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The Bioactive Compounds in Pure & Ternary Blends of Cocoyam, Soya bean & Bambara groundnut Flour Identified Using Gas Chromatography-Mass Spectrometry (GC-MS) Technique.
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ABSTRACT 
	Background: Bioactive compounds (BACs) are active ingredients responsible for the biological activities of some animal and medicinal plant extracts. Among the plants foods considered as functional foods due to the presence of such BACs compositions, are cocoyam (CY), soya bean (SB) and Bambara groundnut (BGN). The BACs constituents of each of these food plants have been documented but reported BACs in flour blends of such plant foods are scanty, yet various animal experiments involving these and other flour blends are common, while consumption, sometimes on recommendation by experts, of the various plants as food mixtures, abound especially in resource-poor countries, triggering the need for this study to analyze, using Gas-Chromatography-Mass Spectrometry (GC-MS), the BACs of these flour blends. Methodology: Cocoyam, soya bean and Bambara groundnut purchased from a local market were processed into fine flour and grouped into pure and ternary flour blends. To ten grams (10 g) of each of the flour blends was added 2.5 L of methanol and allowed to mix for 48 h, following which the solution was filtered using musclin cloth. The filtrate so obtained was extracted for 3 h in a soxhlet apparatus, using an oven at 500C. The extract was analyzed for phytochemical constituents, using GC-MS. Results and Discussion: The study revealed the presence of such BACs as Phenols, thiadiazole, monoterpenoids, aziridine, thiourea, stilbenes, amphetamine/phenylethylene, flavonoids, artemisinin, naphthalenes, and 1, 4-diazepanes, in the various CY-SB-BGN flour blend formulations. Each formulation had different family classifications of identified BACs. Some of these BACs have been reported in previous studies in the various pure blends of the plant foods, but blends of the plant food flours revealed additional BACs in the ternary blends. Conclusion: Various formulations of CY-SB-BGN flour blends have classes of BACs in both pure and ternary blends, though the classes of BACs in each family varied depending on the formulation. These findings lend credence to the fact that flour mixtures of these plant foods contain BACs that may be useful in disease management and prevention. 
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1. INTRODUCTION 
Bioactive compounds (BACs) are present in some plant foods called functional foods and nutraceuticals which are needed in human disease prevention [1] among others. BACs are sourced from plants and animals including cocoyam, shrimps, egg, legumes [2,3,4,5]. BACs bioactivity depends on the chain length, hydrophobicity, molecular charge and the side chain bulkiness of the amino acid residue [6]. The amount of histidine, cysteine, prolne, methionine and aromatic amino acids present in a peptide contribute to its antioxidant activity [7]. One of the key nutritional guide in the use of functional foods, is therefore the consumption of medicinal plant foods [8]. In the list of such food plants are Bambara groundnut (Vigna subterranean) Soya Bean (Glycine max. (L) Merrill) and cocoyam (Colocasia esculenta) all of which have been found to contain adequate nutrients and phytochemicals with bioactivities [9-22]. 
Cocoyam, together with other tuber crops and starchy foods account for about 40% of the foods consumed by half of the people living in sub Saharan Africa, and a staple food for over one billion people in low income countries [23] and therefore readily available and affordable. Bambara groundnut on its own contains macro- and micro-nutrients [9, 24 – 27], while soya bean, a leguminous crop equally provides excellent nutrition including protein and oil globally [28]. A blend of these flour can produce BACs that could exhibit antagonistic or synergistic effects, with the latter being often the observation. Besides, while one food source may be more potent in anti-inflammatory effect, another may exhibit high antioxidant activity or immune-stimulatory effect, hence the advantage for combination and their exploration in the management of chronic diseases like Type 2 diabetes mellitus whose prognosis in uncontrolled and poorly managed cases are poor with attendant multiple organ damage, high mortality, high morbidity, disability and global endemicity [29], with huge capital expenditure [30]. 
GC is used for the quantification of metabolites in the blood and urine and that of reaction products in addition to RNA isolation, identification of pollutants, and hazardous compounds in waste dumps (https://www.omicsonline), and in the quantitative and qualitative analysis of food components such as carbohydrates and amino acids [31] lipids and associated lipophilic compounds [32, 33] and flavours and aromas.
A combination of GC-MS has been utilized for more efficiency in product analysis. Such combinations gives additional information beside the quantification and identification of a compound [34]. Hence in complex mixtures of geometric isomers, a combination of chromatographic separation and spectroscopic identification is applied in GC-MS [35]. In such cases, the quadrupole spectrometer is used as a common analyzing element. The GC-MS analytic method has been successfully applied in several studies involving medicinal plants such as fermented castor seed (ogiri Igbo) [36], leaves of gongonema latifolium, petrocarpus mildbraedi and piper guineese plants [37], aqueuous leaf extract of Gnetum africanum [38]; Amaranthus viridis L (Green leaf [39], and leaf of Curcurbita pepo L [40]. Another study equally analyzed the phytochemicals in unripe plantain-millet feed blend using same technique [41].
The aim of this study was to identify the various bioactive compounds in pure and ternary blends of soya bean, cocoyam and Bambara groundnut flour using GC-MS technique, with a view to documenting the compounds possibly responsible for the biological activities of such flour that can be used in chronic diseases management.   
2. material and methods 
2.1 Collection of Plant Materials
Cocoyam, soya bean and Bambara groundnut were purchased from a local market and identified by a plant taxonomist before processing them into flour using standard procedures. The flour of each of the plant foods were stored in airtight containers for future use.
2.2 Flour Formulations
The Cocoyam-Soya bean-Bambara groundnut flour were grouped into pure, and ternary blends formulations, based on previous animal experiments involving plant food formulations [41], resulting in eight formulation groups (Table 1).
Table 1: Cocoyam-Soya Bean-Bambara groundnut Flour Formulations

	

	Formulations
	Codes
	%CY
	%SB
	%BGN
	%RF

	1
	1C
	16.6
	16.6
	16.6
	50

	2
	1S
	12.5
	12.5
	25
	50

	3
	1B
	25
	12.5
	12.5
	50

	4
	4
	12.5
	25
	12.5
	50

	5
	O
	0
	0
	50
	50

	6
	CY
	50
	0
	0
	50

	7
	SB
	0
	50
	0
	50

	RF
	RF
	0
	0
	0
	100



RF = Commercial Rat Feed; SB = Soya bean; BGN = Bambara Groundnut; CY = Cocoyam.
2.3 Plant extraction 
To ten grams (10 g) of each of the flour blends was added 2.5 L of methanol and allowed to mix for 48 h, following which the solution was filtered using musclin cloth. The filtrate so obtained was extracted for 3 h in a soxhlet apparatus, using an oven at 500C. The extract was analyzed for phytochemical constituents, using Gas Chromatography/Mass Spectrometry method.
2.3.1 Phytochemical Analysis
2.3.2 Qualitative Analysis Methods 
The qualitative phytochemical screening was conducted following the method described by Shaikh and Patil [42] in which the ground samples were extracted using methanol and water in the ratio of 2:1. Thirty (30 g) gram of each sample was weighed into 150 ml of the solvent contained in 300 ml beaker. This was allowed for 48 hours before filtration using cheese cloth. The filtrate of each sample was used for the phytochemical screening.
a. Phenols
To 2ml of the extract that was pipetted into a test tube, 3ml of distilled water was added followed by 3 ml of 10% lead acetate solution. White precipitate formed was a positive sign for phenol
b. Quinones
To 2ml of the extract in a test tube was added few drops of concentrated HCl. Green colour which is a positive test was not observed.
c. Cardiac glycosides
About 2 ml of the filtrate in a test tube was added few drops of concentrated H2SO4 was shaken and allowed to stand. The appearance of red colour in lower layer indicated phytosterol.
d. Alkaloid
A test tube containing 3 ml of the extract was added 3-4 drops of picric acid. Appearance of an orange colour indicated alkaloid.
e. Anthocyanin
About 2 ml of the extract in a test tube was added 2 ml of 2N HCl followed by few drops of ammonia, appearance of pink red, which turned blue violet after addition of few drops of ammonia showed the presence of anthocyanin.
f. Anthraquinones
To 1 ml of the extract in a test tube, 10 ml 10% ammonia solution was added and shaken vigorously and allowed to stand for 30 sec. A pink, red violet colour indicated presence of anthraquinones.
g. Saponin
Five (5) drops of olive oil were added to 3 mls of the sample in a test tube, stirred vigorously and allowed to stand for 30 sec. Emulsification that was observed for this duration indicated the presence of saponins.
h. Flavonoid
To 1ml of extract in a test tube was added 2 ml of 2% NaOH solution, the appearance of yellow colour which disappeared upon the addition of few drops of diluted HCl indicated the presence of flavonoid.
i. Tannin
To 2 ml of the extract in a test tube was added 3 drops of lead acetate, gelatinous precipitate is a positive test for tannin.
j. Proteins
About 5 ml of the extract in a test tube was added 0.1 ml Concentrated HN03. This was heated to a boiling point, the appearance of a colour change to a yellow precipitate which changed to intense yellow following the addition of few drops of ammonium hydroxide. This was a positive test for proteins containing aromatic groups (tyrosine, phenylalanine and tryptophan).
k. Phytosterol
To 1ml of the filtrate in a test tube was added few drops of concentrated H2SO4, shaken well and allowed to stand. The presence of red colour in lower layer indicated phytosterol. 
2.4 Quantitative Analysis
2.4.1The GC/MS analysis
Exactly 10 g of the sample was soaked in methanol for 48 hours, and then filtered and concentrated to 0.5 mL. From this, I µl of the concentrated sample was then injected into the GC column for analysis. The GC (Agilent 6890N) and MS (5975B MSD) is equipped with DB-5ms capillary column (30 m x 0.25 mm; film thickness 0.25 µm). The initial temperature was set at 400C which increased to 1500C at the rate of 100C/min. The temperature was again increased to 2300C at the rate of 50C/min. The process continued till the temperature reached 2800C at the rate of 200C/min which was held for 8 minutes. The injector port temperature remained constant at 2800C and detector temperature was 2500C. Helium was used as the carrier gas with a flow rate of 1mL/min. Split ratio and ionization voltage were 110:1 and 70 eV respectively. To identify and quantify the target active compounds present in the extracted sample, their individual mass spectral peak value was compared with the database of National Institute of Science and Technology, 2014; followed by obtaining the percent report from the equipment. The percent report shows the exact amount at which the targeted compounds were present.
Each of the formulation samples analyzed, was reported in a Table (Samples 1- 6 and RF)
3. results and discussion
3.1 Qualitative Screening Results
Qualitative screening reveals the possible types of classes of phytochemicals in the plant food materials. Table 2 is the result of the qualitative screening of the phytochemicals in the cocoyam-soya bean-Bambara ground nut formulations.

Table 2: Result of the Qualitative screening of the phytochemicals in plant food materials
	
	Formulations
	Alkaloid
	Flavonoid
	Tannin
	Phenol
	Cardiac Glycosides
	Saponin
	Proteins
	Quinonesi
	Anthraquinone
	Anthrocyanins
	Phytosterol

	
	1
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+

	
	2
	+
	+
	+
	+
	+
	+
	++
	-
	-
	-
	+

	
	3
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+

	
	4
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+

	
	5
	+
	+
	+
	+
	++
	+
	++
	-
	-
	-
	+

	
	6
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+

	
	7
	+
	+
	+
	+
	+
	+
	++
	-
	-
	-
	+

	
	RF
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	+


Key: = - absent; + abundant; ++ very abundant
Table 2 showed the qualitative screening test of the selected formulations 1 - 7 and RF. All the formulations contained alkaloids, flavonoids, phenolics, cardiac glycosides, tannins, saponins, proteins and phytosterol.
3.2 Gas Chromatography –Mass Spectrometry (GC-MS)
3.2.1 Commercial Rat Feeds
	To identify the specific bioactive compounds in the commercial rat feeds, the GC-MS, was conducted on the commercial rat feeds (Formulation RF) in Table 3.
Table 3: Result of the GC-MS Analysis of Formulations RF (0%CY + 0%SB + 0%BGN + 100%RF)


	S/N
	Retention Time
	Peak Area % 
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	1
	2.096
	0.53
	C7H15N
	[image: ]
	113
	 Piperidine, 1,2-dimethyl
	Thiadiazol

	2
	2.45
	0.11
	C3H4N4OS
	[image: ]
	144
	1,2,3-Thiadiazole-4-carboxylic acid, hydrazide
	Thiadiazole

	3
	2.605
	0.23
	C8H8O
	[image: ]
	120
	Phthalan (Isocoumaran) or 1,3-dihydro-2-benzofuran
	Phenols

	4
	4.765
	0.58
	C9H10O2
	[image: ]
	150
	2-Methoxy-4-vinylphenol
	Phenols

	5
	5.788
	0.13
	C8H8O3
	[image: ]
	152
	Vanillin
	Phenolic aldehyde

	6
	12.286
	0.66
	C16H22O4
	[image: ]
	278
	Dibutyl phthalate
	Carboxylic acid


Table 3 showed the GC-MS report of Formulations RF (0%CY + 0%SB + 0%BN + 100%RF) (The Commercial Rat Feed). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: piperidine 1,2-dimethyl; 1,2,3-thiadiazole-4-carboxylic acid; phenolic compounds, 1,3-dihydro-2-benzofuran; 2-methoxy-4-vinylphenol, vanillin and a carboxylic acid, dibutylphthalate.
[image: ]
Figure 1: Chromatography of Formulation RF

The chromatography of Formulation RF has been shown in Figure.1, with the various retention time and abundance of the BACs: piperidine 1,2-dimethyl; 1,2,3-thiadiazole-4-carboxylic acid; phenolic compounds, 1,3-dihydro-2-benzofuran; 2-methoxy-4-vinylphenol, vanillin and a carboxylic acid, dibutylphthalate.
CY = Cocoyam, SB = Soya Bean; BGN = Bambara groundnut; RF = Commercial Rat Feed

	3.2.2 Formulation 1 (16.6%CY + 16.6%SB + 16.6%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 1 in Table 4.
Table 4: Result of the GC-MS Analysis of Formulation 1 (16.6%CY + 16.6%SB + 16.6%BGN + 50%RF)

	S/N
	Retention Time
	Peak Area%
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	4.79
	1.37
	C9H10O2
	[image: ]
	150
	4-Hydroxy-2-methylacetophenone
	Phenols (Guaiacol)

	b
	5.14
	1.78
	C8H10O3
	[image: ]
	154
	Phenol, 2,6-dimethoxy
	Phenolics

	c
	8.07
	0.37
	C10H12O3
	[image: ]
	180
	4-Methyl-2,5-dimethoxybenzaldehyde
	Phenolic Aldehyde

	d
	12.23
	0.44
	C16H22O4
	[image: ]
	278
	1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester
	Carboxylic acid

	e
	12.94
	0.28
	C7H13NO3
	[image: ]
	159
	N-Isopropoxy-2-carbomethoxyaziridine
	Aziridine



Table 4 showed the GC-MS report of Formulations 1 (16.6%CY + 16.6%SB + 16.6%BGN + 50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: 4-Hydroxy-2-methylacetophenone; Phenol, 2,6-dimethoxy; 4-Methyl-2,5-dimethoxybenzaldehyde; 1,2-Benzenedicarboxylic acid, bis(2-methylpropyl) ester and N-Isopropoxy-2-carbomethoxyaziridine
[image: ]

Figure 2: Chromatography of Formulation1
Figure 2 showed the chromatography of Formulation 1 (16.6%CY + 16.6%SB + 16.6%BGN + 50%RF), with the various retention time and abundance of the BACs: 4-Hydroxy-2-methylacetophenone;Phenol, 2,6-dimethoxy; 4-Methyl-2,5-dimethoxybenzaldehyde; 1,2-Benzenedicarboxylic acid, bis (2-methylpropyl) ester and N-Isopropoxy-2-carbomethoxyaziridine

	3.2.3 Formulation 2 (12.5%CY + 12.5%SB + 25%BGN +50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 2 in Table 5.
Table 5: Result of GC-MS Analysis of Formulation 2 (12.5%CY + 12.5%SB + 25%BGN +50%RF)


	S/N
	Retention Time
	Peak Area% 
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	1.97
	0.24
	C9H16N4S
	[image: ]
	212
	[1,3,4]Thiadiazol, 2-amino-5-(2-piperidin-1-ylethyl)-
	Thiadiazol

	b
	3.999
	0.30
	C10H5FO3
	[image: ]
	192
	p-Fluorophenyl maleic anhydride
	Benzene

	c
	4.765
	0.32
	C9H10O2
	[image: ]
	150
	2-Methoxy-4-vinylphenol
	Phenols

	d
	5.119
	0.39
	C8H10O3
	[image: ]
	154
	Phenol, 2,6-dimethoxy
	Phenols

	e
	7.063
	0.09
	C15H11N
	[image: ]
	205
	Quinoline,2-phenyl
	Flavonoids

	f
	12.298
	0.58
	C18H26O4
	[image: ]
	306
	 Phthalic acid, butyl 2-ethylbutyl ester
	Carboxylic acid



Table 5 showed the GC-MS report of Formulation 2 (12.5%CY + 12.5%SB + 25%BGN +50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs:[1,3,4] Thiadiazol, 2-amino-5-(2-piperidin-1-ylethyl)-; p-Fluorophenyl maleic anhydride; 2-Methoxy-4-vinylphenol; Phenol, 2,6-dimethoxy; Quinoline,2-phenyl and Phthalic acid, butyl 2-ethylbutyl ester.
[image: ]
Figure 3: Chromatography of Formulation 2
Figure 3 showed the chromatography of Formulation 2 (12.5%CY + 12.5%SB + 25%BGN + 50%RF), with the various retention time and abundance of the BACs: [1,3,4]Thiadiazol, 2-amino-5-(2-piperidin-1-ylethyl)-; p-Fluorophenyl maleic anhydride; 2-Methoxy-4-vinylphenol; Phenol, 2,6-dimethoxy; Quinoline,2-phenyl and Phthalic acid, butyl 2-ethylbutyl ester.
	3.2.4 Formulation 3 (25%CY + 12.5%SB + 12.5%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 3 in Table 6.

Table 6: Result of the GC-MS Analysis of Formulation 3 (25%CY + 12.5%SB + 12.5%BGN + 50%RF)


	S/N
	Retention Time
	Peak Area% 
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	3.422
	0.134
	C6H5ClO2
	[image: ]
	144
	1,3-Benzenediol, 2-chloro
	Phenols

	b
	4.771
	0.29
	C9H10O2
	[image: ]
	150
	 4-Hydroxy-3-methylacetophenone
	Phenols (Guaiacol)

	c
	5.142
	0.32
	C8H10OS
	[image: ]
	154
	Benzene, 1-methoxy-2-(methylthio)
	Benzene

	d
	7.080
	0.28
	C15H24O
	[image: ]
	220
	Butylated Hydroxytoluene
	Phenol derivative

	e
	10.440
	0.09
	C5H10S
	[image: ]
	102
	Thiophene, tetrahydro-2-methyl 
	Mono-cyclic heteroarene (Furan)

	f
	12.298
	0.16
	C18H26O4
	[image: ]
	306
	Phthalic acid, butyl isohexyl ester
	Carboxylic acid


Table 6 showed the GC-MS report of Formulation 3 (25%CY + 12.5%SB + 12.5%BGN +50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs:1, 3-Benzenediol, 2-chloro; 4-Hydroxy-3-methylacetophenone; Benzene, 1-methoxy-2-(methylthio); Butylated Hydroxytoluene; Thiophene, tetrahydro-2-methyl and Phthalic acid, butyl isohexyl ester.
[image: ]
Figure 4: Chromatography of Formulation 3
Figure 4 showed the chromatography of Formulation 3 (25%CY + 12.5%SB + 12.5%BGN +50%RF), with the various retention time and abundance of the BACs: 1, 3-Benzenediol, 2-chloro; 4-Hydroxy-3-methylacetophenone; Benzene, 1-methoxy-2-(methylthio); Butylated Hydroxytoluene; Thiophene, tetrahydro-2-methyl and Phthalic acid, butyl isohexyl ester.




3.2.5 Formulation 4 (12.5%CY + 25%SB + 12.5%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 4 in Table 7.
	Table 7: Result of the GC-MS Analysis of Formulations 4 (12.5%CY + 25%SB + 12.5%BGN + 50%RF)


	S/N
	Retention Time
	Peak Area %
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	2.15
	0.77
	C9H10N4O2S
	[image: ]
	238
	Hydrazinecarbothioamide (2-[1-(4-nitrophenylethylidene)
	Thiourea

	b
	4.75
	0.43
	C9H10O2
	[image: ]
	150
	2-Methoxy-4-vinylphenol
	Phenols (Guaiacol)

	c
	12.28
	0.23
	C14H12
	[image: ]
	180
	Stilbene (1,2-diphenylethylene)
	Carboxylic acid


Table 7 showed the GC-MS report of Formulations 4 (12.5%CY + 25%SB + 12.5%BGN + 50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: Hydrazinecarbothioamide (2-[1-(4-nitrophenylethylidene);2-Methoxy-4-vinylphenol and Stilbene (1,2-diphenylethylene)

[image: ]
Figure 5: Chromatography of Formulation 4
Figure 5 showed the chromatography of Formulation 4 (12.5%CY + 25%SB + 12.5%BGN + 50%RF), with the various retention time and abundance of the BACs: Hydrazinecarbothioamide (2-[1-(4-nitrophenylethylidene);2-Methoxy-4-vinylphenol and Stilbene (1,2-diphenylethylene)
	3.2.6 Formulation 5 (0%CY + 0%SB + 50%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 5 in Table 8.
Table 8: Result of the GC-MS Analysis of Formulation 5 (0%CY + 0%SB + 50%BGN + 50%RF)

	S/N
	Retention Time
	Peak Area%
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	5.16
	1.15
	C8H10O3
	[image: ]
	154
	2,6-dimethoxy phenol
	Phenolics

	b
	5.83
	0.48
	C8H803
	[image: ]
	152
	Vanillin (4-Hydroxy-3-methoxybenzaldehyde)
	Phenolic Aldehyde

	c
	7.90
	0.13
	C5H12N2
	[image: ]
	100
	Homopiperizine (1,4-Diazepanes)
	1,4-Diazepanes



Table 8 showed the GC-MS report of Formulations 5 (0%CY + 0%SB + 50%BGN + 50%RF).It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: 2,6-dimethoxy phenol; Vanillin (4-Hydroxy-3-methoxybenzaldehyde) and Homopiperizine (1,4-Diazepanes).
[image: ]
Figure 6: Chromatography of Formulation 5
Figure 6 showed the chromatography of Formulations 5 (0%CY + 0%SB + 50%BGN + 50% RF), with the various retention time and abundance of the BACs: 2,6-dimethoxy phenol; Vanillin (4-Hydroxy-3-methoxybenzaldehyde) and Homopiperizine (1,4-Diazepanes).

	3.2.7 Formulation 6 (50%CY + 0%SB + 0%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 6 in Table 9.
Table 9: Result of the GC-MS Analysis of Formulation 6 (50%CY + 0%SB + 0%BGN + 50%RF)


	S/N
	Retention Time
	Peak Area% 
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	3.994
	3.97
	C8H8O
	[image: ]
	120
	Benzofuran, 2,3-dihydro-
	Amphetamine & Phenylethylamine

	b
	4.754
	5.24
	C9H10O2
	[image: ]
	150
	2-Methoxy-4-vinylphenol
	Phenol

	c
	5.131
	1.39
	C8H10O3
	[image: ]
	154
	Phenol, 2,6-dimethoxy
	Phenol

	d
	8.023
	2.21
	C14H12
	[image: ]
	180
	(E)-Stilbene
	Carboxylic acid

	e
	11.681
	0.46
	C16H22O4
	[image: ]
	278
	Dibutyl phthalate
	Carboxylic acid

	f
	12.241
	0.68
	C19H32O6
	[image: ]
	356
	Dihydroartemisinin, 10-O-(t-butyloxy)-
	Artemisinin



Table 9 showed the GC-MS report of Formulations 6 (50%CY + 0%SB + 0%BGN + 50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: Benzofuran, 2,3-dihydro-;2-Methoxy-4-vinylphenol; Phenol, 2,6-dimethoxy; E)-Stilbene; Dibutyl phthalate and Dihydroartemisinin, 10-O-(t-butyloxy)-

[image: ]
Figure 7: Chromatography of Formulation6
Figure 7 showed the chromatography of Formulations 6 (50%CY + 0%SB + 0%BGN +50%RF), with the various retention time and abundance of the BACs:Benzofuran, 2,3-dihydro-;2-Methoxy-4-vinylphenol; Phenol, 2,6-dimethoxy; E)-Stilbene; Dibutyl phthalate and Dihydroartemisinin, 10-O-(t-butyloxy)-

3.2.8 Formulation 7 (0%CY + 50%SB + 0%BGN + 50%RF)
To identify the specific bioactive compounds in the intervention formulations, the GC-MS, was conducted on Formulation 7 in Table 10.
	Table 10: Result of GC-MS Analysis of Formulation7 (0%CY + 50%SB + 0%BGN + 50%RF)


	S/N
	Retention Time
	Peak Area% on
	Molecular Formula
	Molecular Structure
	Molecular Weight
	Name of Bioactive Compound
	Family Classification

	a
	17.127
	2.95
	C13H21NO
	[image: ]
	207
	4,7,7-Trimethylbicyclo[2.2.1]heptan-2-one O-allyloxime
	monoterpenoid

	b
	21.431
	2.275
	C14H24O
	[image: ]
	208
	2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methylethyl)-, (4aα,7β,8aβ)
	Naphthalene



Table 10 showed the GC-MS report of Formulations 7 (0%CY + 50%SB + 0%BGN + 50%RF). It highlighted the molecular structure, molecular formula, % composition, peak flow percentage and retention time of the BACs: 4,7,7-Trimethylbicyclo[2.2.1]heptan-2-one O-allyloxime and 2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methylethyl)-, (4aα,7β,8aβ).
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Figure 8: Chromatography of Formulation7
Figure 8 showed the chromatography of Formulations 7 (0%CY + 50%SB + 0%BGN + 50%RF), with the various retention time and abundance of the BACs: 4,7,7-Trimethylbicyclo[2.2.1]heptan-2-one O-allyloxime and 2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methylethyl)-, (4aα,7β,8aβ).

DISCUSSIONS
The Bioactive Composition of the Flour Samples
Bioactive compounds (BACs) are sourced from plants and animals including cocoyam, shrimps, egg, legumes [2 -5]. BAC includes bioactive pepetides (BAPs) which contain group of phenolic compounds with antioxidant properties. Among these are flavonoids, phenolic acids and carotenoids. 
In this study, the various formulations were documented to contain phenolic compounds, flavonoids and other bioactive substances. The commercial rat feed (formulation RF) contained BACs like thiadiazol (Piperidine, 1, 2-dimethyl, 1, 2, 3-Thiadiazole-4-carboxylic acid, hydrazide, Phenols (Phthalan (Isocoumaran) or 1, 3-dihydro-2-benzofuran, 2-Methoxy-4-vinylphenol, Vanillin) and carboxylic acid (Dibutyl phthalate) (Table 3). Other formulations (1 - 7) equally contain BACs in varying concentrations (Tables 3 – 11). Formulations 1 contained mainly phenolics and carboxylic acids with an additional aziridine compound [N-Isopropoxy-2-carbomethoxyaziridine] while thiourea, phenols and carboxylic acids were the identified BACs in Formulation 4 (Tables 7 and 8). Formulation 6, contained Aphetamine and Phenylethylamine, Phenols, (E)-Stilbene; Dibutyl phthalate and an artemisinin while Formulation 7 had 1,3-Benzenediol, 2-chloro, 4-Hydroxy-3-methylacetophenone, Butylated Hydroxytoluene, 1-methoxy-2-(methylthio), [Thiophene, tetrahydro-2-methyl] and Phthalic acid, butyl isohexyl ester as the bioactive compounds (Table 10).  The BACs compounds in formulations 5 were phenolics and diazepanes, and in formulation 2, phenolics and carboxylic acids in addition to thiadiazol (Tables 8 and 5). In Formulations 3, the BACs were 4,7,7-Trimethylbicyclo[2.2.1]heptan-2-one O-allyloxime), and 2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methylethyl)-, (4aα,7β,8aβ); (Table 6).  
These BACs though present in all the formulations, a critical observations showed that while some formulations contained some of the common BACs, others contained some rare ones like aziridine, artemisinin, and thiadiazol in formulations 1, 2 and 6 respectively. Secondly some of these formulations have different classes of phenolics than others as seen in formulations 1, 2, 3, 4, 5 and 6, with formulation 3 containing an additional phenolic derivative.  Thirdly only formulation 2 had Quinoline,2-phenyl, a flavonoid as an identified BAC. Fourthly, the number of different BACs contained in each formulation varied. While Formulations 2, 3, 6 and RF, had six different BACs contained in them, formulations 4 and 5 had three and formulations 1 and 7 had two and five different compounds respectively. 
Of the different compounds contained in each formulations, the classes of the compounds were also different. In the commercial rat feed, Formulation RF, the six varied compounds belong to three classes, namely phenolics, carboxylic acids and thiadiazol. In these classes, the phenolics had three different compounds in the family while two compounds, that is, Piperidine, 1, 2-dimethyl and 1, 2, 3-Thiadiazole-4-carboxylic acid, hydrazide (Table 3), are in the family of thiadiazole. In formulation 3, there are four classes with three different compounds in the phenolic family, while in Formulation 2 and 6 there are five and four classes of compounds respectively, with two different phenolic compounds in the phenolic class (Tables 5, 7 and 9). 
Among the formulations with three groups of BACs, Formulations 4 and 5, there are two and three classes of compounds respectively, with the former containing two different phenolic compounds and formulation 4 containing only one. Formulation  7 which had two compounds belonging to two different classes had no phenolic compound while formulation 1 with five different compounds in three classes has three different phenolic compounds as constituents of the BACs (Tables 4 and 10). 
The findings in this study were in line with discoveries in the analysis of these plant food extracts in previous studies which corroborated the presence of various classes of phenolics, flavonoids and other bioactive substances in soybean, Bambara groundnut and cocoyam. Soya bean was reported by Anderson and his co-researcher, to contain saponins at about 0.5% [43]. Other studies reported the presence of isoflavones, oxalates, phytic acids and bioactive peptides in soybean. The Isoflavones are of three classes, namely the glucosides like daidzein, genistein and glycitin; the acetyl form of glucosides; malonyl glucosides and the unconjugated aglycones [44]. Inositol hexaphosphate (IP6), myo-inositol and inositol phosphate are other BACs in soybean [45]. When Soya bean is processed, the IP6 is dephosphorylated into IP5, IP4, IP3, IP2 and IP1 through the activity of endogenous phytates [46]. Of these, IP6 and IP5 act as anti-nutrient to minerals while IP4 and IP3 can exert antioxidant activities [47].
In cocoyam, the phytochemicals, polyphenolic compounds such as flavonoids, tannin and alkaloids were present in cocoyam and these phytochemicals have hypoglycemic and antioxidant properties [48, 49, 50]. Other bioactive compounds (BAC) contained in cocoyam were 9-octadecenoic acid, a fatty acid followed in terms of concentration by 9,12-octadecadienoyl chloride, a lineleoyl chloride; hexadioic acid, bis (2-ethylhexyl) ester, Octadecanoic acid, and 3-5-di-t-butyl phenol [51].  
Bambara groundnut phytochemical contents include phenolics like quercetin, quercitrin, iboquercitrin, kaempterol, rutin, myricetin, luteolin, catechin, epicatechin, caffeic acid, ellagic acid, cholorogenic acid and gallic acid [52]; dietary fibres [53]; fatty acids like PUFA and MUFA [54] and amino acids like arginine, isoleucine, leucine, lysine and glutamic acid [53]. It also contain tocopherols, tocotrienol and phytosterols (Adeyeye et al., 2015). Other BACs are proteins and peptides, [55]. The biological roles of these bioactive compounds have been the basis for their advocate in nutritional therapeutics for various diseases.
These BACs exert various biological activities depending on the particular compound, with such bioactivities ranging from antioxidant activity by single electron transfer [56], antimicrobial [57, 58], anti-inflammatory [59]; hypoglycemic [60], anti-obesity [61] hypocholesterolaemic [62]; slowing of development of insulin resistance [56] and inhibition of endoplasmic reticulum stress [63, 64]. These biological effects are explored in their use for the management of chronic diseases.
4. Conclusion
Pure and ternary blends of Cocoyam-Soya bean-Bambara groundnut flour contains bioactive compounds in various concentrations and forms that are dependent on the ratio formulations of the blend. These bioactive compounds are similar to the ones reported in previous studies whose biological activities supports their use in the management of non-communicable diseases.
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