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Abstract: The study examined effect of decortications on quality of yellow maize and white maize for “tuwo” production was investigated. Tuwo flour from decorticated and undecorticated white and yellow maize were made and coded as sample DWF (decorticated white maize flour), UWF (undecorticated white maize flour), DYF (decorticated yellow maize flour) and sample UYF (undecorticated yellow  maize flour). The flour samples were analyzed for carbohydrate, functional properties and beta carotene while sensory evaluation was determined on the tuwo meal produced. Data analysis was carried out using standard established procedures. Results shows that functional properties revealed that bulk density ranged from 0.51-0.70 g/g, water absorption capacity (6.96-7.94 g/g), oil absorption capacity (7.70-8.93 g/g), emulsion capacity (42.38-54.95 %), emulsion stability (43.19-48.53 %), foam capacity (8.82-14.21 %), swelling capacity (1.94-2.25 g/g), swelling index (1.31-1.45 g/g), dispersibility (58.00-73.00 %) and gelatinization temp (62.00-72.00 oC). Carbohydrate values ranged from 73.66-79.10 %, total starch (55.49-67.43 %), amylase (13.48-21.44 %) and β-carotene (7.12-8.40 ug/g). Sensory evaluation shows that all the samples were acceptable by the semi-trained panelists. The study results revealed significant changes and differences in the functional, carbohydrate characteristics and β-carotene of tuwo from the maize varieties.
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Introduction
	“Tuwo”, a non-fermented maize dumpling is a popular diet native to Northern Nigeria where it is consumed by different tribes including the Hausas, Fulanis, Kanuri and Nupes. Popularity of tuwo has increased as Yoruba speaking people of the South West Nigeria and some other West African countries including Ghana, Togo, Benin, Mali and Burkina-Faso are now eating Tuwo [1]. Tuwo is usually consumed with different types of soup depending on the taste of the community where it is consumed. Soups such as okro, ogbono, melon and some local vegetable soups such as kubewa, kuka and tafshe which are side dishes also go with tuwo. It is a dietary staple food in many parts of the world, with the total production of maize surpassing that of wheat or rice for a teeming, world population of 400 million who are majorly Africa and Central America [2]. 
	Maize (Zea mays) is an important food crop providing about 30 % of the calories for approximately 4.5 billion peoples in 94 developing countries [3]. It is one of the most widely utilized cereals in Nigeria and other West African countries due to its high yielding potentials, storability and versatility in processing. Maize is a good source of carbohydrates but very low in fats, proteins and some of the important vitamins as well as minerals. In addition, one of the main nutritional circumscriptions of maize grains, however, is its deficiency in two important essential amino acids - lysine and tryptophan [4]. Efforts at improving the protein quality of maize led to the development of quality protein maize (QPM) varieties. QPM kernels contain double the quantity of lysine and tryptophan, balanced ratio of isoleucine to leucine and increased desirable proteins ingestion [3]. 
	Tuwo is traditionally prepared by making a slurry of the maize flour and adding the slurry to adequate boiling water on fire, stirring, adding more maize flour and stirring to thicken and form a consistent gel-like dough. Water may be added if the dough is too thick, the dough is then left on fire to cook for about 10 minutes, and stirred thoroughly to get a uniform consistency of the tuwo meal [5]). Tuwo is faced with limitations in its acceptability due to its poor textural quality [6]. Tuwo from local indigenous maize is also low in nutrients; hence there is dire need to improve the nutrients content of tuwo through the use of bio fortified maize. Thus, this research work deal with production of tuwo from decorticated and undecorticated white and yellow maize.

Materials and Methods 

Source of Materials 
	The maize used for this project was purchased from Owode Market in Offa, Kwara State and transported to Food Processing Laboratory, Department of Food Technology, Federal Polytechnic Offa, Kwara State, Nigeria.

Sample preparation
Preparation of decorticated and undecorticated maize flour 
	This was achieved according to the method of Bolade and Adeyemi [7] with little modification. This was done by initially cleaning the maize grains manually by the removal of stones, damaged kernels and other extraneous materials. The grains were dehulled and finally milled to obtain the flour followed by sieving using a sieve with 300-μm aperture and then kept in airtight polythene bags until needed while its undecortication one were milled wholly after sorting, cleaning and destining.

Preparation of Tuwo	
	Tuwo was prepared from each flour sample using a method as described by [7] however, with slight modification. The overall ratio of flour to water used in the tuwo production was 1:3.5 (w/v). Cold slurry of the flour was first prepared by mixing 20 % of the desired quantity of flour (1.0 Kg) with 25 % of the desired quantity of water (3.5 L). This was followed by bringing 60 % of the water into boiling and the cold slurry initially prepared was added to this boiling water coupled with vigorous stirring, using a wooden flat spoon, to form a pap-like consistency. The remaining quantity of the flour (80 % of the desired total) was then added gradually to the boiling pap-like paste with continuous stirring so as to facilitate non-formation of lumps and ensure a homogenous gel formation. The remaining quantity of water (15 % of the desired total) was finally added to the formed gel, covered properly without stirring and allowed to cook for about 2 min after which it was stirred vigorously to ensure smoothness of the gel. The final product obtained is called Tuwo.

Methods of analysis
Determination of chemical composition of the maize varieties flour samples
	The standard method described by Association of Official Analytical Chemists, AOAC [8] was used for chemical analysis such as total starch, amylose content and beta-carotene of the samples while carbohydrate content was determined by difference. 

Determination of functional properties of the maize varieties flour samples
	The functional properties (bulk density, water and oil absorption capacity, emulsion activity and stability) of the maize varieties flours samples were determined as described by Yasumatsu et al. [9]. Foaming capacity was evaluated using the method of Narayana and Narasinga [10] while swelling power and solubility capacity were analyzed by the methods of Ukpabi and Ndimele [11]. Dispersibility was determined by the methods described by kulkarni et al. [12] while gelatinization temperature was determined by the method described by Shinde [13].

Determination of sensory evaluation of the maize varieties cooked dough samples
	Sensory attributes of the maize varieties flour samples were determined using preference test as described by Akinsola et al. [14]. Twenty semi-trained panelists that was familiar with moin-moin and ekuru puddy, a similar steaming product to the study samples were drawn from the Polytechnic community. The panelists were asked to indicate their preference for the samples in term of colour, appearance, mouldability, flavour, taste and overall acceptability on 9-point Hedonic scale where 9 =like extremely and 1=disliked extremely. Each panelist sat in an enclosed cubicle designed for sensory evaluation and water was provided to rinse mouths before and after tasting each of the samples.

Statistical Analysis
	A one-way analysis of variance and Duncan’s test were used to establish the significance of differences among the mean values at the 0.05 significance level. Results were expressed as mean of triplicate analyses. The statistical analyses were performed using SPSS software (Systat statistical program version 21, SPSS Inc.,
USA).

Results and Discussion

Results
Carbohydrate and beta carotene properties of the maize varieties flour samples
	Table 1 shows results of the carbohydrate and β-carotene property of the maize varieties flour samples. The starch contents of the flours ranged between 55. 49 to 67.43 %. The result showed that sample produced from undecorticated yellow maize (sample UYF) had the highest value (67.43 %) while sample produced from decorticated white maize (sample DWF) had the least value (55.49 %). The result showed insignificant variation between the samples (p<0.05). It was observed that samples produced from yellow maize had the highest starch value than samples produced from white maize flour this could be as result of genetic variation. Also, the differences in the value obtained may be due to difference in preparation operations which may have resulted in different scored obtained. The result obtained (67.34 to 69.22 %) in this study was lower than (79.38 to 80.07 %) from yam and jackbean flour blends as reported by [15]; on water yam and cowpea flour (59.57 to 78.31 %) by [16] and on water yam and lima bean (70.54 to 71.77 %) by [17]. Starch has been shown to determine the physicochemical, rheological and textural characteristics of food products.
	Amylose content ranged from 13.48 to 21.97 % for sample UYF and sample UWF. The result showed significant variation between the samples (p<0.05). The ranged value obtained in this research work was within the ranged value (18.30 to 21.63 %) of tuwo made from maize-cassava starch in the findings of [18].The result obtained for amylose (25.36 to 29.88 %) in this study was not in agreement with the values of [17] on water yam and lima bean (28.53 to 29.82 %), the findings of [15] on greater yam and jackbean flour (17.23 to 20.38%) was within the ranged value obtained in this research work while the values obtained in this study was higher than sweet potato and soybean flour blend (12.62 to 12.94 %) as reported by [19]. Amylose is a major component of starch which influences pasting and retrogradation behaviour [20] and impart definite characteristics to starch [21]. However, Rohmah et al. [17] reported that food with high amylose content will be hard and firm after cooking. This is often used to predict rate of starch digestion, blood glucose and body response (insulin).Thus, substitution of cassava flour with maize flour would give a hard and firm tuwo meal which can be used as semolina, a product of wheat and cassava starch flours.
	Carbohydrate content shows that sample UYF had high value of (79.10 %) and sample UWF had the least value (73.66  %). Carbohydrate content obtained in this present work was low compared to (89.91 to 91.80 %) range value of the previous work of by [22] for gari produced from yellow cassava varieties. The difference in carbohydrate content might be as a result of starch degradation during the long fermentation period.
	The total carotenoid ranged between 7.12 to 8.40 μg/g. Tuwo produced from undecorticated white maize (sample UWF) had the lowest value (7.13 μg/g) while tuwo produced decorticated yellow maize (sample DYF) had the highest value (8.40 μg/g). The result showed significant difference between the samples (p<0.05). The result obtained in this study was higher than the value (5.24 and 6.65 μg/g) reported for yellow yam and jackbean flour blends by [23]. Carotenoids are antioxidant components which offer various health benefits such as reducing the risk of cardiovascular diseases, cancer and other degenerating diseases if ingested adequately [24]. In this study, the total carotenoids content of samples produced from high quality cassava starch and cassava starch substitute were low this could be as a result of heat, temperature and drying methods employed during flour processing which could be responsible for the total carotenoids degradation [25]. However, Hiane et al. [26] and [27] also reported that total carotenoids degradation also occurs in temperature close or superior to 40 °C. Other factor such as grinding /milling could influence the total carotenoids degradation of these flours thereby exposing their cellular content to the environment (oxygen) in the passage through the milling machine thus facilitating the oxidative process which could also contribute to the low total carotenoids content obtained in this work [25].


Table 1: Carbohydrate and beta carotene properties of the maize varieties flour samples
	Parameters
	DWF
	UWF
	DYF
	UYF

	Total starch 
	55.49±0.01a
	58.92±0.01b
	63.40±0.01c
	67.43±0.01d

	Amylose  
	21.44±0.01c
	21.97±0.01d
	16.04±0.01b
	13.48±0.01a

	Carbohydrate 
	74.45±0.01b
	73.66±0.01c
	78.12±0.01c
	79.10±0.01d

	Beta carotene (ug/g)
	7.62±0.01b
	7.12±0.01a
	8.40±0.01c
	8.22±0.01c


Results are mean values of duplicate determination ± standard deviation. Mean value within the same column having the same letter are not significantly different at p<0.05. Sample DWF- Decorticated white maize flour, sample UWF – Undecorticated white maize flour, sample DYF –Decorticated yellow maize flour, sample UYF- undecorticated yellow maize flour.




Functional properties of the maize varieties flour samples
	The result of functional composition of tuwo flour was shown in Table 2. Bulk density of the flour significantly ranged from 0.51 to 0.70 g/ml with sample DYF (decorticated yellow maize flour) having the highest bulk density value while sample UWF (undecorticated white maize flour) had the lowest bulk density. The result shows significant difference between the samples (p<0.05) Variation in values could be attributed to the processing methods adopted. The range value obtained in this research work was within the range value (0.62 to 0.89 g/ml) obtained by [28] for kadal flour from whole and decorticated maize and millet. Bulk density is a measure of the heaviness of a flour sample. Jones et al. [29] reported that bulk density is generally affected by the particle size and density of the flour and it is one of the essential parameter in determining the type of packaging material, handling and application in the food industry.
	A range of 6.96 to 7.94 g/g was recorded for water absorption capacity. The result shows that sample UWF had the highest value (7.94 g/g) while sample UYF had the least value (6.96 g/g). the result shows significant variation between the samples (p<0.05).The range value obtained in this research work was high compared to the range value (1.54 to 1.86 ml/g) for different pearl millet varieties in research work of [30]. The range value obtained in this research work was very low to the range value (51.09 to 126.32 %) obtained by [28] for kadal flour from whole and decorticated maize and millet, and 121.31 to 245 % of maize-cassava starch tuwo made by [18] but high to the result (2.31-2.34 ml/g) of [31] for maize tuwo produced from grit non soaking method and grit soaking method respectively. According to Seena and Sridha [32], high water absorption causes high retention of water without dissolution of protein, thus increasing the body and viscosity of gel while [7] reported that water absorption capacity of ogi (a fermented maize product) reduced with increased in soaking time of maize grains. Water absorption capacity is essentially a measure of the ability of the flour to associate with water, particularly in a food product where hydration is required in its preparation, so as to enhance its handling characteristics such as in dough and pastes. 
	Oil absorption capacity ranged from 7.70 to 8.93 for sample UYF and DWF respectively. The result shows insignificant variation between the samples (p<0.05). The result obtained in this research work was high (2.31 and 2.34 ml/g) compare to maize tuwo made from non soaking and soaking maize grit, respectively by [31]. The oil absorption capacity is the flavour retaining capacity of flour which is an important element in food formulations. Oil absorption capacity is highly related to lipophilic properties of the starch molecule in cassava flour [33] while [34] stated that the variation in water or oil absorption capacity is depended on the degree of probability of hydroxyl group to form hydrogen and the covalent bond between the starch granule network. Furthermore, water and oil absorption capacity also depend on the intrinsic factors such as the composition of amino acid, protein conformation and surface polarity of protein hydrophobicity [35].
	Emulsion capacity simply determines the maximum amount of oil that can be emulsified by protein. The emulsion capacity of the flour samples ranged of 42.38 to 54.95 % with sample UYF having the highest value (54.95 %) and sample DWF had the least value (42.38 %). High emulsion capacities as observed in this research are positive indication that the flour samples could have excellent emulsifying properties in various foods. Highest Emulsion stability was observed in sample tuwo produced from undecorticated white maize (48.53 %) while tuwo produced from decorticated yellow maize was low in emulsion stability (43.19 %). This observation might be due to the genetic activity, time of harvest, environmental influence on both samples. Result of wheat flour (38.38 %) and rice flour (37.31 %) by [36] were all found to be low compared to the value obtained in this research work. Emulsion stability of foods is to the ability of a food emulsion to resist any change in its properties over time [37]. Increasing emulsion activity (EA), emulsion stability (ES) and fat binding during processing are functional properties of protein in such foods as comminuted meat products, salad dressing, frozen desserts and mayonnaise.  
	The foam capacity of the flour samples ranged from 8.82 to 14.21 % with decorticated yellow maize flour, sample (DYF) having the lowest value (8.82 %) and decorticated white maize flour, sample (DWF) had the highest value (14.21 %). Kaushal et al. [38] reported that foaming capacity is related to protein content in cassava flour in which high protein content will increase foaming capacity and vice versa. Foam is a colloidal of many gas bubbles trapped in a liquid or solid. Small air bubbles are surrounded by thin liquid films. Foams are used to improve the texture, consistency and appearance of foods [39]. Flours with high foaming ability could form large air bubbles surrounded by thinner flexible protein film but easier to collapse and consequently lowered the foam stability [40].
	Foam stability ranged from 41.82 to 58.05 % for sample DYF (decorticated yellow maize flour) and sample UWF (undecorticated white maize flour) respectively. It was observed that samples produced from white maize were high in foam stability than samples produced from yellow maize. The result obtained in this research work was very high compared to the findings of [36] that recorded foam stability of wheat flour (1.94 %) and rice flour (0.98 %).The foam stability (FS) refers to the food ability to stabilize against mechanical and gravitational stresses. There is always an inverse relationship between the foaming capacity and the foam stability. Flours with high foaming capacity may form large air bubbles encircled by thinner flexible protein film. 
	The swelling capacity of maize varieties flour under this study ranged from 1.94 to 2.25 g/g for sample UYF and UWF respectively. The result shows statistical variation between the samples (p<0.05). The variations in the swelling capacity of different forms of tuwo flour under study may be due to the difference in seed volume. Swelling capacity value obtained in this research work was low compared to (4.00 to 6.00 ul/seed) obtained for varieties of millet as reported by [30]. The result of yam and jackbean flour blends (67.34 to 69.22 %) as reported by [15]; on water yam and cowpea flour (59.57 to 78.31 %) as reported by [16] and [17] on water yam and lima bean (70.53 to 71.77 %), respectively are all higher than the values obtained in this present work. The result may be due to the variety of the samples and processing method adopted. Swelling capacity is regarded as a quality criterion in some food formulations. It is an evidence of non-covalent bonding between molecules within starch granules and a ratio of α-amylose and amylopectin factor. 
	The results of swelling index of maize varieties flour ranged from 1.31 to 1.45 g/g with sample UYF (undecorticated yellow maize flour) having the least value (1.31 g/g) and sample DWF (decorticated). The range value obtained (0.26 to 0.50) for varieties of millet by [30] were low to the range value obtained in this research work. It is an indication of the non-covalent bonding between the molecules of starch granules and also one of the factors of the α-amylose and amylopectin ratios [41]. The swelling index of flours is influenced by the particle size, species variety and method of processing or unit operations [36].
	Gelatinization temperature of all the flour samples investigated fell within the range (62 to 72 oC). The result shows that sample UYF (undecorticated yellow maize flour) had the lowest value (62 oC) while sample UWF (undecorticated white maize flour) had the highest value (72 oC). There was a significant variation between the samples (p<0.05). Result of [42] was within the range value (62 to 65.3 oC) of the current study from sorghum-cowpea and millet-cowpea composition flour. Gelatinization temperature is the temperature at which starch molecules in a food substance lose their structure and leach out from the granules as swollen amylose and it affects the time required for the cooking of food such substances [5]. Dispersibility value ranged from (58.00 to 73.00 %) . It was observed that sample DWF had the least value (58 %) while sample UYF had the highest value (73 %). The result shows significant variation between the samples (p<0.05). The result obtained for undecorticated yellow maize flour in this research work was within the range value (70.50 to 77 %) for kadal flour from whole and decorticated maize and millet in research work of [28].



Table 2: Functional properties of the maize varieties flour samples
	Parameters
	DWF
	UWF
	DYF
	UYF

	Bulk density, mg/ml 
	0.58±0.01b
	0.51±0.01a
	0.70±0.01c
	0.67±0.01c

	Water absorption  capacity, g/g
	7.85±0.01c
	7.94±0.01d
	7.18±0.01b
	6.96±0.01a

	Oil absorption capacity, g/g
	8.93±0.01d
	8.64±0.01c
	7.95±0.01b
	7.70±0.01a

	Emulsion capacity, %
	42.38±0.01a
	47.64±0.01b
	49.22±0.01c
	54.95±0.01d

	Emulsion stability, %
	45.43±0.01b
	48.53±0.01d
	43.19±0.01a
	47.69±0.01c

	Foam  capacity, %
	14.21±0.01d
	10.80±0.01b
	11.66±0.01c
	8.82±0.01a

	Foam stability, %
	56.40±0.01c
	58.05±0.01d`
	41.82±0.01a
	46.13±0.01b

	Swelling capacity, g/g
	2.25±0.01d
	2.16±0.01c
	2.05±0.01b
	1.94±0.01a

	Swelling index, g/g
	1.45±0.01c
	1.37±0.01b
	1.36±0.01b
	1.31±0.01a

	Dispersibility, %
	58.00±0.01a
	64.00±0.01b
	69.00±0.01c
	73.00±0.01d

	Gelatinization temp, oC
	67.00±0.01c
	72.00±0.01d
	60.00±0.01a
	62.00±0.01b


Results are mean values of duplicate determination ± standard deviation. Mean value within the same column having the same letter are not significantly different at p<0.05. Sample DWF- Decorticated white maize flour, sample UWF – Undecorticated white maize flour, sample DYF –Decorticated yellow maize flour, sample UYF- undecorticated yellow maize flour.

Sensory evaluation of tuwo samples produced
	The sensory quality rating of tuwo prepared from both white and yellow maize flour is presented in Table 3. Tuwo prepared from decorticated white maize was rated highest in terms of colour and appearance while tuwo prepared from undecorticated yellow maize rated lowest. In terms of mouldability flavour, taste and overall acceptability tuwo prepared from undecorticated yellow maize was rated highest while tuwo prepared from decorticated white maize was scored lowest. The overall acceptability of tuwo from undecorticated yellow maize (UWF) could be as a result of increase in softness index due to the structural modification in the food product caused by dilution of starch granules.

Table 3: Sensory evaluation of tuwo samples produced
	Samples (%)
	DWF
	UWF
	DYF
	UWF

	Colour   
	8.2
	8.1
	8.0
	7.8

	Appearance
	8.0
	8.2
	7.8
	7.6

	Mouldability
	6.8
	7.6
	8.4
	8.2

	Flavour
	7.4
	7.6
	8.0
	8.0

	Taste
	7.2
	7.4
	8.0
	8.0

	Over acceptability
	7.0
	7.2
	7.6
	8.2


Sample DWF- Decorticated white maize flour, Sample UWF – Undecorticated white maize flour, Sample DYF –Decorticated yellow maize flour, Sample UYF- undecorticated yellow maize flour.


Conclusion 
	The study showed the functional properties, total starch, amylose content, carbohydrate and beta carotene variation that exists in samples of “tuwo” preparation. Result of functional properties, total starch, total amylose and beta carotene content showed that yellow maize result had advantage over white maize flour sample for tuwo production. However, white maize flour has improved texture, consistency and appearance. Hence, acceptability of white maize flour in preparation of tuwo should be encouraged especially in the food industry particularly in the areas of ingredient formulation and food product development.
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