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Comparative Analysis of the Functional Properties and Nutritional Compositions of Peel and Pulp of Unripe Plantain


Abstract
The study was carried out to evaluate the nutritional compositions and functional properties of peel and pulp of unripe plantain. The different parts of unripe plantain (the peel and the pulp) were prepared and processed. The unripe unpeeled boiled plantain flour (UUBPF), the unripe peeled boiled plantain flour (UPBPF), the unripe peeled plantain flour (UPPF) and unripe peeled unboiled plantain flour (UPUPF). The proximate composition ( moisture content, crude protein, ash content, ether extract, crude fibre, dry matter, carbohydrate) were evaluated using the method of Association of Official Analytical Chemists and the functional properties (least gelation capacity LGC, water absorption capacity WAC, oil absorption capacity OAC, bulk density BD, swelling capacity SC ) of the samples were also carried out. The results revealed that ash content was observed to be the highest in UPPF (9.25±0.07 %), UUBPF (3.00±0.01 %), UPBPF (2.31±0.01 %) and UPUPF (2.19±0.01). UPPF has the highest percentage crude fibre (4.78±0.04 %), UPUPF (4.10±0.00 %), UPBPF (3.96±0.08 %) and UUBPF (3.48±0.03). The highest percentage carbohydrate (CHO) was recorded in UPBPF (870.8±0.01) while the lowest percentage was in UPPF (74.88±0.14). The study also revealed that the highest percentage value for LGC, WAC, OAC, and BD were in UUBPF (20.01±0.02), UPBPF (2.79±0.01), UPBPF (1.81±0.00), and UUBPF (0.83±0.00) respectively. The highest percentage SC was recorded in UPUPF at 95 oC (512.3±0.07) while lowest was observed in UPPF at 65o C (134.1±0.09). The solubility properties of the samples revealed that, the highest percentage was recorded in UPPF at 75 oC (143.7±0.04) while the lowest percentage was observed in UUBPF at 95 oC (6.77±0.00).
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Introduction 
Plantains (Musa paradisiacal) are a stable f3oods containing certain minerals including magnesium, potassium, vitamin A, vitamin K, vitamin C and B, particularly thiamine and riboflavin. According to Katherine and Jacquelyn, (2019), plantain is cooked and consumed as a starchy food in Latin America, the African Caribbean, and African countries. One of the most important crops of tropical plants is plantain, which belongs to the Musaceae family Musaceae (Moussa paradise). Musa paradise’s. English name is plantain. It is called ogede agbagba in Yoruba, ayaba in Hausa, and ogadejioke in Igbo. (Oladiji, Idoko, Yakubu, 2010) described plantain as a trunk-bearing plant with long overlapping petioles and about 1.22-10 m in height. Life span is about 15 years according to Philip’s report in 1982, about  to 4 months before fruit can be harvested, or about 8 to 12 months total after planting (Swennen, 1990). Therefore, plantains are very rich in fibre and may reduce cholesterol levels while relieving constipation and preventing colon cancer. Ng and Fong, (2000) reported that the high concentration of potassium in plantains was found to increase blood pressure and prevent muscle cramps. Plantains peels are a waste product from the plantain processing industry and are usually indiscrimately disposed of in landfills, rivers, or unregulated soils (Osma, Herrera, Cuto, 2007). Fruit peels are discarded as waste after the inner pulp is consumed, which creates an environmental burden, especially in areas where consumption is high. Omole, Ajasin, Oluokun, and Obi (2008) reported that while husks may replace cornstarch in snail diets, bracts, fruit stems and leaves may be left behind as farm waste. Various parts of the plantain tree, such as leaves, pseudo-stems, fruit stems, and skins, can be fermented after being cut into pieces, and dried to yield a more nutritious alfalfa press-cake (Omole et al., 2008). Unripe plantain meal has been recommended for diabetic patients most especially in Nigeria to reduce post pyramidal glucose level. It is efficient in weight control, releases glucose slowly with high nutritional value. The unripe plantain contains large amount of starch, its skin remains green and it has a neutral taste. Akinsanmi et al., (2015) reported that more than 2.11 millons tonnes of plantains are produced annually in Nigeria, providing sufficient food for subtropical local populations. This plant is used for food, beverages, fermentable sugars, medicines, seasonings, prepared foods, silage, aromatics, ropes, cords, wreaths, shelter, clothing, incense, and numerous ritual and religious purposes Adediran et al., (2016). Other parts of the plant and its active ingredients, such as psyllium flower, ripe and immature fruit, leaf and stem extracts, have physiological effects and have been used to treat many human ailments (Auta and Kumurya, 2015). The main pharmacology effects of this plant are hepatoprotective, diuretic, analgesic, anti-ulcer, wound healing, hair – growth promoter and haemostatic activity (Kumar et al., 2019). Plantain peel (plantain skin) is the outer envelopes (covering) of plantain fruit. They are the by-product of plantain consumption and processing. Plantain peels are used as food for animals, in purification and for manufacturing of several biochemical products. Because of this removal of the plantain peel, a significant amount of organic waste is generated. Plantain peels are sometimes used to feed cattle, goats, monkeys, poultry, rabbits, fish, zebras and several other species, typically on small farms mostly in regions where plantains are grown (Heuzé et al., 2016). The presence of tannins in the plantain peels has been a major concern on the animals that consume them Alamsyah et al., (2016) have reported that the potential applications for plantain peel depend on its chemical composition. Plantain peel is rich in dietary fibre (50 % on a dry matter basis), proteins (7 %), essential amino acids, polyunsaturated fatty acids and potassium. Plantain peel is a store house of phytochemical compounds, mainly antioxidants. However, plantain peel has constituted environmental nuisance since they mostly regarded as waste and often discarded indiscriminately in landfills, drainages and road sides; as a result posing a threat to the environment (Auta and Kumurya, 2015). Gilver and Liliana, (2017) have it that plantain peel has the potential as a propestive raw material with numerous useful industrial applications especially in the agro-based industries. Country like Somalia has considered plantain peels for use as organic fertilizers to replenish fertilities of the soil and enhance better crop production and yield (Okareh et al., 2015). It has also been reported by (Okareh et al., 2015) that plantain peels are good potential substitute for corn starch in the diet of snails and also incorporated along with other waste products in the pig’s diet. On the other hand, psyllium rind shows potential in the chemical industry for the production of important chemicals such as ethanol and alkali for soap making. Aiming for a cleaner and safer environment, scientific efforts have been made to remove heavy metals using polyphenolic resole resins obtained from ethanolic extracts of plantain peels, this is because the skin has a high adsorption capacity and retention affinity for lead (Pb), nickel (Ni) and chromium (Cr) Andres et al., (2015). Functional properties describe the behaviour and properties of food during preparation and cooking and how they affect the finished food in terms of appearance, feel and taste. Functional properties are the essential physicochemical properties of food, and reflect the complex interactions between the structures, molecular conformation, compositions, and physicochemical properties of food components with the nature of the environment and conditions in which these are measured and associated (Suresh and Samsher, 2013; Kaur and Singh, 2006; Siddiq et al., 2009). Functional properties are swelling capacity, water absorption capacity, oil absorption capacity, emulsion (activity and stability), foam (capacity and stability), gelatinization, bulk density, dextrinisation, preserving, denaturation, coagulation, gluten formation, jelling, shortening, plasticity, flakiness, retention of moisture, aeration, sensory attributes among others. The functional properties of foods and flours are influenced by the components of the food material, especially the carbohydrates, proteins, fats,and oils, moisture, fibre, ash, and other ingredients or food additives added to the food such as sugar alcohols (Awuchi, 2017; Awuchi and Echeta, 2019) as well as the structures of these components. Functional properties are very critical to the quality of food, starch is mainly responsible for the browing, dextrinisation, gelation and so on while protein is responsible for the foaming, browing, emulsification, coagulation, denaturation, etc. fat is majorly responsible for emulsification, aeration, shortening, among others.  
Materials and Methods
Sample Collection
Bunches of matured unripe plantain fruit were purchased from Uchi market in Auchi, Etsako West Local Government, Edo State. All the chemicals and reagents used were of the analytical grade.
Sample Preparation
The unripe plantain fruits were washed with tap water and followed with distilled water in order to remove the surface dirt. Four different samples were prepared from the unripe plantain.
Preparation of Unripe Unpeeled Boiled Plantain Flour (UUBPF)
The unripe boiled unpeeled plantains were cut into small sizes with a stainless steel knife, and boiled in a stainless cooking pot until it became soft. The boiled plantains were transferred into a thermostatically controlled oven allowed to dry for 24 hr at 105 oC. The dried sample was ground to fine powder using electric grinder and sieve using 100μm sieved to obtain a finer particle sizes. The resulted powder was collected and stored in an air tight dry container and labelled unripe unpeeled boiled unpeeled plantain flour. (UUBPF)
Preparation of Unripe Peeled Boiled Plantain Flour (UPBPF)
The UPBPF was prepared by removing the peel (the skin) using a stainless steel knife and boiled in a stainless cooking pot until it became soft. The unripe peeled boiled plantain was transferred into a thermostatically controlled oven and allowed to dry at 105 oC for 24 hr. The dried unripe peeled boiled plantain was ground using electric grinder and further sieved to finer particles using 100 μm sieve. The resulted powder was collected and stored in an air tight dry container and labelled unripe peeled boiled plantain flour (UPBPF). 
Preparation of Unripe Plantain Peels Flour (UPPF)
The UPPF was prepared by removing the peels using a stainless steel knife. The unripe plantain peels were dried in a thermostatically controlled electric oven at 105 OC for 24 hr. the dried peels were ground to fine particles using a grinder and further sieved into finer particles using 100 μm sieve. The resulted powder was stored 33333in an air tight dry container and labelled as unripe plantain peeled flour (UPPF). The same procedure was repeated for the preparation of unripe peeled unboiled plantain flour (UPUPF) from unripe peeled unboiled plantain
Determination of Functional Properties
Determination of Least Gelation Concentration 	(LGC)
The Least Gelation Concentration (LGC) of unripe unpeeled boiled plantain flour (UUBPF) was determined using the modified method reported by Coffman and Garcia (1977). Sample suspensions of increasing concentrations (m/v) were prepared in 10 mL distilled water in test tubes. The tubes containing the suspensions were then heated for 1 hour in a gentle boiling water bath and rapidly cooled under running water. Further cooling was done at about 4 OC for 2 hr. Each tube was then inverted one after the other, and the LGC was taken as the concentration at which the inverted suspension did not fall. The same procedure was repeated for UPBPF, UPPF and UPUPF.
Determination of Water Absorption Capacity (WAC)
The water absorption capacity (WAC) was determined by the method reported by Beuchat (1977. (UUBPF) (1 g) was weighed into 250 mL and 10 cm3 of distilled water was added and centrifuged for 30 minutes. The mixture was separated by decantation and transferred into 100 cm3 measuring cylinder. The volume was recorded and the volume of water was determined by difference. Duplicate measurement was made and average results taken. The same procedure was repeated for UPBPF, UPPF and UPUPF.  Water absorption capacity was calculated using equation 1
WAC =  	 						 1

Where A = Weight of the container with wet sample
	B = Weight of the container with dry sample
	C = Weight of the container					 	



Determination of Oil Absorption Capacity (OAC)
UUBPF (0.5 g) was weighed into a 250 mL beaker and 10 mL of soy oil (Density 0.9095) was added and mixed together. The mixture of UUBPF and soy oil was centrifuged at 350r/min for 30 min. the oil layer was decanted and transferred into a 100 cm3 of graduated measuring cylinder and the volume was recorded. The volume of the oil was determined by difference. The OAC was calculated using the equation (2) and expressed as g/g of absorbed oil to by UUBPF. Duplicate measurement were carried out and average results was recorded. The same procedure was repeated for UPBPF, UPPF and UPUPF.

OAC	=								2

 
Where 	W1	=	Weight of sample before oil addition (g)
W2		=	Weight of syringe assembly (syringe barrel, filter paper, test tube 
			and sample) (g)
W3		=	Weight of syringe assembly (syringe barrel, filter paper, test
			tube, 	sample and oil absorbed) after centrifugation (g)
W4		=	Initial moisture content of sample (%)

Determination of Bulk Density
The bulk density of the sample was determined using the method described by Okaka and Potter, 1979). UUBPF (1 g) was weighed into a 100 mL graduated measuring cylinder and the cylinder was continuously tapped until a constant volume was reached. Bulk density (gcm-3) is calculated using Equation 3 and is expressed as g/cm3. Analyses were performed in duplicate. The same procedure was repeated for UPBPF, UPPF and UPUPF
	
Bulk Density (gcm-3) =					                3

Result and Discussion 
The results of the proximate composition analysis of unripe plantain parts samples are shown in Table 1. The percentage moisture content of various plantain parts; (UPBPF), (UPUPF), (UUBPF), and (UPPF) showed that UPUPF has the highest percentage moisture content while the lowest percentage moisture content was obtained in UPBPF. The results also showed that moisture content of the samples were moderate and low, this is an indication that the samples can conveniently be stored for a longer period of time and hinder efficiently and effectively the growth of microorganisms therefore increasing its shelf-life. The values obtained are acceptable for the established aim, reach a stable shelf-life (< 20 % moisture) and agree with those previously reported by Kayisu et al., 1981, Gwanfogbe et al., 1988, Daramola and Osanyinlusi, 2006. 
Ash refers to the concentration of minerals or inorganic residue that remains after either ignition or complete oxidation of organic matter in a foodstuff. Ash content is used for nutritional evaluation. The percentage ash content in unripe plantain various parts; UPBPF, UPUPF, UUBPF, and UPPF ranged from 9.25±0.07 to 2.19±0.01. UPPF has the highest percentage ash content (9.25±0.07) and the lowest percentage ash content was obtained in UPUPF. However, the low percentage ash content obtained in UUBPF and UPBPF was due to evaporation of some of the volatile minerals as a result of heating. The highest percentage ash content obtained in UPPF revealed that the bulk of the minerals were concentrated in the peels of the unripe plantain
Carbohydrates are important in foods as a major source of energy, to impact crucial textural properties, and as a dietary fibre which influences physiological processes. Carbohydrate also exhibit other attributes such as bulk, body, viscosity, stability to emulsions and foams water-holding capacity, freeze-thaw stability, flavour, aromas, and a range of desirable textures and also provide safety. The results of carbohydrate obtained for the samples by difference showed that UPBPF has the highest percentage carbohydrate (87.08±0.01) while the lowest was obtained in UPPF (74.85±0.14). Comparatively, the results showed that UPUPF is rich in appreciable quantity of carbohydrate than the UPPF and that the major class of food in unripe plantain is carbohydrate. 
The dry matter that remains after moisture removal is referred to as total solids. The result showed the percentage dry matter ranged from 92.86±0.01 to 92.64±0.73 and UPUPF has the highest value (92.86±0.01) and the lowest in UPBPF (92.64±0.73). Dry matter ensures adequate nutrient balance. The nutrients that are essential and needed to maintain the growth of animals, pregnancy during lactation are part of the dry matter portion of food (Cozzolina and Labandera, 2002).
Fat are those lipids that are solid at room temperature. The analysis of fats in foods is important for accurate nutritional labeling, determination of whether the food meets the standard of identity, and to ensure that the product meets manufacturing specifications. Fat values obtained for (UPBPF), (UPUPF), (UUBPF) and UPPF were 4.16±0.08, 4.45±0.07, 3.68±0.04, and 6.50±0.01 respectively. 
The energy values in various parts of unripe plantain ranged from 3386.14±0.77 to 3530.78±0.71. The highest energy value was obtained in (UPUPF) and UPPF has the lowest value. The various proportions of energy contribution were as a result of fat, protein and carbohydrates. 
Proteins are an abundant component in all cells and they are important for biological functions and cell structure except the storage proteins. The percentage crude protein of unripe plantain various parts ranged between 5.24±0.01 and 2.65±0.02. UPPF has the highest percentage crude protein (5.24±0.01) and the lowest percentage crude protein content was obtained in (UPBPF, 2.65±0.02). The percentage crude protein content in the study was comparatively low however, the results revealed that much protein is obtained in UUBPF which could enhance protein content of the body system if that part is consumed than eating UPBPF. However, the low values of percentage crude protein obtained showed that unripe plantain is not a good source of protein. In spite of the low protein content, the percentage crude fibre recorded makes unripe plantain of interest from a nutritional point of view. Dietary fibre is essentially the sum of the non-digestible components of a food stuff or food product. Most, though not all dietary fibre is plant cell wall materials such as cellulose, hemicelluloses, lignin and made up of polysaccharides molecules. Dietary fibre is also refers to as parts of plant foods that body system cannot digest or absorb. In this study, the fibre content of unripe plantain various parts ranged between 4.78±0.04 and 3.96±0.08 with the highest percentage obtained in (UPPF, 4.78±0.04) and the lowest was in (UUBPF, 3.48±0.03). Comparatively, the results showed that (UPUPF) percentage crude fibre was 4.1±0.00 while the (UPBPF) and (UUBPF) were 3.96±0.08 and 3.48±0.03 respectively suggesting that crude fibre quantity in the sample was reduced after boiling. The percentage quantity of crude fibre obtained in this study showed that unripe plantain meal will protect against colon cancer, keep blood lipids within the normal range, thereby reducing the risk of obesity, hypertension, and cardiovascular disease. It will also help in maintaining and sustaining the normal peristatic movement of the intestinal tract which is one of the important physiological roles that crude fibre plays in the living system. The results revealed that the fibre was more in UPPF and its importance as a source of dietary fibre and would therefore be able to regulate the normal bowel function 

Table 1: The Proximate Composition of the Peel and Pulp of Unripe Plantain Samples 
	    in Weight Percentage
	
Sample
	UPBPF
	UPUPF
	UUBPF
	UPPF

	
	
	Percentage (%)
	
	

	Moisture content
	6.84±0.01
	7.15±0.01
	6.91±0.01
	6.90±0.00

	Crude protein
	2.65±0.02
	2.73±0.04
	3.07±0.01
	5.24±0.01

	Ash content
	2.31±0.01
	2.19±0.01
	3.00±0.01
	9.25±0.07

	Ether extract
	4.16±0.08
	4.45±0.07
	3.68±0.04
	6.50±0.01

	Crude fibre
	3.96±0.08
	4.10±0.00
	3.48±0.03
	4.78±0.04

	Dry matter
	92.64±03.73
	92.86±0.01
	92.80±0.42
	92.80±0.42

	ME(cal/kg)
	352.7±1.43
	353.78±0.71
	349.18±1.37
	339.14±0.77

	CHO
	87.08±0.01
	86.77±0.35
	86.75±0.01
	74.85±0.14


The obtained values are averages ± standard deviation of duplicate determinations

Functional properties are referred to as those physical and chemical properties that influence the behaviour of proteins in food systems during processing, storage, cooking and consumption. (Mahajan and Dua, 2002; Alake et al., 2016). The functional properties of the plantain part properties are presented in table 2. Water absorption capacity (WAC) is the amount of water absorbed per gram of flour, it is the quantity of water (moisture) absorb by flour to achieve the desirable consistency and produce quality food product. The determination is significant since low or excessive water absorption can negatively affect the quality of food products. It is expressed by the weight of food and flour. Food protein content is one of the factors that influence WAC values (Butt and Batool, 2010). Proteins possess both hydrophilic and hydrophobic properties that interact with water in food. This indicates the hydrophilic potential of the protein. WAC is used to indicate the protein ability of a food material to prevent product liquid loss during food storage or processing (Kiosseeoglou and Paraskevopovlou, 2011). The WAC values for (UPBPF), (UPUPF), (UUBPF) and (UPPF) were 2.79±0.01, 1.78±0.01, 2.03±0.00 and 2.47±0.00 respectively. UPBPF has the highest WAC and the lowest in UUBPF. However, the protein content in UPBPF is not as high as UUBPF and UPPF. In addition to protein influence on WAC, WAC is also influenced by carbohydrate content (Adejuyitan et al., 2009) as indicated in the value of percentage carbohydrate recorded for UPBPF (87.08±0.01) which was the highest value in all. The level of dietary fibre also influenced WAC as fibre has the ability to absorb water. The low value of water absorption capacity of the flour samples was probably due to the loose association of amylase and amylopectin in the granules of starch and weaker associative forces maintaining the granules structure (Lorenz and Collins, 1990). These factors that affect water-binding properties of food flours with relatively high protein content could be attributed to amino acid composition, protein configuration and surface polarity Fekria et al., (2012). The results revealed that UPBPF has the highest WAC value (2.79±0.01) and would be able to prevent fluid loss from product during food processing and storage and also make it desirable for use in confectionary. 
The oil absorption capacity (OAC) is defined as the amount of fat absorbed per gram of flour. Protein content in flour is one of the factors affecting OAC since it has the hydrophobic properties to interact with the oil in foods. The OAC of plantain various parts samples were ranged from 1.38±0.01 to 1.81±0.00 g/g. the highest value was obtained in UPBPF (1.81±0.00 g/g) followed by UPUPF (1.46±0.01), then UUBPF (1.39±0.00 g/g) and UPPF (1.38±0.00 g/g). UPBPF, with the highest value of OAC may be a source of raw material in the baking industry or may be useful in pastry as a flavor retainer due to its ability to bind with the oil and make it useful in a food system where optimum absorption is desired (Adegunwa et al., 2017). The ability of flour to be able to absorb oil can improve texture, and mouthfeel, flavour enhancer and fat loss of food products like baked dough (Kisambira et al., 2015, Adebowale et al., 2005).
Gelling property is an important functional property of food ingredients such as starch and protein as food additives and materials. Gelation is directly related to texture and viscoelasticity and affects the texture of many types of food. The lowest gel volume percentage values for samples obtained under these experimental conditions were between 14±0.03 % and 20±0.02 %, and the lowest gel volumes for UPBPF and UPUPF were 18.02±0.01 and 14.00±0.03 % respectively.  Ikujenlola et al., 2013 reported in their study that LGC for malted maize was 14.00 % and UPUPF has the same value (14±0.03 %). However, UPBPF (18.02±0.01 %), UUBPF (20.01±0.02 %) and UPPF (20.01±0.01 %) have GLC higher in value than the flour samples reported by Bello et al., 2017 in their study (10 %). Gels are characterize by their viscosity, plasticity and elasticity, hence the higher the percentage of LGC, the lower is the ability of the flour to form a stable gel (Lawan et al., 2018) therefore,  UPUPF diet will form a stable gel than UUBPF and UPPF flour samples. Flour products that form a stable gel could serve as a good binder and provide consistency in food preparation such as semi-solid beverages like kunu-zaki (Msheliza et al., 2018). The LGC obtained in UUBPF and UPPF samples are also desirable as Adeoti and Osundahunsi (2017) reported that high percentage of LGC would lead to reduction in viscosity and consequently increase in nutrient density and low bulk dietary bulk. The LGC values recorded in UPUPF, UPBPF, UUBPF and UPPF were comparable similar to the values obtained by Adeoti and Osundahunsi (2017) who obtained 14.00±0.01 (malted millet), 18.64±0.01 (malted millet + pumpkin protein isolate and 20.22±0.02 (malted millet + defatted pumpkin).
Bulk density is a functional property of flours, powders, fine particles, granules, and other divided solids foods. It is a vital parameter in determining product packaging requirements (Mohamed et al., 2009). The study revealed the bulk density (BD) of UPBPF, UPUPF, UUBPF and UPPF to be 0.77±0.00, 0.53±0.00, 0.83±0.00, and 0.45±0.00 respectively. This is an indication that UUBPF is the heaviest thus UUBPF would not take too much space when distributing and also decreases packaging costs. The results also showed that they could serve as a good thickener in food products and their suitability for use in food processing. However, UPPF has the least BD an indication that it is lighter than others as a result UPPF could be applied in the formation of complementary foods due to its low BD (Suresh and Samsher, 2013). UPUPF (0.53±0.00) has the same value as reported by Ratnawati et al., 2018 for bean flour (0.53 g/cm3) as this would enable infants to swallow it with ease without choking or suffocation.

        Table 2: The Functional Properties of Peel and Pulp of Unripe Plantain Samples Flour
	 
	UPBPF
	UPUPF
	UUBPF
	UPPF

	
	
	Percentage
	(%)
	

	LGC
	18.02±0.01
	14.00±0.03
	20.01±0.02
	20.01±0.01

	WAC
	2.79±0.01
	1.78±0.01
	2.03±0.00
	2.47±0.00

	OAC
	1.81±0.00
	1.46±0.01
	1.39±0.00
	1.38±0.01

	BD
	0.77±0.00
	0.53±0.00
	0.83±0.00
	0.45±0.00


The obtained values are averages ± standard deviation of duplicate determinations

Swelling capacity (SC) is the measure of the flour (starch) ability to absorb water and swell and it also reflects the extent of associative forces in the starch granules. SC is an indication of the non-covalent bonding that exist between the molecules of starch granules and one of the factors of the α-amylose and amylopectin ratios (Iwe et al., 2016). The results obtained in this study as presented in table 3 showed that the SC of the samples increased as temperature increases while the SC of UUBPF decreased at 85 oC but further increase was observed at 95 oC. The high values of swelling capacities recorded showed that the starch content in the samples were high since high starch content increases swelling capacity of foods and flours, also, the samples might contain high quantity of branched amylopectin chain which suggests that there are more hydrophilic groups and therefore more water molecules is bound and leading to increase in swelling capacity. The samples will be a promising ingredients and raw materials that can be applied to improve the properties and characteristic of confectionaries.



Table 3: The Swelling Properties of the Peel and Pulp of Unripe Plantain Samples Flour
	TEMP (oC)
	UPBPF
	UPUPF
	UUBPF
	UPPF

	
	
	Percentage
	(%)
	

	65
	423.1±0.02
	170.2±0.04
	411.2±0.07
	134.1±0.09

	75
	476.2±0.04
	374.3±0.45
	442.7±0.04
	218.5±0.04

	85
	477.5±0.14
	467.9±0.35
	437.5±0.04
	320.9±0.49

	95
	481.8±0.07
	512.3±0.07
	465.6±0.14
	400.9±0.49


The obtained values are averages ± standard deviation of duplicate determinations

Solubility, in food system is the property of solid, liquid, or gaseous food substances known as solute to dissolve in liquid, gaseous, or solid solvent. The solubility properties are presented in table 4. The solubility of the samples are within the range at different temperatures 65 to 95 oC (7.75±0.00 to 5.80±0.01) in UPBPF, 34.8±0.01 to 7.78±0.00 in UPUPF, 49.1±0.01 to 2.96±0.01 in UUBPF and 143.7±0.04 to 16.4±0.01 in UPPF. UPPF has the highest solubility (143.7±0.04 at 75 oC) while the lowest was obtained in UUBPF (2.96±0.01) at 85 oC, the variation in the percentage of solubility obtained could be as a result of the availability of lipids in the samples which might present in an unequal proportion since the presence of lipids decrease water absorption capacity of foods (flour), reduce swelling capacity and ultimately reduced the solubility (Opong et al., 2015). The high solubility obtained in the samples (UPBPF, 7.75±0.00, UPUPF, 34.8±0.01 at 65 oC), UUBPF, 49.1±0.01, UPPF. 143.7±0.04 at 75 oC) suggesting high digestibility of the samples at the working temperatures and might be used for infant formula and food.

Table 4: The Solubility Properties of the Peel and Pulp of Unripe Plantain Samples Flour
	TEMP (oC)
	UPBPF
	UPUPF
	UUBPF
	UPPF

	
	
	(%)
	
	

	65
	7.75±0.00
	34.77±0.01
	12.65±0.00
	74.23±0.00

	75
	6.56±0.00
	8.91±0.00
	49.06±0.01
	143.7±0.04

	85
	5.80±0.01
	7.78±0.00
	2.96±0.01
	44.75±0.00

	95
	5.84±0.00
	7.78±0.01
	6.77±0.00
	16.43±0.01


The obtained values are averages ± standard deviation of duplicate determinations

Conclusion 

Plantain along with plantain flour are becoming increasingly important and attracting attention among food manufacturers, marketers and consumers, particularly those with diabetes. Plantain are not rich in protein, however considerable quantity were obtained in UUBPF suggesting  that they are better  boiled  with the peel on. Investigation of processing methods found that the functional properties of plantain flours varied widely. Gelling properties indicated that the samples were desirable. The bulk density values obtained were well within the range of samples used in food processing as thickeners and forming complementary food products. The swelling ability indicated this sample to be a promising ingredient and raw material that can be used to improve the properties of confectionary. High solubility values obtained for the samples UPBPF, UPUPF. UUBPF, and UPPF show high sample digestibility and are suitable for baby food and food production. Considering all this, unripe plantains with sufficient nutrients and suitable functional properties have the potential to meet the nutritional needs of human health (diabetics), especially when cooked with their skins.
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