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Abstract 

Papaya (Carica papaya L.) is a known powerhouse of nutrients and biochemi-

cals which have health benefits necessary in a human diet. Mineral and vita-

min deficiencies, like stunting, wasting and underweight in children, are 

common in Kenya yet available fruits like papaya can provide those nutri-

ents. This study evaluated the nutritional and biochemical compositions, 

sugars and the 2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging ac-

tivities of 2 newly developed papaya hybrids (JKUAT 7 and JKUAT 8) grown in 

Kenya and Solo variety, as control; in a completely randomised design which 

were subjected to one way ANOVA at p<0.05. Results from this study showed 

significant differences for JKUAT 8 with zinc, iron, potassium and vitamin C 

contents at 3.28, 3.62, 1145.10 and 448.30 mg/100 g respectively. Solo variety 

had significantly higher β-carotene (68.75 mg/100 g), lycopene (25.47 mg/100 

g) and flavonoid (0.0178 g/100 g) contents. JKUAT 7 had more phenolic and 

tannins contents at 0.4434 g/100 g and 81.65 mg/100 g respectively. The 

DPPH activities ranged from 20 to 80 mg/mL with JKUAT 7 having the highest 

activity at 20 mg/mL and the least, Solo at 80 mg/mL. JKUAT 7 also exhibited 

higher total sugar contents in a range of 4.86 to 11.57%: with glucose and 

fructose at 5.74 and 5.83 % respectively. Our results suggested high nutri-

tional and biochemical profiles of the newly developed JKUAT 7 and JKUAT 8 

compared to Solo, the commercial variety. The high nutritional and bio-

chemical contents recorded in the study papayas can be utilised in enhanc-

ing human nutrition and health thereby reducing metabolic disorders.  
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Introduction 

Papaya (Carica papaya L.), which belongs to the Caricaceae family, is a popu-

lar fruit native to the tropical America (1). It is grown and produced in most 

world regions along the tropical climacteric areas like Africa where there are 

warmer temperatures and adequate rainfall. The top papaya producing 

countries in Africa are Nigeria, Democratic Republic of Congo and Kenya at 

929.8, 214.3 and 136.3 thousand metric tons (2) respectively. Papaya is one 

popular fruit crop grown in Kenya for its nutritional and health benefits. Pa-

paya was introduced in Kenya over 50 years ago where it is mostly grown for 

domestic and commercial purposes mostly by the small-scale farmers (3). 

Other important fruits produced in Kenya are bananas, pineapples, avoca-
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does, oranges, watermelons, passion fruits and tamarillos. 

 Papaya is a nutraceutical fruit which has a high nu-

tritive value and powerful antioxidants (1). Papaya is most-

ly consumed for its nutritional benefits as it is a rich source 

of nutrients and antioxidants such as polyphenols, vita-

mins and carotenoids (4). Studies have revealed that papa-

ya contains 144% of the daily recommended value per 

serving of Vitamin C (5) which is great as an infection fight-

er as well as a free radical-scavenging antioxidant. Its main 

carbohydrates are glucose, fructose, and sucrose (6) with a 

range between 10 and 13% (7) after ripening and the fruit 

protein content at approximately 5% (8). 

  Papaya has been traditionally used as medicine due 

to its anti-inflammatory, anticancer, anti-hypertensive and 

antibacterial properties, gastrointestinal related disorders 

and hypoglycemic effects (6). Previous research has shown 

that papaya contain important nutrients and antioxidants 

(4) necessary in a human diet which could contribute to a 

healthy immune system due to their medicinal properties 

which can reduce malnutrition effects. Malnutrition is a 

serious public health problem and highly prevalent in Ken-

ya (9) due to poor diets and access to nutritional foods de-

spite the government strategies to implement nutrition 

services in communities to improve the diet and feeding 

practices of mothers, infants and young children (10). The 

prevalence of malnutrition is mostly critical in rural areas, 

drought-stricken areas and poor households (11) where 

estimates for children are 35% stunting, 7% wasting and 

16% underweight. Results from this study could be im-

portant in improving individual and/or household nutrition 

and considered beneficial on overall health through papa-

ya consumption hence this study was conducted to deter-

mine the nutrient content and biochemical analysis of pa-

paya grown in Kenya.  

 

Materials and Methods  

The study was conducted in February 2022 at the Food 

Biochemistry laboratory in the Food Science and Technol-

ogy Department, at the Jomo Kenyatta University of Agri-

culture and Technology (JKUAT). Papaya hybrids (JKUAT 7 

AND JKUAT 8) and Solo variety were collected from Meru 

County, Kenya, where they were grown under similar culti-

vation practices. Other papaya hybrids are currently avail-

able; but these 2 were chosen due to their good perfor-

mance on growth and productivity in different agro-

ecological zones of Kenya. Meru is located on the Upper 

Highlands in the eastern Kenya at an elevation of 1600 m 

above sea level, which has an average temperature and 

rainfall of 20.1°C and 550 mm respectively. The papaya 

fruits were harvested ripened based on their 75% yellow 

skin colour. The fruits were kept for two days at the labora-

tory where they were deseeded and blended into a homog-

enous state a day before analysis.  

Determination of nutritional composition of papaya 

Mineral quantification was done by dry ashing using the 

atomic absorption spectroscopy (AAS) (Shimadzu AA-7000, 

Shimadzu Corp., Kyoto, Japan) method (12). The minerals 

were determined by measuring sample ash solution mixed 

with 0.5N HNO3 against the standard solutions of zinc (Zn), 

iron (Fe), magnesium (Mg) and potassium (K) using AAS. 

Determination of vitamin C and Carotenoids 

The ascorbic acid content of papaya was determined by 
High-performance liquid chromatography (HPLC) method 

(13) using a Shimadzu UV-VIS (Shimadzu Corp., Kyoto, 

Japan) detector. The β-carotene and lycopene contents of 

papaya were determined using a chromatographic proce-

dure (14). An HPLC (Model LC-10AS, Shimadzu Corp., Kyo-

to, Japan) machine was used to determine the ß-carotene 

contents of the papaya varieties.  

Determination of flavonoids, phenolic and tannins 

contents 

The bioactive secondary metabolites of the papaya pulp 

extract were analysed using the standard ultra-violet spec-

trophotometric (Shimadzu model UV –VIS 1800, Shimadzu 

Corp., Kyoto, Japan) method, and the results were ex-

pressed in dry weight basis. The total flavonoid content of 

the papaya was quantified using the standard method (15). 

The fruit extract was mixed with 5 % sodium nitrite solu-

tion, 0.3 mL of 10 % aluminium chloride and 2 mL of 1 M 

sodium hydroxide at different times. Absorbance was 

measured at 415 nm and the number of total flavonoids 

was calculated from the calibration curve of standard pre-

pared from quercetin. Methods described by (16) were 

used to determine the total phenolic and tannins contents 

of the papaya pulp which was mixed with 10% Folin-

Ciocalteau reagent to form a blue coloured colour. Absorb-

ance was read at 725 nm and phenolic results were calcu-

lated as gallic acid equivalent (GAE). Absorbance for tan-

nin contents w a s  r e a d  a t  5 0 0  n m  a n d  calculated 

as %  catechin equivalent ( C E )  using the standard cali-

bration curve. 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 
scavenging activity 

The ability of papaya pulp to scavenge DPPH was deter-

mined (17). DPPH solution (0.1 mm) was added to extract 

samples and measured at 517 nm absorbance after 30 

minutes of dark incubation. Vitamin C was used as the anti-

oxidant standard at concentrations of same the amount as 

the extract concentrations while a mixture of methanol 

and extracts was used as a blank. The concentration of the 

extract necessary to decrease the initial concentration of 

DPPH by 50% (IC50) was calculated from a plot of % inhibi-

tion of DPPH versus concentration of extract. 

Determination of papaya sugars (fructose, glucose and 

sucrose)  

The total and/or individual sugar contents were analysed 

using a high-performance liquid chromatography (Model 

LC-20AS, Shimadzu Corp., Kyoto, Japan) (18). Ethanol was 

added to the blended fruit samples, refluxed for one hour 

and filtered using 42 mm Whatman filter paper. Rotary 

evaporation of the solutions to dryness was done at 60 ˚C 

and finally 5 mL of 50% acetonitrile was added and micro-

filtered.  
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Data analysis 

The experiment was laid out in a completely randomised 

design with 3 replications. Nutritional and biochemical 

papaya results were presented as means in a one way 

analysis of variance using GenStat statistical software 

package. Where statistical differences were detected, Tur-

key’s multiple range test was used to compare means at 

p≤0.05. 

 

Results & Discussion 

Nutritional analysis 

Nutritional composition of Solo, JKUAT 7 and JKUAT 8 pa-

paya varieties resulted in significant differences (P<0.05) in 

Zn, Fe and K contents while Mg had non-significant results 

(Table 1). JKUAT 8 hybrid had the highest Zn, Fe and K con-

tents of 3.28, 3.62 and 1145.10 mg/100 g respectively while 

Solo and JKUAT 7 varieties had statistically similar 

(P<0.05) contents. The papaya pulp contains most of the 

nutrients which play an important part in biological pro-

cesses especially during fruit ripening (6); and are required 

for bodily functions. Similar results higher in Mg, calcium, 

Fe and Zn contents were reported in papaya while Mg 

amounts showed non-significant results in this study (19). 

Papaya is rich in iron and calcium (1) which are necessary 

for expectant mothers as they can help with the proper 

functioning of haemoglobin and alleviate micro-nutrient 

deficiency in a human diet. Magnesium plays an important 

role in the cardiovascular system by influencing myocardi-

al metabolism, Ca2+ homeostasis and endothelium-

dependent vasodilation, and also acts as an antihyperten-

sive, antidysrhythmic, anti-inflammatory and anticoagu-

lant agent (20) while calcium contents in plants play vital 

roles like carbohydrate metabolism and binding of cell 

walls (21). Potassium has been as an essential nutrient 

which promotes sugar translocation in plants, thus its ap-

plication increases the sugar contents as well as total solu-

ble solids in the papaya fruit and decreases its titratable 

acidity (22).  

Vitamin C and carotenoid contents 

Statistical differences (P<0.05) were observed for vitamin 

C, β-carotene and lycopene contents in the different papa-

ya hybrids. JKUAT 8 hybrid had significantly higher vitamin 

C content of 448.30 mg/100 g followed by JKUAT 7 and 

Solo. Results for β-carotene and lycopene contents were 

highest in Solo variety of 68.75 and 25.47 mg/100 g respec-

tively (Table 2).Papaya vitamins are essential for the meta-

bolic reactions and for normal body growth and health 

maintenance. These components are not synthesized by 

the body and therefore must be supplied through a proper 

diet. Papaya is a good source of vitamin C and its amount 

varies between maturity stages, varieties (19) and increas-

es during the ripening stage (6). Results from this study 

revealed a difference from the varieties as JKUAT 8 signifi-

cantly had a higher vitamin C content at 448.30 mg/100 g. 

Similar results were reported between 2 local papaya vari-

eties at different maturation stages (19). In a study, guava 

and papaya were reported to be the only fruits that had a 

higher ascorbic acid content than that of orange (67 ± 9 

mg/100 g) (23). A higher papaya vitamin C content resulted 

in lower β-carotene and lycopene contents and vice versa. 

 Carotenoids are strong antioxidants which play an 

important role in human health and nutrition. These carot-

enoid compounds are usually associated with the fruit 

cultivar together with its preharvest and postharvest han-

dling factors (24). They contribute to the reddish colour of 

the papaya pulp, especially lycopene, whereas β-carotene 

is mostly converted to vitamin A by the body. Different 

carotenoids levels were observed in our study for the     

papaya hybrids; with the highest found in Solo. Weather 

conditions, ripening stage, variety or group cultivar, geo-

graphical area and season of the year have been reported 

to have an effect on thecarotenoid levels in fruits (25). High 

amounts of β-carotene contents are reported in this study 

with similar results reported where the β-carotene content 

in red-fleshed papaya was significantly higher (p < 0.0001) 

than that in yellow-fleshed papaya (26). High lycopene 

contents were also reported in red fleshed papaya by (14, 

25, 27).  

 

Total flavonoid, phenolic and tannin contents  

Flavonoid, phenolic and tannin compounds, which are 

naturally found in plants and plant products, are known 

to have antioxidant potentials necessary for anti-

oxidative stress which can result in the development of 

health disorders, infections and/or chronic diseases. 

Significant differences (P<0.05) were observed for the 

total papaya flavonoids, phenols and tannins. Solo vari-

ety and JKUAT 8 hybrid had the highest and statistically 

similar total flavonoids contents (TFC) while JKUAT 7 

had the least quercetin equivalents (QE) of 0.0085 g/100 

g (Fig. 1). Flavonoids have free radical scavenging activi-

ties in plant foods and have significant vitamin C spar-

Variety 
Zn  

(mg/100 g) 
Fe  

(mg/100 g) 
Mg  

(mg/100 g) 
K  

(mg/100 g) 

Solo 1.18±0.012b 2.29±0.081b 114.40±4.186a 688.00±20.331b 

JKUAT 7 0.95±0.006b 2.14±0.050b 112.60±1.464a 646.90±21.614b 

JKUAT 8 3.28±0.151a 3.62±0.114a 120.10±1.827a 1145.10±49.263a 

Table 1. Nutritional composition of papaya hybrids grown in central Kenya  

Means within each column followed by a different letter differ significantly at 
P≤0.05 while means with a similar letter in different columns do not differ 
using Tukey’s test. Mean±S.E. measured in triplicates  

Papaya    
hybrid 

Vitamin C 
(mg/100 g) 

β-Carotene 
(mg/100 g) 

Lycopene 
(mg/100 g) 

Solo 212.60±5.401c 68.75±1.328a 25.47±0.529a 

JKUAT 7 314.60±10.448b 26.04±1.488b 10.95±0.521b 

JKUAT 8 448.30±7.004a 20.39±0.370c 11.63±0.237b 

Table 2. Vitamin C and carotenoid composition of papaya hybrids grown in 
central Kenya  

Means within each column followed by a different letter differ significantly at 
P≤0.05 while means with a similar letter in different columns do not differ 
using Tukey’s test. Mean±S.E. measured in triplicates  
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ing activity (24). As evaluated, significant differences in 

TFC were observed in this study where JKUAT 7 had the 

least quercetin equivalents of 0.0085 g/100 g. These re-

sults were higher than the content (28) on papaya (8.40 

mg QE/100 g) for a freeze-dried papaya. 

 JKUAT 7 had the highest significant total phenol 
contents (TPC) (P<0.05) of 0.4434 g/100 g. Statistically 

similar phenol contents (GAE) were observed for both 

JKUAT 8 hybrid and Solo variety (Fig. 2). Phenolic com-

pounds are important fruit constituents which act as 

antioxidants because of their ability to donate hydrogen 

or electrons and by generating stable radical intermedi-

ates (24). In a study by (23) the TPC in papaya fruit was 

28±6 mg GAE /100 g FW which was lower than the high-

est TPC found in JKUAT 7 of 0.4434 g/ GAE/100 g. (29) 

reported a TPC of 54 mg GAE/100 g FW of fresh papaya 

cultivated in Thailand. 

 Tannins are plant phenolic compounds with bio-

logical activities which act as phytochemicals with anti-

oxidant effects in the body. Results on total tannin con-

tents (TTC) of the papaya hybrids revealed that JKUAT 7 

had statistically (P<0.05) higher tannins of 81.65 mg 

CE/100 g followed by Solo and JKUAT 8 at 35.72 and 

6.74 mg/100 g respectively (Fig. 3). Higher total tannins 

content was observed for JKUAT 7 at 81.65 mg/100 g 

compared to Solo and JKUAT 8 (35.72 and 6.74 mg/100 g 

respectively). These results were comparably higher 

than the freeze-dried ripe papaya extracts which 

showed significantly higher tannin content (9.58 and 6.0 

mg CAE/g fresh weight of sample in ethanol and aque-

ous extracts respectively (28).  

  

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scav-

enging activity 

The DPPH radical scavenging method is commonly used 

to determine the capability of an extract to scavenge 

free radicals, with the highest scavenging obtained at a 

lower IC50 value. The half inhibitory concentration (IC50) 

of the different papaya fruits ranged from 20 mg/mL to 

80 mg/mL compared with 2.5 mg/mL of the vitamin C 

standard as presented in Fig. 4 and Table 3. Papaya hy-

brid, JKUAT 7, had the highest radical scavenging activi-

ties of 20 mg/mL followed by JKUAT 8 at 30 mg/mL and 

Solo having the least at 80 mg/mL (Table 3). The differ-

ent antioxidant activities in the different papaya hybrids 

could be a result of different synthesis and accumulation 

of bioactive compounds (30). A high correlation between 

vegetable/fruit polyphenols and their IC50 values has 

been observed in some studies; an IC50 of 3.5 ± 0.9 mg/

mL for Solo papaya was reported in a study which was 

higher compared to 80 mg/mL found in this study (23). 

 

Fig. 1. Total flavonoid contents of papaya hybrids grown in central Kenya.  

Fig. 2. Total phenolic contents of papaya hybrids grown in central Kenya  

Fig. 3. Total tannin contents of papaya hybrids grown in central Kenya. 

Fig. 4. DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activities of 
papaya hybrids grown in central Kenya.  

Variety EC50 (mg/mL) 

Solo 80 

JKUAT 7 20 

JKUAT 8 30 

Vitamin C standard 2.5 

Table 3. DPPH (2,2-diphenyl-1-picrylhydrazyl) scavenging activity of papaya 
hybrids grown in central Kenya  
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Papaya sugars  

Papaya hybrid, JKUAT 7, had the highest significant 
(P<0.05) total sugar contents (11.57%) compared to both 

Solo variety and JKUAT 8 hybrid (Fig. 5). Solo variety had 

the lowest total sugar (4.86%) and glucose (3.18%) con-

tents while JKUAT 7 and JKUAT 8 had statistically similar 

glucose contents. No significant differences (P<0.05) were 

observed for sucrose contents as all the papaya varieties 

had minute and/no sugar content. Papaya sugars deter-

mine the final fruit quality, especially its sweet taste. Sugar 

contents increase during the ripening stage due to an en-

zymatic reaction which breaks simple sugars into fructose, 

glucose and sucrose (31). Glucose and fructose are mostly 

available while sucrose content declines during the period, 

suggesting that there is sucrose de novo synthesis during 

ripening of the detached papaya (32). A portion of glucose 

is mostly used as a precursor of antioxidants like vitamin C 

(31), especially under stressful environmental conditions. 

The total sugar contents of the papaya hybrids in this 

study ranged from 4.86 and 11.57% which was similar to 

an earlier study (7). 

 

Conclusion  

The results of this study showed significant differences on 

the nutritional and biochemical profiles of the papaya hy-

brids. JKUAT 8 hybrid performed better nutritionally with 

higher minerals, vitamin C, lycopene, phenol and tannin 

contents while JKUAT 7 had more of β-carotene, flavo-

noids, DPPH and total sugar contents. These papaya hy-

brids can have a positive impact in human nutrition and 

health by reducing metabolic disorders.  
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