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Abstract 

Pawpaw and lime juices were blended to produce mixed pawpaw/lime juice samples in the ratios 
of 90:10, 80:20, 70:30, 60:40 and 50:50) v/v giving samples A, B, C, D and E respectively. The 
moisture, mineral and vitamin contents, as well as the physical, microbiological and sensory qual-
ities of the individual juices and blended samples were evaluated. While lime juice had higher 
moisture, calcium and vitamin C with values of 97.90%, 2.21 mg/100 g and 67.47 mg/100 g as 
compared to pawpaw juice with 92.96%, 1.53 mg/100 g and 35.49 mg/100 g respectively; the 
pawpaw juice had higher ash, phosphorus and vitamin A contents, with values of 3.12%, 54.97 
mg/100 g and 5.90 IU/100 g as against 2.84%, 29.53% and 0.16% for lime juice respectively. 
While there was a general increase in moisture, calcium and vitamin C contents with blending, ash, 
phosphorus and vitamin A contents increased with increase in lime. The total solids content and 
specific gravity of pawpaw juice were remarkably higher at 7.04% and 1.15 g/m3 compared to 
2.09% and 1.09 g/m3 respectively for lime juice. However, lime juice had a higher titratable acidi-
ty, while recording a lower pH of 2.89 as compared to 5.36 for pawpaw juice. The Total Viable 
Count (TVC) of lime juice was much lower (2.33 × 105 CFU/ml) than that of pawpaw juice (5.33 × 
106 CFU/ml). There was significant difference (p < 0.05) in all the sensory parameters evaluated. 
Generally, there was an increase in the scores of each parameter from sample A to B and then a de-
cline through to sample E. Sample B (80:20) mixed pawpaw/lime juice was most preferred, while 
sample E (50:50) was least preferred. 
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1. Introduction 
Throughout history, fruits have been valued not only for the taste, texture and colour they add to a diet, but for 
their contribution to health [1]. They are a rich source of vitamins and minerals, and fruit juices are a popular 
way of consuming them. In the tropics, a great variety of fruits are produced all year round. These are highly pe-
rishable and suffer post-harvest losses due to inadequate processing technologies [2]. It has therefore become 
imperative to explore affordable and easily adoptable food processing and preservation methods to convert the 
abundant fruits into shelf stable products like juices, jams and jellies which are easy, cheap and economically re-
liable alternative for reducing post harvest losses.  

The food market has stimulated the development of new products that present good sensory acceptance and 
and of high nutritional value [3]. Development of new products where two or more kinds of fruit juices are 
blended to obtain a product that combines the nutritional value of both fruits with the benefit of a pleasant taste, 
has been encouraged by the food industry and has been well accepted by consumers [4]. 

Pawpaw (Carica papaya), a member of small family (Caricacea), having four genera and thirty-one species, 
is a native of tropical America, now spread all over the tropical region of the world [5]. The fruits are eaten 
green or ripe, fresh or in salads because of its high sugar content (59%) and thus can be used for juice and wine 
production [6].  

Acid Lime (Citrus aurantifolia) is one of the important commercial fruits, which has been cultivated in many 
part of the world and in addition, comes under third position within the citrus fruit species, after Mandarin and 
Sweet orange in terms of area and production [7] [8]. It is used for juice, desert, pickle and other medicinal pur-
pose. 

Pawpaw and lime, despite their over abundance, are currently being under utilized in Nigeria. In the house-
hold, consumers ordinarily sprinkle lime juice on pawpaw before consumption because of the flavour impact it 
has on the pawpaw. Conversely, lime juice is very sour and it is not usually consumed alone. Mixing pawpaw 
and lime could result in a juice product with more vitamins and minerals as well as different and more accepta-
ble sensory characteristics when compared to the raw materials. In addition, production of mixed fruit juices 
from pawpaw and lime will create variety in the fruit juice market and reduce post harvest losses. 

The objective of this study was therefore; to assess the quality and organoleptic acceptability of a mixed fruit 
juice produced using blends of pawpaw and lime juices. 

2. Materials and Methods 
2.1. Sources of Materials 
The pawpaw and lime fruits were purchased at North Bank market in Makurdi, Benue State, Nigeria; while 
sample preparation and analysis were carried out in the Biochemistry Laboratory of the National Root Crops 
Research Institute (NRCRI), Umudike. 

2.2. Preparation of Juice Samples 
Fresh, juicy, good quality Pawpaw and Lime fruits were sorted for processing using physical characteristics such 
as uniformity of size, colour and firmness, freedom from defects such as sunburn, skin abrasions, pitting, insect 
injury, and blotchy colouration as well as freedom from decay. Thereafter, the methods of [9] and [10] were 
followed for the production of pawpaw and lime juices respectively. About 6.50 kg of the pawpaw fruit was 
weighed, washed, peeled, cut into pieces and blended in a sterile electric blender (Vitamix 1782 Turbo Blend). It 
was sieved to get the pulp and 2.0 litres of water was added into it. Similarly, about 4.00 kg of lime fruit was al-
so weighed, washed, peeled and cut into halves, and the juice was extracted and filtered through sterilized mus-
lin cloth. The sieved pawpaw and lime juices were filled into five different cans in the ratio of 90:10, 80:20, 
70:30, 60:40 and 50:50 respectively and stored in the refrigerator at about 10˚C for subsequent analysis that 
same day.  
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2.3. Analyses 
2.3.1. Nutritional Properties 
Moisture content and ash were determined by the method of [11]; while vitamins A and C were determine by the 
methods described by [12] and [13] respectively, and mineral content was determined by the method described 
by [14]. 

2.3.2. Physico-Chemical and Microbiological Properties 
Total solids and specific gravity of the samples were determined by the methods of [11] and [14] respectively. 
While pH was determined by the method of [15], total titratable acidity (TTA as lactic acid) was determined by 
the method of [16]. The total viable count (TVC) of the sample was determined by the method of [17]. 

2.3.3. Sensory Evaluation 
Sensory evaluation of the five mixed juice samples was carried out using 5-point Hedonic scales as described by 
[18]. The five samples were coded and presented to 20 trained panelists from the Department of Food Science 
and Technology, University of Agriculture, Makurdi in one session, in identical containers. They were instructed to 
express their feelings about the samples by scoring the sensory attributes using the Hedonic scale (5 = like very 
much, 4 = like moderately, 3 = neither like nor dislike, 2 = dislike moderately and 1 = dislike very much). 

2.3.4. Statistical Analysis 
The data generated was analyzed using analysis of variance (ANOVA) as described by [19]. Separation of 
means was done by Tukey’s Test [20], to determine whether significant difference existed. 

3. Results and Discussion 
3.1. Nutritional Composition of Pawpaw and Lime Juice Samples 
Table 1 presents the nutritional composition of the individual pawpaw and lime juice samples. The moisture 
content of lime (97.90%) was higher than that of pawpaw juice (92.96%). These values are however in the same 
range is consistent with those of 90% - 91%) reported by [21] lime fruit juice. The Pawpaw juice had higher ash, 
phosphorus and vitamin A contents, with values of 3.12%, 54.97 mg/100 g and 5.90 IU/100 g as against 2.84%, 
29.53 and 0.16 IU/100 g for lime juice respectively. This is in agreement with the report of [20] that pawpaw 
fruit is a fair source of minerals. Onimawo and Egbekun [22] also reported high vitamin A content for pawpaw. 
However, lime juice had higher amounts of calcium and vitamin C with values of 2.21 mg/100 g and 67.47 
mg/100 g as compared with 1.53 mg/100 g and 35.49 mg/100 g respectively for pawpaw juice. 

The nutritional composition of the mixed pawpaw/ lime juice samples is presented in Table 2. There was a 
general increase in moisture, calcium and vitamin C contents with blending with values ranging from 93.49 to 
95.12%, 1.19 to 1.70 mg/100 g and 37.11 to 55.27 mg/100 g respectively. Conversely there was a decrease in 
ash, phosphorus and vitamin A contents with values ranging from 3.11 to 2.75 mg/100 g, 54.20 to 49.13 mg/100 
g and 5.77 to 4.08 IU/100 g respectively. This could be due to substitution effect as shown by the contents of the 
individual juices before blending. Though there was decrease in vitamin A, the values of 5.77 - 4.08 IU/100 g 
for all the samples is much higher than recommended daily allowances (RDAs) for adults [23]. The increase in  

 
Table 1. Nutritional composition of individual pawpaw and lime juices.                                             

Parameter Pawpaw Lime 

Moisture (%) 92.96 97.90 

Ash (%) 3.12 2.84 

Calcium (mg/100 g) 1.52 2.21 

Phosphorus (mg/100 g) 54.97 29.53 

Vitamin A (IU) 5.90 0.16 

Vitamin C (mg/100 g) 35.49 67.47 
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Table 2. Nutritional composition of mixed pawpaw and lime juice samples.                                          

Parameter A B C D E LSD 

Moisture (%) 93.49e 94.25a 94.54a 94.78a 95.12a - 

Ash (%) 3.11a 2.95b 2.86c 2.77d 2.75e 0.08 

Calcium (mg/100 g) 1.19a 1.36a 1.53a 1.60a 1.70a - 

Phosphorus (mg/100 g) 54.20a 54.03a 53.50a 52.73b 50.13c 1.15 

Vitamin A (IU) 5.77a 5.61b 5.33b 4.27c 4.08c 0.29 

Vitamin C (mg/100 g) 37.11e 44.15d 45.91c 49.13b 55.27a 2.42 

Values are means of triplicate determinations. Means within the sample row bearing different superscript are significantly different (p < 0.05). Key: A = 
90:10 mixed pawpaw/lime juice; B = 80:20 mixed pawpaw/lime juice; C = 70:30 mixed pawpaw/ lime juice; D = 60:40 mixed pawpaw/ lime) juice; E = 
50:50 mixed pawpaw/lime juice; LSD = Least Significant Difference. 

 
vitamin C could be due to the high citric acid content of lime juice [21], bringing all the samples to higher than 
adult RDAs [24]. Though there was no significant difference (p > 0.05) in moisture and calcium contents of the 
samples, there were significant differences (p < 0.05) in the ash, phosphorus, vitamins A and C of the samples. 

3.2. Physico-Chemical and Microbial Composition of Pawpaw and Lime Juice Samples 
The physico-chemical and microbiological properties of the individual pawpaw and lime juice samples are 
shown in Table 3. The total solids content and specific gravity of pawpaw juice were remarkably higher at 7.04% 
and 1.15 g/m3 compared to 2.09% and 1.09 g/m3 respectively for lime juice. This indicates high concentration of 
solids (mainly sugars, vitamins, minerals etc) dissolved in the juice as stated by [25]. However, lime juice had a 
higher titratable acidity (1.21%) than pawpaw juice (0.27%). This could be as a result of the much lower pH 
(higher acidity) of lime juice. Lime juice recorded a pH of 2.89 making it more acidic than pawpaw juice (5.36). 
This could be due to the high concentration of organic acids (mainly citric acid) in lime than in pawpaw [21]. 
The value of pH (5.36) obtained for pawpaw juice is slightly higher than that of 4.42 reported by [26]. This 
could be due to variety, maturity, fruit growth stage, bearing side of the tree and method of extraction used [27]. 
The Total Viable Count (TVC) of lime juice was much lower (2.33 × 105 CFU/ml) than that of pawpaw juice 
(5.33 × 106 CFU/ml). This could be due to the high acid content of lime juice, which could have inhibited mi-
crobial growth. 

Table 4 shows the physic-chemical and microbiological composition of mixed pawpaw/lime juice samples. 
Total solids, specific gravity, pH and TVC decreased significantly (p < 0.05) with blending from 6.51% to 
4.85%, 1.11 to 1.09 g/m3, 4.36 to 3.60 and 3.67 × 105 to 2.14 × 105 CFU/ml respectively; while total titratable 
acidity (TTA) increased significantly (p < 0.05) from 0.36 to 1.14%. The decreases could be due to substitution 
effect, while the increase in TTA could be due to the decrease in pH (increase in acidity) with increase in quan-
tity of lime juice. Robins [21] as well as Ihekoronye and Ngoddy [20] also reported the highly acidic nature of 
lime juice. The TVC decreased significantly (p < 0.05) with addition of lime juice. This is attributed to the pre-
servative effect of lime juice (as a result of the high acidity) [28]. However, the lowest TVC value of 2.14 × 105 
CFU/ml is still much higher than the specification of <105 by the [17] for fruit juices. Bagdeand [29] also re-
ported total viable counts of between 2.0 × 106 and 1.0 × 105 CFU/ml in juice samples in Nagpur, India. This 
means that the mixed pawpaw/lime juices have to be pasteurized before they can be safe for consumption. 

3.3. Sensory Evaluation  
The mean sensory scores of the mixed pawpaw/lime juice samples are presented in Table 5. There was signifi-
cant difference (p < 0.05) in all the sensory parameters evaluated. Generally there was an increase in the scores 
of each parameter from sample A to B and then a decline through to sample E. The colour increased from 4.55 
(A) to 4.85 (B) and the declined to 4.20 (E). The other attributes followed the same trend from 3.95 to 4.80 to 
2.65 (for taste), 4.15 to 4.75 to 3.30 (for aroma), 4.85 to 4.85 to 3.20 (for mouth feel) and 4.35 to 4.45 to 3.00 
(for acceptability). Sample E scored least in taste, compared to the other samples. This could be due to the sour 
and astringent taste peculiar to lime juice [20]. Sample B (80: 20) mixed pawpaw/ lime juice was most preferred, 
while sample E (50:50) was least preferred. 
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Table 3. Physico-chemical and microbioal composition of individual pawpaw and lime juices.                          

Parameter Pawpaw Lime 

Total solids (%) 7.04 2.09 

Specific gravity (g/m3) 1.09 1.15 

pH 5.36 2.89 

Titratable acidity (%) 0.27 1.21 

Microbial count (CFU/ml) 5.33 × 106 2.33 × 105 

 
Table 4. Physico-chemical and Microbioal composition of mixed pawpaw/lime juice samples.                           

Parameter A B C D E LSD 

Total Solids (%) 6.51a 5.75b 5.45b 5.22c 4.85c 0.48 

Specific Gravity (g/m3) 1.11a 1.10a 1.09a 1.09a 1.09a - 

pH 4.36a 3.97a 3.90b 3.72b 3.60c 0.30 

Titratable Acidity (%) 0.36d 0.62c 0.98b 1.12a 1.14a 0.09 

TVC (CFU/ml) 3.67 × 105a 3.33 × 105b 2.67 × 105c 2.33 × 105d 2.14 × 105e 12.56 

Values are means of triplicate determinations. Means within the sample row bearing different superscript are significantly different (p < 0.05). Key: A = 
90:10 mixed pawpaw/lime juice; B = 80:20 mixed pawpaw/ lime juice; C = 70:30 mixed pawpaw/ lime juice; D = 60:40 mixed pawpaw/ lime) juice; 
E = 50:50 mixed pawpaw/lime juice; LSD = Least Significant Difference. 

 
Table 5. Mean sensory scores of mixed pawpaw/ lime juice samples.                                              

Parameter A B C D E LSD 

Colour 4.55b 4.95a 4.55b 3.55d 4.20c 0.22 

Taste 3.95b 4.80a 3.95b 2.80c 2.65c 0.33 

Aroma 4.15b 4.75a 4.15b 3.80c 3.30c 0.20 

Mouth Feel 4.85a 4.85a 4.80a 3.40b 3.20b 0.37 

Acceptability 4.35b 4.45a 4.35b 3.45c 3.00d 0.08 

Means within the sample row bearing different superscript are significantly different (p < 0.05). Key: A = 90:10 mixed pawpaw/lime juice; B = 80:20 
mixed pawpaw/ lime juice; C = 70:30 mixed pawpaw/lime juice; D = 60:40 mixed pawpaw/ lime) juice; E = 50:50 mixed pawpaw/lime juice; LSD = 
Least Significant Difference. 

4. Conclusion 
This work showed that acceptable mixed fruit juice from pawpaw and lime could be produced. Generally, in-
crease in lime concentration decreased the ash, phosphorus and Vitamin A as well as pH, total solids and specif-
ic gravity while increasing total titratable acidity, moisture, calcium and vitamin C contents. Microbial analysis 
showed reduced microbial load in sample blends with high lime concentration, due to high acid content of lime. 
Sensory evaluation showed that the mixed fruit of the 80:20 blend of pawpaw/lime juice was mostly preferred. 

Acknowledgements 
We wish to appreciate the management of the National Root Crops Research Institute (NRCRI), Umudike, Ni-
geria, for making available their laboratory facilities for this research.  

References 
[1] Pritchard, J.L.R. (1991). Analysis and Properties of Oilseeds. In: Rossell, J.S. and Pritchard, J.L.R., Eds., Analysis of 

Oilseeds, Fats and Fatty Foods, Elsevier Applied Science London, New York, 80, 98, 127. 



B. A. Ameh et al. 
 

 
537 

[2] Gernah, D.I., Ukeyima, M.T., Ikya, J.K., Ode, F.K. and Ogunbande, B.J. (2013) Addressing Food Security Challenges 
through Agro Raw Materials Processing. Agricultural Science Research Journal, 3, 6-13. 

[3] Potter, N.N. and Hotchkins, J.H. (1996) Food Science. C.B.S Publishers, New York, 235, 432. 
[4] Carvalho, J.M., Geraldo, A.M., Raimundo, W., Edy, S.B. and Sueli, R. (2007) Development of a Blended Beverage 

Consisting of Coconut Water and Cashew, Apple Juice Containing Caffeine. International Journal of Food Science & 
Technology, 42, 1195-1200. 

[5] Morton, J. (2006) Papaya. Carica papaya. http://wwwhotrpurdue.edu/newcrop/Mortonpapayaar.Htm  
[6] Anon, L. (2008) Making Wine at Home Using Wild Yeast.  
[7] NCRP (2006) Annual Report. Nepal Agricultural Research Council, National Citrus Research Program, Paripatle.  
[8] MOAC (2008) Statistical Information of Nepalese Agriculture. Ministry of Agriculture and Cooperatives, Agri-Busi- 

ness Promotion and Statistical Division, Singh Durbar, Kathmandu. 
[9] Berry, C.J. (2000) First Steps in Wine Making. G. W. Kent Publishers Inc., London, 235. 
[10] Suchada, C., Chirapan, N., Waraporn, M., Weerachai, K. and Walaiporn, W. (2002) Production Process of Complete 

Range of Lime Powder Products. Pilot Plant Development and Training Institute, Bangkok. 
[11] AOAC (2012) Official Methods of Analysis. Association of Official Analytical Chemists, Washington DC. 
[12] Kirk, R.S. and Sawyer, R. (1987) Pearson’s Composition and Analysis of Food. 9th Edition, Church-Hill Livingstone, 

Edinburgh. 
[13] Barakat, M.Z., Shahab, S.K., Darwish, N. and Zahemny, E.I. (1973) Determination of Ascorbic Acid from Plants. Ana- 

lytical Biochemistry, 53, 225-245. 
[14] James, C.S. (1995) Analytical Chemistry of Food. Blackie Academic and Professionals, London, 256-257. 

http://dx.doi.org/10.1007/978-1-4615-2165-5 
[15] Ferrati, A.R., Tavolaro, P., Destro, M.T., Landgraf, M. and Franco, B.D. (2005) A Comparison of Ready to Use Sys-

tems for Evaluating the Microbiological Quality of Acidic Fruit Juices Using Non-Pasteurized Orange Juice as an Ex-
perimental Model. International Journal of Microbiology, 8, 49-53. 

[16] Sadler, G.D. and Murphy, P.A. (2003) pH and Titratable Acidity. In: Sadler, G.D. and Murphy, P.A., Eds., Food Anal-
ysis, 3rd Edition, Kluwer Academic/Planum Publishers, New York, 120-126.  

[17] ICMSF (1978) Microorganisms in Foods. 1. Sampling Plans for Soft Drinks, Fruit Juices, Concentrates and Fruit Pre-
serves. 2nd Edition, University of Toronto Press, Toronto. 

[18] Larmond, E. (1977) Laboratory Methods for Sensory Evaluation of Food. Research Branch, Department of Agriculture, 
Ottawa. 

[19] Steele, R.G.D. and Torrie, J.H. (1990) Principles and Procedures of Statistics. 2nd Edition, McGraw-Hill Book Co Inc., 
New York. 

[20] Ihekoronye, A.I. and Ngoddy, P.O. (1985) Integrated Food Science and Technology for the Tropics. Macmillan Pub-
lishers, New York, 296-301. 

[21] Robins, R.C. (1980) Citrus Nutrition and Quality. American Chemical Society, Washington DC. 
[22] Onimawo, A.I. and Egbekun, K.M. (1998) Comprehensive Food Science and Nutrition. Revised Edition, Ambik Pub-

lishers, Benin City, 95. 
[23] Gordon, M.W. (1999) Perspectives in Nutrition. 4th Edition, McGraw Hill, London, 75-372. 
[24] Gamman, P.M. and Sherrington, K.B. (1990) The Science of Food: An Introduction to Food Science, Nutrition and 

Microbiology. 3rd Edition, Perngamon Press, Oxford and New York, 104-115. 
[25] Chan, H.T. and Kwok, S.C.M. (1975) Importance of Enzyme Inactivation Prior to Extracting Sugars from Papaya. 

Journal of Food Science, 40, 770-771. http://dx.doi.org/10.1111/j.1365-2621.1975.tb00552.x 
[26] Idoko, J.O. and Achusi, N. (2013) Effect of Pectinase on the Physico-Chemical Properties of Juice from Pawpaw (Ca-

rica papaya) Fruits. International Journal of Biological, Food, Veterinary and Agricultural Engineering, 7, 514-516. 
[27] Steven, N. (1980) Vitamin C Contents of Citrus Fruit and Their Products: A Review. Journal of Agricultural and Food 

Chemistry, 28, 8-18. http://dx.doi.org/10.1021/jf60227a026 
[28] Yamasaki, Y.H., Kunoh, H., Yamamoto, H. and Akimitsu, K. (2007) Biological Roles of Monoterpene Volatiles De-

rived from Rough Lemon (Citrus jambhiri Lush) in Citrus Defense. Journal of General Plant Pathology, 73, 168-179. 
http://dx.doi.org/10.1007/s10327-007-0013-0 

[29] Bagde, N.I. and Tumane, P.M. (2011) Studies on Microbial Flora of Fruit Juices and Cold Drinks. Asiatic Journal of 
Biotechnology Resources, 2, 454-460. 

http://wwwhotrpurdue.edu/newcrop/Mortonpapayaar.Htm
http://dx.doi.org/10.1007/978-1-4615-2165-5
http://dx.doi.org/10.1111/j.1365-2621.1975.tb00552.x
http://dx.doi.org/10.1021/jf60227a026
http://dx.doi.org/10.1007/s10327-007-0013-0

	Production, Quality Evaluation and Sensory Acceptability of Mixed Fruit Juice from Pawpaw and Lime
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Sources of Materials
	2.2. Preparation of Juice Samples
	2.3. Analyses
	2.3.1. Nutritional Properties
	2.3.2. Physico-Chemical and Microbiological Properties
	2.3.3. Sensory Evaluation
	2.3.4. Statistical Analysis


	3. Results and Discussion
	3.1. Nutritional Composition of Pawpaw and Lime Juice Samples
	3.2. Physico-Chemical and Microbial Composition of Pawpaw and Lime Juice Samples
	3.3. Sensory Evaluation 

	4. Conclusion
	Acknowledgements
	References

