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Study on Techno-Functional and Bioactive attributes of Maize and Defatted Sea Pulse Bean (Diocleareflexa) Blends


Abstract
This research aimed at determining the Techno-functional and Bioactive attributes of composite flour produced from maize and defatted sea pulse bean flour in order to explore its potentials in food formulation. Maize and sea pulse seed flours were prepared adopting standard methods. Different formulations (100.0, 90:10, 80:20 and 70:30%) were obtained from the blends of maize and sea pulse bean flours. Results were analyzed statistically by the analysis of variance (ANOVA). Result for Techno-functional properties of composite flour samples shows significant increase (P < 0.05) in Bulk Density (0.60-0.66 g/cm3), Water Absorption Capacity (122.25-131.60%), Oil Absorption Capacity (80.49-83.95%) while Swelling Capacity decreased significantly (P ≥ 0.05)  from  (904.66-741.05%) as the incorporation of defatted sea pulse bean (Dioclea reflexa) flour increased. The result of the bioactive attributes showed an increased in saponin (2.88 – 4.92 mg/100 g), alkanoid (3.30 – 5.57 mg/100 g) as the defatted sea pulse bean (Dioclea reflexa) level increased while decreased values were observed under flavonoid. The antioxidant properties of the samples showed that FRAP and ABTS+ ranged (9.60 – 12.81) and (4.05 – 9.91%) respectively.  The addition of velvet beans contributes meaningfully to the techno-functional and bioactive attributes of the blends. Microbiological analyses of the blends are recommended.
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Introduction
The availability of inexpensive, nutrient-dense diets based on straightforward procedures like supplementation could help alleviate protein energy malnutrition (PEM), which is common among rural women and children in developing nations where maize is a main crop (Awoyale et al., 2011). 
Maize is regarded as a steady food in the majority of the world's regions. It is among the third most important crops in the world (Grote et al., 2021). Vitamin C, vitamin K, vitamin B1, vitamin B2, vitamin B3, vitamin B5, vitamin B6, folic acid, selenium, N-p-coumaroyl tryptamine, and N-ferrulyltryptamine are all found in the kernel, the plant's edible and healthful portion. Millet is one of the cereals, along with maize, rice, and wheat, in addition to the main meals. For millions of people, particularly those who reside in the hot, arid regions of the world, they are their main source of nutrition. When major grains don't produce enough, millets are mainly produced in marginal agricultural areas (Eduru et al., 2021).
A legume that is underappreciated, Dioclea reflexa is a member of the Papillionoideae subfamily and the Leguminosae family (Akinyede et al., 2017). The Yoruba tribe of South-Western Nigeria refers to the legume as "Agba-arin"; in South-Eastern Nigeria, the Igbo call it "Ukpo" and "Ebba" (Ajatta et al., 2019). Dark brown, light brown, and black are the three types of D. reflexa that are currently recognized. D. reflexa oil has found use in the production of alkyl resin, shoe polish, liquid soap, and shampoo because of its high amounts of saponification and iodine. As a result, D. reflexa oil may be a suitable alternative to the growing demand for traditional oils used in both industrial and home settings (Iliemene and Atawodi, 2014).
Materials and Methods 
Sources of material
[bookmark: _Toc59406759][bookmark: _Toc93578347][bookmark: _Toc118242024][bookmark: _Toc121473376]Defatted sea pulse bean (Dioclea reflexa) used for this study were bought from Owode market Offa Kwara state. The equipment be used such as bowl, heating element, fryer, spoon, and blender were selected from the processing laboratory of Department of Food Technology, Federal Polytechnic Offa, Kwara state, Nigeria.

Methods
Production of Maize Flour
The method of Okolie et al. (2022) was used for the preparation of Maize flour. The maize grains were sorted to remove the extraneous materials. This was done by hand picking, where the good ones are separated from the bad ones ensuring that the best is picked. The best picked maizes were washed with clean and hygienic water and then oven-dried by spreading the seed inside hot air oven at 50 oC for 2 h. The dried dehulled maize was milled using fabricated attrition mill. The flour obtained was sieved through aperture size 60 µm sieves to get fine flour which was kept for further use
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Figure 1: Flow diagram for the production of maize flour 
Source: Okolie et al. (2022)
[bookmark: _Toc118242026][bookmark: _Toc121473378]Production of Dioclea reflexa Flour
The method of Ajatta et al. (2019) was used for the preparation of Dioclea reflexa flour. The D. reflexa were sorted and washed to remove the extraneous particles from the leguminous seed. The cleaned seed were dried at ambient temperature for two days. The dried D. reflexa were milled into flour using hammer mill (model MS-223). The Dioclea reflexa flour was sieved using 60 μm sieve aperture to obtain fine flour. The resultant sieved flour was packed inside polyethylene and store at room temperature for further use.
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Figure 2: Flow diagram for the production of Dioclea reflexa flour
[bookmark: _Toc118242028][bookmark: _Toc121473380]Source: Ajatta et al. (2019)
[bookmark: _Toc103175137][bookmark: _Toc103360970][bookmark: _Toc118242029][bookmark: _Toc121473381]
[bookmark: _Toc121473399][bookmark: _Toc102754081][bookmark: _Toc103175146][bookmark: _Toc103360982][bookmark: _Toc118242048][bookmark: _Toc121473403]Methods of Analyses
Techno-Functional Properties Determination
[bookmark: _Toc93568906][bookmark: _Toc121473390]Bulk density, Water Absorption Capacity, oil absorption capacity and swelling index were determined by the method adopted by Adepeju et al. (2024)
[bookmark: _Toc121473394]Bioactive compounds Determination
[bookmark: _Toc94523851][bookmark: _Toc94675352][bookmark: _Toc101457846][bookmark: _Toc101524597][bookmark: _Toc118165344][bookmark: _Toc118242042][bookmark: _Toc121473395][bookmark: _Toc29819397][bookmark: _Toc29967990][bookmark: _Toc30146997][bookmark: _Toc74902572][bookmark: _Toc75334570][bookmark: _Toc86511820]ABTS, FRAP Flavonoid, Saponin and Alkaloid were determined using the method adopted by Lawal et al. (2024).




Statistical Analysis
The Proximate and mineral values were determined in triplicate, and the mean and standard deviations were computed. The proximate and functional parameters of the flour samples were examined for significant differences using one-way analysis of variance.
Results & Discussion 
[bookmark: _Toc59406782][bookmark: _Toc93578371][bookmark: _Toc121473414]Techno-Functional properties of the flour samples
Table 1: The results of the Techno-functional properties of the flour samples
	Samples
	BD (g/cm3)
	WAC (%)
	OAC (%)
	SC (%)

	MFA
	0.61±0.00b
	122.25±0.40a
	80.49±0.05d
	904.66±1.16d

	DKB
	0.60±0.00a
	125.16±0.23a
	80.72±0.91c
	819.50±0.01c

	DKC
	0.60±0.00a
	128.07±0.26b
	82.56±0.08b
	754.99±0.17b

	DKD
	0.66±0.00c
	131.60±0.30c
	83.95±0.30a
	741.05±0.47a


Means score having the same alphabet along the same row are not significantly different (p˂ 0.05), values are mean ± standard deviation of triplicate determination. B.D = Bulk Density, WAC = Water Absorption Capacity, OAC = Oil Absorption Capacity, S.P = Swelling Capacity.
Keys: 
Sample MFA = (100% maize flour)
Sample DKB = (90% maize flour + 10% defatted sea pulse bean flour)
Sample DKC = (80% maize flour + 20% defatted sea pulse bean flour)
Sample DKD = (70% maize flour + 30% defatted sea pulse bean flour)
The result of the functional properties of the flour samples are presented in Table 1. The effect of incorporation proportions of defatted sea pulse bean flours and maize flour on the functional properties of composite flours are discussed as follows. The bulk density (g/cm3) of flour is the density measured without the influence of any compression. The bulk density of flour changed from 0.677g/ml to 0.757g/ml. the highest bulk density was observed for DKD (70% maize flour + 30% defatted sea pulse bean flour) flour (0.66 g/ml) and lowest for sample DKB (90% maize flour + 10% defatted sea pulse bean flour). Values obtained here were lower than those reported for wheat-bambara-cassava flour 0.74 glml – 0.83glml (Oluwole and Karim 2005). Water absorption capacity (WAC) ranged between 122.25 to 131.60% for all the samples. The WAC was observed highest in sample DKD (70% maize flour + 30% defatted sea pulse bean flour) and lowest in sample MFA (100% Maize flour). The findings imply that the amount of water absorption was impacted by the addition of defatted sea pulse bean (Dioclea reflexa) flour. Lower values of WAC with increasing proportions of Dioclea reflexa flour to maize flour may indicate that the molecular structure of Dioclea reflexa starch impeded water absorption. Kaushal et al. (2012) observed a similar observation. Different protein concentrations, their level of water interaction, and structural features could all be contributing factors to the observed difference in various flours (Butt and Batool, 2010).
Oil Absorption Capacity ranged from 80.49 to 83.95% among all the samples. The OAC increased with an increase in the proportion of defatted sea pulse bean (Dioclea reflexa) flours. The difference in the presence of non-polar side chains, which may bind the hydrocarbon side chain of the oil among the flours, could be the cause of the composite flour's increased OAC following the addition of defatted sea pulse beans (Dioclea reflexa) (Jitngarmkusol et al., 2008).
Swelling capacity of the samples ranged from 741.05 to 904.66%. The lowest value of SC was observed in DKD (70% maize flour + 30% defatted sea pulse bean flour) (741.05%) whereas the maximum in MFA (100% Maize flour) 904.66%. Swelling capacity of composite flours decreased with an increase in the level of incorporation ratio of (defatted sea pulse bean) Dioclea reflexa flour and decreased with level of maize. Values obtained for the entire flour blend were lower than those reported for wheat-rice-green gram and potato flour blends (Suresh et al., 2014).








Table 2: The Results of the bioactive compound of the Flour Samples
	Samples
	Flavonoid 
	Saponin 
	Alkanoid 

	
	
	                 (mg/100g)
	

	MFA
	47.59±0.06a
	264.58±1.19d
	3.30±0.07a

	DKB
	48.53±0.29b
	233.90±0.35c
	4.22±0.03b

	DKC
	53.21±0.13c
	210.45±0.13b
	5.46±0.05c

	DKD
	59.11±0.05d
	199.0±0.21a
	5.57±0.08c


Means score having the same alphabet along the same row are not significantly different (p˂ 0.05), values are mean ± standard deviation of triplicate determination.
Keys: 
Sample MFA = (100% maize flour)
Sample DKB = (90% maize flour + 10% defatted sea pulse bean flour)
Sample DKC = (80% maize flour + 20% defatted sea pulse bean flour)
Sample DKD = (70% maize flour + 30% defatted sea pulse bean flour)

The result of the bioactive compound of the flour samples are presented in Table 2. Bioactive compounds are substances in foods that have biological activity in the body, potentially offering health benefits beyond basic nutrition (Liu, 2013). The result of the flavonoid ranged between 58.29 – 79.65 mg/100 g with sample MFA (100% Maize flour) having the highest value of flavonoid content while sample DKD (70% maize flour + 30% defatted sea pulse bean flour) having the lowest value of 58.29 mg/100 g. There was significant decreased in the flavonoid content of the flour samples as the defatted sea pulse bean flour level increased. The decreased in the flavonoid content of the flour sample could be due to the roasting treatment the defatted sea pulse bean seed was subjected to. The result of the flavonoid content reported for this study was lower than the one reported (50.23-40.32 mg/100 g) for maize-sesame seed flour by (Zubair et al., 2020). 
Saponin content of the samples ranged between 2.88 – 4.92 mg/100 g with sample DKD (70% maize flour + 30% defatted sea pulse bean flour) having the highest value of 4.92 mg/100 g while sample MFA (100% maize flour) having the lowest value of 2.88 mg/100 g. Significant differences (p ˂ 0.05) were registered between sample DKC and DKD whereas; sample MFA and DKB was not statistically (p˂0.05) differed from each other. There was total increased in the saponin content of the samples as the level defatted sea pulse bean increased. This could be due to the level of the saponin value embedded in the defatted sea pulse bean seed. The saponin value obtained in this study was lower than the 381.5 mg/100 g reported for black and red coat peanut seed, and higher than the 0.9 mg/g reported for guava seed meal flour (Kuang et al., 2017). 
Alkanoid content flour samples ranged between 3.30 – 5.57 mg/100 g with Sample DKD (70% maize flour + 30% defatted sea pulse bean flour) having the highest value of 5.57 mg/100 g while MFA (100% maize flour) having the lowest. The result of the alkanoid content reported in this study was higher than 2.12-4.25 mg/100 g for maize – Dioclea reflexa flour by Akoja and Cooker (2019). 
[bookmark: _Toc121473409]Table 3: Antioxidant properties of the flour samples
The results of the antioxidant properties of the flour samples
	Samples
	FRAP 
	ABTS+

	
	
	

	MFA
	9.51±0.03a
	4.05±0.10a

	DKB
	9.60±0.56a
	5.26±0.08b

	DKC
	10.52±0.19b
	6.98±0.19c

	DKD
	12.81±0.09c
	9.91±0.21d


Means score having the same alphabet along the same row are not significantly different (p˂ 0.05), values are mean ± standard deviation of triplicate determination.
Keys: 
Sample MFA = (100% maize flour)
Sample DKB = (90% maize flour + 10% defatted sea pulse bean flour)
Sample DKC = (80% maize flour + 20% defatted sea pulse bean flour)
Sample DKD = (70% maize flour + 30% defatted sea pulse bean flour)

The results for the antioxidant properties of the flour samples are presented in Table 3. The ferric reducing antioxidant potential (FRAP) of the flour samples ranged between 9.51 to 12.81% with sample DKD (70% maize flour + 30% defatted sea pulse bean flour) having the highest value of 12.81% while sample MFA (100% Maize flour) had the least value of 9.51%. There were slight significant (p<0.05) differences in the reducing power activities of the MFA and DKB, however, significant (p<0.05) differences were not observed between the DKC and DKD. Defatted sea pulse bean substitute flour samples had higher ferric reducing antioxidant property than the control. A similar increase in the reducing power after camelina seed flour was reported by Jan et al. (2019) for kalonji seed flour.
The ABTS (2, 2-azino-bis (3-ethylbenthiazoline-6-sulphonic acid) radical scavenging activity increased as level of the defatted sea pulse bean flour substitution increased. The ABTS scavenging ability of the flour samples ranged from 4.05 to 9.91% with sample DKD (70% maize flour + 30% defatted sea pulse bean flour) having the highest value while sample MFA (100% Maize flour) had the lowest value of 4.05%. A similar trend was observed in DPPH scavenging activities of the samples as obtained in ABTS radical scavenging abilities of the tested D. reflexa flour extracts (Ajatta et al., 2021). The DPPH radical scavenging activity showed a positive correlation with ABTS at 30% marble vine flour (DKD). The result obtained for the scavenging activity of the samples is an indication that the major compounds contributing to the scavenging activity of the flour is from the D. reflexa flour. The increase in scavenging abilities (DPPH and ABTS) observed in defatted sea pulse bean seeds flour can be attributed to the release of phenolic from the bound fractions and/or the formation of Maillard reaction products which possess antioxidant activity. This is in agreement with Carciochi, et al. (2016) on the antioxidant compounds of quinoa seeds flour.
Conclusion
The incorporation of Sea pulse bean flour into maize flour tremendously enhanced the functional and phytochemical properties of the flour blends. This suggests the potential utilization of the blends in the food industries. Further research is recommended to confirm its in-vitro digestibility and food applications of the flour blends. 
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