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Effects of roasting as a Pre- processing Treatment on the Functional Properties of African Breadfruit (Treculiar africana) seeds

ABSTRACT 

	Background: The major contribution of some plants’ seeds or beans to the diet of Nigerians is based on their nutritional qualities.  African breadfruit (Treculia africana) seed is said to be rich in nutrients and healthy when properly processed before consumption. 
[bookmark: _GoBack]Aim: This study evaluated the effects of roasting as a pre-processing technique on the functional properties of African breadfruit (Treculia africana) seeds in order to establish the optimum roasting temperature for processing the seeds. 
Materials and Methods: The seedy variety of African breadfruit fruit was obtained from Omuanwa, Ikwerre Local Government Area, Rivers State. Response Surface Methodology (RSM) based on 3-level full factorial of the Random sample design was selected to optimize the effect of roasting on the functional properties of the seeds which resulted in nine experimental runs after the screening. The functional properties {Bulk Density (BD), Water Absorption Capacity (WAC), Oil Absorption Capacity (OAC), Swelling Power (SP), Gelation Capacity (GC) and Emulsification Capacity (EC)} were determined in the seed flours obtained from roasted seeds.  D-Optimal of Response Surface Methodology was used to investigate the main effect of the roasting. Data collected were subjected to analysis of variance (ANOVA) using SSPS version 20.0 and SAS 2.0 package. 
Results: Functional properties of roasted samples were: BD (0.0175-0.764) g/ml, WAC (175-200.5) %, OAC (81.0-109) %, SP (2.25-2.33) %, GC (15.0-25.0) % and EC (63.16-75.29) %.  The desirability index is 50%.  
Conclusion: Conclusively, roasting temperature of 1210C for 40mins, was adequate to obtain the expected functional properties from T. africana seeds. 
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INTRODUCTION 
“The world’s population is expected to reach 10 billion people by 2050. Already, one-third of the current population is affected by malnutrition and undernutrition, which are mostly caused by a lack of healthy foods and a shift in lifestyle” (Singh et al., 2022). “Legumes are staple foods for many people in different parts of the world. The seeds have an average of twice as much protein as cereals by percentage and usually contained more balanced profile of essential amino acids” (Nneji et al., 2021). “They are nutrient-dense foods, comprising components identified as “antinutritional factors” that can reduce the bioavailability of macro and micronutrients. Other than nutritive value, the physiochemical and behavioral properties of proteins during processing plays a significant role in determining the end quality of food” (Singh et al., 2022).
“The importance of legumes in the diet of Nigerian populace has gained increased awareness and importance over the years. The major contribution of legumes to the diet of Nigerians is based on their nutritional qualities, especially their contribution of proteins. When properly processed, the African breadfruit (Treculia africana) seed is said to be very rich in nutrients and healthy. In many regions of Africa, the fruit of this plant is eaten as a common part of the local diet” (Olatoye et al., 2018).
“In Nigeria, 65% of the households had difficulties in meeting their food requirements quantitatively and qualitatively due to low income, abject poverty and high prices of manufactured nutritious foods” (Obayelu et al., 2021). “The rapidly increasing population of the third world countries calls for increase researches in providing alternative food sources with increase physiological health benefits. There are thousands of lesser-known plant food sources that could substantially increase the variety of nutrients available, particularly the requirement for protein” (James et al., 2020). “The protein sources for humans can be from animal sources (cow, goat, pig, chicken, fish etc) or from plant sources especially legumes (such as cowpea or soybean). Animal protein sources are less healthy and quite expensive when compared to those of the plant sources. Alternative source to use are the lesser-known legumes, which are widely available, economical and well-adapted to harsh environmental conditions, including drought, disease and pest infestation. Examples of such include black beans, kidney beans, jack beans etc. African breadfruit serves as a cheap source of protein to the rural poor who cannot afford the luxury of buying meat or other sources of animal protein” (Olumati, 2017).
“Among spontaneous food plants, Treculia africana  commonly known as African breadfruit is a native wild plant considered endangered” (Tchumou et al., 2017). “It is a leguminous plant that have originated in tropical African countries such as Nigeria, Ghana and Sierra Leone and a member of the Moraceae family of plants. The West Indies and Jamaica both have it as well” (NnahhWome et al., 2019). “It is a neglected and underexploited tropical tree crop and an edible fruit tree in Nigeria” (Bennett and Isaiah, 2022). 
There are two species of the plant. The seedless and the seedy varieties: Artocarpus altilis and Treculia africana, respectively. African breadfruit is very important because of the possible use of its leaves, bark, roots, seeds and timber. Hence, Ojo and Oyedeji (2020) described African breadfruit as a vital natural resource which can contribute meaningfully to the income and dietary intake of the poor due to its cheapness.
“Treculia africana is a tree crop. It is widely known for its large fruit heads which yields edible seeds. These  fruits  contain  brown  seeds  that  can  be  peeled  and  cooked”  (Grace, 2016). “The seeds serve as nutrient reserve most especially during scarce period when conventional sources of food are short in supply, usually before the rainy season sets” (James et al., 2020).
“Food processing has been used to turn uncooked agricultural goods into palatable, secure, wholesome and nourishing food products as well as to preserve food” (Knorr and Augustin, 2021). “Pre-processing operations are stages that precede the actual processing of food materials. These include but not limited to: parboiling, boiling, fermentation, roasting, blanching, steaming, soaking, salting, de-hulling, etc. These are the pre-utilization treatments
commonly used in processing of seeds” (Obi and Okechukwu, 2020; Umezurike, 2019). “Pre-processing of seed is very vital as it improves or affects various food components, quality, palatability and preservation” (George et al., 2020; Nwonu et al., 2017). 
“Roasting process could promote more flavour, desired colour, increase the palatability and improve efficiency of subsequent treatment” (Onimawo and Akubor, 2012). One of the main desired outcomes of roasting process is the increase in antioxidant activity that occurs mainly due to the formation of Maillard reaction products. Akobundu et al. (1982), reported that “lack of knowledge of the functional, chemical and nutritional properties of grain-legumes grown in developing countries is responsible for the underutilization of these traditional crops in different food formulations”. 
This research is aimed at studying the effects of roasting as a preprocessing technique on the functional properties of T. africana seeds and this is limited to optimization. 

material and methods 

Matured fruit heads of African Breadfruit (Treculia africana) were collected from a farm in Omuanwa, Ikwerre, Rivers State, Nigeria and was identified in the Department of Botany, University of Ilorin, Kwara State, Nigeria. The equipment used were obtained from the Department of Food Science, Ladoke Akintola University of Technology, Ogbomoso and Food Processing Laboratory of the Department of Food Science, University of Ilorin, Ilorin, Kwara State. These seeds were subjected to roasting as a pre-processing method and the effect of this on the functional properties of the seeds were carried out. Optimization was then further carried out on the samples with highest desirable conditions.   
Experimental design
The experiment was designed using Response Surface Methodology. Design expert Stat-Ease 2002 package was use to study the effects of roasting as a pre-processing treatments on the functional properties of T. africana seeds using time and temperature as factors for the pre-processing treatments. A 3-level full factorial design was adopted. The design parameters level of the different factors were temperature 110 – 125 ºC and time 30 – 90 mins (Nwaigwe and Adejumo (2015). Formulation for roasting, are as shown in Tables 1, while the design matrixes are as shown in 2.
Table 1. Pre-processing condition for roasting 
	
	Unit
	Low
	High 
	Reference 

	Temperature
	oC 
	110
	125
	Nwaigwe and Adejumo (2015).

	Time 
	 Mins
	30
	90
	




Table 2: Coded level and real values for the 3 – Level Full Factorial Design experiment of T. africana seeds Roasting 
	  Std
	Run
	A:Temperature (⁰C)
	B: Time (Min)

	9
	1
	117.5
	60

	7
	2
	117.5
	17.6

	2
	3
	125
	30

	1
	4
	110
	30

	3
	5
	110
	90

	5
	6
	106.9
	60

	8
	7
	117.5
	102.4

	4
	8
	125
	90

	6
	9
	128.1
	60





Preparation of African Breadfruit (T. africana) seeds 
“The heavy, large fruit of T africana is not traditionally harvested but allowed to ripen and drop from the tree. The collected fruits of African Breadfruit (T. africana) were stacked in heaps for several days in open air for partial fermentation. The fermented mass was shredded or macerated and washed using running water to remove the slimy, jelly-like extraneous substances. Clean seeds were air dried until constant weight was obtained” (Oyetayo and Oyetayo, 2020). This was kept in zip lock polyethylene bags for further processing. T. africana seeds were divided into two portions. A portion is the control sample while the other portions were subjected to roasting as spelt out in the experimental design. Samples were prepared based on the outcome of the experimental design.
Production of roasted T. africana seeds into flour 
 The method of Nwaigwe and Adejumo (2015) was adopted. Two hundred grammes (200g) of raw T. africana seeds were sorted by hand picking the dirts, stones and other extraneous materials. The cleaned seeds were roasted using a hotbox oven set in the limit of 125ºC (upper limit) and 110 ºC (lower limit) for 90 mins (upper limit) and 30 mins (lower limit). The seeds were dehulled, cooled and milled in an attrition mill and passed through a sieve of mesh size 1 mm. The seed flour was packaged, and kept for further analysis.
Production of raw T. africana seeds into flour (Control Sample)
The method of Adesin and Adeyeye (2016) was adopted with slight modification for the preparation of raw T. africana seed flour. Matured T. africana seeds, was thoroughly cleaned and sorted to remove defective ones.  The cleaned seeds were soaked in warm water to soften the hull and ease its removal. The hulls were removed by rolling a bottle over the seeds on a clean concrete surface and was removed leaving behind de-hulled seeds. The dehulled seeds were thereafter dried at 60 ºC to constant weight, to reduce the moisture content and facilitate grinding into flour using an attrition milling machine. The flour obtained was screened through a mesh sieve size of 1 mm. Flour obtained served as the control samples and was stored in an air tight high-density polyethylene bag at room temperature (27±2 ºC) for further analyses. 
Pre-processing methods on functional Properties of T. africana Seed Flour 
Bulk Density 
Bulk density was determined using the method adopted by Onwuka (2018). Sample of 10 g was measured into a 50 ml graduated measuring cylinder and gently tapped on the bench 10 times to attain a constant height. The volume of sample was recorded and expressed as grams per millilitre. Bulk density is calculated using equation 1.
       Bulk density   =                                                          
                           		1

Water Absorption Capacity (WAC)
About 15 ml of distilled water was added to 1 g of the flour in a weighed 25 ml centrifuge tube. The tube was agitated on a vortex mixer for 2 mins. It was centrifuged at 4000 rpm for 20 mins. The clear supernatant was decanted and discarded. The adhering drops of water was removed and re-weighed. Water absorption capacity is expressed as the weight of water bound per grain flour (Dhankhar et al., 2021). 
% WAC  =    Weight of water absorbed x Density of water
			Weight of the samples                       x 100		     	 2

Oil Absorption Capacity (OAC)
“About 10 ml of refined corn oil was added to 1 g of the flour in a weighed 25 or 80 ml centrifuge tube. The tube was agitated on a vortex mixer for 21 mins. It was centrifuged at 4000 rpm for 20 mins. The volume of free oil was decanted and recorded. Oil absorption capacity is expressed as ml of oil bound by 1 g dried flour” (Oshibanjo et al., 2020).
% OAC   =             Weight of oil absorbed x Density of oil
		                   Weight of the samples                    x 100		             3	
	

Swelling Power 
This was determined by the method described by Adegunwa et al., (2019). 1 g of the sample was weighed into a pre-weighed 50 ml centrifuge tube and 50ml distilled water was added and mixed gently. The mixture was heated in a water bath. During heating, stirring was ensured to prevent settling of starch. This was centrifuged at 88xg for 10 minutes. The supernatant was dried to determine the amount of soluble solids dissolved, and was used to calculate the solubility. The weight of the sediment was recorded and swelling power of the sedimented gel was determined as follows: 
Swelling power =  						4
Gelation Capacity (GC)
“About 2.20% suspension of the sample was prepared with 5 ml distilled water in test-tube. The tubes containing the suspension was heated for 1hr in a boiling water bath. This was cooled rapidly under running cold water. The test tube was cooled to 40C. The test tube was inverted to see if content fall or slip off. The least gelation concentration is the concentration when the sample from the inverted test-tube does not fall or slip” (Omar et al., 2021).
Emulsification Capacity (EC)
“Two grams (2 g) of the flour sample was blended with 25ml distilled water for 30 s in a blender at 160 rpm. After complete dispersion, refine corn oil was added from a burette and blended until separation into two layers of water and fat occurred. Emulsifying capacity is expressed as ml of oil emulsified by 2 g of flour” (Peter-Ikechukwu et al., 2020). 
EC% = 	   x 100                                 5  


Statistical Analysis
All data obtained were subjected to Analysis of Variance (ANOVA) using Statistical Package for Science and Social Science (SPSS version 16). Means were separated using Duncan Multiple Range Test at 5 % level of probability as described by Bamidele et al. (2014). 


 RESULTS AND DISCUSSION

Results
Effect of Roasting as pre-processing method on functional properties of T. africana
seed 
Table 3a shows the functional properties of roasted samples at various temperatures and time. They were observed to be in the range: bulk density (0.0175-0.764) g/ml, water absorption capacity (175-200.5) %, oil absorption capacity (81.0-109) %, swelling power (2.25-2.33) %, gelation capacity (15.0-25.0) % and emulsification capacity (63.16-75.29) %, respectively. The highest swelling power (2.33 %) was observed in sample roasted at 125 ºC for 30 minutes, while the samples with the highest oil absorption capacity (109.0 %) were samples roasted at 117.5 ºC for 102.426 minutes. Significant difference (p<0.05) was observed in sample treated at 117.5 ºC for 60 mins but there was no significant difference (p<0.05) among the samples. Table 3b shows that Bulk Density was modelled using response quadratic model. The model was significant (P˂ 0.05) with F = 1442.65; P = 0.001which is effective to describe the experimental data obtained for BD. 
The empirical expressions obtained by equation for prediction of the response variables for functional properties are presented by the equations below:
Bulk density = 0.0175 + 0.3632A2 +0.3559B2						
WAC = 182.00 + 4.88B + 6.09B2 								
OAC = 100.00 + 4.91A – 6.56A2								
Swelling Power = + 2.21 + 0.0356A2 + 0.0456B2	     	     		                       	
Gelation Capacity = +18.25 +2.88A							           	
Emulsification capacity = + 67.65 - 4.20A						           	
An R2 value of 0.9990 is an indication that the model fits the data and 99.90 % of variations in the observed values of BD were explained by response surface quadratic model in table 3. 











Table 3a Effect of Roasting Temperature and Time on the Functional Properties of T. africana Seed Flour
	
	Temp (°C)
	Time (min)
	BD (g/mL)
	WAC (%)
	OAC (%)
	SP (g/g)
	GC (%)
	EC (%)

	
	117.5
	60
	0.0175±1.02b
	182±0.01d
	100.0±0.02bc
	2.21±0.03c
	17.0±0.00cde
	66.21±0.03d

	
	117.5
	17.5736
	0.727±0.01a
	189±0.03c
	108.0±0.01a
	2.25±0.01abc
	19.3±0.02bcd
	64.04±0.02f

	
	125
	30
	0.740±0.02a
	187±0.02c
	85.5±0.04e
	2.33±0.03a
	25.0±0.03a
	63.16±0.05g

	
	110
	30
	0.707±0.02a
	179±1.00de
	92.0±0.01d
	2.30±0.01abc
	15.0±0.01e
	75.24±0.01a

	
	110
	90
	0.761±0.03a
	200.5±12a
	102.0±0.02b
	2.32±0.03ab
	16.0±0.03de
	75.29±0.06a

	
	106.893
	60
	0.737±0.00a
	175±0.23e
	98.5±0.00c
	2.23±0.01bc
	16.0±0.02de
	71.24±0.03b

	
	117.5
	102.426
	0.718±0.02a
	200±0.03a
	109.0±0.00a
	2.33±0.03a
	18.0±0.02cde
	71.06±0.05c

	
	125
	90
	0.764±0.03a
	189±0.08c
	94.0±0.02d
	2.26±0.01abc
	22.0±0.03ab
	65.06±0.03e

	
	128.107
	60
	0.737±0.01a
	194±0.003b
	81.0±0.04f
	2.31±0.01ab
	21.0±0.02bc
	63.25±0.07g


Values are means ± Standard Deviation (SD). Different letters in the same column represent significant differences (p < 0.05).
KEY: BD = Bulk Density; WAC=Water Absorption Capacity; OAC = Oil Absorption Capacity; SP = Swelling Power; GC = Gelation Capacity; EC = Emulsification Capacity. 

Table 3b: Variance Analysis of Response Surface Quadratic Model for functional Properties of roasted T. africana seed flour
	Source
	        
	Model
	A (Temp)
	 B (Time)
	AB
(Interaction)
	 A²
	B²
	Residual
	Lack of Fit
	Pure Error
	Cor. Total

	BD(g/cm³)
	SS
	1.59
	0.0002
	0.0005
	0.0002
	0.9176
	0.8813
	0.0015
	0.0015
	0.0000
	1.59

	
	F-value
	1442.65
	0.7271
	2.42
	1.09
	4156.68
	3992.38
	
	
	
	

	
	P-value
	< 0.0001
	0.4220
	0.1639
	0.3315
	< 0.0001
	< 0.0001
	
	
	
	

	WAC(%)
	SS
	612.96
	68.27
	190.67
	
	8.32
	258.32
	123.96
	123.96
	0.0000
	736.92

	
	F-value
	6.92
	3.86
	10.77
	
	0.4699
	14.59
	
	
	
	

	
	P-value
	0.0123
	0.0904
	0.0135
	
	0.5151
	0.0065
	
	
	
	

	OAC(%)
	SS
	637.52
	192.56
	49.57
	
	299.59
	55.03
	115.75
	115.75
	0.0000
	753.27

	
	F-value
	7.71
	11.65
	3.00
	
	18.12
	3.33
	
	
	
	

	
	P-value
	0.0091
	0.0112
	0.1270
	
	0.0038
	0.1109
	
	
	
	

	SP(g)
	SS
	0.0241
	0.0009
	0.0005
	
	0.0088
	0.0145
	0.0069
	0.0069
	0.0000
	0.0310

	
	F-value
	4.89
	0.8765
	0.5055
	
	8.96
	14.69
	
	
	
	

	
	P-value
	0.0304
	0.3803
	0.5001
	
	0.0201
	0.0064
	
	
	
	

	GC(g)
	SS
	68.38
	66.53
	1.84
	
	
	
	28.48
	28.48
	0.0000
	96.85

	
	F-value
	12.01
	23.36
	0.6468
	
	
	
	
	
	
	

	
	P-value
	0.0022
	0.0007
	0.4400
	
	
	
	
	
	
	

	EC(g)
	SS
	158.84
	141.20
	17.64
	
	
	
	51.29
	51.29
	0.0000
	210.13

	
	F-value
	15.49
	27.53
	3.44
	
	
	
	
	
	
	

	
	P-value
	0.0009
	0.0004
	0.0934
	
	
	
	
	
	
	



Key: Where A = Linear term of roasting temperature, B = Linear term of roasting time, A² = Quadratic term of roasting temperature, B² = Quadratic term of roasting time, AB = Interaction between roasting temperature and roasting time, SS = Sum of square
Table 3c: Coefficients of regression (functional properties) of generated model of roasted Treculia africana 

	Coefficients
	BD (%)
	WAC (%)
	OAC (%)
	SP (%)
	GC (%)
	EC (%)

	Intercept
	0.0175
	182.00
	100.00
	2.21
	18.2500
	67.65

	A (Temp)
	-
	-
	4.91
	-
	2.88
	- 4.20

	B (Time)
	-
	4.88
	-
	-
	-
	-

	AB (Interaction)
	-
	-
	-
	-
	-
	-

	A² (QTemp.)
	0.3632
	-
	- 6.56
	0.0356
	-
	-

	B² (Quadratic Time)
	0.3559
	6.09
	-
	0.0456
	-
	-

	R² (Regression Coefficient)
	0.9990
	0.8318
	0.8463
	0.7774
	0.7060
	0.7559

	Adjusted R²
	0.9983
	0.7116
	0.7366
	0.6184
	0.6472
	0.7071

	C.V. %
	3.23
	2.26
	4.16
	1.39
	9.24
	3.35


Key:  A = Linear term of roasting temperature; B = Linear term of roasting time; A² = Quadratic term of roasting temperature; B² = Quadratic term of roasting time; AB = Interaction between roasting temperature and roasting time; R² = Regression coefficient; C.V. = Coefficient of Variation. BD= Bulk Density, OAC = Oil Absorption Capacity, WAC = Water Absorption Capacity, SP=Swelling power, GC = Gelation capacity, EC= Emulsification capacit

Discussion
“This study evaluated the effect of selected pre-processing roasting on the functional properties of T. Africana seed. There was an excellent correlation between the roasting temperature and time because the difference between adjusted and predicted R2 is less than 0.2. The experiments can be seen to be precise, reliable and reproducible because CV is 3.23% which falls within the acceptable range” (Firatiligil-Durmus and Evranuz, 2010). 
The effect of roasting time and temperature on BD indicate that linear and interactive terms had no significant effect on BD. However, quadratic temperature (F = 4156.68; P = 0.0001) and quadratic time (F = 3992.38; P = 0.0001) had significant (p˂0.05) effect on BD.
The effect of roasting time and temperature on Water Absorption Capacity (WAC) of T. africana seed flour is presented in Table 3a. The experimental data obtained for WAC of T. africana seed flour were fitted to response surface quadratic model. The model was significant and effective in describing WAC of the flour. Also, the response surface quadratic model (table 3c) was predictable (R2 = 0.8318), explaining 83.18 % of observed values of WAC. The model was also reliable with good precision (CV = 2.26 %) and adequate (adequate precision = 8.5986) to navigate within the design space. A negative predicted R2 implies that the mean value (186.42) may be considered in making prediction.
The linear term of roasting temperature (F =3.86; P =0.0904), interaction of time and temperature (F = 5.37; P = 0.0536) and quadratic term of roasting temperature (F = 0.4699; P = 0.5151) had no significant (p ˂ 0.05) effect on WAC of roasted seed flour. However, WAC of roasted T. africana seed flour was influenced by roasting time (F = 10.77; P = 0.0135) and its quadratic term (F = 14.59; P = 0.0065).
The effect of roasting temperature and time on Oil Absorption Capacity (OAC) is presented in Table 3a. The ANOVA showed that experimental data obtained for OAC of the flour fitted to response surface quadratic model; which was significant (P ˂ 0.05) and effective in describing the OAC the flour. The model was also predictable (R2 = 0.8463) explaining 84.63 % of variations in the observed values of OAC. The model shows good precision and reliability of the experiment (CV = 4.16 %) and adequate to navigate within the design space (Adequate precision = 10.5732).
A negative predicted R2 indicates that the mean value may be a better predictor of experimental data. Table 3b also revealed that roasting temperature (F = 11.65; P = 0.0112) and the quadratic term had significant (P ˂ 0.05) effect on OAC of the flour. However, roasting time, interaction of time and temperature as well as quadratic term of time had no significant (P ˂ 0.05) effect on OAC. The data obtained for Swelling Power (SP) of the flour were fitted to response surface quadratic model. The results also showed that response surface quadratic model is significant (P ˂ 0.05) and effective in describing the SP of the flour. The goodness-of-fit of the model shows R2 value below 0.8 which implies that 77.74 % of variations in the observed value of SP were explained by the model.
The R2 value below 0.8 had been reported to refer to fair fit of the model but useful in making predictions (Abiodun et al., 2023). The data were reliable and precise (CV = 1.39 %) and adequate to navigate within the experimental domain. A negative predicted R2 is an indication that the mean value (2.26) should be considered while making predictions.
The results in Table 3b also showed that roasting temperature (F = 0.8765; P = 0.3803), roasting time (F = 5055; P = 0.5001) and interaction of time and temperature (F = 2.05; P = 0.1949) had no significant (P˃0.005) effect on SP of the flour. However, quadratic terms of temperature (F = 8.96; P = 0.0201) and roasting time (F = 14.69; P = 0.0064) had significant effect on SP of the flour. 
A positive coefficient in the equation indicates a positive effects of roasting time and temperature on SP of the flour. The Effect of roasting temperature and roasting time on Gelation Capacity (GC) of roasted the flour is as presented in Table 3a. The value ranged from 15-25 %. The table showed that experimental data obtained for GC was fitted to response surface linear model. The model (F = 12.01; P = 0.0022) was significant and effective to describe the experimental data of GC. There was only a 0.22 % chance that an F- value this large could occur due to noise. R2 was found to be 0.7060, which indicated a fair fit of the model and only 70.60 % of variations in GC were explained by response surface linear model. The model was precise and reliable (CV = 9.24 % and adequate to navigate within the design space because a ratio greater than 4 is desirable (Agarwal and Bosco, 2014).
The GC of roasted flour was influenced by roasting temperature only (F = 23.36; P = 0.0007). Roasting time had no significant (p˃0.05) effect on GC of roasted sample. Regression equation expressing this effect is presented in the equations.
	Effect of roasting temperature and roasting time on Emulsification Capacity (EC) of roasted seed flour was as presented in Table 3a The values ranged from 63.16 -75.28 %.  The results showed that EC of flour from roasted seed was modelled using response surface linear model (F = 15.49; P = 0.0009). The goodness-of-fit of the model shows fair fit (R2 = 0.75559), which implies that 75.59 % of variations in observed value of EC of flour from roasted seed were explained by linear model. The experiments were precise (CV = 3.35 %) and adequate to navigate within the design space (adequate precision = 10.9227).  There was also excellent correlation between the independent variables (roasting time and temperature) because the difference between the adjusted and predicted R2 is less than 0.2. However, Table 3b showed that only roasting temperature had significant (P˂0.05) effect on EC of roasted T. africana seed flour. “The result of ANOVA further reveal that the response surface model generated were found insignificant. The linear term of roasting temperature, the interaction time of roasting temperature and roasting time, as well as the quadratic terms of roasting temperature and roasting time had no significant (p<0.05) effect on the responses (functional properties). 
The differences in Bulk Density (BD) of the samples could be due to the operating variable combinations. BD being a measure of the heaviness of sample reflects the amount of starch present in the flour” (Nwabueze et al., 2007).
Starch aggregation influences BD (Umezuruike and Nwabueze, 2017). BD is a determinant of flour expansion and an indicator of the porosity of food products (Kraithong et al., 2018). An increase in BD offers better packaging advantage since more flour can be kept in a given space (Asaam et al., 2018) but nutritionally, “low bulk density is advantageous because it brings about consumption of  more quantity of the lighter food item and this translates into more nutrients for the consumer” (Ocheme et al., 2010). “The exhibition of low bulk density value by the flour qualifies it as a good functional ingredient for weaning formula production” (Ayoade et al., 2015).
 “WAC in this study was observed to decrease with increase in roasting temperature whereas it increased with increase in the roasting time. Increase in WAC can be as a result of formation of capillaries and porous structure in the endosperm along with destruction of starch as induced by gelatinization” (Wani et al., 2015a). “The primary determinant of WAC is the native starch contents of foods, which is influenced by seed variety” (Nwabueze, 2012). “High water absorption capacity has importance in the stabilization of starch against syneresis and the development of ready-to-eat foods due to increased cohesiveness. Reduction of carbohydrate and protein interaction may expose more hydrophilic constituents especially protein” (Onuegbu et al., 2013). “The observed variation in WAC in the flours may be due to the degree of interaction of the protein with water and conformational characteristics of protein” (Butt and Batool, 2010). “It can be assumed that the polar amino acid residues of proteins with a strong attraction for water molecules could have increased the WAC of germinated seeds” flour (Sreerama et al, 2012). 
Oil Absorption Capacity (OAC) is the ability of flour to absorb oil and this is expedient as oil acts a flavour retainer and improves mouth feel and food formulation (Odoemelam, 2000). An increase OAC here is similar to the report of Fasasi (2009) on pearl millet flour. Similar report was observed by Jogihalli et al. (2017) on OAC of roasted chickpea flour. “The increment in OAC upon roasting may be attributed to the denaturation and dissociation of the constituent protein. The mechanism of fat absorption is mainly concerned with the physical entrapment of oil and the binding of fat to polar chain of protein” (Awolu et al., 2017).
The effect of roasting temperature and roasting time on Swelling Power (SP) of T. africana seed flour is shown in Table 3a. The SP measures flour’s ability to imbibe water and swell. Swelling is often affected by processing time (Obadina et al., 2016). This may explain the differences in SP of the flours when subjected to different roasting time. Obasi et al. (2014) reported that there was a significant decrease in swelling capacity of the brown beans on toasting which might be due to protein denaturation and starch gelatinization.Gelation Capacity (GC) values of the samples were indicative of the degree of heat treatment including temperature and durations of treatment. The GC of food is an important functional attribute for food processing. Large numbers of important food are gels and gelation is the basic processing step in the manufacture of various foods. The GC is the standard that is usually employed to evaluate food ingredients. A higher GC as shown by these results implies a higher degree of cook which reduces, subsequent cooking time for instant gruels (Colona et al., 1989), or other food products that require reheating before consumption (Umezuruike and Nwabueze, 2015). The results obtained in this study is similar to that reported by Njoku et al. (2023). The results obtained for Emulsion Capacity (EC) in this study is within range with that reported by Njoku et al. (2023) where EC (%) of the African breadfruit seed ranged from 71.01±0.30 to 75.58±0.80. From the trend of the result, the EC of the breadfruit seed flour decreased as the temperature increased which implies that drying temperature has a significant role in the functional properties of flours.
CONCLUSION 
Conclusively, the functional properties showed that the Treculia africana seed flour possessed good characteristics for use in allied food products, especially cookies.  The relationship between roasting and functional properties showed that there were significant differences in the various parameters investigated.  The results obtained have shown that roasting significantly improved the functional properties of the seeds at 121 ºC for 39 minutes. Optimisation of the seeds’ flour revealed desirability indexes of 51 % for roasting which is good in predicting the utilization of the flour. The sensory evaluation of composite cookies from optimized T. africana seed flour samples and wheat flour showed that T. africana seed flour can be used to produce acceptable cookies. 
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