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Abstract

In this study, dried fruits of Tetrapleura tetraptera were evaluated for their phytochemical, proximate,
vitamin and mineral compositions, as well as for the bioactive components present in the aqueous and
methanolic extracts. Appreciable concentrations of various nutrients were obtained, including
moisture (9.64 %), ash (3.25 %), crude fibre (2.90 %), crude fat (20.96 %), crude protein (7.48 %)
and carbohydrate (56.27 %). The vitamin composition of the whole fruit showed values of 5.02 ug/g
for vitamin A, 1.18 mg/100g for vitamin C and 3.45 mg/100g for vitamin E, while riboflavin and
thiamine recorded 0.03 % and 0.19 % respectively. Mineral analysis revealed potassium as the most
abundant mineral element with a value of 265.70 mg/100g while iron was the least abundant with a
value of 1.79 mg/100g. Lower values were obtained for tannin (0.40 %), phlobatannin (0.14 %) and
saponin (0.80 %) whereas appreciably higher values were recorded for alkaloid (2.10 %) and flavonoid
(3.61 %). The antioxidant activity of the fruit revealed the following values for 2,2-diphenyl-1-
picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP) and total phenols to be 70.45
mg/g, 0.70 mg % ascorbic acid equivalent and 1.54 mgGAE/g respectively. Spectrophotometric
methods (Ultraviolet and Fourier Transform Infrared) and chromatographic analysis (Gas
Chromatography-Mass Spectroscopy) of the aqueous and methanolic extracts revealed the presence of
useful bioactive phytochemical functional groups such as hydroxyl, sterol, alkane and aromatic
compounds. The findings underscore the importance of T. tetraptera fruits as nutritious and
medicinally valuable plant.
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INTRODUCTION

Plants are essential for daily needs of human beings, providing food, shelter, fiber and
therapeutic benefits. The therapeutic effectiveness of plants is largely associated with their
bioactive constituents, which interact with biological systems to produce pharmacological
effects. In recent times, research on medicinal plants research has increased worldwide and
Moon et al., (2010) reported that a large body of evidence has demonstrated the immense
potential of medicinal plants used in various traditional systems. Synthetic drugs are widely
used in modern medicine because they are often fast-acting, standardized in dosage and
specifically formulated for particular treatments. Despite their effectiveness, prolonged or
excessive use of synthetic drugs may result in several side effects such as toxicity, allergic
reactions, drug dependency and resistance as well as negative environmental impacts due to
chemical residues and non-biodegradable wastes (Rates, 2011). There have been a major
reawakening in the use of plant-based materials for human treatment, this resurgence is
partly driven by modern pharmacological advancements, where plant-based compounds
which are considered safe, sustainable and ecofriendly have become essential in drug
discovery and development processes (Newman and Craig, 2020). Over the past years,
plants have become an indispensable source of food and medicine. To a larger extent, most
people depend greatly on medicinal plants as an important source of remedy and treatment
for some casual and life-threatening diseases. The use of these medicinal plants as food,
preservatives, spices and as instrument for preventing and tackling the development of
diseases in human bodies has become an area of extensive studies (WHO, 2013; Ogugor et
al., 2018).

Medicinal plants contain a variety of physiologically active components, including minerals
and phytochemicals that exhibit numerous physiological effects on humans (Petrovska,
2012). The global population has recognized the invaluable role of medicinal plants,
especially in underdeveloped regions by emphasizing their contributions toward achieving
universal health coverage. This recognition aligns with growing international efforts to
validate traditional remedies, ensure safety and efficacy as well as integrating evident-based
plant medicinal systems (WHO, 2025). The rising popularity of herbal plants has led to
increased demand, which poses challenges for sustainability. Overharvesting, climate
change and habitat loss threaten many medicinal plants, emphasizing the need for
sustainable cultivation and conservation practices (David, 2023). Efforts are being made to
balance the demand for these plants with environmental preservation, ensuring that herbal
plants remain available for future generations (Aguilera et al. 2022).

Natural antioxidants have received considerable recognition in recent time due to the toxic
and hazardous effects of synthetic antioxidants on human health. Natural antioxidants
whether in the form of raw extracts or their chemical constituents are highly effective in
preventing the destructive processes caused by oxidative stress and in reducing the levels of
dangerous body reactions that are produced by free radicals (Oyeleke et al. 2020). Natural
antioxidants can retard oxidation and reduce the formation of harmful secondary oxidation
products and their activity is evaluated using common radical scavenging assays such as
DPPH, FRAP and total phenolic content determination. These antioxidant attributes,
enhance plant material potential as a natural preservative in food systems (Loezp-Pedrouso
et al. 2022) and as a nutraceutical ingredient for managing oxidative stress-related disorders
(Yashin et al, 2017).

Despite their value, the integration of medicinal plants into modern healthcare presents
challenges such as standardizing plant extracts; ensuring quality control and balancing
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conservation with increasing demand, all of which highlight the need for a regulated
approach. Herbal plants have been a cornerstone of natural medicine for centuries and
continue to play a significant role in both traditional and modern healthcare because
western drugs originated from plant extract (Moon et al. 2010). One of such valuable
medicinal plants is Tetrapleura tetraptera (Schum and Thonn) widely distributed across West
and Central Africa, where its fruit is traditionally used as a spice and medicinal ingredient in
indigenous diets and ethno-pharmacological practices (Ojewole & Adewunmi, 2004). The
fruit is commonly called different names in Nigeria; Igbo (Oshosho), Yoruba (Aidan), Ibibio
(Uyayak) and Hausa (Dawo). T. tetraptera tree is a deciduous tree that belongs to the family
Fabaceae. The fruit hangs on stout stalks at the edges of the branches and is characteristically
brownish in colour. The fruit (pod) measures about 15 - 25 cm in length and is distinguished
by its four longitudinal ridges that are slightly curved. Two of the ridges are woody while
the other two contains soft, aromatic and oily pulp.

The fruit is distinguished by its fleshy pulp when fresh but this fleshy pulp becomes very
strong when dried. The inner part of the T. tetraptera fruit is characterized by tiny black-
brownish seeds that measure approximately 8 mm in length. The tree has many uses and its
sweet fragrance is highly valued; its fruit distinguished by its aromatic nature is used to
spice dishes such as banga (palm fruits) soup and for medicinal purposes because of its
perceived therapeutic properties Ogugor et al. (2018). Although, many researchers such as
Adewumi et al. (2011), Bouba et al. (2012) and Uyoh et al. (2013) have reported the chemical
composition of this fruit, most these studies focused on samples obtained from the South-
Eastern region of Nigeria. However, there is still limited information on the identification
and characterization of bioactive compounds present in T. tetraptera fruits sourced from the
South-Western part of the country. Understanding these variations is important for
evaluating possible differences in the nutritional and phytochemical qualities of the fruit
across geographical locations. Therefore, this study aimed to investigate the chemical
composition and characterize the bioactive constituents of the aqueous and methanolic
extracts of T. tetraptera fruits collected from Osun State, South-Western Nigeria using
spectrophotometric (UV - visible and FTIR) and chromatographic (GC-MS) methods, with
the goal of providing scientific information that could enhance its effective utilization both
within Nigeria and globally.

MATERIALS AND METHODS

Sample Collection and Preparation

Mature fruits of T. tetraptera were purchased from Oja Oba market, Ikirun, Ifelodun Local
government area of Osun state, Nigeria. The fruits were authenticated by a plant taxonomist
and a voucher specimen was deposited in the herbarium unit of Biology laboratory of Osun
State Polytechnic, Iree for reference. The fruits were washed with distilled water to remove
adhering impurities and sun-dried for seven days. The dried fruits were milled into a fine
powder using an electric grinder and stored in airtight containers over silica gel in a
dessicator until further analysis. Sun drying was adopted in preference to oven and freeze
drying methods to replicate the traditional processing conditions commonly employed by
local consumers in the region. This approach ensured that the study reflected the actual
form in which the fruits are conventionally processed and utilized. However, despite being
economical and widely practiced, sun drying is susceptible to environmental fluctuations
such as variation in temperature, humidity and contamination, which may compromise the
constitency of the sun drying process and stability of the expected food quality (Mujumdar,
2014; Belessiotis and Delyannis, 2011).
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Experimental Design

The proximate analysis was carried out using the methods highlighted by Odedeji et al.,
(2020). The carbohydrate content was done by difference method. The vitamins and mineral
contents of the fruits including sodium, potassium, calcium, magnesium and iron were
determined using the methods of AOAC, (2000). Alkaloid and flavonoid contents in the test
samples were determined using the gravimetric and acid hydrolysis gravimetric method of
Harborne, (1973) respectively. The method described by AOAC, (2000) was used to
determine phlobatannin and saponin contents. Tannin determination was carried out using
Folin-Denis spectrophotometric method of Pearson (1976). The antioxidant activity for
phenolic content was measured with Folin-Ciocalteu reagent as described by Yu et al. (2002),
the free radical scavenging activity measured by 2,2 Diphenyl picryl-1-hydrazyl (DPPH) was
determined using the method described by Shivani et al. (2011) while the FRAP was
analyzed using the method of Hinneburg et al., (2006).

For the UV-Visible analysis of the whole fruit extracts, 1 ml of the methanolic and aqueous
extracts of T. tetraptera fruit were diluted in 100 ml of distilled water. An aliquot was
introduced in a lcm path-length quartz cuvette and analyzed in Philip Harris
spectrophotometer for UV analysis. A scan from 300 to 600 nm was performed in order to
generate the characteristics absorption spectra of the sample.

FTIR spectrophotometric analysis of the fruit extracts was performed using Perkin Elmer
spectrophotometer system, which was used to detect the characteristic peaks and their
functional groups using ATR (Attenuated Total Reflectance) accessory. The IR scan was
performed in the wave number region of 4000 - 550 cm.

The GC-MS analysis of the methanolic and aqueous fruit extracts of T. tetraptera was carried
out using a HP 7890 GC instrument integrated with an Agilent 5975C MSD mass
spectrometer (Aligent, Santa Clara, CA, USA).

RESULTS AND DISCUSSION

The proximate analysis on Table 1 revealed that the moisture content of T. tetraptera fruit
was 9.64 + 0.05 %. This value was higher than 8.50 % reported for the fruit by Uyoh et al.
(2013) and 5.20 £+ 0.02 % reported for Hura crepitans seed flour by Olatidoye et al. (2010) but
lower than 11.70 + 0.04 % for African nutmeg by Adegbite et al. (2021). However, this value
was below the recommended 10 % limit for storage stability of flour; thus, the low moisture
content in this study indicates that the fruit may have a long shelf life without spoilage
(Oyeleke et al. 2023). The ash content of 3.25 + 0.05 % was found to be within the range of
2.86 - 4.25 % and 3.17 -3.48 % reported for the fruit by Uyoh et al. (2013) and Adewumi et al.
(2011) respectively and close to the value of 3.12 + 0.01 % reported for soy flour (Olatidoye et
al. 2010). The ash content obtained in this study falls within the recommended value of 2.5-7
% for cattle feeds (Eurolab, 2026; Detmann et al. 2023). The crude fibre of 2.90 £ 0.01 %
obtained in this study was lower than the 7.63 % reported for H. Crepitans seed flour
(Olatidoye et al. 2010). Crude fibre is an important factor in the management of diabetes
because of its ability to slow the conversion of starch to simple sugars (Oyeleke et al. 2023).
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Table 1: Proximate, Vitamins and Phytochemical Contents of T. tetraptera Fruits

Proximate (%) Vitamins Phytochemicals (%)

Parameter Value +S.D Parameter Value + S.D Parameter Value + S.D
Moisture 9.64 £ 0.05 Riboflavin (%) 0.03 £0.00 Tannin 0.40 +0.01
Ash 3.25+0.05 Thiamine (%) 0.15+0.01 Alkaloid 210+0.10
Crude fibre 2.90 £0.01 Vitamin C (mg/100g) 1.18 +0.05 Phlobatannin 0.14 +0.01
Crude fat 20.46 £0.10 Vitamin E (mg/100g) 3.45+0.10 Saponin 0.82+0.02
Crude protein ~ 7.48 £ 0.05 Vitamin A (ug/g) 5.02 £0.02 Flavonoid 3.61+0.01
Carbohydrate  56.27 +0.50

n=3

The crude protein content of 7.48 + 0.05 % was lower than 32.3 + 0.01% reported for Roselle
(Mohammed et al. 2007) but fall within the range of 5.48 - 7.84 % reported by Uyoh et al.
(2013) for 20 accessions of the fruit. The protein content of the sample (7.48 %) suggests that
it is not a significant source of dietary protein, since less than 12 % of its caloric value is
derived from protein (FAO, 1991). The fat content of 20.46 * 0.10 % reported for T. tetraptera
fruit in this study was significantly lower than 34.44 + 0.1 % for M. myristica seed flour by
Adeleke, et al. (2017). Fat is important in the diet because it facilitates the absorption of fat
soluble vitamins. The carbohydrate content of 56.27 + 0.10 % in this study was higher than
34.6 % reported for Caesalpinia bonduc seed flour (Adeleke et al. 2019) and 16.89 % for J. curcas
by Oladele and Oshodi, (2008). The high value reported in this study suggested that the seed
flour could serve as a good source of energy for daily dietary requirement in food
formulation.

The result obtained showed that the fruit contain some important vitamins (Table 1)
including thiamin (0.15 %), riboflavin (0.03 %), vitamin A (5.02 ng/g), vitamin C (1.18
mg/100g) and vitamin E (3.45 mg/100g). Vitamins A and E were slightly higher compared
to the values reported for the 20 accessions of the fruit by Uyoh et al. (2013). Vitamin A is a
fat- soluble nutrient essential for promoting cell growth as well as supporting a strong
immune and reproductive system. Vitamin E has potential to provide protection against free
radicals and oxidative damage. Vitamin C is vital for body performance (Okwu and Josiah,
2006) and acts as an electron donor for some human enzymes. The antioxidant properties of
vitamin C stabilize foliate in food and blood plasma (Uyoh et al. 2013) and its deficiency may
impair the normal formation of intercellular substances throughout the body. Thiamine
plays a major role in cerebral metabolism while riboflavin acts as a coenzyme involved in
the breakdown of carbohydrates, proteins and fats into Adenosine Triphosphate (ATP)
which is the primary energy-carrying molecule used by all living cells to fuel biochemical
processes.

The analysis of the fruit presented in Table 1 also revealed low values for tannin (0.40 %),
phlobatannin (0.14 %) and saponin (0.82 %) while high values were obtained for alkaloid
(2.10 %) and flavonoid (3.61 %). Tannins value obtained in this study was considered low
compared to 6.20 % obtained for bitter gourd by Oyeleke et al. (2023) but similar to 0.52 %
reported for H. crepitans seed (Ahaotu et al. (2020). Tannins are responsible for the astringent
taste and poor palatability of foods and may interfere with nutrient bioavailability by
forming insoluble complexes with proteins (Chikezie ef al. 2008). Phlobatannin content was
found to be 0.14 + 0.01 %. This value was higher than the range of 0.06 - 0.12 % reported for
20 accessions of the fruit (Uyoh et al. 2013). The presence of phlobatannin in the sample may
contribute to its medicinal value owing to their antioxidant, antimicrobial, anti-
inflammatory and wound-healing properties. These activities support the traditional use of
many phlobatannin-containing plants in disease prevention and treatment (Trease & Evans,
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2009). Saponin, with a content of 0.80 % was very low compared to 3.42 % obtained for bitter
gourd flour by Oyeleke et al. (2023). Saponins have been reported to play important
metabolic roles and regulate development in living organisms (Edeoga et al. 2006).

The alkaloid content of 2.10 + 0.10 % was higher than the values reported for P. macrophylla
(1.33 £ 0.02 %), I. gabonensis (1.19 + 0.03 %) and T. conophorum (1.57 £ 0.07 %) by Okwulehie
and Ukasoanya, (2021) but lower than 17.33 + 0.17 % reported for Moringa oleifera seed flour
(jarotimi et al. 2013). However, the value obtained was in agreement with the range of 1.73 -
2.76 % reported by Uyoh et al. (2013) for 20 accessions of the fruit. Flavonoid, with a value of
3.61 % gave the highest value among all the phytochemicals determined, this value was
however lower than 12.09 % reported for bitter gourd seed flour by Oyeleke et al. (2023).
Flavonoid has the ability to protect blood vessels especially the tiny capillaries that carry
oxygen and nutrients to cells and is believed to slow down the development of cataracts in
persons with diabetes (Okwu, 2004), exhibit antihypertensive effects and may contribute to
the reduction of elevated blood pressure through their antioxidant and vasodilatory
activities (Clark ef al. 2015). The mineral composition of T. tetraptera whole fruit was as
shown in Table 1. The least mineral was Fe (1.79 + 0.01 mg/100g) while K with 265.70 + 0.10
mg/100g) was found to be the most abundant. This was followed by Ca with 170.85 + 0.05
mg/100g, Mg (80.17 £ 0.50 mg/100g), P (34.63 + 0.02 mg/100g) and Na (10.79 £ 0.01
mg/100g) respectively. These minerals are known to play vital roles in both plants and
animals.

Table 2: Elemental Composition of T. tetraptera Fruit

Elements Value £S.D
Sodium 10.97 £0.01
Calcium 170.85 + 0.05
Potassium 265.70 +£0.10
Phosphorus 34.63 +0.02
Iron 1.79 £0.01
Magnesium 80.17 £ 0.50
n=3

The higher value obtained for K agrees with the report of other researchers that K is the
most abundant element in Nigerian foods (Oyeleke and Adebisi, 2025). This high K content
of the fruit suggests that it may be useful in the dietary management of hypertension and
diabetes because adequate K intake is associated with reduced blood pressure in adults and
help decrease cardiovascular diseases (WHO, 2012). The sodium content of 10.79 + 0.01
mg/100g obtained in this study was higher than 3.0 + 0.10 mg/100g reported for T. indica
seed flour by Adeleke et al. (2020). Sodium is a macronutrient which plays a vital role in
maintaining acid - base balance in the body (Oyeleke et al. 2023). The calcium content of
170.85 + 0.05 mg/100g was higher than 73.2 mg/100g reported for pumpkin seeds by Olaofe
et al. (1994). The high concentrations of potassium and calcium present in T. tetraptera could
be exploited in the treatment of individuals suffering from deficiencies of these minerals.

The iron content of 1.79 + 0.01 mg/100g reported in this study was lower than the range of
2.07 - 2.36 mg/100g reported for full - fat and defatted Mucuna sloanei seed flours (Oyeleke et
al. 2020). The iron content reported in this study suggests that the seed flour can be
incorporated into diets or used as supplement in iron - deficient diets to prevent anaemia.
The magnesium content of the whole fruit was 80.17 + 0.05 mg/100g. This value was lower
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than 190 mg/100g reported for undefatted cashew seed flour by Emenike et al. (2015).
Magnesium is an important component of bone and contributes to its structural
development. It is also essential for thyroid and parathyroid hormone production in the
body. The Phosphorus content was found to be 34.63 + 0.02 mg/100g, which was
significantly lower than 483.23 + 0.03 mg/100g reported for N. sativa seed flour by Adeleke
et al. (2020).

Table 3 shows the antioxidant composition of the whole fruit. The DPPH value was found to
be 70.45 + 0.50 %. This value was higher than 62.13 + 0.13 % and 19.94 % reported for A.
cathartica and J. curcas seed oils by Oyeleke et al. (2020) and Shivani et al. (2011) respectively.

Table 3: Antioxidant composition of T. tetraptera fruit

Parameter Value £S.D
DPPH (%) 70.45 + 0.50
FRAP (mg % ascorbic acid equivalent) 0.70 £0.01
Phenols (mg GAE/g) 1.54+0.10

n=3

The DPPH result revealed the usefulness of the fruit as a source of natural antioxidant
source. The fruit has a FRAP value of 0.70 + 0.01 mg % ascorbic acid equivalent which was
higher than 0.49 mg ascorbic acid equivalent reported for hexane fraction of Thaumatococcus
danielli leaves (Oke et al. 2016). These results suggest that the material contains bioactive
compounds capable of acting as antioxidants by both scavenging free radicals and donating
electrons. Therefore T. tetraptera may have potentials for application where antioxidant
properties are desirable such as in foof preservation, nutraceuticals and pharmaceutical
formulations. The phenol value of 1.54 + 0.10 mg GAE/g was considered to be significantly
lower than 129.97 + 0.087 mg GAE/g obtained for ethanolic extracts of Convolvulus
pilosellifolius by Al-Ritai et al. (2017), but fell within the range of 0.96-7.60 mg GAE/g
reported by Haron et al. (2014) for some oils from Yemen, Iran and Malaysia. Phenol as an
antioxidant is considered a quality indicator because it is associated with colour, shelf life
and resistance to oxidation (Oyeleke et al. 2020).

The spectrum peaks for UV analysis of aqueous and methanolic extracts are presented on
Figure 1. The aqueous extract showed just three peaks with the highest absorbance value of
0.342 at 643 nm, followed by 0.340 at 635.5 nm while the lowest peak was 0.317 at 720 nm.
The methanolic extract revealed six different absorbance peaks at different wavelengths. The
highest showed the highest absorbance of 0.328 at 664.5 nm, followed by 0.195 at 604.5 nm,
0.193 at 595 nm, 0.171 at 630 nm, 0.080 at 736.5 nm and the lowest peak 0.079 was observed
at 728.5 nm.
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The results of FTIR analyses for methanolic and aqueous extracts are presented on figure 2.
For the methanolic extract, the spectra show a broad peak at 3400 cm<, indicating the
presence of an OH functional group, which is likely associated with an alcohols or phenols.
A prominent peak was also observed at 2929 cm! which is characteristic of alkanes with C-H
stretching vibration. A strong adsorption band near 2102 cm indicates the presence of
either alkyne or nitrile functional group. In addition, a sharp peak observed within the range
of 1650-1450 cm-! corresponds to C=C or C=0 stretching vibration. Multiple peaks were also
detected within the range of 1000 - 1300 cm? which is typically associated with C-O
stretching vibration or aromatic C-H bonding. The peak at 790 cm™ suggests aromatic C-H
bonding which supports the presence of an aromatic compound. The - OH stretching
vibration indicates that the sample contains phenolic compounds which are likely to include
flavonoids or tannins.

The aqueous extract showed a broad peak at 3280 cm indicating O-H stretching and a
small peak at 2130 cm? which suggest C=C or C=N functional groups. Another peak
observed at 1640 cm? was likely due to the C=0 stretching vibration. Finally, the broad peak
within the fingerprint region of 1000 - 1300 cm? also represents C-O stretching vibration
associated with alcohol, esters or carbohydrates.
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Figure 2: FTIR analyses of aqueous (upper) and methanolic (lower) extracts of T. tetraptera fruit.
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The GC-MS analysis results are shown in Figure 3, revealed the compounds identified in
both the methanolic and aqueous extracts respectively. Several compounds were identified
in both the methanolic and aqueous extracts. However, the aqueous extract (Table 4)
contained a broader range of compounds, although at lower concentrations than those
observed in the methanolic extract. The dominant peak at 25.72 min indicates the presence
of fatty acids, although these compounds may be less concentrated than in the methanolic
extract. Peaks at 11 to 15 min suggest polar compounds such as phenolics and organic acids

5000
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Abundance - 25.05 3.92¢10
4000 ,

3000

2000

o 10 15 20 25 3 35 40 as 50
Retention Time (Min)
S000
Scan El+
Rel - TS
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Fig 3: GC-MS analyses of T. tetraptera fruit extracts in aqueous (upper) and methanolic (lower) solvents.

Higher peak values indicate sterols and larger bioactive molecules that are present in
smaller quantities in the aqueous plant extract. From all these findings, it can be suggested
that the aqueous extract exhibited polar bioactive compounds. For the methanolic extract
(Table 5), the dominant peak at 25.05 min strongly suggests the presence of fatty acids or
terpenoid compounds, which are well known for antimicrobial and anti-inflammatory
activities. Compounds detected at lower retention times of between 13 to 15 min are likely to
be phenolic compounds that contribute to the improved antioxidant activity of the plant
extract. The presence of peaks at higher retention time (33.95 min) indicates sterols or heavy
bioactive molecules. It can therefore be suggested that methanolic extract is rich in non-
polar bioactive compounds. The broad FTIR absorption band observed around 3400 cm?in
the extract is attributed to O-H stretching vibrations of hydroxyl groups present in phenolic
compounds and alcohols. The spectral feature indicates the presence of hydrogen-bonded
hydroxyl functional groups within the extracts.
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Table 4: GC-MS results of the aqueous plant extract

RT (min)RA Likely Compound Class Possible Examples

11.34 1000 Small polar compounds Organic acids, alcohols

14.86 3200 Phenolics Simple phenols, tannin related
compounds

19.42 1400 Phenolics / esters Phenolic acids

25.72 2400 Major fatty acids / esters Palmitic acid, linoleic acid
oleic acid derivatives

33.89 1600 Sterols / terpenoids Plant sterols

41.07 400 Heavy hydrocarbons / Trace of high molecular weight

Sterols compounds

Table 5: GC-MS results of the methanolic plant extract

RT (min)RA Likely Compound Class Possible Examples
13.86 1200 Phenolics / alcohols Simple phenols, benzyl alcohol
derivatives
14.03 3200 Phenolics / flavonoid Hydroxybenzoic acids, flavonoid
fragments breakdown products
18.67 2000 Fatty acid esters / phenolics Methyl esters of fatty acids
25.05 4000 Major fatty acids / terpenoids Hexadecanoic acid (palmitic acid)
Oleic acid derivatives
33.95 1400 Sterols / long chain Phytosterols, squalene-like
hydrocarbons compounds

Note: RT - Retention Time, RA - Relative Abundance

The FTIR results from the extracts can be correlated with the GC-MS results which identified
many bioactive compounds containing hydroxyl (-OH) groups attributed to phenols and
alcohols. Specifically, the GC-MS analysis revealed the presence of phenolic constituents
such as phenol derivatives and other oxygenated compounds which are known to exhibit
strong O-H stretching absorptions near 3400 cm?. In addition, alcohol containing
compounds detected by GC-MS including long chain aliphatic alcohols and hydroxylated
aromatic compounds, further support the FTIR assignment. The combined FTIR and GC-MS
findings therefore confirm that the extract contains significant amount of hydroxyl-bearing
phytochemicals, particularly phenols and alcohols, which may contribute to its antioxidant
properties.

These observations were in line with the report of Wongsa et al. (2022) which stated that the
vibrational spectra regions of 3400-3200 cm! indicates hydroxyl group (O-H) and H- bonded
stretching characteristic of phenolic compounds. Compounds such as substituted phenols,
benzyl alcohol derivatives, phytol and other hydroxylated metabolites identified in the GC-
MS chromatogram are constitent with the broad hydroxyl absorption band observed in the
FTIR spectrum around 3400 cm?®. The observations from the GC-MS profile of the
methanolic and aqueous extracts indicate that solvent polarity influences the type of
bioactive compounds extracted. Difference between the present findings and other reports
in the literature may be due to variation in soil type, climate and varieties of the sample
used.

CONCLUSION AND RECOMMENDATION

A broad absorption band around 3400 cm™ was observed from the FTIR spectrum, which is
characteristic of O-H stretching vibrations associated with hydroxyl groups present in
alcohols and phenolic compounds. Absorption bands within the 3400-3200 cm™ region were
attributed to hydrogen-bonded hydroxyl groups of polyphenolic substances and aromatic or
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aliphatic alcohols. The presence of this broad peak therefore suggests the occurrence of
hydroxyl-containing phytochemicals in the extracts. This FTIR observation corroborates the
GC-MS findings, which revealed the presence of hydroxyl-bearing bioactive constituents
such as phenolic derivatives, flavonoids, fatty alcohols and organic acids. Phenolic
compounds are widely recognized as major plant secondary metabolites possessing
hydroxyl functional groups responsible for several biological activities, particularly the
antioxidant properties. Consequently, the combined FTIR and GC-MS results provided
strong evidence for the presence of bioactive phytochemicals that may have contributed
significantly to the antioxidant and therapeutic potentials of both the aqueous and
methanolic extracts of T. tetraptera fruits.

It is recommended that the further research work should be carried out on other varieties of
T. tetraptera fruit to provide a detailed documentation of their bioactive constituents. Other
drying methods such as oven and freeze drying should also be adopted in order to
overcome the limitations associated with sun drying including degradation of some heat-
sensitive bioactive compounds and possible contamination of the materials.
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