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ABSTRACT

Background and Objective: The medicinal importance of plants and plant products have been of global
relevance and interest. However, this study sought to investigate the proximate and antinutrients
compositions, nutritional viable minerals evaluation and in vitro antioxidants assessments of the
Passiflora edulis plant. Materials and Methods: Fresh samples of the plant of passion fruit
(Passiflora edulis Sims) were obtained and separated into the leaf, leaf stalk, fruit pod and fruit seed which
were air-dried, crushed and subsequently ground to powder and assessed for various parameters using
standard methods. Results: The proximate analysis showed that nutritional compounds were well
distributed in different concentrations in the plant. The antinutrients factors of phytate, oxalate and tannin
were present in varying concentrations in the plant. The results also showed the leaves and seeds
contained higher concentrations of vitamin C than other parts of the plant. The in vitro antioxidant
analyses of various parts of the plant showed that all the parts possessed the ability to scavenge DPPH
and ABTS free radicals, ferric reducing antioxidant power with iron chelation potential as well as good
concentrations of flavonoids and total phenolic contents in varying percentages and concentrations in all
the parts of the plant. It was also evidenced in the results that all the parts of the plant contained macro
and micro nutritional viable elements like iron, sodium, calcium, zinc, manganese, nickel, cobalt and
copper as well as lead except chromium and cadmium that were not detectable. Conclusion: It could also
be seen from the results that all the parts of the plant are potentially good sources of nutritional and
medicinally important compounds and can be utilized in animal feeds composition.
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INTRODUCTION
Passion fruit just like many other fruits is an important source of many nutrients, including calcium, fibre,
vitamin C and folic acid. These nutrients in fruits are vital for the health and maintenance of the human
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body. The Passiflora genus was said to comprise about 500 species, which was believed to be the largest
in the family Passifloraceae. The Passiflora edulis stands out and is unique in the family of Passifloraceae
as a result of its economic and medicinal usefulness’. The plant of Passiflora edulis is widely propagated
in tropical and subtropical regions in numerous parts of the world, especially in South America, the
Caribbean, South Florida, South Africa and Asia®*. Passion fruit is a native of southern Brazil and it is of
two distinct forms: The forma edulis, the purple passion fruit and forma flavicarpa, the yellow passion fruit.
This sweet seedy fruit is cultivated commercially in tropical and subtropical areas of the world®. The juice
blends well with other fruit juices and is used in fruit salads and processed products such as ice cream,
sherbet, nectar, juices, concentrate, squash, jams and jellies. It has earlier been reported that Passion fruit
could be utilized as a traditional folk medicine as well as a cosmetic moisturizing agent in several
countries®. Although, a high premium has been placed on the fruit for its major use as juice and flavour
in many products, other parts of the plant are also known for their medicinal values due to the bioactive
phytochemical constituents it contains. Native Brazilians had used extracts of the leaves and flowers to
treat asthma, bronchitis, whooping cough, urinary infections and as sedatives’. The nutritional value of any
plant-based diet depends on the nutritional and antinutritional contents of the plant. The plant-based diet
contains antinutrients that limit the bioavailability of nutrients such as minerals, vitamins, carbohydrates
and proteins in the human body. Although, these antinutrients serve as a natural defense against
infections in plants, they bind to micronutrients and inhibit their absorption in the human body during
digestion preventing optimum utilization. Antinutrients become beneficial if a specificc homogenous
dietary plan consisting majorly of uncooked meals is avoided®. It has been reported that
antioxidant and free radical scavenging activities of the extracts from different parts of the P. edulis plant
have been studied via ABTS’. The leaves of the Passion fruit plant was considered as good resources of
minerals like calcium and zinc due to the high contents of both minerals in the plant. The contents of N,
P, K and Zn are comparatively high while the Ca, Mg, B, Cl and Mn are moderately low in the youngest
leaves™.

This study however seeks to evaluate the nutritional as well as antinutritional components, vitamin C and
mineral contents, as well as in vitro antioxidant potentials of various parts of the plant.

MATERIALS AND METHODS
Study area: This study was designed and carried out in the Department of Medical Biochemistry,
Ekiti State University, Ado-Ekiti, Nigeria between October, 2018 and August, 2019.

Sample collection: Fresh samples of the plant passion fruit (Passiflora edulis Sims) were
obtained from Ifaki-Ekiti and was identified and authenticated by the Chief Technologist of the
Department of Plant Science and Biotechnology of Ekiti State University, Ado-Ekiti, Nigeria and the plant
specimen were preserved with Herbarium number of (UHAE 2020052). The Passiflora edulis plant was
separated into leaf, leaf stalk, fruit pod, fruit seed and fruit juice. The leaf, leaf stalk, fruit pod and fruit seed
were air-dried, crushed, and subsequently ground to powder separately with a Marlex Excella laboratory
blender.

Proximate analysis was carried out on the dried powdered plant leaves according to the procedure of the
Association of Official Analytical Chemists'". The percentages of moisture content, ash content, crude fibre,
crude protein, crude fat and carbohydrate were determined and calculated accordingly. The total
carbohydrate in the sample was obtained by difference. The amount of the percentage moisture, ash,
crude fat, crude protein and crude fibre was subtracted from 100"

Total carbohydrate (%) = 100 (%) of (Moisture+Ash+Fat+Protein+Fibre)
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The mineral elements composition was determined from the ash obtained during proximate
analysis which was digested and dissolved with dilute hydrochloric acid solution using Atomic Absorption
Spectrophotometer (Buck Scientific, East Norwalk, CT, United States of America) and flame Photometer
(FP 202 PG).

The vitamin C content of the various parts of the plant was determined using modified UV-visible
spectrophotometer method described by AL Majidi et al.”. About 10 gm of each blended and the filtered
sample was transferred into a 100 mL volumetric flask, homogenized by using 50 mL acetic acid solution
with shaken, 4-5 drops of bromine water have been added until the solution became coloured, then a few
drops of thiourea solution were added to it to remove the excess bromine and thus the clear solution was
obtained. Then the solution of 2, 4-dinitrophenyl hydrazine was added thoroughly to the various sample
solutions and separately as well as the various standard solutions and the blank. Then, the solutions were
all made up to the 100 mL mark with acetic acid and the absorbance of the resulting solutions were
measured using a UV-visible spectrophotometer at 520 nm to determine the concentrations of ascorbic
acid in the various samples from the standard calibration curve.

The antinutrients analyses of phytate, oxalate and tannin were done according to the methods reported
by Emmanuel and Deborah™.

The in vitro antioxidant analyses of 1,1-diphenyl-2-picryhydrazyl (DPPH) free radical scavenging ability;
2, 2'-azino-bis (3-ethylbenthiazoline-6-sulphonic acid) (ABTS) scavenging ability; nitric oxide (NO) radical
scavenging ability; ferric reducing antioxidant power; total phenolic and flavonoids contents in the plant
samples were evaluated as described below:

» 1,1-diphenyl-2-picryhydrazyl (DPPH) free radical scavenging ability of the extract was determined
using the modified method of Rahman et al.”®

+  Briefly, 1.0 mL of different concentrations (20, 40 and 80 mg mL™") of the extracts were placed in
respective test tubes. 1.0 mL of 0.1 mM methanolic DPPH solution was added to the samples. These
samples were vortexed and incubated in dark at room temperature for 30 min. The respective
solutions were thoroughly mixed and incubated in the dark for 30 min before absorbance was
measured at 516 nm. Decreased absorbance of the sample indicates DPPH free radical scavenging
capability. Distilled water was replaced for the extract in the control. Percentage radical scavenging
ability was calculated using the following expression:

H H HR AbsSam le
DPPHradical scavenging ability (%) = 1- ——="*=x100

Control

Determination of ABTS free radical scavenging ability: The 2, 2'-azino-bis (3-ethylbenthiazoline-6-
sulphonic acid) (ABTS) scavenging ability was determined using the modified method of
Lalhminghlui and Jagetia'®. ABTS aqueous solution with K,S,0, (2.45 mM L' final conc.) in the dark for
16 hrs and adjusting the absorbance at 734 nm to 0.700 with ethanol. To 0.2 mL of various concentrations
of the extract or standard, 1.0 mL of distilled DMSO and 0.16 mL of 2, 2'-azino-bis (3-ethylbenthiazoline-6-
sulphonic acid solution were added and incubated for 20 min after which absorbance of the solutions was
measured spectrophotometrically at 734 nm. The ABTS scavenging antioxidant capacity was subsequently
calculated using the standard of (Trolox, BHA, BHT or ascorbic acid).

Determination of nitric oxide (NO) radical scavenging ability: The modified methods of
Jagetia and Baliga'” was used to determine the nitric oxide radical scavenging ability. Sodium
Nitroprusside in agueous solution at physiological pH 7.0 spontaneously generates NO, which interacts
with oxygen to produce nitrite ions that can be estimated by use of Greiss reagent [1.0 mL sulfanilic acid
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reagent (0.33% prepared in 20% glacial acetic acid at room temperature for 5 min with 1 mL of naphthy!
ethylenediamine dichloride (0.1% w/v)].

Determination of ferric reducing antioxidant power: The reducing property of the extract was
determined by the modified method®. This method is based on the reduction of (Fe**) ferricyanide in
stoichiometric excess relative to the antioxidants. Different concentrations of the methanolic extract of the
sample and its various fractions (10-50 ug mL~") were added to 1.0 mL of 200 mM of sodium phosphate
buffer pH 6.6 and 1.0 mL of 1% potassium ferricyanide [K;Fe(CN),]. The mixture was incubated at 50°C for
20 min, thereafter 1.0 mL of freshly prepared 10% TCA was quickly added and centrifuged at 2000 rpm
for 10 min, 1.0 mL of the supernatant was mixed with 1.0 mL of distilled water and 0.25 mL of 0.1% of
FeCl, solution was added. Distilled water was used for blank without the test sample while the control
solution contained all other reagents except the 0.1% potassium ferricyanide. Absorbances of these
mixtures were measured at 700 nm using a spectrophotometer. Decreased absorbance indicates the ferric
reducing power capability of the sample:

» Percentage ferric reducing antioxidant power (%) was subsequently calculated:

(AbSControl B AbSSample) x
Abs,

100

'Control

Estimation of total phenolic content: The extractable phenol content was determined on the extracts
using the method reported by Al-Ameri et al.’®. About 0.2 mL of the extract was mixed
with 1.5 mL of 10% Folin ciocalteau’s reagent and 2 mL of 7.5% Sodium carbonate. The reaction mixture
will be subsequently incubated at 45°C for 40 min and the absorbance was measured at 700 nm in the
spectrophotometer, garlic acid would be used as standard phenol. The concentration of total phenolic
compounds in the extract was determined by using the formula: Total phenolic contents were expressed
in terms of gallic acid equivalent, GAE (standard curve equation):

Y = 0.005x +0.464 (R*>= 0.961) mg of GAE mg~" of dry extract

Total flavonoid determination: The total flavonoid composition of the extract was assayed with the aid
of a colourimeter as developed®. About 0.2 mL of the extract was added to 0.3 mL of 5% NaNO; at zero
time. After 5 min, 0.6 mL of 10% AICl; was added and after 6 mins, 2 mL of 1M NaOH solution was added
to the mixture followed by the addition of 2.1 mL of distilled water. The absorbance of the
solution was read at 510 nm against the reagent blank and flavonoid content was stated as mg
garlic acid equivalent.

Y = 0.005x+0.464 (R?= 0.961) mg of GAE mg~' of dry extract

Statistical analysis: The results were expressed as MeanzStandard error of the mean of three
determinations.

RESULTS AND DISCUSSION

The proximate analysis results shown in Table 1 reveal that the leaves are a very good source of
carbohydrates and proteins with the lowest amount of dietary fats. Its ash content also adds up to the fact
that it is a reservoir of minerals needed for essential body functioning and development®'. The leaves were
found to contain the lowest amount of moisture content which reveals its stability and longer shelf life on
storage as moisture content is an indication of the stability of any food to spoilage by microbial action®#,
Its low-fat content shows that consumption of the leaves could help in the prevention of cardiovascular
disorders associated with the consumption of food high in fats.
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Table 1: Proximate composition of various parts of Passiflora edulis plant

Parts of plant Dry matter (%) C. fiber (%) Ash (%) C. protein (%) C.fat (%) Moisture (%) CHO (%)
Leaves 84.00+0.24 8.81+0.560 15.59+0.04 2.64+0.00 0.73+0.05 3.57+0.07 68.66+0.60
Leaf stalk 77.39+1.04 34.49+0.33 9.39+0.330 1.19+0.01 3.83+0.12 6.19+0.17 44.90+0.68
Fruit pod 83.88+0.21 16.60+0.37 12.11+£0.49 0.98+0.00 2.24+0.27 6.66+0.17 61.40+0.52
Fruit seed 59.35+0.87 34.11+0.69 3.72+0.130 1.46+0.01 1436+0.30 5.64+0.21 40.71+0.41
Fruit juice - - 0.14+0.000 1.78+0.24 - 98.07+0.17 -

The leaf stalk and seeds were determined to be high in fats and fibre. The high-fat content of these parts
of the plant analyzed reveals that they are good sources of phospholipids and sterols which are structural
building units of biological membranes in living cells*. According to Antia et al.®®, food rich in fats
increases palatability and may increase appetite. Their rich fibre content could aid constipation and reduce
the risks of certain diseases such as colon cancer, diabetes, coronary heart disease®® . Fibres also aid in
the dilution of increased colonic bile associated with consumption of fat-rich food®.

Table 2 shows the antinutrient concentrations of phytate, oxalate and tannin in the Passiflora edulis plant
parts. Antinutrients generally play biological roles in plants and animals. Phytate forms insoluble
complexes with minerals like magnesium, calcium, zinc, iron and copper preventing optimum
exploitation of these minerals by interfering with their absorption®. It also impairs the digestion of
carbohydrates, proteins and inhibits enzymes activity. It has been reported that consuming a diet
consisting of 10-60 mg/100 g phytate over a long period may result in a mineral deficiency®'. Phytate
content was found to be highest in fruit pod followed by the fruit seed than any other parts of the plant
as shown in the Table 2. The reported concentrations of phytate in all the parts of the plants however fall
below the maximum acceptable concentration in the human diet.

Most antinutrients like oxalates once ingested cannot be removed from the urinary tracts while high intake
of oxalate may cause accumulation of kidney stones, weakness and abdominal pains®. The oxalates
contents of all parts analyzed were well below the accepted daily intake amounts of 50-60 mg day™"
recommended for kidney stone patients®. The tannin contents of all parts analyzed were well below the
maximum acceptable daily increase in the human diet as reported by Fekadu et al’**, hence its
antinutritional effect in the consumption of all parts of the plants analyzed are insignificant. Tannin, a
water-soluble polyphenol is found in varying amounts in many edible fruits and vegetables. Although,
tannin binds to protein and reduces protein digestibility, it has been shown that tannin exhibits potent
antiviral, anti-parasitic, anti-bacterial, antioxidant and radical scavenging potentials hence daily diet

containing tannin may help to prevent many types of diseases™™".

The vitamin C contents are well distributed in all the various parts of the Passiflora edulis plant as shown
in Table 3. The leaves and the seed contained higher levels of vitamin C when compared to the leaf stalk,
pod and juice.

Vitamin C is essential to the body and plays a prominent role as a powerful antioxidant®, Vitamin C assists
in converting iron that is poorly absorbed, such as plant-based sources of iron, into a form that is easier
to absorb®®. Many plants and plants products have been reported to contain vitamin C which is of both
nutritional and medicinal importance as reported in previous studies by researchers**!.

The in vitro antioxidant parameters were investigated on the various parts of the plant of passion fruits
to evaluate their distribution as seen in Table 4. The ferric reducing antioxidant power of different parts
of the plants showed the highest concentration in the order of leaves, seed, pod, stalk and juice also in
concentration-dependent format. Antioxidant compounds cause the reduction of ferric (Fe**) form to the
ferrous (Fe**) form because of their reductive capabilities. The lower the value of ferric reducing
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Table 2: Some antinutrient contents of various parts of Passiflora edulis plant

Parts of plant Phytate (mg g™) Oxalate (mg g™ Tannin (mg g™
Leaves 8.65+0.41 0.63+0.00 2.23+0.03
Leaf stalk 4.53+0.41 0.81+0.00 2.50£0.01
Fruit pod 12.36+0.00 0.49+0.04 4.14+0.00
Fruit seed 11.12+£0.41 0.67+0.04 4.19+0.01
Fruit juice 6.59+0.00 0.63+0.00 2.87+0.01

Table 3: Vitamin C contents of various parts of Passiflora edulis plant (mg g~')

Parts of plant Vitamin contents (mg g™)
Juice 21.70+0.20
Seed 62.26+0.17
Pod 50.89+0.11
Leaves 62.77+0.17
Leaf stalk 52.67+0.53

Table 4: Some in vitro antioxidant analyses of various parts of Passiflora edulis plant

Concentration  FRAP (mg g™") ABTS Fe’*chelation  Total phenol Flavoniod

Parts of plant (mg mL™) (mg mL™") DPPH (%) (mMol g™) (%) (mgg™ (mgg™
Leaves 50 2.90+0.03 59.41+0.11 0.01+0.00 20.08+0.25 8.39+0.04 0.36+0.00
75 5.29+0.03 66.85+0.11 0.02+0.00 35.74+0.25 18.05+£0.04  0.49+0.00
100 8.78+0.03 75.53+0.11 0.02+0.00 50.67+0.25 25.27+0.04  1.08+0.00
Stalk 50 2.00+0.03 39.03+0.11 0.01+0.00 2.97+0.25 5.86+0.04 0.10+0.00
75 3.81+0.03 43.55+0.11 0.01+0.00 20.93+0.25 11.68+0.04  0.23+0.00
100 6.34+0.03 57.80+0.11 0.02+0.00 41.44+0.25 18.59+0.04  0.34+0.00
Pod 50 2.72+0.03 44.12+0.11 0.01+0.00 18.14+0.25 6.52+0.04 0.12+0.00
75 4.84+0.03 52.34+0.11 0.01+0.00 27.73+0.25 12.29+0.04  0.27+0.00
100 8.34+0.03 62.69+0.11 0.02+0.00 42.17+0.25 20.41+0.04  0.36+0.00
Seed 50 2.80+0.03 23.06+0.11 0.01+0.00 13.89+0.25 8.03+0.04 0.16+0.00
75 5.06+0.03 54.37+0.11 0.01+0.00 30.76+0.25 15.61+£0.04  0.39+0.00
100 8.48+0.03 65.49+0.11 0.02+0.00 48.24+0.25 23.94+0.04  0.53+0.00
Juice 50 1.35+0.03 11.52+0.11 0.01+0.00 1.27+0.25 1.96+0.04 0.02+0.00
75 2.53+0.03 15.21+0.11 0.01+0.00 9.77+0.25 3.56+0.04 0.07+0.00
100 4.32+0.03 21.39+0.11 0.01+0.00 25.55+0.25 5.64+0.04 0.11+0.00

antioxidant power, the lower the antioxidant property of the plant while the higher the value of ferric
reducing antioxidant power, the higher the antioxidant property. The ferric reducing antioxidant power
of some plants have been reported by researchers***,

The 1,1-diphenyl-2-picryhydrazyl (DPPH) radical scavenging antioxidant potential of the various parts of
the plants were determined as shown in Table 4. The ability of any plant extract to scavenge DPPH radicals
also expresses antioxidant potentials. The leaf and the pod showed higher antioxidant potentials than
other parts though all the parts possessed antioxidant properties. The observation on DPPH scavenging
ability by the various parts of the Passiflora edulis recorded in this study corroborated the earlier reported
studies on different plants and plant parts by researchers*“. In their studies, different plants and plants
parts possessed. The ABTS radical scavenging capacity of the Passiflora edulis plant parts was also
investigated as seen in Table 4. The results obtained showed all plant parts possessed ABTS radical
scavenging ability in mMol g~'. The ability of any plant or plant product to scavenge free radicals is also
an indicator of its antioxidant ability. All the parts of the plant under study possessed iron chelation as
observed in the table of results above. Iron chelation is the ability of plant or plant product extract to
remove excess or reduce iron overload from the body which had been reported to be an antioxidant
process. It has also been reported that iron chelator does not only reduce excess iron but also scavenge
reactive oxygen species (ROS)*
total phenolic compounds which are powerful antioxidants. The presence of all these antioxidant
potentials in this plant and its various parts is an indication of the medicinal property of the various parts.

. Table 4 also showed that the plant's parts contained both flavonoids and
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Table 5: Some nutritionally viable elemental composition of various parts of Passiflora edulis plant (mg kg~

Parts of plant Mn Na Ca Cr Pb Zn Ni Fe Cd Cu Co

Leaves 1.82  4.60 494.00 ND 0.98 89.58  14.77 256.92 ND 13.71 0.98
Leaf stalk 0.32 3.16 194.00 ND 8.95 4576  10.94 91.52 ND 995 ND
Fruit pod 0.12 1.94 20.48 ND 1.99 63.63 1392 112.35 ND 10.94 ND
Fruit seed 0.12 1.14 5.84 ND 7.83 61.64 2153 121.33 ND 11.74 0.98
Fruit juice (mg L™") 0.04 1.46 5.62 ND 0.06 1.82 0.360 8.32 ND  0.18 0.04

The analysis of the mineral content in Table 5 showed that the leaves are a good source of most ions
analyzed especially Ca and Fe which indicates that the inclusion of the leaves in daily diet would be
effective against bone loss as well as the requirement for coagulation of the blood®. The seed which is
also rich in Fe could be recommended for eaten along with the fruit and leaves as Fe improves resistance
to infection and aids haemoglobin formation. Cobalt showed the least ion concentration for the plant
parts analyzed while chromium and cadmium were not detected. The fruit juice showed the least
concentration of all minerals analyzed.

CONCLUSION

Passiflora edulis plant is a veritable and delightful plant from the observations in this study. The results
obtained showed that the various parts of Passiflora edulis plant contained powerful antioxidant
potentials, significant vitamin C content, useful nutritional composition and nutritional valuable minerals
but fewer antinutrient factors. This has led credence to possibilities of its applications as a source of
therapeutic medicine to humans and usefulness in the animal foods and feed composition.

SIGNIFICANCE STATEMENT

This study discovers the possible utilizations of one if not all the parts of the plant for therapeutics and
nutritional supplementations that can be beneficial for prevention and treatments of diseases like cancer,
diabetics and other degenerative diseases are rampant especially in the third world countries where the
access to orthodox medicine is limited. This study will help in identifying potential tropical plants of
medicinal and nutritional importance that many researchers were not able to explore. Thus, new drugs
for various diseases on drug development may be arrived at.
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