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ABSTRACT 
Three processing techniques were used to produce Jackbean flour namely raw, boiled, and roasting at 

130
o
C for 10 min. The seeds were milled to flour using an attrition mill, and proximate composition, 

functional properties, antioxidant activity of the flour were determined. Cookies produced from composite 

flour of various processing techniques, was subjected to sensory evaluation. The result for bulk density of 

raw jackbean flour (0.45g/cm
3
) was lower than that of pressure cooked and roasted jackbean flour (0.53 

and 0.66g/cm
3
), respectively. Swelling power of the raw jackbean flour (6.24g/cm

3
) was higher than 

pressure cooked (5.47g/cm
3
) and lower than roasted jackbean flour (6.51g/cm

3
). Dispersibility of the raw 

jackbean flour was higher than both pressure cooked and roasted jackbean flour.  Antioxidant activities in 

the processed flour were significantly affected by the processing techniques ranged from 3.45 to 4.65 

alkaloid; 0.024 – 0.47 flavonoid; and total antioxidant 198.70mg/100g to 380.06mg/100g, respectively. 

Cookies produced from various processed flour at 20% and 40% substitution, enhances the nutritional 

values and significantly affects the physical parameters, indicating that roasting and pressure cooking 

would enhance the quality characteristics of jackbean flour for culinary purposes.  

Keywords: Processing techniques, jackbean flour, antioxidant activity, composite flour, cookies. 

 

INTRODUCTION  
Canavalia ensiformis, commonly known as jackbean, is usually used in Nigeria as ornamental plant, 

grown near houses and allowed to crawl on walls and trees. The bean is a good source of protein, 23% to 

34%, carbohydrate 55%, and minerals such as Ca, Zn, P, Mg, Cu and Ni (Asirvatham et al., 2011). 

Studies pertaining to research of alternative source of nutrition and protein quality are of great importance 

in tropical developing countries to alleviate hunger and malnutrition particularly in children and pregnant 

women, as they are most venerable (Coulter et al; 1988). Jackbean represent a major source of nutrients 

including valuable but incompletely balance protein particularly in vegetarian’s diets (Eddy & Allen, 

2007). The authors reported that nutritive value of legumes depends upon the processing methods, 

presence or absence of antinutritional factors and possible interaction of nutrient with other food 

components. Studies have shown that the lesser known legumes together with other conventional legumes 

can be used for combating protein malnutrition which is prevalent in the third world. This can be achieved 

by the consumption of legumes whole or in various processed forms as condiments (Arisa & Aworth, 

2007). 

Cookies are one of the popular cereals snacks food; apart from bread; consumed in Nigeria. The 

consumption of cereals snacks foods such as biscuits, cookies, wafers and short bread has become very 

popular in Nigeria especially among children. In Nigeria, the consumption of ready-to-eat baked product 

is continually growing and there has been an increase in reliance on imported wheat. 
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Moreover, Nigeria grows stable crops other than wheat such as cassava, sweet potato or yam and cereals 

that can be used for economic advantage. If wheat flour can be replaced with flour from tubers, legumes 

and cereals, hence reducing the reliance on its importation and thus enhance the industrial utilization of 

local crops. Therefore, this research was designed to determine the effect of processing on the antioxidant 

and sensory evaluation of cookies produced from Jackbeans flour. 

Aims and objectives 

The study therefore attempted to determine the effect of processing on the proximate composition, 

functional properties, antioxidant activities, and sensory evaluation of cookies produced from jackbeans. 

 

MATERIALS AND METHODS 

Materials 

The jackbeans used in this study was obtained from IITA Ibadan in the year 2015. The samples that were 

given are replanted in the Federal Polytechnic Offa, experimental farm and the matured pods of 

Canavalia ensiformis was harvested in July 2015. All other materials were obtained from Owode market, 

Offa Kwara State. 

Production of jackbean flour 

Two kilogram of matured jackbean seeds were harvested and divided into three different portions. Each 

portion was subjected to different processing techniques described as follows; 

Raw sample: The raw samples (600g) were sundried and broken by the use of mortar and pestle to 

remove the seed coats manually. The seeds were cleaned, milled, sieved and packaged in an air tight 

container for further usage. 

Pressure cooking method: The pressure cooking method was carried out by the use of a household 

pressure cooker (Crown star) Master chef No: MC-PC 7005 in 1:3 (w/v) distilled water. 600g of jackbean 

seeds was weighed and pressure cooked for 10 minutes, cooled, dehulled, dried in an hot air oven at 55
0
C 

for 24 hr, milled (using attrition mill), sieved and package in an air tight container until it is require for 

use. 

Roasting method: The roasting method was carried out by the use of sand bath which was pre heated to 

temperature of 130±5
0
C, 600g of matured jackbean seeds was introduced, and roasted for 10 minutes. The 

jackbean seed was removed and allowed to cool to room temperature, roasted seeds were dehulled, milled 

(using attrition milling), sieved using 1mm mesh size and packaged in an air tight container until needed 

for usage. 

Determination of proximate composition 

Samples were analyzed according the official methods of analysis described by the Association of 

Official Analytical Chemist (2005) 18
th
 Edition.  

Determination of Functional Properties       

Bulk density, swelling power, and dispersibility were determined using the method described by AOAC 

(1990).  

Determination of antioxidant activities of jackbeans 

The method as described by Miyazaki et al., (2010) was used to determined Flavonoids, and total 

Antioxidants, while Alkaloid content was determined gravimetrically as described by (Harbone, 1973).  

Preparation of Cookies 

Cookies were prepared from composite flours with some modifications in method described by AACC 

(2000). The following recipe was used for the preparation of cookies. 

Flour/ composite flours   500g 

Sugar     250g 

Butter                                    250g 

Eggs      3 (numbers) Avg. wt 60g each 

Baking Powder    10g 
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Fig 2. Flow diagram for the production of cookies 

 

The ingredients were weighed accordingly. Butter and sugar was mixed and eggs were added one by one. 

The composite flours and baking powder were sifted and added to sugar-butter egg mass and mixed to get 

a homogenous mass. The batter was then rolled out with the help of the rolling pin. Cookies were cut out 

with cutter having 36mm diameter and placed in cookies sheets. Baking was done at 160
0
C for 10 min. 

Cookies were allowed to cool at room temperature for 10 min.  

Physical Analysis of Cookies  

For the determination of diameter (width), thickness and spread factor, following methods of AACC 

(2000) were followed below. 

Sensory evaluation of cookies 

The cookies produced were presented to 20 semi-trained panelists using 9 hedonic scale were asked  to 

assess the coded samples according order of likeness and dislikeness based on colour, flavour, texture, 

crispiness, taste and overall acceptability as described by Larmond (1977). 

Statistical analysis 

Results were expressed as mean of triplicate analyses. 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. The statistical analyses were performed using SPSS software (Systat statistical program version 21 

(SPSS Inc., USA). 

 

RESULTS AND DISCUSSIONS 

Table 1: Proximate composition of the raw, roasted and pressure cooked Jackbean flour  
       
Parameters Raw  Pressure cooked Roasted  

Moisture content 9.88 ± 0.05b 17.97 ± 0.06c 6.54 ± 0.03a 
Crude protein 19.65 ± 0.06c 16.63 ± 0.03a 18.68 ± 0.06b 
Crude fibre 2.07 ± 0.02a  1.84 ± 0.06a 1.98 ± 0.01a  
Crude fat 1.80 ± 0.03b  1.52 ± 0.06a 1.82 ± 0.06a 
Ash 3.07 ± 0.05b 2.84 ± 0.06b 1.92 ± 0.06a 
Carbohydrate 63.52 ± 0.03b 59.16 ± 0.03a 67.89 ± 0.08c 
 

Values are mean ± standard deviation of duplicate determination. 
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The result of the proximate composition of jackbean flour produced was presented in the table 1. 

Moisture provides a measure of the water content of the seed flour and for that matter, its total solid 

contents; it is also an index of storage stability of the flour. The moisture content of the jackbean seed 

flour ranges from 6.54%, 17.97%, with the pressure cooked jackbean flour having the highest (17.97%) 

per cent and the roasted jackbean flour having the lowest (6.54%). The lower the moisture content of 

flour, the better its shelf stability and hence the quality; moisture contents of flour generally depended 

upon the duration of dry process. The % crude protein of the flour ranges from 16.63% - 19.65%. Raw 

jackbean flour having 19.81% (highest), roasted jackbean flour having 18.68% and the pressure cooked 

jackbean flour having (16.63%) which is the lowest. The differences observed may be as a result of 

cultivar effects and the method of processing. The percent crude fibre of the flour ranges from 1.84 – 

2.07%.  

Crude fat percentage of the jackbean flour ranged from 1.52 – 1.82%. The observed value is however 

comparable to value reported by Oshodi et al (1999) who reported crude lipid contents of 0.9 – 1.3% for 

cowpea seed flour. Ash percentage of the flour ranged from 1.92 % - 3.07%. The ash content is the 

organic residue remaining after the organic matter has been burnt away. It is not necessarily of exactly the 

same composition as the mineral matter presents in the original flour as there may be losses due to 

volatilization or some interactions between constituents. The carbohydrate content was the major 

component of the flour. The value obtained from the study ranges from 59.16 – 67.89%. This result is 

relatively low to those reported by Kumar et al; 1988 (76.1%).  

 

Table 2: Functional properties of the raw, roasted and pressure cooked Jackbean flour 
 

  

 

 

 

 

 Values are mean ± standard deviation of duplicate determination. 

 

The results of the functional properties of jackbean flour produced are as shown in the table 2. Bulk 

density is depended upon the particles size of the samples. The value obtained from the study ranges from 

0.45 – 0.66 g/cm
3
. Karkalas et al. (1996) reported a bulk density value of range jack raw fruit seed to be 

about 0.61g/ml. Bulk density is a measure of heaviness of flour sample. It is important for determination 

of packaging requirements, material handling and application in well processing in the food industry. 

Oladele & Aina (2007) reported values of 0.55 – 0.62g/cm
3
 for tiger nut flours why value of 0.54g/cm

3
 

for African breadfruit kernel have also been reported (Akubor & Badifu 2004). The value obtained is 

higher than that reported in literature. Since flours with high bulk density are used as thickeners in food 

products, the jackbean seed flours studied could be used as a thickener. Swelling power provide the 

evidence of the strength of interaction between starch chains which include the crystalline domains. The 

swelling power of jackbeans determined ranges from 5.47 – 6.51g/cm
3
. Hydrogen bonds stabilizing the 

structure of the double helices in crystallites are broken during gelatinization and are replaced by the 

hydrogen bonds with water and swelling is regulated by crystallinity of the starch (Karkalas et al., 1996). 

The swelling power of jack bean flour bean starch may be attributed to the presence of a large number of 

crystallites formed by the association between long amylopectin chains. The result of dispersibility of 

jack bean flour indicated that raw jackbean flour 72.04 g/cm
3
 had higher dispersibility than the pressure 

63.08 g/cm
3
 cooked and roasted 71.19g /cm

3
 jackbean flour.  

 

 

 

 

 

 

Processing method Bulk density Swelling power Dispersal ability  

Raw 0.45 ± 0.06
a
   6.24± 0.03

b
 72.04 ± 0.03

b
 

Pressure cooked 0.53± 0.03
a
 5.47 ± 0.03

a
 63.08 ± 0.03

a
 

Roasted  0.66 ± 0.03
a
 6.51 ± 0.03

b
 71.10 ± 0.60

b
 

Idowu et al….. Int. J.  Innovative Food, Nut. & Sust.  Agric.5(2):9-17, 2017 

 

 

Ok 

   



13 
 

Table 3: Antioxidant activities of the raw, roasted and pressure cooked jackbean flour 

Sample Alkaloid 

(mg/100g) 

Flavonoid 

(mg/100g) 

TotalAntioxidants 

(mg/100g) 

Raw jack bean flour 4.65±0.01
b
 0.047±0.11

b
 380.06±2.06

c
 

Pressure cooked jack bean flour 

Roasted jack bean flour 

3.45±0.23
a
 

3.89±0.14
a
 

0.025±0.00
a
 

0.024±0.20
a
 

244.79±4.17
b
 

198.70±3.04
a
 

        

Values are mean ± standard deviation of duplicate determination. 

 

Table 3 showed that the flavonoid content in the extract of raw jackbean flour (0.047mg/100g), pressure 

cooked jackbean flour having 0.025mg/100g and roasted jackbean flour having 0.024mg/100g compared 

to jackbean flour (25.30mg/100g) which is higher as reported by Asirvatham et al., (2011). It has been 

recognized that flavonoids shows antioxidant activity and their effects on human nutrition and health are 

considerable. The total antioxidant varied from 198.70 – 380.06mg/100g. The raw  jackbean flour having 

the highest value (380.06mg/100g), pressure cooked jackbean flour having 244.79mg/100g and the 

roasted jackbean flour having the lowest value 198.70mg/100g.  

The results indicate that roasting processing method reduces the total antioxidant of Canavalia ensiformis 

more than pressure cooking processing method. The disparity may be due to the thermal processing 

method. Alkaloid content of the raw jackbean flour was found to be 4.65mg/100g. This is relatively 

higher compared to pressure cooked jackbean flour which is 3.45mg and 3.89mg for roasted jackbean 

flour. This difference is due to processing method used. Pressure cooking method significantly reduces 

alkaloid content of the jackbean flour. 

 

Table 4: Proximate composition of the cookies  

Sample MC %  Fibre %  Fat % Protein % Ash %  CHO % 

100% wheat flour 

20% pressure cooked  
3.720.0a 

3.52  0.1a 

0.72  0.6a 

0.77  0.0a 

17.71  0.3a 

18.36 0.1bc 

9.43  0.3a 

12.460.3c 

1.310.0a 

1.470.1a 

67.090.1c 

63.400.0a 

40% pressure cooked  4.120.03b 0.65  0.6a 17.81  0.3a 11.830.3b 1.280.3a 63.620.3a 

20% roasted jack bean  

40% roasted jack bean  
3.62  0.2a 

4.02  0.2b 

0.610.1a 

0.55  0.6a 

17.940.03b 

17.52 0.1a 

11.560.0b 

11.500.0b 

1.380.0a 

1.470.0a 

64.870.3b 

65.000.1b 

 

Values are mean ± standard deviation of duplicate determination. 

 

The moisture content of the cookies produced ranged from 3.5% to 4.12% as shown in table 4. The 

moisture content of the whole wheat and composite cookies increased significantly with increased levels 

of jackbean flour substitution in both pressured cooked and roasted beans. The 40% pressure cooked 

jackbean flour cookies having the highest value of moisture (4.12%) and the lowest moisture content was 

recorded for the cookies produced from 20% pressure cooked jack bean flour having 3.5%. This trend is 

similar to the findings (3.36-4.25%) reported by Mepha et al., (2007) and  3.59 - 4.46% of Eddy & Allen 

(2007), but differ from studies reported by Njintang et al., (2008) and Olaoye et al., (2006) who found out 

that moisture content of the composite cookies increased with increasing non wheat flour substitution. 

And this was attributed to a greater water holding capacity of the non-wheat flour than the wheat flour 

(Tekle et al., 2009). 

Crude protein content of the composite based cookies varied from 11.50% to 12.46% as shown in the 

table 5 above. The 100% wheat flour cookies have the lowest protein content of 9.43% and the 20% 

pressure jackbean flour cookies have the highest value of 12.46%. The significant increase of the protein 

content in composite cookies with increasing levels of jackbean flour substitution may be explained by 

the fact; jackbean flour is a good source of protein. It is also a good source of carbohydrate predominantly 

starchy and consumed as an energy yielding food Tekle et al., (2009).  

The crude fibre ranges from 0.55% to 0.77% as shown in table 5 above. 20% pressure cooked jackbean 

flour secure the highest fibre content of 0.77% while 40% roasted jackbean flour cookies is found to be 
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the lowest (0.55%). The significant differences in the fibre content was due to the reason; wheat flour had 

a lower fibre content value (0.29%) compared to jackbean flour and processing effect on the composite 

flour. 

According to Scheeman (2002), the crude fibre contributes to the health of the gastrointestinal system and 

metabolic system in man. The fat content of the cookies ranged from 17.52 - 18.36%. Cookies prepared 

from 20% pressure cooked jackbean flour incorporated into 80% wheat flour has the highest crude fat 

value (18.36%) and 17.52% fat obtained by cookies prepared from 40% roasted jackbean flour to 60% 

whole wheat flour, which is the lowest. This could be attributed to the effect of processing on the 

composite flour used. The percentage ash content of the cookies ranged from 1.28 to 1.47%. Both 20% 

pressure cooked jackbean cookies and 40% roasted have the same %ash content of 1.47%. The increase in 

ash content could be attributed to the higher levels of ash in the jackbean flour as compared to wheat 

flour. The carbohydrate content of the cookies ranges from 63.40% to 67.09%. The incorporation of 

jackbean flour reduces the carbohydrate level as indicated in the study. Moreover, the observed 

significant decrease in carbohydrate with increase in jackbean flour substitution level may be attributed to 

the contents of carbohydrate in jackbean. The carbohydrates, predominates all solid nutrients in root, 

tuber, legumes and cereals (Enwere, 1998). 

 

Table 5: Sensory evaluation of the cookies  

Sample Taste Color Flavour Texture Crispness Overall 

Acceptance  

100% wheat flour 8.6
d
 8.2

c
 6.9

a
 7.9

c
 7.6

b
 7.9

c
 

20% pressure cooked  8.3
d
 7.2

b
 7.2

ab
 8.0

c
 8.1

c
 7.5

b
 

40% pressure cooked  6.4
b 

6.2
a
 

7.2
b
 

6.4
a
 

6.8
a
              6.4

a
 

7.3
b
              7.3

b
 

6.4
a
              6.7

a
 

6.9
a
 

7.3
a
 

7.4
a
 

6.9
a
 

7.9
c
 

6.8
a
 

20% roasted jack bean      7.5
c
 

40% roasted jack bean      5.9
a
 

  

Flavour is the main criterion that makes the product to be liked or disliked. Quality score for the flavour 

of the cookies revealed that the flavour of the cookies varied significantly among the different treatments. 

The results indicate that the cookies prepared from 20% pressure cooked jackbean flour significantly got 

the highest score (7.20) for flavour. With respect to the flavour, the judges accepted cookies prepared 

from all the treatments of the composite flours containing jackbean flour. Colour is very important 

parameter in judging the properly baked that not only reflect the suitable raw material used for the 

preparation but also provides information about the formulation and quality of the product. Mean quality 

score of the colour of the cookies have been given in table 6 above. It is evident from the results that 

highest score was (8.2) scored by cookies prepared from 100% wheat flour while the lowest is found in 

cookies prepared from 40% roasted jackbean to 60% wheat flour with respect to colour when subjected 

under organoleptic evaluation. 

The crispiness result shows that the cookies produced from jackbean flour are of good quality. It is 

observed from results that quality score for the crispiness of the cookies ranged from 6.9 to 8.10. The 

highest (8.10) significant value for the quality score of the cookies was found for 20% pressure cooked 

jackbean flour and lowest (6.9) for the cookies prepared from 40% pressure cooked jack bean flour,  

panelist have accepted for the cookies prepared from jack bean flour when subjected to organoleptic 

evaluation for their crispiness.  

Texture of the cookies containing jack bean flour in their formulation was significantly affected with the 

increase in the level of the jack bean flour. Cookies prepared from 20% pressure cooked jackbean flour 

got the highest (8.0) score while lowest score was obtained in the cookies prepared from 40% roasted 

jackbean flour. With respect to the texture, panelists have accepted cookies prepared from all the 

treatments of the composite flours. Taste is very important parameter in judging the constituents of 

cookies that reflects the suitability of the raw material used for the preparation and formulation of the 

products quality. Mean quality score of the taste of the cookies have been given in the table above. It is 

evident from the results that highest score was scored by cookies prepared from 100% whole wheat flour, 
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while lowest by cookies prepared from cookies of 40% jackbean flour to 60% wheat flour with respect to 

taste when subjected under sensory evaluation. It is obvious from the result that supplementation 

significantly affected the overall acceptability of the cookies. Maximum score (7.9) was obtained by 

cookies prepared from 100% wheat flour and 20% roasted jackbean flour to 80% wheat flour while 

minimum score 6.9 and 6.8 were scored by the cookies prepared from 40% pressure cooked jackbean 

flour and 40% roasted jackbean flour respectively. With respect to overall acceptability all the cookies 

produced from jack bean flour was accepted by judges. 

The results of the sensory evaluation of the cookies prepared from different treatments of the composite 

flour are according to the findings of Shearer (2002) Alpers & Sawyer-morse (1996), and Ullah (1990) 

who reported increasing the level of flaxseed flour, matriflour, cowpea flour in the biscuits resulted in the 

significant decrease in the sensory attributes of the cookies.          

 

Table 6: Physical analysis of the cookies  

Sample Diameter (mm) Thickness (mm) Spread Factor(mm) 

100% wheat cookies 

20% pressure cooked jack bean cookies 

40% pressure cooked jack bean cookies 

20% roasted jack bean cookies 

40% roasted jack bean cookies 

476.5±0.31 

494.0±0.26 

454.0±0.08 

455.0±0.21 

434.0±0.14 

48  0.08 

56  0.04 

47  0.61 

53  0.33 

46  0.06 

993±0.28 

882±0.15 

946±0.33 

858±0.42 

923±0.38 

 

Values are mean ± standard deviation of duplicate determination. 

 

The thickness of the cookies ranges from 46mm to 56mm as shown in the table 4 above. Results disclosed 

that the thickness of cookies prepared from the composite flour containing jack beans flour varied 

significantly between the treatments. Thickness of the cookies shows varied increase as the level of jack 

bean flour replacement. Data regarding the mean values of the thickness indicate that 20% pressure 

cooked jackbean flour recorded the highest value and 40% roasted jackbean flour the lowest.  Mean 

diameter of the cookies prepared from the different treatment of the composite flour revealed that highest 

significant value (494) was observed  for the cookies sample 20% pressure cooked jackbean flour while 

lowest value were found for the cookies sample 40% roasted jackbean flour (434 mm). Spread factor is 

the ratio that depends on the values of the thickness and diameter of the cookies. Highest spread factor 

993 mm was observed in the cookies prepared form 100% wheat flour (which is the control) and lowest 

858 mm in the cookies prepared from 20% roasted jackbean flour. Result regarding the physical 

evaluation of the cookies is in line with Tsen et al. (1976) who reported value ranges from 833mm-

995mm and reported that fortified wheat flour with soy flour isolate up to the level of 50% drastically 

reduced spread factor and increased cookies thickness. Hoojat et al; 1984 also showed that 20 and 30% 

replacement of navy bean, sesame seed flour reduced the spread factor of the whole wheat flour cookies. 

 

CONCLUSION 

This study indicates that the seed of jackbean have potentials for human feeding, judging from their 

proximate composition, total potentials and gross energy, favorably compared with other conventional 

edible legumes. Exploration of such potential underutilized legumes seeds as protein ingredient in food 

will clearly reduced the over dependency on common legumes for increasing protein requirements, 

especially in the developing countries. The findings of this study showed that roasted and pressure cooked 

jackbean flour can be successfully incorporated into refined wheat flour in the production of cookies up to 

a level of 20% to yield cookies of enhanced nutritional quality with acceptable sensory attribute.  

 

 

 

 

 

Idowu et al….. Int. J.  Innovative Food, Nut. & Sust.  Agric.5(2):9-17, 2017 

 

 

Ok 

   



16 
 

REFERENCES 

AACC, (2000) International Methods 10-50D and 10-52. Approved method of American Association of 

Cereal Chemists. 10
th
 edition. AACC International. St. Paul, MN. USA.  

AOAC (1990) Official Methods of analysis association of official analytical Chemists 15
th
 Edn, AOAC, 

Washington DC, USA. 

AOAC. (2005) Official method of Analysis Association of official analytical chemist methods AOAC 

18th edition. Washington DC.  

Akubor, P.I., and badiru, S. (2004) Influence of storage on the physicochemical, microbiological and 

sensory properties of heat and chemically treated melon-banana beverage. Plant food for human 

nutrition 58:1-10.  

Alpers, L and Sawyer-Morse M. (1996) Eating quality of bambara nut muffins and oatmeal cookies made 

with ground flaxseed. Jam Diet Assoc. 96(8):794-796. 1996. 

Arinathan, J.M. and Hanburger, M.O. (2003) Screening of some Nigerian medicinal plants for antioxidant 

activity using 2, 2 Diphenyl-picryl-Hydrazyl radical. Afr. J. Bio.Res. 5: 77-79. 

Arisa, N.U. Aworth, N.F. (2007). General baking information American Institute of Baking. Technical 

Bulletin Volume xvii; Issue 4. 

Asirvatham, D., Muthiah, P. and Vadivel V. (2011) Antioxidant activities of Raw and different processed 

under-utilized tropical legume. Dept. of Botany, Govt. Arts College, Coimbatore, Tamilnadu, 

India 2(8): 27-32. 

Eddy, I. A and Allen, P. O. (2007) Chemical analysis and nutritional assessment of cowpea. Croatian 

Journal of Food Tech, Biotechnology and Nutrition 8(2:) 7 – 13. 

Enwere, N.J. (1998) Foods of plant origin. Snappness, Nigeria Ltd., Enugu.  pp.24-102 

Ghadge, E.R. and Nylo, C. (1986) Baking quality of cookies flour-micro-method 10-52. Cereal Foods 

World 31: 66.  

Harbone, J.B. (1973) Phytochemical Methods, London: Chapman and Hill. 

Kumar, S., Singh, A.B., Abidi, A.B., Upadhyay, R.G. and Singh, A. (1988) Proximate composition of 

jack fruit seed. Journal of Food Science and Technology 25: 308-309.  

Karkalas, J., Ma, S., Morrison, W., and Pethrick, R.A. (1995) Some factors determining the thermal 

properties of amylase inclusion complexes with fatty acids. Carbohydrate research 268: 201-207. 

Larmond, E (1977) Lab methods for Sensory evaluation of foods. Food Research. Institution, Dept of 

Agri. Ottawa Canada. 

Mepha, H.D. Eboh, L. and Banigogbo, D.E.B. (2007) Effects of processing treatments on the nutritive 

composition and consumer acceptance of some Nigeria edible leafy vegetables. African Journal 

of food and  Agricultural Nutrition Development 7(1): 1-18.    

Miyazaki, K., Rosenbaum, M.A., Colles, S.M, and Graham, L.M. (2010) Antioxidant therapy reverses 

impaired graft healing in hypercholesterolemic rabbits. J vasc Surg. 51(1): 184-93.  

Njintang, N.Y. Carl, M.F, Facho, B, Pierre, K and Joel, S. (2008) Effect of taro (docasia esculenta) flour 

addition on the functional and alveographic properties of wheat flour and dough. Journal of 

Science of food Agriculture 88: 273-279. 

Olaoye, O.A, Onilude, A.A. and Idowu, O.A. (2006) Quality characteristics of bread produce from 

composite flours of wheat, plant and soybeans. African Journal of Biotechnology 5(11): 1102-

1106. 

Oladele, A.K. and Aina, J.O. (2007) Chemical composition and functional properties of flour produced 

from two varieties of tiger nut (Cyperous esculentus). Afr. J. Biotechnol. 6: 2473-2476.  

Oshodi, A.A., Ogungbenle, H.N. and Oladimeji, M.C (1999) Chemical composition, nutritionally 

valuable minerals and functional properties of benniseed (sesamum radiaton), pearl millet 

(Pennisetum typhoides), and quinoa (Chenopodium quinoa) flours. Int. J. Food sci. and Nutrition 

50: 325-331.  

Schneeman, B.O. (2002) Gastrointerstinal physiology and functions. British Journal of Nutrition 88(2): 

159-163. 

Sheerer, B. N. Ratnakaye: R. Hoover, T. and Wankentin. (2002) Starch/Stanke 54: 217-234 

Idowu et al….. Int. J.  Innovative Food, Nut. & Sust.  Agric.5(2):9-17, 2017 

 

 

Ok 

   



17 
 

Tekle,Y.I.,Parfrey L.W., and Katz L.A. (2009) Molecular Data are Transforming Hypothesis on the 

Origin and Diversification of Eukaryotes. Bioscience 59: 471-481. 

Tsen C.C. (1976) Regular and protein fortified biscuits from the composite flours. Cereal Food World 

(21): 633 - 640.  

Ullah, H.E. and Prabhat, T.T. (1990) Effect of supplementation of matriseed (Lathrys sativus) on the 

quality of Biscuits. M.Sc. Thesis Dept. Food Technol. University of Agric., Faisalabad. 

Idowu et al….. Int. J.  Innovative Food, Nut. & Sust.  Agric.5(2):9-17, 2017 

 

 

Ok 

   


