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Abstract

Continuous exploration of medicinal plants for bioactive constituents is essential since the
availability and activities of these compounds speaks volume of their possible medicinal benefits. This
study evaluated the proximate composition, phytochemical constituents and antioxidant potential of
Triumfetta rhomboidea leaf extract. Extraction of aqueous (AETR) and ethanol (EETR) extract were
performed by maceration. Proximate composition of pulverized leaf sample was performed following
Association of Official Analytical Chemists (AOAC) standards. Antioxidant capacity of extracts were
evaluated by determining the total phenolics content (TPC), total flavonoid content (TFC), total
antioxidant capacity (TAC), ferric reducing antioxidant power (FRAP) scavenging ability, reducing
power (RP) and lipid peroxidation inhibition. Results of proximate analysis revealed 11.01 % moisture
content, 3.38 % ash content, 15.15 % crude fiber, 7.34 % crude fat, 61.09 % carbohydrate content, 17.18
% protein content and 379.14 kJ energy value. The total phenol content in aqueous and ethanol extracts
were 20.36 £ 0.27 and 12.66 + 0.28 mg GAE/qg, respectively. Total flavonoid was 18.18 + 1.02 mg QE/g
for aqueous and 22.27 = 0.26 mg QE/g for ethanol extracts with antioxidant capacity of 16.34 + 4.92 mg
AAE/100 g and 48.16 + 8.50 mg AAE/100 g, respectively. AETR demonstrated highest Fe (1) reducing
ability with 1Cso of 0.33 + 0.04 and 0.36 £ 0.04 mg/mL for FRAP and RP activities. This study has
demonstrated that T. rhomboidea leave possess biologically active constituents and could presumably
perform free radical scavenging activities in reactive oxygen species related diseases.

Keywords: Antioxidant, Crude fibre, Phenols, Proximate, Reactive oxygen species, Reducing power,
Triumfetta rhomboidea

Introduction

Plants with therapeutic functions are often used as alternative medicines for the prevention,
management and treatment of ailments such as diabetes mellitus, hypertension and anemia owing to their
effectiveness, safety and easy access. The effectiveness and health benefits of medicinal plants in
tradomedical practices have urged scientists to explore their chemical compositions and roles in the
treatment of diseases [1].

Chemical agents from plant origin are usually organic and exert similar physiological actions
relative to synthetic drugs. Owing to this feature, they are often employed as important source of
pharmaceutical ingredients and lead compounds in food industries [2]. Common bioactive compounds
with curative or disease preventive attributes include phenolic compounds, alkaloids, steroids, flavonoids,
tannins, saponins and glycosides [3]. These non-nutritive compounds have been implicated in the
mitigation of oxidative stress in neurodegenerative disorders, diabetes mellitus, cardiovascular diseases,
allergenic response and inflammations [4].

Triumfetta rhomboidea L. jacq, an herbaceous perennial plant belongs to family of Tiliaceae. The
pantropical plant is commonly called bur weed or chinese burr in English and locally known as Udo
(Igbo), llasa omode or Ewe akeri among the Yorubas in Nigeria [5]. Conventionally, the species of
Triumfetta are used for the treatment of various ailments such as diarrohea, tumours, gonorrhea and
diabetes mellitus. The leaves are used for diverse purposes in various Africa countries [6]. Recent report
on petroleum ether and methanolic extract of T. rhomboidea have revealed the presence of glycosides,
phytosterol, flavonoid and triterpenoids [7].
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Indigenous people of Cote d’Ivoire and Burkina Faso use the leaf as infusions for children to
prevent diarrhea, dysentery and fever [5]. Snakebites, pneumonia are conventionally treated with the
leaves in Rwanda. The plant decoction is commonly consumed by pregnant women in Uganda and South
Africa to ease and hasten childbirth. Local practitioners of veterinary medicine in Nigeria frequently feed
horses with the leaves to cure internal digestive disorders and get rid of worms [5]. Continuous
investigation of bioactive compounds in medicinal plants cannot be undermined since availability of these
compounds speak volume of its antioxidant properties and to large extent the health benefits of medicinal
plants. This study therefore investigated the proximate composition, phytochemical constituents and in-
vitro antioxidant properties of Triumfetta rhomboidea leaf extracts.

Materials and methods

Plant material and extracts preparation

Triumfetta rhomboidea leaves were freshly harvested from a local farm in Okitipupa, Ondo State,
identified and authenticated at the Herbarium unit, Plant Biology and Biotechnology Department,
University of Benin with voucher number UBHt — 403. Leaves were air dried and pulverized into powder
using an electric blender. Portion (1000 g) of powdered sample were weighed in different containers,
soaked with distilled water and absolute ethanol respectively for 72 h with intermittent stirring. After
filtering the mixtures, the aqueous filtrate was freeze-dried using a freeze dryer to obtain concentrated
aqueous extract of T. rnomboidea (AETR), while the ethanol filtrate was concentrated into a slurry paste
using rotary evaporator under reduced pressure and further freeze-dried to obtain the ethanol extract of T.
rhomboidea (EETR).

Proximate analysis

Proximate composition of dried sample of T. rhomboidea leaf was determined using the AOAC
method [8] and each analysis was carried out in triplicates. The moisture content was performed in dry
oven at 110 °C while ash was analyzed following calcination of dried sample in muffle furnace at 550 °C
for 3 h. Crude fiber was measured by initial digestion of 5 g of dried sample under reflux in equal
concentration of acid and base followed by sequential washing with hot water, acetone and hydroethanol.
Petroleum ether was used for the extraction of crude fat using soxhlet extractor at 60 °C for 6 h following
drying in hot air-oven at 120 °C. Total protein in leaf sample was estimated using Kjeldahl method.
Carbohydrate content was estimated by difference method using the equation below:

Carbohvdrate (%)
= 100 — [Moisture (%) + Ash (%) + Crude protein (%4)
+ Crude Fat {%%6)

Total energy value was calculated by Atwater factors:

Energy value (KJ)
= (U Crude protein x 4) + (% Carbohydrate x 4) + (% Crude fat x 9)

Preliminary phytochemical screening
Preliminary phytochemical analysis to detect the presence of phytochemical constituents in aqueous
and ethanol extracts of Triumfetta rhomboidea leaf was determined following standard procedures [9-11].

Antioxidant assays

Determination of total phenolic content

Exactly 1 mL of folin-ciocalteu phenol reagent (1:15) was added to 1 mL of extracts (conc. 1
mg/mL) in a test tube and allowed to stand for 5 min. Thereafter, 5 mL of 7 % Na,COs; solution was
added to the mixture followed by 6.5 mL of distilled water and mixed thoroughly. The mixture was
allowed to incubate in the dark for 90 min at 25 °C followed by an absorbance was reading at 750 nm
against reagent blank [12]. The phenolic concentration was extrapolated from a gallic acid calibration
curve and the total phenolic content (as expressed in mg gallic acid equivalent (GAE)/g of extract) was
calculated below.
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C = (c x V)/m

where, C = total content of phenolic compounds (mg GAE/g of extract); ¢ = the concentration of garlic
acid established from the calibration curve (mg/mL); V = the volume of extract (mL), m = the weight of
crude plant extract (g).

Determination of total flavonoids content

Briefly, 1 mL of plant extract (1 mg/mL), 3.4 mL of 30 % methanol, 0.15 mL of 0.5 M NaNO; and
0.15 mL of 0.3 M AICI3.6H20 were mixed vigorously in a 20 mL test tube. After 5 min, 1 mL of 1 M
NaOH was added, mixed thoroughly and the absorbance was measured against the reagent blank at 506
nm. The total flavonoid content was determined from Quercetin standard calibration curve. The total
flavonoids were expressed as mg of Quercetin equivalent (QE) per g of the extracts [13].

Total antioxidant capacity

The total antioxidant capacity was measured by phosphomolybdate method [14]. In test tubes
containing 1.0 mL of extracts (conc. 1 mg/mL) were added 1 mL of working reagent (0.6 M sulphuric
acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) and mixed thoroughly. The test tubes
were capped and incubated at 95 °C in a water bath for 90 min followed by cooling and absorbance
reading of mixtures against reagent blank at 765 nm. The reagent blank contained 1 mL of working
reagent and incubated under the same conditions. The antioxidant capacity was expressed as mg of
ascorbic acid equivalent per gram of extracts.

Ferric reducing antioxidant power (FRAP)

Exactly 1.5 mL of freshly prepared FRAP working reagent {25 mL acetate buffer (300 mM; pH
3.6), 2.5 mL of 2,4,6-tripyridylstriazine (10 mM TPTZ prepared in 40 mM HCI), and 2.5 mL of 20 mM
ferric chloride (FeCl36H,0)} was mixed with 1 mL of extracts at various concentrations (0.2 - 1.0
mg/mL) in test tubes. The mixtures were incubated at 37 °C for 30 min and absorbance at 593 nm was
measured. Similar concentrations of FeSO4 were used to prepare the calibration curve and values were
expressed as umol FeSO4 equivalents per gram of sample. The reference control (ascorbic acid) was also
performed following similar experimental condition [15].

Reducing power

A total of 1.0 mL of different concentrations of extracts (conc. 0.25 - 1.0 mg/mL) was mixed with 1
mL of phosphate buffer (0.2 M, pH 6.6) and 1 mL of potassium ferricyanide (10 mg/mL). The mixture
was incubated at 50 °C for 20 min followed by the addition of 1 mL of 10 % trichloroacetic acid to
terminate the reaction. The mixture was centrifuged at 3000 rpm for 10 min to collect the supernatant.
Exactly 1 mL from the supernatant was mixed with 1 mL of distilled water and 0.2 mL of freshly
prepared ferric chloride (0.1 %). Reaction mixture was allowed to stand for 10 min and the absorbance
was measured at 700 nm. Ascorbic acid was used as the standard and a plot of absorbance against various
concentration was use to express the reducing potential of the extracts [16].

Lipid peroxidation determination

Lipid peroxidation was determined using the method of Ohkowa [17]. Briefly, 0.1 mL of extracts
was mixed with 0.5 mL of 10 % fresh egg yolk homogenate in a test tube and made up to total volume of
1 mL with distilled water. To induce lipid peroxidation, 0.05 mL of 0.07 M FeSO4 was added and
incubated for 30 min in the dark. After incubation, 1.5 mL of 20 % acetic acid (adjusted to pH 3.5 with
NaOH), 1.5 ml of TBA-SDS (0.8 % TBA in 1.1 % sodium dodecyl sulphate) and 0.05 mL 20 % TCA
were added. The test tubes were capped to vortex the resulting mixture and heated at 95 °C for 60 min in
a water bath. The absorbance of pink color form was measured at 532 nm.

Inhibition of lipid peroxidation (%) was calculated with the formula:
% Inhibition = (C-E)/Cx100 %

C is the absorbance value of the fully oxidized control, E is the absorbance of the extract.
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Statistical analysis

Data are expressed as mean + standard error of mean. Statistical significance was evaluated by one-
way analysis of variance using Statistical Package for Social Sciences (SPSS) version 17 SPSS and
individual comparisons were obtained by least significant difference (LSD) test.
Results and discussion

Results of the proximate analysis and qualitative phytochemical screening of Triumfetta
rhomboidea leaf are shown in Tables 1 and 2 respectively. The proximate composition of the pulverized
plant sample revealed moisture content value of 11.01 + 0.13 %, ash content (3.38 £ 0.22 %), crude fibre
(15.15 + 0.28 %), crude fat (7.34 £ 0.34 %), carbohydrate (61.09 + 0.41 %), 17.18 + 0.29 % total protein
content and 379.14 + 5.86 KJ of energy value.

Proximate assessments of food and biological materials are essential in food processing for
evaluating the quality and nutritional composition of food samples. Pulverized sample of T. rhomboidea
leaves contained appreciable percentage of proximate composition in the decreasing order of
carbohydrate > crude protein > crude fibre > moisture > crude fat > ash. Carbohydrate content of T.
rhomboidea leaf is high compared to values obtained from the leaves of Chenopodium ambrosiodes,
Oscium gratissimum [18] and Combretum racemosum [3]. However, the value was low compared to
73.77 % carbohydrate content from Ficus capensis leaves [19]. Carbohydrate is an essential class of food
that is stored in the body, serves as precursor for biological synthesis of many compounds and provides
energy for living systems [20]. The crude protein content reported in this study is similar to 17.05 %
obtained from Aneilema aequinoctiale leaves [21] and 17.94 % from Persea Americana leaves [22]. The
crude protein content is slightly lower compared to crude protein of Parquetina nigrescens (25.06 %),
Oscmium gratissimum (29.01 %), Chenopodium ambrosioides (30.00 %) leaves [18]. The role of protein
in diverse body functions (such as hormone synthesis, immune function and body development etc)
cannot be underrated since deficiencies is one of the major factors that contribute to nutritional pathology
[19].

Crude fiber in T. rhomboidea is high compared to 1.34 % obtained from Aneilema aequinoctiale
[21] and 4.77 % from Ficus capensis [19]. T. rhomboidea leaves could be considered as an excellent
source of dietary fiber for the absorption of trace elements in gastrointestinal tracts and improving bowel
movement in order to prevent digestive disturbances arising from indigestion [23]. The moisture content
(11.01 %) obtained from dry leaves of T. rhomboidea is similar to moisture contents of 11.04 % and 11.9
% obtained from Crescentia cujete leaves [24] and Acalypha hispida leaves [25] respectively. However, it
is lower when compared to Persea Americana (21.74 %) and Annona muricata (16.58 %) by Princewill-
Ogbonna et al. [22]. The moisture content of T. rhomboidea leaves could depicts good storage strength,
low susceptibility to microbial infection and possible reduction of enzyme activities that might hydrolyze
bioactive constituent in the pulverized sample [21]. The total ash content of T. rhomboidea leaves is low
compared to values reported for the leaves of some selected medicinal plants [18] and 6.65 % ash content
reported for Ficus capensis leaves [19]. The low ash content obtained from this study could indicate
subtle amount of mineral matter in the plant since ash content of food material is a measure of mineral
contents.

Table 1 Proximate composition of T. rhomboidea leave sample.

Parameters % Composition
Moisture 11.01£0.13
Ash 3.38+0.22
Crude fibre 15.15+0.28
Crude fats 7.34+£0.34
Protein crude 17.18 £ 0.29
Carbohydrate 61.09 + 0.41

Energy value (KJ) 379.14 +5.86

Values are presented as mean + SEM of 3 independent determinations.
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Qualitative phytochemical screening of AETR and EETR showed the presence of saponins, tannin,
phenols and flavonoid. Triterpenoids and steroid were only detected in aqueous extract while alkaloid was
not detected in both extracts.

The qualitative phytochemical screening of aqueous and ethanol extracts of T. rhomboidea leaf
showed that both extracts are rich in medicinally active phytochemical constituents (Table 2). The
availability of these phytochemicals in extracts of T. rhomboidea leaf may be accounted for the medicinal
potential of the plant. Secondary metabolites in various plant and their parts (leaf, stem and root bark)
could differ in terms of availability, structure, mechanism of actions and biological properties. These
phytochemicals have been scrutinized and showed to be responsible alone or in synergy for different
biological activities such as antioxidant, antimicrobial, anti-diuretic and anti-inflammatory activities [26].

The total phenol content (mg GAE/g), total flavonoid content (mg QE/g)) and total antioxidant
capacity (mg AAE/g) of aqueous and ethanol extracts of T. rhomboidea leaf are shown in Table 3.

Table 2 Qualitative phytochemical screening of extracts of T. rhomboidea leaf.

Phytochemicals AETR EETR

Flavonoid + +
Phenol ++ +
Alkaloid - -
Steroid + --
Saponin ++ +
Tannin + +
Triterpenoids + --

Extract(s) having double plus (++) sign is an indication that phytochemical constituent(s) is highly
present, those with single plus (+) sign shows that phytochemical constituent is moderately present while
minus sign (-) shows that phytochemical constituent(s) is absent. Flavonoids, phenols, saponins, steroid,
triterpenoids and tannins are present while alkaloids is absent in both aqueous and ethanol extract of T.
rhomboidea leaf.

The total phenol content, flavonoid content and antioxidant capacity obtained for aqueous and
ethanol extracts were 20.36 + 0.27 and 12.66 + 0.28 mg GAE/qg, 18.18 + 1.02 and 22.27 £+ 0.26 mg QE/qg,
16.34 + 4.92 and 48.16 + 8.50 mg AAE/100 g, respectively. Total flavonoid and total antioxidant capacity
of ethanol extract showed significant (p < 0.05) increase compared to aqueous counterpart while the
aqueous extracts showed significant (p < 0.05) increase in total phenol content compared to ethanol
extract. The high trend of phenolic content obtained in aqueous extract compared to ethanol extract
corroborated with previous study. Ashafa et al. [27] obtained total phenolic content of 83.4 + 0.03 and
60.4 + 0.01 mg GAE/qg, respectively from aqueous and ethanol extract of Felicia muricata leaf. Total
phenolic content obtained from extracts (AETR and EETR) were higher than phenolic contents of the
aqueous (0.03 + 0.02) mg/g GAE and ethanol (0.12 £ 0.01) mg/g GAE extracts of Simarouba glauca leaf
[28], Zataria multiflora (3.01 £ 0.07) mg GAE/g and Otostegia persica (5.21 £ 0.118) mg GAE/g [29].

The high phenolic content obtained in the agqueous extract could be an indication that aqueous
solution (water) is more suitable for the extraction of phenolic compounds in Triumfetta rhomboidea leaf.
Water is a universal solvent that is commonly used for the extraction plant materials with antimicrobial
activity. Corroborating with previous studies, high amounts of phenolics obtained in this study could be
responsible for the antimicrobial and free radical scavenging activity [6]. The high flavonoid content
obtained from ethanol extract compared to aqueous extract of T. rhomboidea leaf is agreement with
previous study. Total flavonoids contents obtained from the ethanol and aqueous extracts of Felicia
muricata leaf were 30.4 + 0.03 and 25.4 + 0.01 mg QE/g, respectively [27]. The concentration of
flavonoid was also high in ethanol extract (625.33 + 31.25) compared to aqueous extract (449.33 £ 20.96)
of Murraya koenigii leaf [30]. Flavonoid contents from Crataegus meyeri Pojark leaf aqueous and ethanol
extracts were 2.15 + 0.01 and 3.56 = 0.01 mg QE/g, respectively [31]. In this study, both aqueous and
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ethanol extracts of Triumfetta rhomboidea leaf possessed higher flavonoid relative to extracts of
Simarouba glauca leaf [28], Crataegus meyeri Pojark leaf [31], leaf of Clerodendrum volubile [32]. The
high flavonoid contents observed in ethanol extract compared to aqueous extract in this study could due
to the polarity of ethanol and presumably easy penetration into cellular membrane of plants [33].
Medicinal plants that are rich in flavonoids have been reported to be useful as anti-inflammatory, anti-
microbial, hepatoprotective agents and also prevent platelets aggregation [20].

Table 3 Phenol, flavonoid and total antioxidant capacity of the extracts of T. rhomboidea.

Extracts Total Phenol (mg GAE/Q) Total Flavonoid (mg QE/qg) TAC (mg AAE/100g)
AETR 20.36 + 0.272 18.18 £ 1.02° 16.34 + 4.928
EETR 12.66 + 0.28° 22.27 £0.262 48.16 + 8.50°

Values are presented as Mean = SEM (n = 3). Values with the different letters (a,b,c) in superscript along
the same column are significantly different (p < 0.05). AETR - aqueous extracts of T. rhomboidea, EETR
- ethanol extracts of T. rhomboidea, GAE - Gallic Acid Equivalent, AAE - Ascorbic Acid Equivalent, QE
- Quercetin Equivalent

The ferric reducing antioxidant power (FRAP) and reducing ability (RP) of T. rhomboidea leaf
extract are presented in Figures 1 and 2, respectively. From these findings, aqueous extract (AETR)
demonstrated high FRAP and RP abilities compared to ethanol extract (EETR). Possible reason for the
increase FRAP and RP activities could be as a result of high phenolic contents obtained in the aqueous
extract of T. rhomboidea leaf. In the presence of oxidative assaults, high phenolics in plant have been
reported to cause the release and free flow of electrons for the neutralization free radicals, thereby making
such plant a good candidate with FRAP and reducing power ability [34,35]. High FRAP and RP obtained
for AETR in this study corroborates with the findings of Erhunse et al. [1] who reported high FRAP
activity in aqueous extract of Anthocleista djalonensis compared to ethanol extract. Similarly, aqueous
extract of Alstonia boonei was also reported to demonstrate high FRAP activity and reducing ability
compared to their ethanol counterpart [36].
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Figure 1 FRAP of T. rhomboidea leaf extracts and standard (ascorbic acid).



Trends Sci. 2022; 19(24): 3033 7 0f 10

—— Ascorbic acid

=
~
J

——Aqueous

=
]
1

—a— Ethanol

Absorbance @ 700nm
°©o o o
R [ [o¢] =

o
[N

0 L] L] T L] T 1
0 0.2 0.4 0.6 0.8 1 1.2

Concentration (mg/ml)

Figure 2 Reducing power of the extracts of T. rhomboidea leaves and ascorbic acid.

Values represent the mean of absorbance of reducing power of standard antioxidant (ascorbic acid),
aqueous and ethanol extracts of T. rhomboidea leaf. Analyses were performed in triplicates. Vertical axis
represents values of absorbance reading at 700 nm while horizontal axis represents varying concentration
(between 0.2 - 1.0 mg/mL) of standard and extracts.

The extracts demonstrated ferric reducing ability in concentration dependent manner with the
aqueous extract showing highest FRAP (umol/g extract) activity with 1Cso value of 0.33 + 0.04 pug/mL
(Table 4). Similar to FRAP activity, the AETR also demonstrated a concentration dependent reducing
power with 1Csq value of 0.36 £ 0.04 mg/mL compared to ethanol extract with ICso value of 0.48 + 0.02
mg/ml (Table 4).

25-
AETR

204 E3 EETR

15+

% Inhibition

Extracts

Figure 3 Percentage inhibition of lipid peroxidation by aqueous and ethanol extracts of T. rhomboidea
leaf.
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The above graph represents mean + SEM (standard error of mean) of % inhibition of lipid
peroxidation of T. rhomboidea leaf ethanol and aqueous extracts. Experiment was performed in triplicate.
Where AETR: Aqueous extract of T. rhomboidea leaf; EETR: Ethanol extract of T. rhomboidea leaf

The percentage inhibition of lipid peroxidation by aqueous and ethanol extracts of T. rhomboidea
leaf is presented in Figure 3. The ethanol extract showed higher percentage inhibition of lipid
peroxidation compared to aqueous extract.

Peroxidation of lipids usually occurs due to accumulative effect of reactive species, causing loss of
membrane integrity including its permeability and fluidity, alterations of ion transport and inhibition of
metabolic processes [37]. The inhibition observed in this study could be attributed to presence of
phytoconstituent and other antioxidant compounds in the plant extracts. The extracts of T. rhomboidea
leaf could possibly be a good antioxidative agent that can protect the physiological architecture of
membrane bilayers from effect of free-radicals.

Table 4 Summary of ICso value of FRAP and RP of T. rhomboidea leaf extracts.

Samples FRAP (ng/mL) RP (mg/mL)
AETR 0.33+0.04° 0.36 + 0.042
EETR 1.12 +0.05° 0.48 +0.02°

Ascorbic acid 0.62 + 0.05° 0.06 = 0.03°

Values are expressed as mean = SEM (n = 3). Values with the different letters (a, b or ¢) in superscript
along the same column are significantly different (p < 0.05).

Conclusions

Investigation of bioactive constituents in plants and their therapeutic importance has contributed
immensely to scientific validations and general acceptance of medicinal plants in metabolic detoxification
system and diseases management. Findings from this study has revealed that Triumfetta rhomboidea leaf
have good nutritional composition, rich in active phytochemical constituents and possessed antioxidant
properties. Further, this study has also demonstrated that the aqueous extracts of Triumfetta rhomboidea
leaf possessed good radical scavenging ability compared to ethanol extracts presumably due to its high
phenolic content.
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