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ABSTRACT— The preservation of pawpaw pulp and its utilization as a constituent of cookie preparation was 

investigated by preparing blends of pawpaw/wheat flour with increasing level of pawpaw flour at 0, 25, 50, 75 and 

100% addition in wheat. Control samples were 100% wheat flour and its cookie. The functional and some physico-

chemical properties of the flours and their blends were determined. Also the cookies were evaluated for their 

proximate and physical properties. Sensory evaluation was also conducted on the cookies samples to determine their 

consumer acceptability. The data obtained showed an increased in water absorption, least gelation concentration and 

emulsifying capacity, a decrease in oil absorption, foaming capacity and bulk density as the level of pawpaw flour 

increases in the blends. The results of the physico-chemical analysis of flour blends shows increase in Vitamin C, 

titratable acidity, sugar and decrease in pH as the level of pawpaw flour increases in the blends. The proximate results 

showed an increase in ash content (1.56–3.35%), fiber (1.52–2.16%), and carbohydrate (67.15–73.85%) as the level of 

pawpaw flour increases, while there was a decrease in the fat (15−8.20%), protein (10.52−8.54%) and moisture 

(4.25−3.80%) content as the level of pawpaw flour increases, though there was no significant (p>0.05) difference 

between 100% wheat and up to 25% inclusion of pawpaw flour. The weight, height and volume decreased as the level 

of pawpaw flour increases. The diameter increases as pawpaw flour increases. Taste panel scores indicate that up to 

50% addition of pawpaw flour was acceptable in cookie preparation. The study indicates that vitamin C enriched 

composite flour could be produced from wheat/pawpaw flour blend and also acceptable cookies could be produced 

from up to 50% inclusion of pawpaw flour in wheat flour. 
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1. INTRODUCTION 

        Fruits are mostly known and accepted as an excellent source of nutrients such as minerals and vitamins and also 

contain carbohydrates in form of soluble sugar, cellulose and starch [1]. Fruits form a vital portion of an adequate diet 

and also serve as food supplement and appetizer. The fruits seeds and leaves of many wild plants already form common 

ingredients in a variety of traditional native dishes for the rural populace in developing countries [2]. 

       Economically, pawpaw (Carica papaya) is the most important fruit in the caricaceae family. The pulp of ripe 

pawpaw is usually consumed fresh in slices, in chunks as dessert and it can be processed and used in a variety of 

products such as jams and fruit juice. Pawpaw is a fruit which has high amount of vitamin C and minerals such as 
potassium, magnesium, iron and sodium [3].  Pawpaw fruit is also a source of essential amino acid and contains 

significant amounts of riboflavin, niacin, phosphorus and zinc. The amounts of these nutrients are greater than or the 

same as those found in bananas, apples or oranges [4]. Pawpaw is a seasonal fruit, and during its fruiting/ripening, the 

fruit is found in abundance and a larger percentage of it produced at a particular season is wasted. Due to its nutritive 

value, incorporation into wheat flour in baking could be beneficial.  

      Over the years, the demand for pastry product in Nigeria has being on the increase. As the demand for pastry product 

increase, the cost of ingredients and products also becomes very expensive [5]. This high cost is due to the fact that the 

principal ingredient in making pastries is wheat which is imported into the country because the prevailing climatic 
conditions and soil type in Nigeria do not support it local cultivation. Some fruits such as ripe bananas have been used 

together with wheat flour by some bakers to bake banana cakes and such products have been sold on commercial basis 

[6]. Its use has being limited solely to minimal processing in the form of packaged cut fruits or cut fruit blends which are 

sold by some food vendors. Ripe pawpaw also has a short shelf life of two to three days at room temperature [7]. 

Presently, there is little or no reported information on the use of processed pawpaw flour in conventional baked products.   
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       Pawpaw could be processed into flour and used in similar manner other flours such as orange seed [8] and mango 

kernel [9, 10] are used. This will, however, depend on the knowledge of its chemical composition and functional 

properties. Quality attributes of developed food products are generally affected by the functional properties of the flour 

[11].   It was envisage that the incorporation of pawpaw flour into wheat flour in baking will improve the nutrient content 

of the baked product. The over dependence of 100% wheat flour in baking will also reduce.  Pawpaw pulp could be 

preserved so as to make it available all year round and to incorporate it into wheat flour in the production of baked 
product (cookie) because of its nutritional and health benefits. 

        Cookies are consumed extensively all over the world as a snack food and on a large scale in developing countries 

where protein and caloric malnutrition are prevalent [12]. With the increased advocacy on the consumption of functional 

foods by World nutrition bodies due to different health problems related with food consumption[13]. The objectives of 

this work were to preserve pawpaw pulp and determine the functional and physicochemical properties of pawpaw flour 

and the blends of pawpaw/wheat as well as physical, proximate and sensory properties of cookies prepared from 

pawpaw/wheat flour.   

2. MATERIALS AND METHOD 

2.1 Source and preparation of raw materials 

      Pawpaw fruits were obtained from a farm in Okenya Igalamela/Odolu Local government area of Kogi State, Nigeria. 

Flour (wheat), margarine, baking powder, corn starch, sugar, egg, salt and milk were bought from Idah market. The study 

was undertaken in November, 2013 at the food processing laboratory, Federal Polytechnic, Idah, Kogi state- Nigeria. 

      Pawpaw fruits were washed and peeled. The seeds were removed and pulp sliced. The sliced pulps were grated to 
reduce the particle size. The grated pulp was blanched in hot water at a temperature of 95oC for 5 minutes [14]. It was 

then cooled rapidly, spread thinly on a tray and sundry for 2 days to give a dried brittle texture and milled into flour with 

a milling machine. The flour obtained was sieved with an 80mm mesh sieve size to obtain a very fine particle size. 

2.2 Blend formulation/ Cookie preparation 

       Blends of wheat and pawpaw flour containing 0, 25, 50, 75 and 100% pawpaw flour on replacement basis were 

prepared. The blends were thoroughly mixed in a food processor (Kenwood model km 201). Cookies were prepared 

according the formula of Nishibori and Kawakishi [15] as modified by Akpapunam and Darbe [16]. The basic 

formulation used was flour 49.5%, shortening 20%, sucrose 20%, baking powder 0.5% and beaten whole egg 10%. 

2.3 Analytical methods 

         The bulk density, water absorption, oil absorption, emulsifies capacity, foaming capacity and gelation capacity of 

the flours and their blends were determined according to the method described by Okaka and Poter, [17]. The ascorbic 

acid, titratable acidity, pH and the total sugars were determined according to AACC [18]. The proximate analysis to 

determine how much of major or macro components which include Moisture , Ash , Fiber ,Fat , Protein and carbohydrate  

were determined according to standard methods AOAC, [19] . Physical properties such as weight, height, volume, 

diameter and density were determined for all the cookies according the method described by Onwka, [20]. 

       Sensory evaluation was conducted by 20 trained panelists made up of ten final year students and ten staff of 

Department of Food Science and Technology, Federal Polytechnic, Idah who were familiar with cookies. The panelists 

were trained in ten sessions until the panelists’ were familiar with the range of characteristic intensities required for the 

study. The panelists were provided with clean tap water to rinse their mouth after tasting each sample. Assessment was 

by 5 point hedonic scale for colour, taste, flavour, texture and general acceptability.  

2.4 Statistical analysis  

        Data were analyzed using analysis of variance. Means were separated by the least significant difference (LSD) test. 

Significance was accepted at P < 0.05 [21]. 

3. RESULTS AND DISCUSSION 

3.1 Functional properties of the flours and their blends  

         The results for the functional properties of the various blends of pawpaw/wheat flour are shown in Table 1. The 

water absorption capacity of 92.80% for pawpaw flour was significantly higher (p<0.05) than 68.80% for wheat flour. 

The water absorption capacity increases as the percentage pawpaw flour incorporation increases. Pawpaw flour may have 
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contained more hydrophilic constituents than wheat flour, which gave rise to higher water absorption capacity (WAC). 

The lower moisture content of pawpaw flour also enhanced its WAC. Water absorption of flour is dependent mainly on 

the amount and nature of the hydrophilic constituents and to some extent on pH and nature of the protein [22]. Water 

absorption characteristic represents the ability of the product to associate with water under conditions when water is 

limiting such as doughs and pastes. The results of this study suggest that pawpaw flour would be useful in foods such as 

bakery products which require hydration to improve handling characteristics.  

        The oil absorption capacity decreases as the percentage pawpaw flour increases. It ranged from 73.70 − 61.50%.  

Whole Pawpaw flour had lower (61.50%) oil absorption capacity (OAC) than whole wheat flour (73.70%). The OAC of 

pawpaw flour was higher than 49% reported for orange seed flour [8] and lower than 70% for cola milinii [23]. The 

lower oil OAC suggested little or absence of polar amino acids in pawpaw flour [24]. Oil absorption capacity is attributed 

mainly to the physical entrapment of oils. It is an indication of the rate at which protein binds to fat in food formulations 

[23]. OAC is useful in formulation of foods such as sausages [25].  

        The emulsify capacity increases while the foaming decreases as the percentage pawpaw flour increases. These 

increase of emulsify capacity and decrease of foam capacity could be associated with the starch and protein content 

respectively of the pawpaw flour.  There were significant (p<0.05) differences among the blends in emulsify and foaming 

capacity from the control sample (100% wheat flour).  The least gelation capacity increases as the percentage pawpaw 

flour increases in the blends. It ranged from 10-12.01%. It shows no significant difference between the control sample 

and the 25% inclusion of pawpaw flour, but significantly different for other samples. The least gelation concentration 

varies for different flours. Sathe et al., [24] associated the variations in the gelling properties of different flours different 

ratios of components that make up the flours. Interaction among these components play a significant role in functional 

properties as it affects gelation.   

        The bulk density decreases as the percentage pawpaw flour increases but it shows no significant difference between 

the control samples and up to the incorporation of 75% pawpaw flour. Bulk density is a function of particle size, particle 

size being inversely proportional to bulk density [26]. The differences in the particle size of the flours may be the cause 

of variations in bulk density of the blends. Bulk density is an indication of the porosity of a product which influences 

package design and could be used in determining the type of packaging material required, material handling and 

application in wet processing in the food industry [11]. Bulk density is also important in infant feeding where less bulk is 

desirable. The low bulk density of the flours with increasing level of pawpaw would an advantage in the use of the flour 

for preparation of complementary foods. 

Table 1: Functional Properties of Pawpaw/Wheat Flour Blends 

   Samples                                                                    Parameter (%) 

   Wheat: pawpaw                  WAC        OAC                      EC                 FC               LGC          BD (g/cm3) 

    100:   0             68.80d      73.70a    75.70d 15.40a    10.00c        0.76a 

     75   : 25             81.10c       68.80b    84.80c 7.70b    10.52c        0.74a 

     50   : 50            88.50b        63.00d    95.20b 3.80c    11.10b       0.70a 

     25   : 75             91.00a       65.50c    97.10a         2.30d    11.55a       0.64a 

      0    :100             92.80a        61.50e    98.10a 1.20d    12.01a       0.52b 

       LSD 0.05              1.94            1.37    1.93               1.49     0.55            0.19 

Reading within a column with same letter are not significantly (p<0.05) different. WAC = Water absorption 

capacity, OAC = Oil absorption capacity, EC = Emulsify Capacity, FC = Foam Capacity, LGC = Least Gelation 

Concentration, BD = Bulk Density 

3.2 Physico-chemical properties of the flours and their blends  

        The results for the physicochemical properties of pawpaw/wheat flour blends are shown in Table 2. The results 

shows that there was no significant (p>0.05) difference between the control sample (100% wheat) and the other sample 

incorporated with pawpaw flour at different level. The Ascorbic acid content increases as the percentage of pawpaw 

inclusion increases. The value ranged from 1.76–4.13% for the pawpaw incorporated flour and 0.16% for 100% wheat 
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flour. The results show that there was significant difference between the samples.  This increasing trend of Ascorbic acid 

could be linked to the high amount of vitamin C content in pawpaw fruit [27].  

       The titratable acidity content of the samples increases as the percentage pawpaw increases. It ranged from 2.21–

3.45% for 100% wheat flour to 100% pawpaw flour. The pH value also decreases as the percentage pawpaw increases. 

The addition of up to 25% pawpaw flour shows no significant (p>0.05) difference from the control sample (100% wheat 

flour) in terms of pH. The pH value ranged from 4.50–5.60 for 100% pawpaw and 25% pawpaw flour, and 5.87 for the 

control sample. The rise in titratable acidity and decrease in pH indicates that the acid concentrations in the flour blends 

are appreciating. The sugar content shows a progressive increase with increased percentage of pawpaw flour inclusion. It 

ranged from 5.10% for 25% inclusion to 6.80 % for 100% inclusion while the control sample had 4.52obrix. This increase 

is associated with the high sugar content of pawpaw fruit. The increase in pH value could be associated with the high 

acid content of partially ripe pawpaw fruit [27]. 

Table 2: Physico-chemical Properties of Pawpaw/Wheat Flour Blends 

Samples                                                  Parameter       

Wheat: Pawpaw                        AA. (Mg/100g)                TA. (%)              pH         TS. (Mg/100g)  

 100:  0       0.16e    2.21b             5.60a          5.10c 

  50: 50      2.54c     3.21a              5.01b          5.50c 

  25 : 75      3.37b                          3.31a                4.85b           6.12b 

  0 : 100      4.13a                           3.45a    4.50b          6.80a 

LSD 0.05       0.39                            0.46                 0.46           0.58 

Readings within a column with same letter are not significantly (P<0.05) different. AA = Ascorbic Acid. TA 

= Titratable Acidity. TS = Total Sugar 

3.3 Proximate composition of the cookies 

       The results for the proximate composition of pawpaw/wheat cookie are shown in Table 3. The values shows that the 

moisture content of  the cookies ranged from 3.80 – 4.25% with 100% pawpaw flour having the least (p<0.05) amount of 

moisture compared to 100% wheat flour with the highest moisture content of (4.25%). The inclusion of up to 50% 

pawpaw flour into wheat flour in cookie preparation shows no significant difference (p>0.05) from 100% wheat flour 

though the percentage moisture content decreases as the percentage of pawpaw flour increases . The trend of moisture 

decrease could be related to the decreased protein content with increased in percentage pawpaw flour .This is because the 
functional property such as water absorption of food is mainly attributed to its protein [25].The proximate composition 

shows that the incorporation of 25% - 100% pawpaw flour into wheat flour contained significant (p<0.05) high amount 

of mineral ash (1.83–2.16%) compared to 100% wheat with 1.52%. Crude fiber for the pawpaw incorporated flour 

ranged between 2.01–3.45% compared to whole wheat with 1.56%. The protein content decreases from between (10.01 – 

8.54%) as the percentage incorporation of pawpaw flour increases from 25 – 100% incorporation into wheat flour. Up to 

25% incorporation of pawpaw flour into wheat flour shows no significant (p>0.05) difference of protein content from 

100% wheat. Also the fat content decreases as the percentage of pawpaw flour increases from 25% pawpaw flour having 

12.00% to 100% pawpaw flour with 8.20% compared to 100% wheat flour of 15.00% fat. These protein and fat percent 

decrease is associated with the low protein and fat content of pawpaw fruit [27]. Pawpaw based cookie (100% pawpaw) 

contain significantly higher (p<0.05) amount of carbohydrate (73.85%) compared to 67.15% for 100% wheat. The 

percentage carbohydrate increases as the percentage pawpaw flour increases showing a significant difference in 

carbohydrate in all the samples. The high amount of carbohydrate is associated with the high amount of carbohydrate 
content of pawpaw fruit. 
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Table 3: Proximate Composition of Cookies Samples from Wheat/pawpaw flour blends 

Samples                                           Parameter (%)     

 Wheat: pawpaw          Moisture     Ash        Fiber      Protein         Fat            Carbohydrate 

 100:   0                      4.25a          1.52c     1.56c      10.52a       15.00a            67.15d 

  75   :   25                    4.12a          1.83b    2.01b     10.01a         12.00a            70.03c 

  50   :   50                    4.02a          1.94a     2.42b        9.53b       11.40b           70.69b 

  25   :    25                  3.89b           2.11a    3.02a         9.02b        9.80c            72.16b 

   0    :   100                 3.80b           2.16a    3.45a         8.54c         8.20d           73.85a 

   LSD   0.05                  0.26           0.31     0.54          0.54              0.99            0.98 

Values within a column with same letter are not significantly different (p<0.05) 

3.4 Physical characteristics of the cookies 

       The results of physical characteristics are shown in Table 4. The cookie weight shows no significant (p>0.05) 

difference among the control sample (100% wheat flour) and cookie at 25% level of pawpaw flour incorporation. The 

addition of pawpaw flour decrease the weight of the cookie prepared as the percentage pawpaw increases from (5.4g for 

100% pawpaw to 7.8% for 100% wheat). The decrease in height and volume of the cookie as the percentage pawpaw 

flour increases, shows a significant difference between the samples at various percentage of pawpaw incorporation and 
the control sample (100% wheat flour) in terms of volume but the 25% incorporation of pawpaw flour shows no 

significant difference from the control in terms of height. The height ranged from 0.5cm on average for pawpaw flour to 

0.9cm for 100% wheat flour. The volume ranged from between 7ml for 100% pawpaw flour to 10ml for 100% wheat 

flour. Though there was slight decrease in diameter just as the percentage pawpaw flour increases, there was significant 

difference between the various cookies incorporated with pawpaw flour and the control sample but not from between the 

other samples themselves. The mean diameter for the control cookies (2.90cm) is lower than all other cookies which 

ranged from (3.10−3.30cm). All the pawpaw containing cookies were statistically similar with respect to diameter. It has 

been suggested that cookie spread (diameter and height) is affected by the competition of ingredients for available water 

[28]. There was no significant (p>0.05) difference in cookie density for all the samples and the control (100% wheat), 

generally, densities decreases as the percentage pawpaw flour increases. The density ranged from between 0.75g/cm3 to 

0.81g/cm3.  

Table 4: Mean Physical Properties of Cookies Produced from Pawpaw/Wheat Flour Blends.  

Samples                                            Parameter 

                  Weigh (g)     Height (cm)    Volume (cm3)         Diameter (cm)                Density (g/cm3) 

Wheat: pawpaw  

100  : 0              7.80a 0.90a              10.00a                  2.90a                 0.80a   

75   : 25             7.30a 0.80a  9.00b        3.30a        0.80a 

50   : 50        6.40b 0.60b  8.00c        3.20a        0.78a 

25   : 75             6.00b 0.60b  8.00c        3.10a         0.75a 

0    :   100            5.40c 0.50b              7.00d                      3.10a                 0.77a 

LSD 0.05        0.01  0.61  0.25        0.60         0.24  

Mean within a column with same letter are not significantly (p<0.05) different. 
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3.5 Sensory properties of the cookies 

        The sensory scores of cookie samples are shown in Table 5. The sensory results shows that there was no significant 
(p>0.05) difference in the sensory scores for 100% wheat cookie and cookie produced from the incorporation of 25% 

pawpaw flour in wheat flour in all the sensory attributes. The cookie from 100% pawpaw flour was rated lowest in all 

sensory attributes evaluated. Cookie produced from up to the 50% incorporation of pawpaw flour (50:50) shows no 

significant difference (p>0.05) in terms of taste, flavour and general acceptability with the 100% cookie produced from 

wheat flour (control sample). However, sensory quality scores for colour and texture differed significantly at 50% level 

of pawpaw flour. All the sensory attributes showed progressive decrease in preference with increasing level of pawpaw 

flour in the blends. At 75% level of pawpaw flour, sensory scores decreased significantly (p<0.05). This suggests that 

sensory quality will be adversely affected at pawpaw flour substitution levels higher than 50% in cookie preparation. 

This is in agreement with Akpapunam and Darbe [15], who reported decrease colour and texture ratings at higher levels 

of maize/bambara groundnut cookies. 

Table 5: Mean sensory scores for cookies from pawpaw/wheat flour blends 

  Sample                                        Parameter 

 Wheat: pawpaw                  Colour            Taste    Flavour       Texture   General Acceptability 

100: 0                     4.60a       4.10a      4.25a      4.35a  4.40a 

 75   :  25                   4.20a       4.10a      3.90a          3.65a                     3.95a 

 50   : 50                   3.80b      3.50a       3.50a          3.35b            3.65a 

 25   : 75                   3.10b      3.00b       3.35b         2.85b           3.05b 

  0    : 100                  2.70c      2.95b        2.95b         2.35c                    2.55b 

LSD   0.05                  0.75        0.95          0.83        0.83  0.91 

Means followed by the same letter in column are not significantly different at (p<0.05). Each sensory attribute 

was rated on 5 – point hedonic scale (5 = like extremely, 1 = dislike extremely). 

4. CONCLUSION 

       The study reveals that composite flour with enhanced vitamin c and functional properties could be produced from 

wheat/pawpaw flour blend and also consumer acceptable cookies could be produced from up to 50% inclusion of 

pawpaw flour in wheat flour. 

5. ACKNOWLEDGMENT 

                        The authors would like to thank the members of staff and students of Department of Food Science and 

Technology, Federal Polytechnic, Idah who have contributed one way or the other towards the success of this research. 

6. REFERENCES 

1. Nahar, N; S. Rahman, and M. Mosiihuzzaman. Analysis of carbohydrate in Seven edible fruits of Bangladesh. J. 

Sci. Food Agric. 51:185-192. 1990. 

2.  Humphrey, C. M; M. S. Clegg; C. L.  Keen, and L. E. Grivetti. Food Diversity and Drought Survival: The 

Housa example. Int. J. Food Sci. Nutr. 44:1 – 16. 1993. 

3.  Oloyede, O. I. Chemical Profile of Unripe Pulp of Carica papaya. J. Nutr. 6:379-361. 2005. 

4.  Jones, S. C. and D. R.  Layne. Pawpaw Description and Nutritional Information, Kentucky State University 

Cooperative Extension Program. Pawpaw Research Project, Community Research Service. 2009. 

5.  Dotsey, P. The Use of Cocoyam, Cassava and Wheat flour Composition in the Production of Rock cakes, HND 

Dissertation, Cape Coast Polytechnic, Cape Coast, Ghana, 1:7 – 40. 2009. 

6.  Layne, D. R.The Pawpaw: A new fruit crop for Kentucky and the United State. Hort-Science 31:777-784.1996. 

7.  Templeton, S. B; M. Marlette; K. W. Pomper and S. C. Jones. Favourable Taste Rating for Several Pawpaw 

Products .Hort. Technology 13(3):445- 448. 2003. 



Asian Journal of Agriculture and Food Science (ISSN: 2321 – 1571) 

Volume 02 – Issue 02, April 2014 

Asian Online Journals (www.ajouronline.com)  106 

8.   Akpata, M.I; P.I.Akubor. Chemical composition and selected functional properties of sweet orange (Citrus sinensis) 

seed flour. Plant Foods Hum. Nutr. 54: 353 -362. 1999. 

9.  Arogba, S.S. Physical, chemical and functional properties of Nigeria mango (Mangifera indica) kernel and its 

processed flour. J. Sci. Food Agric. 73:321-328. 1997 

10. Arogba,S.S. Quality characteristics of a model biscuit containing processed mango (Mangifera indica) kernel flour. 

Int. J. Food Properties 5(2): 249-260. 2002. 
 

11. Kinsella J.E. Functional properties of protein in foods. CRC Critical Rev. Food Sci. Nutri. 7: 219-232. 1987. 

12. Chinma, C. E. and D.I. Gernah. Physicochemical and sensory properties of cookies produced from cassava/soya 

bean/mango composite flours. J. Raw Mat. Res., 4: 32-43. 2007. 

13. WHO/FAO. Diet, nutrition and the prevention of chronic diseases. Report of a WHO/FAO Expert Consultation. 

World Health Organization Technical Report. Series 916. WHO Geneva. 2003. 

14. Morris, A; A. Barnett and O. J. Burrow. Effect of Processing on the Nutritive Content of Fruit and  

          Vegetables.2ndedn. New York Prints Pp 45-46. ISBN 98-2342-23-91. 2004 

15. Nishibori, S and Kawakisi, S. Effects of dough materials on the flavour formation in baked cookies. J. Food Sci.: 

409-412. 1990. 

16. Akpapunam, M. A. and J. W. Darbe. Chemical Composition and Functional Properties of Maize and Bambara 

groundnut for Cookies Production. Plant Food for Human Nutri 56:195-202. 1994. 

17. Okaka, J.C. and N. N. Potter. Pysicochemical  and Functional Property of Cowpea powder Processed to reduce 

Beany flavour. Journal of food science 44; 1235 – 1240. 1997. 

18. AACC. Approved Methods of American Association of Cereal Chemistry, 10thedn.The American Association of 
Cereal Chemistry, Inc. St. Paul, MN. 2000. 

19. AOAC .Official Methods of Analysis (17th) Association of Official Analytical Chemistry (AOAC). Washington. 

2010.    

20. Onwuka, G. I. Food Analysis and Instrumentation (Theory and practice). 1stedn. Napthal; Prints, Surulere Lagos, 

Nigeria Pp 140 – 160. 2005. 

21. Steel, R.G.D and J.H. Torrie. Principles and procedures of statistics: A biometric approach. 2nd edn. Auckland, New 

Zealand. McGraw Hill. 1980. 

22. Gordon, M.S. Simulation tools for the thermal processing of foods. Food Technol. Info. 8: 100- 103. 1993. 

23. Akpata, M. I and O.T.Miahci. Physicochemical composition and selected functional properties for   cola milinii fruits. 

J. Manag. Technolo. 1(1): 54-58. 1999.   

 

24. Sathe, A.K; S.S Deshphande and D.K Salunkhe . Functional properties of lupin seed protein and protein concentrates. 

J. Food Sci. 42: 491-492.1982. 

 

25. Onimawo, I. A. and P. I. Akubor. Food Chemistry Integrated Approach with Biochemical Background. AMBIK  

Press. Benin City, Nigeria. 2005. 

26. Akubor, P.I; and J.I. Eze. Quality evaluation and cake making potential of sun and oven dried carrot fruit. Int. J. 

Biosci. 2 (10): 19 -27. 2012 

.27. USDA .USDA Nutrient Database for Standard Reference Release 21, 2008. 

28. Gernah, D. I; A. M. Akogwu, and A. I. Sengev. Quality Evaluation of Cookies Produced from Composite Blends of 

Wheat Flour and African Locust Bean Fruit Pulp Flour. Nig. J. Nutri. Sci., 31:20-24. 2010. 

    


