8K
	77.82±0.02d
	2.71±0.02b
	1.31±0.04a
	0.47±0.02ab
	5.09±0.03b
	12.62±0.01c
	22.18±0.01b
	94.91±0.08b

	B4G
	74.24±0.03b
	3.92±0.03cd
	1.84±0.03d
	0.70±0.02c
	6.88±0.02e
	12.43±0.03b
	25.75±0.02d
	112.64±0.25d

	P1G
	77.15±0.03c
	3.97±0.03d
	1.39±0.03b
	0.52±0.02b
	5.45±0.01c
	11.53±0.01a
	22.85±0.04c
	103.63±0.23c

	D7P
	78.02±0.03e
	2.44±0.02a
	1.25±0.02a
	0.43±0.04a
	4.98±0.02a
	12.90±0.01d
	21.92±0.03a
	93.42±0.22a

	E6G
	73.80±0.03a
	3.88±0.02c
	1.66±0.02c
	0.65±0.01c
	6.26±0.03d
	13.76±0.03e
	26.21±0.01e
	114.96±0.19e


NB: Data are mean values of duplicate determination ± standard deviation. Mean values with the same letter within the same column are not significantly difference (P = .05).
Key:
J8K - 100% tigernut milk, 0% pumpkin seed milk 
B4G - 95% tigernut milk, 5% pumpkin seed milk 
P1G - 90% tigernut milk, 10% pumpkin seed milk 
D7P - 85% tigernut milk, 15% pumpkin seed milk 
E6G - 80% tigernut milk, 20% pumpkin seed milk








Table 2: Physicochemical Analysis of Plant-Based Yoghurt from the Blends of Tigernut and Pumpkin Seeds
	Sample
	pH
	Brixo
	TotalTitratable Acidity (%)
(TTA)
	Viscosity (Cp)
	Specific Gravity

	Free Fatty Acid (%)
(FFA)

	J8K
	4.94±0.04b
	40.23±0.04e
	0.713±0.000c
	19.34±0.04b
	1.03±0.01a
	0.362±0.000b

	B4G
	5.24±0.03d
	26.64±0.05a
	0.863±0.000e
	23.07±0.04e
	1.02±0.01a
	0.393±0.000c

	P1G
	5.21±0.04d
	28.62±0.02d
	0.812±0.000d
	19.91±0.04c
	1.03±0.01a
	0.524±0.000e

	D7P
	4.84±0.03a
	27.22±0.03b
	0.583±0.000a
	19.13±0.00a
	1.01±0.01a
	0.344±0.000a

	E6G
	5.06±0.03c
	28.18±0.03c
	0.691±0.000b
	21.48±0.02d
	1.02±0.01a
	0.414±0.000d


NB: Data are mean values of duplicate determination ± standard deviation. Mean values with the same letter within the same column are not significantly difference (p > 0.05).
Key:
J8K - 100% Tigernut milk, 0% pumpkin seed milk
B4G - 95% Tigernut milk, 5% pumpkin seed milk
P1G - 90% Tigernut milk, 10% pumpkin seed milk
D7P - 85% Tigernut milk, 15% pumpkin seed milk



E6G - 80% Tigernut milk, 20% pumpkin seed milk
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3.2 Physicochemical Properties
Table 2 presents the results of the physicochemical properties of the yoghurt samples. The physicochemical properties of the yoghurt samples were significantly influenced (p < 0.05) by blend composition. The pH values ranged from 4.84 to 5.24, slightly higher than typical dairy yoghurt values (≈4.2–4.6), indicating reduced acidification in plant-based systems. This may be attributed to the buffering capacity of plant proteins, particularly from pumpkin seeds, which can moderate pH changes during fermentation (Montemurro et al., 2021).Titratable acidity (0.583–0.863%) increased with fermentation activity, although samples with higher pumpkin seed content exhibited higher acidity despite relatively higher pH values. This inverse relationship suggests protein-induced buffering effects, as previously reported in plant-based fermented products (McClements & Grossmann, 2021). Total soluble solids (°Brix) ranged from 26.64 to 40.23, with the highest value observed in 100% tiger nut yoghurt, reflecting its naturally high sugar content. The reduction in °Brix with pumpkin seed inclusion is consistent with dilution effects and lower intrinsic sugar levels of seed-based milks (Wadeesirisak et al., 2025). Viscosity values (19.13–23.07 cP) increased significantly with pumpkin seed addition, likely due to enhanced protein–fat interactions and improved gel network formation. Similar findings have been reported in plant-based yoghurt systems where protein-rich substrates improve textural properties and water-holding capacity (Montemurro et al., 2021). Specific gravity (1.01–1.03) showed no significant variation, indicating uniform density across samples. Free fatty acid (FFA) values (0.344–0.524%) increased with pumpkin seed inclusion, suggesting higher lipid hydrolysis, possibly due to endogenous lipase activity in seeds. This observation aligns with reports that lipid-rich plant substrates can increase FFA levels in fermented products (McClements & Grossmann, 2021). Overall, the results confirm that pumpkin seed incorporation improves viscosity and nutrient density, while tiger nut contributes to sweetness and soluble solids.
3.3 Anti-nutritional Properties
The anti-nutritional factors (tannin, oxalate, and phytate) varied significantly (p < 0.05) among the samples (Table 3). Tannin content ranged from 0.024 to 0.122%, with lower values observed in samples containing higher pumpkin seed proportions. This reduction may be attributed to dilution effects and processing conditions such as soaking and fermentation, which are known to reduce tannin levels (Rizvi et al., 2024). Oxalate content (0.106–0.127%) remained within safe limits and decreased slightly with increased pumpkin seed inclusion. Similarly, phytate content (0.082–0.113%) showed a decreasing trend, suggesting improved mineral bioavailability in enriched samples. Fermentation has been widely reported to reduce phytate levels through enzymatic degradation, thereby enhancing nutrient bioaccessibility (Montemurro et al., 2021). Overall, the relatively low levels of anti-nutritional factors indicate that the developed yoghurt is safe for consumption and nutritionally beneficial. The reduction observed with pumpkin seed inclusion further supports its role in improving the nutritional quality of plant-based products.






Table 3: Anti-nutritional Properties of Plant-Based Yoghurt from the Blends of Tigernut and Pumpkin Seeds
	Sample
	Tannin (%)
	Oxalate (%)
	Phytate (%)


	J8K
	0.063±0.000b
	0.113±0.000b
	0.094±0.000b

	B4G
	0.122±0.000e
	0.127±0.000d
	0.113±0.000d

	P1G
	0.114±0.000d
	0.120±0.000c
	0.105±0.000c

	D7P
	0.024±0.000a
	0.106±0.000a
	0.082±0.000a

	E6G
	0.093±0.000c
	0.121±0.000cd
	0.096±0.000b


NB: Data are mean values of duplicate determination ± standard deviation. Mean values with the same letter within the same column are not significantly difference (p > 0.05).
Key:
J8K - 100% tigernut milk, 0% pumpkin seed milk 
B4G - 95% tigernut milk, 5% pumpkin seed milk 
P1G - 90% tigernut milk, 10% pumpkin seed milk 
D7P - 85% tigernut milk, 15% pumpkin seed milk 
E6G - 80% tigernut milk, 20% pumpkin seed milk
3.4 Microbial Quality
Microbial analysis revealed total plate counts ranging from 3.5 × 10⁵ to 8.35 × 10⁵ CFU/mL (Table 4). These values are typical of fermented products and reflect active lactic acid fermentation. Samples with higher pumpkin seed content exhibited slightly higher microbial loads, likely due to increased nutrient availability supporting microbial growth (Asante et al., 2025). Coliform counts (1.05 × 10⁵ to 4.55 × 10⁵ CFU/mL) indicate possible post-processing contamination, emphasizing the need for improved hygienic practices during production. Ideally, coliforms should be absent or minimal in fermented products due to the inhibitory effect of acidic conditions (FAO/WHO, 2020).Yeast and mould counts (4.5 × 10⁴ to 1.15 × 10⁵ CFU/mL) were relatively low but indicate potential spoilage risk. Their presence may be attributed to the high sugar content and acidic environment, which favour fungal growth. Overall, while microbial loads were within acceptable ranges for fermented foods, improved processing hygiene and storage conditions are necessary to enhance product safety and shelf life.







Table 4: Microbial Analysis of Plant-Based Yoghurt from the Blends of Tigernut and Pumpkin seeds
	Sample
	Total Plate Count (TPC) (x104 Cfu/mL)
	Total Colifrm Count (TCC) (x104 Cfu/mL)
	Total Fungi Count (TFC) (x104 Cfu/mL)

	J8K
	59.50±3.54b
	29.50±3.54b
	4.50±0.71a

	B4G
	35.00±2.83a
	10.50±2.12a
	11.50±2.12b

	P1G
	51.50±4.95b
	20.00±2.83ab
	7.50±2.12ab

	D7P
	83.50±6.36c
	42.00±1.41c
	10.00±1.41b

	E6G
	77.50±4.95c
	45.50±7.78c
	5.00±0.00a


NB: Data are mean values of duplicate determination ± standard deviation. Mean values with the same letter within the same column are not significantly difference (p > 0.05).
Key:
J8K - 100% tigernut milk, 0% pumpkin seed milk 
B4G - 95% tigernut milk, 5% pumpkin seed milk 
P1G - 90% tigernut milk, 10% pumpkin seed milk 
D7P - 85% tigernut milk, 15% pumpkin seed milk 
E6G - 80% tigernut milk, 20% pumpkin seed milk
3.5 Sensory Evaluation
Sensory evaluation showed that all yoghurt samples were generally acceptable, with scores ranging from 5.70 to 7.05 on a 9-point hedonic scale. No significant differences (p > 0.05) were observed among samples in terms of appearance, aroma, taste, mouthfeel, and overall acceptability (Table 5). The control sample (100% tiger nut) recorded the highest scores, likely due to its natural sweetness and familiar flavour profile. The inclusion of pumpkin seed milk slightly modified sensory attributes, particularly aroma and taste, but did not significantly reduce acceptability. This suggests that pumpkin seed can be incorporated up to 20% without compromising consumer preference. The relatively stable sensory scores across formulations indicate good compatibility between tiger nut and pumpkin seed milk. These findings align with recent studies showing that plant-based yoghurt formulations can maintain acceptable sensory quality when enriched with nutrient-dense plant ingredients (Asante et al., 2025).
Table 5: Sensory Evaluation of Plant-Based Yoghurt from the Blends of Tigernut and Pumpkin Seeds
	Sample
	Appearance
	Aroma
	Taste
	Mouthfeel
	Overall Liking

	J8K
	6.60±0.88a
	6.25±1.45a
	6.70±1.72a
	6.80±1.40a
	7.05±1.36a

	B4G
	6.40±1.14a
	5.75±1.55a
	5.95±2.24a
	5.70±2.30a
	6.10±1.74a

	P1G
	6.65±1.31a
	5.45±1.32a
	6.10±1.68a
	6.20±1.47a
	6.20±1.40a

	D7P
	6.15±1.18a
	5.60±1.50a
	6.10±1.52a
	5.95±1.64a
	6.25±1.45a

	E6G
	6.40±1.35a
	5.70±1.26a
	6.15±1.69a
	6.15±1.42a
	6.25±1.52a


NB: Data are mean values of twenty panelists ± standard deviation. Mean values with the same letter within the same column are not significantly difference (p > 0.05).
Key:
J8K - 100% Tigernut milk, 0% pumpkin seed milk 
B4G - 95% Tigernut milk, 5% pumpkin seed milk 
P1G - 90% Tigernut milk, 10% pumpkin seed milk 
D7P - 85% Tigernut milk, 15% pumpkin seed milk 
E6G - 80% Tigernut milk, 20% pumpkin seed milk

4. Conclusion
This study successfully developed a plant-based yoghurt from blends of tiger nut (Cyperus esculentus) and pumpkin seed (Cucurbita pepo) milk, demonstrating its potential as a functional dairy alternative. The results showed that incorporation of pumpkin seed milk significantly improved the nutritional profile of the yoghurt, particularly in terms of protein, fat, ash, fibre, and energy content, while tiger nut milk contributed to higher moisture content and natural sweetness.The physicochemical properties indicated that the yoghurt increase in viscosity and total solids with pumpkin seed inclusion which suggests improved structural stability and mouthfeel, which are desirable attributes in non-dairy yoghurt products. 
Anti-nutritional factors such as tannins, phytates, and oxalates were present at low and safe levels, with a general reduction observed as pumpkin seed content increased. Sensory evaluation demonstrated that all yoghurt samples were generally acceptable, with no significant differences among formulations. The control sample (100% tiger nut) recorded slightly higher scores; however, incorporation of up to 20% pumpkin seed milk did not adversely affect consumer acceptability. This confirms the compatibility of both plant sources in yoghurt production.  Overall, the study establishes that tiger nut–pumpkin seed yoghurt is a nutritionally enhanced, lactose-free, and functional product with potential applications in improving dietary diversity and addressing nutritional deficiencies, particularly in developing regions.
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