
INTRODUCTION

One of the most widely available fruits, the Carica papaya
is cultivated in a variety of regions across the globe and is also
one of the most widely consumed fruits [1]. It is currently grown
in more than sixty nations of the world with about 13,894,705
million tonnes of the fruit produced in the year 2020. The
colour of the fruit changes from green to yellow-orange or red
depending on its stage of ripening [2]. Each matured and ripe
pawpaw fruit possess numerous seed when cut. Generally, the
seed constitutes about 22% of processing waste thus they are
generally regarded as waste. Even though, they are generally
regarded as waste, they have been found to have some tradi-
tional uses. In Nigeria, it is used to make an indigenous food
called dadawa - a fermented food [3], which has antibactericidal
activities against several illnesses and protect the body from
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oxidative stress [4,5]. As secondary metabolites, phytochemicals
play an important role in plant defense mechanisms. However,
these phytochemicals have been found to be responsible for
some of the medicinal properties found in plants. They play a
key role in preventing occurrence of some human diseases like
cancer, neurodegenerative diseases, diabetes and obesity [6].
These compounds are structurally different and are heterog-
enous in nature, their structure sometimes, may vary from simple
to complex compounds thus their solubility depend on their
chemical structure, nature and polarity of solvent. These factors
have been found to have different effects on the extraction and
quantification of some polyphenolic compounds and phyto-
chemicals obtained from plants [7]. It has also been found
that the method of preparation of medicinal plants is important
in determining the quality and quantity of the bioactive comp-
ounds obtained from them. Some studies have been carried
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out on the phytochemical composition of Carica papaya plant
extract [8-10] but only few studies have worked on the phyto-
chemical composition of Carica papaya seeds [5,11]. Fewer
researchers also investigated the effects of drying techniques
and solvents used for extraction on the constituents of the phyto-
chemicals and antioxidant activity of the seeds [12].

Therefore, the aim of this research work is to investigate
the effect of drying techniques and different extracting solvents
on the quantitative analysis of the phytochemical constitution
and antioxidant activity of Carica papaya seeds. This could
shed more lights on the various contents of Carica papaya and
the potential benefits of its seeds for various industries and
medicinal use rather than being considered as waste consider-
ing the fact that Carica papaya fruits contain considerable
amount of seeds and can be grown in many parts of the world.

EXPERIMENTAL

Ripened Carica papaya fruits were collected from the tree
plantation site in Ado Ekiti metropolis. The fruits were peeled
and the seeds were also removed. The seeds were rinsed several
times under running water to remove any fruit pulp. Thereafter,
it was rinsed with distilled water several times. The seeds were
divided into two parts, one part was air dried under shade at
room temperature for 5 days while the other part was dried under
intense sun for 5 days. After drying to a constant weight, the
seeds were ground separately to fine powdered and kept in
airtight container till further analysis. All the chemicals used
for this study were of analytical grade and purchased from
Sigma-Aldrich (United Kingdom).

Extraction of C. papaya seeds: The powdered sample (5 g)
was extracted with 150 mL of hexane for 24 h at room temper-
ature using a mechanical shaker. After extraction, it was filtered
through a filter paper to remove insoluble residues. The solvent
was evaporated under vacuum using rotary evaporator at 30
ºC and the extracts were stored at 4 ºC for further analysis.

Determination of effect of different solvents and drying
technique on seed extract: To determine the effect of different
solvent on the seed extract, the same procedure was carried
out as described above with three different solvents which are
diethyl ether, ethanol and aqueous solution. This was also done
for the sun dried and air dried samples separately to determine
the effect of drying techniques on the sample.

Determination of phytochemical and antinutritional comp-
osition of C. papaya seed extract

Total flavonoid content: The total flavonoid content of
the extract was determined using a colourimeter assay [13]
with slight modification. The extract (0.5mL) was mixed to
0.3 mL of 5% NaNO3 and shaked well. After 5 min, 0.6 mL of
10% AlCl3 was added and after 6 min, 2 mL of 1 M NaOH
was added to the mixture followed by the addition of 2.1 mL
of distilled water. Absorbance was read at 510 nm against the
reagent blank and the total flavonoid content was expressed as
the rutin equivalents (mg RE/100 g) of the dry weight of sample.

Total phenolic content: The total phenolic content of the
extract was determined by the method of Otang et al. [14]. The
extract (0.5 mL) was mixed with 2.5 mL of Folin-Ciocalteu

reagent which was previously diluted with water (1:9 v/v).
After 5 min, 2 mL of 7.5% sodium carbonate was added, then
the tubes were vortexed for 5 s and finally the reaction mixture
was subsequently incubated in the dark at 25 ºC for 40 min.
The absorbance was measured at 700 nm using UV vis spectro-
photometer, garlic acid was used as standard and TPC (total
phenolic content) was expressed as mg gallic acid equivalents
per 100 g of sample.

Determination of total saponin content: The method
of Benyong et al. [15] was used for the determination of the
total saponin content with slight modifications. The extract (2
µL) was added to 100 mL of isobutyl alcohol or (butan-2-ol)
and then the mixture was vigorously shaken using a mechanical
shaker for 30 min, filtered and the residue was reextracted
again. The combined solution was concentrated under reduced
pressure to 30 mL and then transferred to 250 mL separatory
funnel and extracted with petroleum ether. The etheral layer
was discarded and the purification process was repeated. Now,
50 mL of n-butanol was added and the extraction process was
continued till a clean colourless solution was obtained. A 1 mL
of colourless solution was taken into 50 mL volumetric flask,
2 mL of 5% FeCl3 solution was added and made up to the
mark with distilled water. It was allowed to stand for 30 min
and the absorbance was taken against the blank at 540 nm.
The standard saponins solutions in the range of 0 to 5 ppm
were prepared and the absorbance were also taken to obtain
the gradient plotted curve.

 Determination of total alkaloid content: The total
alkaloid content was determined using the method of Obadoni
& Ochuko [16]. A 5 g of the sample was added to 200 mL of
10% acetic acid in ethanol and allowed to stand for 4-5 min.
The solution was filtered and then concentrated on a water bath
to one quarter of the original volume followed by the addition
of  conc. NH4OH dropwise to the extract until the precipitation
was completed. Once the solution settled, the precipitate was
collected, washed with dilute NH4OH and filtered.The residue
which contained alkaloid was dried and then weighed.

Determination of antinutrient composition: The oxalate
composition of C. papaya seed extract was determined using
the method of Day & Underwood [17]; the phytate content
was determined using Wheeler & Ferrel [18] and the total
cyanide was determined by the method of AOAC [19].

Antioxidant activity

Free radical scavenging ability using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay: The antioxidant activity of
the C. papaya seed extract was determined using DPPH free
radical scavenging assay described by Gyamfi et al. [20] with
slight modifications. The extract was serially diluted to concen-
trations of 0.1-0.3 mg/mL. Each dilution (1 mL) was mixed
with freshly prepared DPPH solution (1 mL) in methanol and
incubated in dark for 30 min. After which the absorbance of
the mixture was measured at 517 nm. The percentage DPPH
scavenging activity was thereafter calculated using the follo-
wing equation:

blank sample

blank

A A
Inhibition (%) 100

A

−
= ×
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Determination of ferric reducing activity: The reducing
activity of the extract was determined by the method of Pulido
et al. [21]. The ferric reducing antioxidant power (FRAP) reagent
was prepared in sodium phosphate buffer (pH 6.6). Then, 0.25
mL of extract was added to 0.75 mL of reagent and the mixture
was incubated at 50 ºC for 20 min and finally centrifuged at
2000 rpm for 10 min. Aliquots of the sample was taken and
the absorbance was read at 700 nm. The standard curve was
prepared with ascorbic acid and the results were expressed as
mg ascorbic acid equivalent per gram of the sample.

Statistical analysis: All the values were expressed as means
of triplicate analysis. Analysis of variance using Tukey’s test,
correlation paired ‘t’-test and Bonferroni post tests were performed
using GraphPad Prism program version 5 for windows.
Differences among the means were also determined for signifi-
cance at p < 0.05.

RESULTS AND DISCUSSION

Phytochemical and antinutritional composition of the
C. papaya seed using different solvents for extraction: The
results of the phytochemical and antinutritional composition
of the C. papaya seed is presented in Table-1. Hexane and diethyl
ether extracts have high amount of total phenolic compounds
and total saponin content. For the antinutrients, diethyl ether
has higher amount of phytate content while there was no signifi-
cant difference in the amount of phytate extracted by other
solvents.

The choice of a solvent is known to be very important when
carrying out extraction, because different solvents have different
polarities and this affect the type of material to be extracted.
In this study, hexane has the highest amount of total phenolic
compound extraction while diethyl ether has the highest amount
of flavonoid and saponins as shown in Table-1. This obser-
vation may be due to the fact that phenolic compounds are
composed of different compounds with different polarities and
thus, the type of compound with the highest concentration
will determine the solubility of the total phenolic compound
present in the substance. Phenolic compounds with higher
polarity will be extracted by solvents with higher polarity and
vice versa. So also, is flavonoids; flavonoids with less polarity
like flavonones, aglycones, flavonols, methylated flavones will
be extracted more by less polar solvents [22]. This observation
agrees with the report of Gaikwad & Kshirsagar et al. [10] on
the extraction of phytochemicals from C. papaya flower using
different solvents and also with the report of Nawaz et al. [23]
on the extraction of phytochemicals from beans seeds. Saponins

are slightly polar and will be more compatible with solvents,
which are less polar than water.

Phytochemicals are composed of numerous compounds
with different polarity thus, it can be concluded that the extra-
ction of phytochemicals in different samples is influenced by
the solubility of each compound in different extracting solvents
and also, the polarity of the extracting solvent. Furthermore,
the solubility of these compounds depend on stereochemistry
and the intermolecular forces occurring between the molecules
of the compound and the solvents [7]. This work has confirmed
that due to the various physical and chemical diversity observed
in natural products, it is not feasible to give a general extraction
conditions but rather the stereochemistry and structural diver-
sity of the separate compounds should be taken into consi-
deration during solvent extraction process [24].

The observed high quantity of phytochemicals in these
samples confirmed that pawpaw seeds are rich sources of these
phytochemicals which have been confirmed to have beneficial
health effects on human like acting as antioxidant, anti-aging,
anti-inflammatory and antiproliferative agents [25,26]. This
has also confirmed the potentials of the seeds for use in tradi-
tional and folk medicine and this could also been an eye opener
to the potential use of the C. papaya seeds in modern day
industries. The results of the total phenolic content (TPC) of
the C. papaya seeds in this present work is higher when comp-
ared to the report of the TPC of C. papaya seeds by Pokhrel &
Karki [27]. The differences in the results may be due to differ-
ences in the extraction process and geographical location.

The results of the antinutrients showed that only phytate
has significantly high amount in diethyl ether extract thus
showing that the antinutritive content of C. papaya seed can
generally be extracted by any of the different solvents used in
this study. Antinutritional components were detected in low
concentration in the seed extract thus confirming the safety of
the seeds. Phytate, cyanide and oxalate are the antinutritional
components that have been found to chelate and form complex
with dietary minerals thereby reducing their bioavailability in
the body system. However, these antinutrients becomes signi-
ficantly dangerous at a level higher than 50 mg/day [28-30].
The concentration detected in this sample is far lower than the
toxicity level thus confirming that C. papaya seeds are safe
for consumption. The result presented in this work is compar-
able to the report of Oyeleke et al. [11] on the antinutritional
composition of C. papaya seeds.

Antioxidant activity of C. papaya seeds using different
solvents for extraction: The result of the DPPH radical scav-
enging ability of the seed extract using different solvent is

TABLE-1 
PHYTOCHEMICAL AND ANTINUTRITIONAL COMPOSITION OF C. papaya SEED USING DIFFERENT SOLVENTS FOR EXTRACTION 

Solvent used TFC (mg 
RE/100 g) 

TPC (mg 
GAE/100 g) 

TSC  
(mg/100 g) 

TA  
(mg/100 g) 

Oxalate 
(mg/100 g) 

Phytate 
(mg/100 g) 

Cyanide 
(mg/100 g) 

Hexane 7.27b 121.08e 57.82a 2.30c 0.180k 4.12m 2.29o 
Diethyl ether 18.27a 90.88f 58.91a 4.15d 0.63h 12.36l 2.95o 
Ethanol 6.53c 42.09g 53.96b 4.96d 0.42h 6.32m 3.14op 
Aqueous 5.65d 35.49h 40.54c 3.89d 0.56h 5.05m 3.32p 
TFC = Total flavonoid content; TPC = Total phenolic compound; TSC = Total saponin content; TA = Total alkanol; values represent mean of 
triplicate analysis; Values with different letter down the column are significantly different at p < 0.05. 
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presented in Fig. 1. Aqueous extract has the highest percentage
of DPPH radical scavenging ability when compared to other
extracts. This same trend was also observed for the reducing
abilities of the extract (Table-2). Aqueous extract had the highest
radical scavenging ability and the highest reducing ability than
the other solvents. This showed that polar solvents are more
suitable for extraction of antioxidant components from plant
materials. This result agrees with the reports of Nawaz et al.
[23] on the antioxidant activity of Phaseolus vulgaris seeds.
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Fig. 1. DPPH radical scavenging ability of C. papaya seed samples in
different extracting solvent. HCS = hexane extract C. papaya seed;
DCS = diethyl ether extract C. papaya seed; ECS = ethanol extract
C. papaya seed; ACS = Aqueous extract C. papaya seed. Values are
expressed as mean of triplicate analysis. Bars with different letters
indicate significant difference at p < 0.05

The good antioxidant ability observed for C. papaya seed
extract showed that the seeds will be good for use in food
industries as sources of natural antioxidants which have been
advocated for because of their several health benefits and little
or no adverse effects. The antioxidant potential of natural com-
ponents is based on their redox properties that facilitate their
activity as hydrogen donors, reducing agents, metal chelators

and singlet oxygen quenchers [10]. The result of antioxidant
activity of C. papaya seeds in this study is in agreement with
the reports of other authors on the antioxidant activity of paw-
paw seed [31,32], which shows that the seed extract has high
radical scavenging ability and good reducing ability which
could be linked to the high content of phytochemicals present
in the seed.

Effect of drying technique on the phytochemicals and
antinutritional composition of the different extracts: The
result of the effect of drying technique on the phytochemical
and the antinutritional composition of the different extracts is
presented in Table-3. There was a significant reduction in the
amount of all the phytochemical parameters investigated when
the two drying techniques were compared (air drying at room
temperature and sun drying) except for total alkanols and saponin
contents of some solvents while for the antinutritional factor
there was no statistical difference in the composition of the
antinutrients with regards to drying technique except for phy-
tate and oxalate in hexane extract.

The significantly high amount of phytochemicals detected
in the air dried samples at room temperature as compared to
the sun dried samples showed that exposure to high temperature
could cause loss of some vital phytochemicals in biological
components. This observation is in agreement with the report
of Irondi et al. [12] on the effect of different drying method
on C. papaya seeds. Oxidation of bioactive compounds at high
temperature could account for the reduction in the amount of
total phenol and other phytochemicals present in the investi-
gated samples. Thus, air drying at room temperature will help
to preserve the phytochemicals present in the Carica papaya
seeds therefore helping the manufacturing, health and compli-
mentary health industries in their method of preservation.

Effect of drying techniques on the antioxidant activity
of the different extracts: The result of the effect of drying
technique on the antioxidant activity of the different extract is
shown in Fig. 2. The result showed that air dried samples at
room temperature has significantly higher DPPH radical scav-

TABLE-2 
FERRIC REDUCING ABILITY OF C. papaya SEED USING DIFFERENT SOLVENTS FOR EXTRACTION 

Solvents Hexane Diethyl ether Ethanol Aqueous 

mg Ascorbic acid equivalent/g 6.55d 9.84c 13.02b 16.06a 

Values with different letter along the row are significantly different at p < 0.05. 
 

TABLE-3 
EFFECT OF DRYING TECHNIQUE ON THE PHYTOCHEMICAL AND  
ANTINUTRITIONAL COMPOSITION OF C. papaya SEED EXTRACTS 

 ASH SSH ASD SSD ASE SSE ASA SSA 
Total flavonoid content (mg RE/100 g) 7.269c 5.04e 18.27a 15.65b 6.53d 4.25f 5.65g 3.95h 
Total phenolic compound (mg GAE/100 g) 121.08a 99.01b 90.88c 81.00d 42.09e 35.58f 35.49g 33.10h 
Total saponin content (mg/100 g) 57.82b 48.55e 58.91a 57.95a 53.96d 42.74f 40.54g 40.02g 
Total alkanol (mg/100 g) 2.30h 2.14h 4.15h 4.07h 4.96h 3.33h 3.89h 3.76h 
Oxalate (mg/100 g) 0.18s 0.14r 0.63q 0.61q 0.42q 0.31q 0.56q 0.51q 
Phytate (mg/100 g) 4.12v 2.96x 12.36t 10.37t 6.32v 4.14v 5.05v 4.14v 
Cyanide (mg/100 g) 2.29d 2.16d 2.95c 3.07c 3.14b 2.04d 3.32a 2.94a 
ASH = Air-dried at room temperature seed in hexane; SSH = Sun dried seed in hexane; ASD = Air dried at room temperature seed in diethyl ether; 
SSD = Sun dried seed in diethyl ether; ASE = Air dried at room temperature seed in ethanol; SSE = Sun dried seed in ethanol; ASA = Air dried at 
room temperature seed in aqueous; SSA = Sun dried seed in aqueous; values represent mean of triplicate analysis. Values with different letter along 
the row are significantly different at p < 0.05. 
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Fig. 2. Effect of drying technique on the antioxidant activity of the C.
papaya seed extract using DPPH radical at concentration of 0.3
mg/mL

enging ability when compared to the sun dried samples. The
same trend was also observed for the reducing ability of the
extracts (Table-4). The significantly higher antioxidant activities
of air dried samples also confirmed that air drying at room
temperature helps to preserve the loss of some bioactive comp-
onents which also have antioxidant power.

Conclusion

This study has shown that drying has significant effect on
the quantity of phytochemicals obtained from natural plants.
Air dried samples at room temperature has higher phytochemical
and better antioxidant activity compared to the sundried samples.
In addition, the composition of the phytochemicals present in
the samples determines the type of solvent that gives better
extraction of the phytochemicals while the antioxidant activ-
ities were higher in more polar solvent. The high amount of
phytochemicals, high free radical scavenging abilities and
reducing abilities of the Carica papaya seeds showed that the
seeds are rich in total phenolic compounds and some other
phytochemicals. These showed that they could be of great
importance in prevention of some deadly diseases in humans.
The antinutritional components also showed that the samples
are safe for consumption. Thus making C. papaya seeds to be
of great importance in many industries because of the various
beneficial and medicinal benefits of its phytochemicals. Due
to its strong antioxidant properties, C. papaya seed could be
recommended as a substitute for synthetic antioxidants, as it
is both safe and readily accessible. In order to optimize the
numerous benefits of C. papaya seeds, close attention must
be paid to the choice of solvent used for extraction especially
in resource limited settings where C. papaya seeds can serve
as a major raw material for various domestic and industrial uses.

TABLE-4 
FERRIC REDUCING ABILITY OF AIR DRIED AND SUN DRIED C. papaya SEED EXTRACTS 

 Hexane* Diethyl ether* Ethanol* Aqueous* 

Air dried seed at room temperature 6.55a 9.84c 13.02e 16.06f 
Sun dried seed 5.01b 7.83b 4.86d 11.75g 

*Ferric reducing ability in mg ascorbic acid equivalent/g; Values with different letter down the column are significantly different at p < 0.05. 
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