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Abstract

Background: Enough information about the actual amount of individual phytochemicals in vegetables and the amount
absorbed and utilized is not known.

Objective: This study evaluated flavonoid, saponin and phenol content of aqueous extracts of tomato, fluted pumpkin
and eggplant as well as the bioavailability of these phytochemicals in rat.

Methods: The phytochemical content of the vegetable extracts and the serum, faecal and urinary phytochemicals were
determined using standard procedures.

Result: The flavonoid content of tomato, fluted pumpkin and eggplant extracts were 90.23+0.04mg/100ml,
76.13+0.02mg/100ml and 14.34+0.02mg/100ml, respectively. The eggplant extracts had the highest saponin
(73.2940.46mg/100ml) and phenol (158.14+0.05mg/100ml) content. The rats fed tomato extracts had the highest intake
(24.08+0.00mg) and tissue store (21.88+0.04) of flavonoid relative to the other extracts. The serum saponins for rats
fed eggplant (0.25+0.05mg) extract was comparable to those rats fed tomato (0.22+0.04mg) and fluted pumpkin
(0.26£0.05mgq) extracts regardless of high intake (17.77+0.01mg). However, they had the highest tissue saponin
(16.87+£0.05mg). The group of rats fed the fluted pumpkin extract had the highest serum phenol (0.49+0.06mg).
Conclusion: The vegetables can be considered good sources of phytochemical since their extracts were rich in the
phytochemical studied.
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1 Introduction

Most bioactive food constituents are derived from plants; those so derived are collectively called phytochemicals [1].
Greater realisation of the importance of phytochemicals in promotion of human health has prompted the broadening of
dietary recommendations to include greater daily intake of a wider range of vegetables and fruits [2,3] Plant produces
these chemicals to protect itself, but recent research demonstrates that many phytochemicals can protect humans against
diseases [4]. Phytochemicals are naturally occurring bioactive non-nutrient plant compounds in fruit, vegetables, grains
and other plant foods that have been linked to reducing the risk of major degenerative diseases [5]. These
phytochemicals have various health benefits such as antioxidant, anti-microbial, anti-inflammatory, cancer preventive,
anti-diabetic and antihypertensive effects [6,7]. Flavonoids and other phenolic compounds are potent water soluble
antioxidants and free radical scavengers, which prevent oxidative cell damage, have strong anti-cancer activity [8-10].
A number of studies have shown that saponins from different sources lower serum cholesterol levels in a variety of
animals including human subjects [11-15]. Fluted pumpkin, tomato and eggplant are amongst the commonly consumed
vegetable in the eastern part of Nigeria and thus are important source of nutrient and vitamins for the populace. Nutrient
bioavailability broadly refers to the proportion of absorbed nutrient from the diet for use for normal body functions
[16,17] . Micronutrients and bioactive phytochemicals (e.g. flavonoids, carotenoids) can vary widely in the extent they
are absorbed and utilized [18]. This study was undertaken to elucidate the flavonoid, saponins and phenol content of
fluted pumpkin leaves, tomatoes and eggplant extracts and their bioavailability in healthy rats.
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2 Materials and method

2.1 Materials

Fluted pumpkin leaves (Telfairia occidentalis), tomatoes (Solanum lycopersicum) and eggplant (Solanum melongena)
were purchased from Ogige market in Nsukka, Enugu State, Nigeria.

2.2 Method

2.2.1 Sample preparation

Four hundred grammes (400g) of Telfairia occidentalis leaves and Solanum lycopersicum and six hundred grammes
(600g) of Solanum melongena were washed and blended separately in Warins blender to produce their juice extract
using a juice extractor. The quantities of the extracts were 200ml, 250ml and 150ml, respectively. The extracts were
bottled, labeled and kept for chemical analysis.

Phytochemical analysis

2.2.2 Flavonoid determination

The method of Boham and Kocipai- Abyazan (1994) was adopted for flavonoid analysis. Five grammes (5g) of the
sample were extracted repeatedly with 100ml of 80% aqueous methanol at room temperature. After extraction, the
extracts were whole filtered through Whatman filter paper No 42 (125mm). The filtrates were later transferred into a
crucible, evaporated to dryness over a water bath and weighed to a constant weight.

2.2.3 Saponins determination

The method of extraction of Obadoni and Ochuko (2001) was adopted. Ten grammes (10g) of the three samples were
put into a conical flask and 100cm®of 20% aqueous ethanol was added. The samples each were heated over a hot water
bath for 4h with continuous stirring at about 55 degrees centigrade. The mixtures were filtered. The residues were re-
extracted with another 200ml of 20% ethanol. The combined extracts were reduced to 40ml over water bath at about 90
degrees centigrade. The concentrate was transferred into a 250ml separating funnel containing 20ml of diethyl ether and
shaked vigorously. The methanolic aqueous layer was recovered and the outer layer was discarded. The purification
process was repeated. Sixty millilitres (60ml) of n- butanol was added. The combined n- butanol extracts were washed
twice with 10ml of 5% aqueous sodium chloride. The remaining solution was heated in a water bath. After evaporation,
the samples were dried in the oven to a constant weight, saponins content was calculated as a percentage.

2.2.4 Phenol determination

Spectrophotometeric method of Horwitz, William and Latimor (2000) was used. One gramme (1g) of the sample was
put into a film container containing twenty millilitres (20ml) of 80% ethanol and centrifuged for 15minutes. After this,
the upper layer was collected. Five millilitres (5ml) of the sample was collected in triplicates and 0.5ml of foliciocaltu
reagent was added. After 3minutes, two millilitres (2ml) of 20% NaCO; was added and read at 650nm using
spectrophotometer 21D.

2.2.5 Animal study

Animal and housing: Twenty-four adult male albino rats (70- 120g) were purchased from the Department of
Veterinary Pathology, University of Nigeria, Nsukka. The rats were divided into four groups of six each on the basis of
body weight and housed in individual stainless steel metabolic cages equipped with screen bottom to separate the faeces
and urine. There was an adjustment period of 5 days during which they were fed rat chow and water. After this, the rats
were fed rat chow and various extracts for each group of rats as source of fluid ad-libitum for a period of 7 days. Fresh
extracts were given to them each morning. The control group received water as fluid. Fluid intakes of the rats were
calculated each day.

2.2.6 Laboratory analysis: Carmine red was added to the rat chow on day 5 to mark the beginning of the balance
period and on the morning of day 11 to mark the end of the 7-day balance period. The coloured faeces excreted on day
6 were included in the pooled faecal samples and those excreted on day 12 were excluded. Urine was collected from
7:00am of day 5 through the morning of day 12 (7days). Hydrochloric acid (HCI) (0.1N) was used to preserve
individual urine samples. One millilitre (1ml) of 0.1N of HCI was added to each pooled urine of each group. Individual
faecal collections were dried and weighed before being ground into fine powder.

Blood composition: Blood was collected from the control and the other groups to analyze for flavonoids, saponins, and
phenols.

Blood, liver, urine and faeces were analyzed using the following procedures:
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2.2.7 Flavonoid determination

The method of Pearson (1976) was used. One gramme (1g) of the sample (faeces) was macerated. Urine and blood were
homogenized with 20ml of ethyl acetate for 5 minutes. The solution was filtered through Whatman filter paper No 42
(125mm). Five millilitres (5ml) of the filtrate were pippetted into a beaker. Five millilitres (5ml) of dilute ammonia was
added to the filtrate and shaked for 5 minutes. The upper layer was collected to read absorbance at 490nm (using
Spectro 21D).

2.2.8 Saponins determination

The method of Harbone (1973) was adopted for saponins estimation. One gramme (1g) of serum and urine were
homogenized, the faeces were macerated with 10ml petroleum ether. The mixture was filtered and the residue was re-
extracted with 10ml petroleum ether. The filtrates were combined and evaporated to dryness. The residue was dissolved
with 6ml of ethanol. Two millilitres (2ml) of the solution was transferred into a test tube, 2ml of colour reagent added
and allowed to stand for 30 minutes at room temperature. The absorbance was read at 50nm (using Spectro 21D).

2.2.9 Phenol determination

This was determined using the method of Harbone (1973). One gramme (1g) of serum and urine were homogenized, the
faeces were macerated with 20ml of 80% ethanol and filtered. Two millilitres (2ml) of the filtrate were pipetted into a
test tube, and made up to 3ml with water. A half of a millilitre of foliociocaltu reagent was added and allowed to stand
for 3 minutes. Two millilitres (2ml) of 20% NaCO; was added and the absorbance was read at 650nm (using Spectro
21D).

2.3 Statistical analysis
All the data generated were analyzed statistically using computer programme Statistical Package for Social Sciences

(SPSS) for windows version 16. Means, standard deviation and standard error of the mean were calculated to compare
the means.

3 Main results

Table 1: Phytochemical composition of fluted pumpkin (Telfairia occidentalis), tomato (Solanum lycopersicum) and eggplant (Solanum melongena)
extracts (mg/100ml).

Phytochemicals Fluted pumpkin extract Tomato extract Eggplant extract
Flavonoids 76.13+0.02 90.23+0.04 14.34+0.02
Saponins 60.53+0.88 52.05+0.07 73.29+0.46
Phenols 68.09+0.15 89.13+0.01 158.14 +0.05

Mean * standard error of mean for three determinations

Table 1 presents the phytochemical composition of fluted pumpkin, tomato and eggplant extract (mg/100ml). The
flavonoid content of the three extracts varied from 14.34+0.02 to 90.23+0.04 mg/100ml. Eggplant extract had the
highest saponins content (73.29+0.46 mg/100ml) followed by fluted pumpkin (60.53+0.88) and tomato (52.05+0.07
mg/100ml) extracts. Phenol content of the extracts varied with eggplant extract having the highest value (158.14 +0.05
mg/100ml) and fluted pumpkin extract having the lowest value (68.09+0.15 mg/100ml).

Table 2: Flavonoid retention of rats fed experimental fluid and water (mg)

Phytochemical Fluted pumpkin Tomato extract Eggplant extract Water (control)
extract

Fluid intake (ml) 27.7615.96 26.69+11.41 24.24+7.79 15.46+3.22

Flavonoid intake 16.57+0.00 24.08+0.00 3.48+0.00 -

Faecal flavonoid 1.88+0.00 1.47+0.00 1.70+0.01 1.33+0.00

Absorbed flavonoid 14.69+0.00 22.61+0.00 1.7840.01 -1.33+0.00

Urinary flavonoid 0.44+0.01 0.30+0.00 0.50+0.01 0.24+0.00

Retained flavonoid 14.25+0.01 22.31+0.00 1.2840.00 -1.57+0.00

Serum flavonoid 0.82+0.03 0.43+0.04 0.66+0.03 0.26+0.03

Tissue store 13.43+0.02 21.88+0.04 0.62+0.03 -1.83+0.03

Mean * standard error of mean of six rats

Table 2 presents flavonoid retention for rats fed experimental fluids and water. Fluid intake differed from 15.46+3.22
ml to 27.76+5.96 ml in the four groups of rats. Flavonoid intake varied from 3.48+0.00 (rats fed eggplant extract) to
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24.08+0.00 (rats fed tomato extract). The faecal flavonoid excretion for the group of rats fed tomato (1.47+0.00) and
fluted pumpkin (1.88+0.00) extracts were low relative to intake. The faecal flavonoid excretion ranged from 1.33 to
1.88 in the four groups of rats. Absorbed flavonoid varied from -1.33 (control) to 22.61 (rats fed tomato extract). The
group of rats fed eggplant extract had the highest urinary flavonoid (0.50+0.01) with the control having the least
(0.24%+0.00). Flavonoid was highly retained in the group of rats fed the tomato extract (22.31+0.00) with the control
having a negative retention (-1.57+0.00). The serum flavonoid in the four groups of rats varied from 0.26+0.03 (control)
to 0.82+0.03 (rats fed fluted pumpkin extract). Rats fed tomato extract had the highest tissue store of flavonoid
(21.88+0.04) and the control had the least and a negative tissue store of flavonoids (-1.83+0.03).

Table 3: Saponins retention for rats fed experimental fluid and water (mg)

Phytochemical Fluted pumpkin extract Tomato extract Eggplant extract  Water (control)
Saponins intake (mg)  13.17+0.02 13.89+0.00 17.77+0.01 -

Faecal saponins 0.20+0.00 0.19+0.00 0.21+0.00 0.16+0.00
Absorbed saponins 12.97+0.02 13.70+0.00 17.56+0.01 -0.16+0.00
Urinary saponins 0.38+0.01 0.51+0.01 0.44+0.01 0.27+0.00
Retained saponins 12.59+0.01 13.1940.01 17.1240.00 -0.43+0.00
Serum saponins 0.26+0.05 0.22+£0.04 0.25+0.05 0.19+£0.04
Tissue store 12.33+0.04 12.9740.03 16.87+0.05 -0.62+0.04

Meanzstandard error of mean of six rats

Table 3 presents the saponins retention of the rats fed the experimental fluid and water. The saponins intake varied in
the group of rats fed the experimental extracts with the group of rats fed the eggplant extracts having the highest intake
(17.77+0.01) and the group of rats fed fluted pumpkin extract having the lowest intake (13.17+0.02). Faecal saponins in
the four groups of rats ranged from 0.16+0.00 (control) to 0.21+0.00 (rats fed eggplant extract) with the groups of rats
fed tomato and fluted pumpkin extracts having 0.19+0.00 and 0.20+0.00 respectively. Absorbed saponins in the four
groups of rats varied from -0.16+0.00 (control) to 17.56+0.01 (group of rats fed eggplant extract). Rats fed tomato
extract had the highest urinary saponins (0.51+0.01). Saponins was highly retained in the rats fed the eggplant extract
(17.124£0.00) followed by the rats fed rats fed the tomato, fluted pumpkin extract and the control (13.19+0.01,
12.59+0.01 and -0.43£0.00 respectively). Serum saponins varied from 0.19+0.04 (control) to 0.2620.05 (rats fed fluted
pumpkin extract). The control had a negative tissue store of saponins (-0.62+0.04) and eggplant extract had the highest
tissue store of saponins (16.87+0.05).

Table 4: Phenol retention for rats fed experimental fluid and water (mg)

Phytochemical Fluted pumpkin Tomato extract Eggplant extract Water (control)
extract

Phenol intake 14.82+0.01 23.79+0.01 38.33+0.02 -

Faecal phenol 0.31+0.01 0.09+0.01 0.22+0.01 0.21+0.00
Absorbed phenol 14.51+0.00 23.70+0.00 38.11+0.01 -0.21+0.00
Urinary phenol 0.65+0.00 0.36+0.00 0.73+0.00 0.29+0.00
Retained phenol 13.86+0.00 23.34+0.00 37.38+0.01 -0.50+0.00
Serum phenol 0.49+0.06 0.38+0.07 0.44+0.07 0.26+0.06
Tissue store 13.37+0.06 22.960.07 36.94+0.06 -0.76+0.06

Meanzstandard error of mean of six rats

Table 4 presents phenol retention for the rats fed the experimental fluid and water. Rats fed eggplant extract had the
highest phenol intake (38.33+0.02) followed by rats fed tomato and fluted pumpkin extract (23.79+0.01 and 14.82+0.01
respectively). Faecal phenol in the four groups of rats ranged from 0.09+0.01 (rats fed tomato extract) to 0.31+0.01 (rats
fed fluted pumpkin extract). The control had a negative value for absorbed phenol (-0.21+0.00) while rats fed eggplant
extract had the highest absorbed phenol (38.11+0.01). Urinary phenol was lowest in the control group (0.29+£0.00) and
the other values were 0.36+0.00, 0.65+0.00 and 0.73+0.00 for the groups of rats fed tomato, fluted pumpkin and
eggplant extracts respectively. Rats fed eggplant extract highly retained phenol (37.38+£0.01) with the least and a
negative retention observed in the control (-0.50+0.00). Serum phenol ranged from 0.26+0.06 (control) to 0.49+0.06
(rats fed fluted pumpkin extract). Rats fed the eggplant extract had the highest tissue store (36.94+0.06) of phenol
followed by rats fed tomato (22.96+0.07), fluted pumpkin (13.37+0.06) extracts and the control which had a negative
tissue store (-0.76+0.06).
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Table 5: Absorption of phytochemicals in rats fed experimental fluid and water (control) (%)

Phytochemicals (mg/100g) Fluted pumpkin extract  Tomato extract Eggplant extract Water (control)
Flavonoid intake 16.57+0.00 24.08+0.00 3.48+0.00 -

Faecal flavonoid 1.88+0.00 1.47+0.00 1.70+0.01 1.33+0.00
Absorbed flavonoid 14.69+0.00 22.61+0.00 1.78+0.01 -1.33+0.00
Absorbed (%) 88.65 93.90 51.15 -

Saponins intake 13.17+0.02 13.89+0.00 17.77£0.01 -

Faecal saponins 0.20+0.00 0.19+0.00 0.21+0.00 0.16+0.00
Absorbed saponins 12.97+0.02 13.70+0.00 17.56+0.01 -0.16+0.00
Absorbed (%) 98.48 98.63 98.82 -

Phenol intake 14.82+0.01 23.79+0.01 38.33+0.02 -

Faecal phenol 0.31+0.01 0.09+0.01 0.22+0.01 0.21+0.00
Absorbed phenol 14.51+0.00 23.70£0.00 38.11+0.01 -0.21+0.00
Absorbed (%) 97.91 99.62 99.43 -

Meanzstandard error of mean of six rats

Table 5 presents absorption of phytochemicals in rats fed the experimental fluids and water (%). The percentage of
absorbed flavonoid in the group of rats fed the vegetable extracts varied from 51.15% (group of rats fed eggplant
extract) to 93.90% (group of rats fed tomato extract). Rats fed fluted pumpkin extract had 88.65% flavonoid absorption.
The percentage of absorbed saponins was high in the rats fed the vegetable extracts. The rats fed the fluted pumpkin
extract had the lowest value (98.48%) relative to those fed tomato (98.63%) and eggplant (98.82%) extracts. Equally,
the percentage of absorbed phenol was high with the group of rats who were fed with tomato extract having the highest
percentage (99.62%) relative to those of the group rats fed the eggplant (99.43%) and fluted pumpkin (97.91%) extracts.

4 Discussion

The flavonoid content of the tomato extract was the highest (90.23+0.04mg/100ml) relative to the other two extracts.
Flavonoids are potent antioxidant found in most plant species and can account for a significant percentage of the
chemical constituents in vegetables, fruits and beverages (such as tea and red wine) [19]. They may account for part of
the benefits associated with the consumption of fruits and vegetables [20]. Flavonoids of vegetables have been reported
to prevent liver damage which occurs in rats fed cholesterol containing diets [21-25]. Eggplant extract had the highest
saponins content (73.29+0.46mg/100ml). High saponins was reported in eggplant which in agueous solution bind
cholesterol and have bitterness and hemolytic activity [26]. Phenols, which are associated with diverse functions
(including nutrient uptake, protein synthesis, enzyme activity, photosynthesis, structural components and allelopathy)
[27], was highest in the eggplant extract (158.14+0.05mg/100ml) relative to the other extracts. This might have some
nutrition and health implications.

The high serum flavonoid retention was a function of the intake. The higher intake of flavonoids from tomato extracts
(24.08+0.00) and lower faecal and urinary excretions (1.70+£0.01) and (0.50+0.01) caused the higher absorption and
retention for the group of rats fed tomato extract relative to the other groups (Table 2). Before dietary flavonoids are
absorbed from the gut, they must be released from plant foods through chewing, action of the digestive juices in the
gastrointestinal tract and the microorganisms of the colon [28]. The higher flavonoid retention (22.31+0.00) as well as
tissue store (21.88+0.04) meant that the flavonoids in tomato extract were available as such the rats ate more and
excreted less in both faeces and urine —a commonly observed phenomenon.

The high saponins intake (17.77+£0.01) for rats fed eggplant extract might be due to its level in eggplant extract or other
reasons. Ingested saponins are exposed to many potential ligands in the intestine such as bile salts, dietary cholesterol,
membrane sterols of the mucosal cells and nutrients or anti-nutrients in foods, all of which may reduce or enhance their
effectiveness [29]. The comparable serum saponins and tissue store for rats fed eggplant extract (0.25+0.05,
16.87+0.05) as well as those groups fed tomato extract (0.22+0.04, 12.97+0.03) and fluted pumpkin extract (0.26+0.05,
12.33+0.04) meant that none of the foods had an edge over the other with regards to serum and tissue saponins. The
high tissue saponins store in the group of rats fed eggplant extract (16.87+0.05) meant high efficacy of tissue to store
eggplant saponins.

The higher phenol intake (38.33+0.02mg) for rats fed eggplant extract meant that eggplant contain high phenol and/or
that plant phenolics occur widely, especially in fruits and vegetables and constitute one of the major groups of
compounds acting as primary antioxidants or free radical terminators [30-32]. Antioxidant compounds such as phenols
and other phytochemicals play a vital role in removing free radicals and in inhibition of lipid peroxidation [33-35]. The
high faecal phenol was high (0.31+0.01mg) for rats fed fluted pumpkin extract as well as high urinary excretion for rats
fed eggplant extract (0.73+0.00) meant that phenol was poorly utilized by the rats. The higher serum phenol level
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(0.49+0.06) for rats fed fluted pumpkin extract showed that it had an edge over tomato extract value (0.38+£0.07). The
slight differences in serum phenol levels amongst the three extracts might not suggest that any has an edge over the
other in antioxidant property because the same levels of phenolics do not necessarily correspond to the same antioxidant
response [36-37]

5

Conclusion

The three aqueous vegetable extracts (fluted pumpkin, tomato and eggplant) contained flavonoids, saponins and phenols
in appreciable levels. These phytochemicals were highly utilized in rats and stored in both serum and tissues of the rats
fed these phytochemicals. Further studies are therefore needed to quantitatively determine phytochemical differentials-
flavonoids (flavanols, flavones, isoflavones, flavanones, etc), saponins (triterpenoid saponins and steroid saponins) and
phenols- of the vegetable extract.
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