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ABSTRACT

Background and Objective: The African Tulip (Spathodea campanulata)-a tropical tree with striking
orange-red bell-shaped flowers-has long been valued for its ethno-medicinal properties. However, limited
data exist on the comparative chemoprofile and nutritional composition of its leaf and flower. This study
aimed to evaluate the phytochemical bioactives and proximate composition of both parts to assess their
nutritional and pharmaceutical potentials. Materials and Methods: Leaves and flowers of S. campanulata
were analyzed using standard phytochemical screening and quantitative assays. High-Performance Liquid
Chromatography with Diode-Array Detection (HPLC-DAD) was employed for phenolic compound
identification. Proximate composition, including fat, fiber, and protein contents, was determined following
AOAC methods. Results: Phytochemical analysis confirmed the presence of saponins, flavonoids, tannins,
alkaloids, and phenols in both parts. Phenols were the most abundant bioactives (leaf: 161.85 mg/100 g;
flower: 152.52 mg/100 g), followed by alkaloids and tannins, whereas cardiac glycosides were the least
(leaf: 0.29 mg/100 g; flower: 3.19 mg/100 g). The HPLC-DAD revealed ellagic acid, p-coumaric acid, and
syringic acid in both parts, while other phenolics were unique to either the leaf or flower. The flower
exhibited higher fat (10.84%), fiber (16.13%), and protein (13.64%) contents compared to the leaf, along
with a diverse amino acid profile. Conclusion: The African Tulip’s leaf and flower contain rich
phytochemical and nutritional compounds with significant medicinal and dietary potential. These findings
highlight S. campanulata as a promising source for nutraceutical and pharmaceutical applications.
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INTRODUCTION

The African tulip tree (Spathodea campanulata), a member of the Bignoniaceae family, is native to tropical
Africa and is recognized for its striking tulip-shaped flowers and medicinal use. It has been an integral part
of traditional African medicine for centuries, with different parts of the plant utilized to treat various
ailments’. Its leaves are large, featuring a pointed tip and wavy margins arranged oppositely on the stem,
containing numerous bioactive compounds® which exhibit anti-inflammatory, antimicrobial, anticancer,
and neuroprotective properties, and used in traditional medicine to treat various ailments, including
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rheumatism, skin disorders, mental disorders, infections, and malaria®. The large, orange-red flowers are
arranged in dense clusters and are shaped somewhat like a tulip flower. Due to the folkloric acclaimed
health benefits and the consumption of some of the plant parts as food in Africa, there is a need to
provide scientific validation on bioactive composition and the nutritional profile of the plant to provide
scientific information on its potential inclusion as part of a functional diet. Several recent research efforts
are focusing on plants for safer, more affordable, and more effective alternatives due to the unwanted
risks and negative effects of synthetic pharmaceuticals. An understanding of the chemical composition
and nutritional significance of the two separate parts: The leaf and flower, is of importance as they can
serve as sources of novel bioactive agents with potential for addition to functional diets for the prevention
and management of degenerative disorders. This study will provide information on the bioactive
components of the African Tulip plant parts and their potentials as candidate for novel functional diet
formulation

MATERIALS AND METHODS

Sample collection and study area: African Tulip (Spathodea campanulata) plant was obtained from Ekiti
State University botanical garden in Ado-Ekiti, Ekiti State, Nigeria. The plant was then identified and
authenticated by a scientist at the Herbarium at the Department of Plant Science and Biotechnology, Ekiti
State University, Ado-Ekiti, Ekiti State, Nigeria. The study was carried out between August, 2022 and July,
2023.

A voucher sample with the number UHAE-2023077 was deposited at the Herbarium. The plants were
separated into leaf and flower, air-dried for a period of three weeks, and then powdered using a Kenwood
blender.

Proximate composition determination: Determination of proximate (carbohydrate, crude protein, fibre,
ash, moisture, and fat) composition of the leaf and flower of Spathodea campanulatae was carried out as
described by AOAC".

QUALITATIVE PHYTOCHEMICAL SCREENING

Alkaloids test: About 0.2 g of the sample was stirred with 5 mL of 1% aqueous hydrochloric acid on a
steam bath. About 1 mL of the filtrate was treated with a few drops of Draggendorff's reagent. Turbidity
or precipitation was taken as preliminary evidence for the presence of alkaloids®.

Saponin test: About 2.0 g of each sample was shaken with distilled water in a test tube. Frothing which
persists on warming was taken as preliminary evidence of the presence of saponins’.

Tannins test: Five grams of each sample were stirred with 100 mL distilled water and filtered. Ferric
chloride reagent was added to the filtrate. A blue-black or blue-green precipitate determines the presence
of Tannins®.

Flavonoids test: About 5 mL of diluted ammonia solution was added to the aqueous filtrate of the test
samples, followed by the addition of concentrated H,SO,. A yellow coloration observation determines the
presence of flavonoids>.

Cardiac glycosides (Keller-Killian test): About 5 g of each sample was mixed with 2 mL of glacial acetic
acid containing a drop of ferric chloride solution. This was underlain with 1 mL concentrated H,SO,. A
brown ring of the interface indicates a deoxy-sugar characteristic of cardenolides. A violet ring may appear
below the brown ring, while in the acetic acid layer, a green ring may form and gradually spread
throughout this layer®.
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Anthraquinones test: About 0.5 g of each sample was shaken with 100 mL of benzene and filtered.
Five milliliters of 10% ammonia solution were added to the filtrate. The mixtures were shaken and the
presence of pink, red or violet color in the lower phase of the ammonia indicates the presence of free
anthraquinones®.

QUANTITATIVE PHYTOCHEMICAL DETERMINATION

Determination of total phenol contents: The total phenolic content of the samples was
determined using a modified Folin-Ciocalteu method®. About 200 pL of the sample was mixed
with 2.6 mL of distilled water, and 200 pl of Folin Ciocalteu's reagent was added to each tube. The content
was vortexed and incubated for 5 min. Then 2 mL of 7% Na,CO, was added to each tube. The content in
the tube was vortexed and incubated for 2 hrs with intermediate shaking. The absorbance of samples
was read at 752 nm. Total phenol contents were expressed as milligrams of Gallic acid per gram of
sample’.

Determination of total flavonoids content: The content of flavonoids was determined using quercetin
as a reference compound. Stock solution (0.50 pL) of each extract was mixed with 50 pl of aluminum
trichloride and potassium acetate. The absorption at 415 nm was read after 30 minutes at room
temperature. All determinations were carried out in duplicates. The quantity of flavonoids in extracts was
expressed as quercetin equivalent (QE)/gram dry weight®.

Saponin determination: About 2 g of each finely ground sample was weighed into a 250 mL beaker, and
100 mL of Isobutyl alcohol was added. The mixture was shaken and filtered with No 1 Whatman filter
paper into a 100 mL beaker containing 20 mL of 40% saturated solution of Magnesium Carbonate
(MgCO,). The mixture obtained was again filtered to obtain a clean colourless solution. The 1 mL of the
colourless solution was pipetted into a 50 mL volumetric flask, 2 mL of 5% Ferric Chloride (FeCl,) solution
was added, and made up to the mark with distilled water and allowed to stand for 30 minutes for colour
development. The absorbance was read against blank at 380 nm®.

Tannin determination: About 0.2 g of the finely ground sample was weighed into a 500 mL sample
bottle. As 100 mL of 70% aqueous acetone was added and properly covered. The bottles were kept in a
shaker water bath for 2 hrs at 30°C. Each solution was then centrifuged, and the sediment was stored in
ice. A 0.2 mL of each solution was pipetted into test tubes, and 0.8 mL of distilled water was added.
Standard tannin acid solutions were prepared from a 0.5 mg/ mL of the stock solution and the solution
made up to 1 mL with distilled water. As 0.5 mL of Folin-Cocteau reagent was added to both sample and
standard followed by 2.5 mL of 20% Na,CO;, the solutions were then shaken vigorously and allowed to
incubate for 40 minutes at room temperature, its absorbance was then read at 725 nm against a reagent
blank concentration of the same solution from a standard tannic acid curve was prepared®.

Alkaloid determination: About 5 g sample was weighed into a 250 mL beaker and 200 mL of 10% acetic
acid in ethanol was added and allowed to stand for 4 minutes. It was filtered, and the extract was
concentrated on a water bath to one-quarter of the original volume. Concentrated ammonium hydroxide
was added dropwise to the extract until the precipitation was completed. The whole solution was allowed
to settle and the precipitate was collected and washed with dilute ammonium hydroxide and then filtered.
The residue was then considered as an alkaloid, which was dried and weighed®. The mixture obtained was
again filtered to obtain a clean colourless solution. The 1 mL of the colourless solution was pipetted into
a 50 mL volumetric flask, 2 mL of 5% Ferric Chloride (FeCl;) solution was added and made up to the mark
with distilled water. It was allowed to stand for 30 minutes for colour development. The absorbance was
read against a blank at 380 nm.
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Qualitative-quantitative high performance liquid chromatography analysis: About 0.2 g of each
sample was homogenized in 0.8 mL aqueous ascorbic acid solution (12.5%), 0.2 mL aqueous EDTA
solution (0.33M), and 4 mL 3.75M NaOH (to give a final concentration of 3M). The mixture was
shaken for 90 minutes at ambient temperature whilst protected from light. After base hydrolysis, the pH
of the extract was adjusted to = 6 using HCl (2M). The mixture was vortexed for 1 minute. After
centrifugation (10 min, 4000 g), an aliquot of the supernatant was filtered through a syringe filter
(0.45um pore size) and stored under nitrogen atmosphere at -40°C until HPLC analysis.

Phenolics were quantified by HPLC with UV detection (Agilent 1100, Agilent Technologies, Santa
Clara, USA). Phenolic acid compounds samples were separated on a reverse-phase C18 column (Luna,
250x4.6 mm, 3 um, 100 A; Phenomenex, Torrance, USA) with a guard column (3.0x4.0 mm; Phenomenex,
Torrance, USA) containing the same packing material. The column was thermostatically controlled at 25°C.
The flow rate was set at 1.0 mL/min, the injection volume was 20 pL, and the total run time was 60 min.
Complete separation was achieved using the following mobile phase composition: Solvent A (1% aqueous
formic acid) and solvent B acetonitrile/methanol/water (8:1:1, v/v/v). The gradient started at 6% solvent
B and was maintained for 34 min, after which solvent B was increased to 23% within 1 min. After 1 min,
solvent B was further increased to 50% within 1 min and held at 50% for 4 min. Solvent B was then
decreased to 6% over 1 min and maintained there for a further min to recondition the column before the
next injection. The detection wavelengths were manually set at 260 nm (p-hydroxybenzoic acid, vanillic
acid, ellagic acid), 270 nm (gallic acid, 2,3,4-trihydroxybenzoic acid), 275 nm (3,4-dihydroxybenzaldehyde,
vanillin, syringic acid, benzoic acid, o-coumaric acid, cinnamic acid), 310 nm (p-coumaric acid,
syringaldehyde), and 325 nm (gentisic acid, caffeic acid, chlorogenic acid, ferulic acid, sinapic acid). The
sample preparation and Reverse-Phase UV-HPLC methods were adapted as reported.

Amino acid analysis: The amino acid profile was determined using methods described by a researcher'".
About 0.2 g of powdered samples were defatted, hydrolyzed, evaporated in a rotary evaporator and
loaded into the automatic amino acid analyzer, Technicon Sequential Multi-Sample (TSM) analyzer. The
sample was hydrolyzed for the determination of all amino acids except tryptophan in consistent boiling
hydrochloric acid for 22 hrs under a nitrogen flush. Predicted Nutritional qualities were determined based
on the amino acid profiles.

Essential Amino Acid Index (EAAI): Nutritional qualities were determined based on the amino acid
profiles. The Essential Amino Acid Index (EAAI) was calculated using the equation below™:

|/n (100ax100b x...x 100j)
(a, xb, x...xj,)

EAAI =

(M

where, n = Number of essential amino acids, a, b ....j = Represent the concentration of essential amino
acids (lysine, tryptophan, isoleucine, valine, arginine, threonine, leucine, phenylalanine, histidine and the
sum of methionine and cystine) in test sample and a,, b, ..... j, = Content of the same amino acids in
standard protein (%) (egg or casein), respectively.

Predicted protein efficiency ratio: The predicted protein efficiency ratio (P-PER) was determined using
one of the equations derived'

P-PER = -0.468+0.454 (Leu)-0.105 (Tyr) (2)

Biological value (BV): Biological values were determined according to the methods of Oser, respectively.
The following equation was used for BV determination.

BV = 1.09 (EAA Index)-11.7 (3)
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Nutritional index (NI): The nutritional index of the food samples was calculated using the formula below
as described by Chang and Hayes™:

1 0,
Nutritional index (%) = EAAIxprotein (%) p;r(;)otem )

EAAI = Essential Amino Acid Index

Data analysis: The experiments were conducted in triplicate and expressed as MeanzStandard
Deviation (SD). Statistical analysis was performed using Student'’s t-test, and differences were considered
significant at p<0.05.

RESULTS AND DISCUSSION

The proximate composition of the African tulip tree leaf and flower investigated in this study is presented
in Table 1. The leaf contains higher concentrations of carbohydrates % (54.72; 47.68), ash (5.52; 3.93), and
moisture (10.26; 7.77) than the flower, while the flower contained higher percentages of fiber(10.96; 16.13),
protein ( 9.75; 13.64) and fat (8.83; 10.84) than the leaf. The percent carbohydrate concentrations (54.72;
47.68%) obtained in this research were higher than 40.60 and 50.6% reported for Albizia zygia and Crateva
adansonii™. Carbohydrates are the primary source of energy for humans and generally add to the bulk
of the diet. The moisture content of the leaf and flower (10.26; 7.77) was lower than 14.71%, 13.7%, and
14.78%, respectively, reported for Brillantaisia patula™ and Adenia cissampeloides leaves'. The level of
moisture in a food is an indication of water activity, it is used to determine food susceptibility and stability
of spoilage microorganisms. Low moisture content in the leaf and flower supports its resistance to
microbial deterioration, thus improving shelf life. The ash content of African tulip leaf and flower
was 5.52 and 3.93%. Also referred to as ash, the inorganic portion of any food sample contains the mineral
elements. The % crude fibre content of the leaf was 10.96, while that of the flower was 16.13. Fibre is
significant in the prevention of absorption of trace elements in the gut and in elimination of undigested
food materials'’. The crude fat values of the plant leaf and flower (8.83 and 10.84%) were low. Fats in any
food enhance palatability serves as storage and transport of metabolic fuel form, and serve as electrical
insulators for subcutaneous tissues and emulsifiers for drug preparation’. The red bean protein (14.36%)
is reported to be high' compared favourably with crude protein values of flower (13.64%) and the leaf
(9.75%). Protein is involved in several essential processes in human physiology.

Table 2 shows the qualitative phytochemical screening of the African tulip (Spathodea campanulata) plant
flower and leaf. Alkaloids, saponin, flavonoids, phenols, and tannins were present (+) in both leaf and
flower, while steroids were absent (-). Cardiac Glycosides and Anthraquinones were present in the leaf and
were sparingly present in the flower. Phytochemicals are found in plants, and their consumption generally
provides beneficial health effects. Alkaloids have many pharmacological activities, including being able
to increase blood pressure, as a trigger for the nervous system, reducing pain, as an antimicrobial
compound, as a sedative and as a medicine for heart disease®. Phenolics perform important roles in
counteracting the deleterious effects of free radicals. Saponins have various health benefits, including its
hypocholesterolemic, antioxidative, anti-stress, and anti-aging activities?'. Flavonoids are effective
antioxidants, free radical scavengers, anti-mutagenic, anti-inflammatory, and anti-carcinogenic; they also
protect the immune system®. The Spathodea campanulata plant is generally composed of polyphenolic
compounds which further possess antimicrobial properties.

Table 3 shows the quantitative phytochemical composition of African tulip tree leaf and flower.
Phenol was the most concentrated phytochemical in the flower (161.85 mg/100 g) followed by the leaf
(152.52 mg/100 g). The study also showed tannin as the next concentrated phytochemical, with the flower
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Table 1: Proximate (%) composition of african tulip (Spathodea campanulata) leaf and flower

Nutrient Leaf Flower

Moisture 10.267+0.00 7.77°+0.01
Ash 5.52°+0.01 3.937+0.00
Fat 8.83°+0.00 10.84°+0.01
Fiber 10.967+£0.00 16.13°+0.00
Protein 9.75°+0.00 13.64°+0.00
Carbohydrate 54.72°+0.02 47.69°£0.01

Data are means of triplicates determinations (X+SD) and values with same superscripts are not significantly different (p>0.05)

Table 2: Qualitative phytochemical screening of african tulip plant (Spathodea campanulata) leaf and flower

Phytochemical Flower Leaf
Saponin + ++
Steroids - -
Flavonoids +++ ++
Tannins +++ ++
Glycosides - +
Alkaloids +++ +++
Phenols +++ +++
Cardiac glycosides + -
Reducing sugar + +
Anthraquinones + -

Prominent ++= Moderate, + = Slightly present and - = Absent

Table 3: Quantitative phytochemical composition (mg/100g) ofafrican tulip plant (Spathodea campanulata) flower and leaf

Parameter (mg/100 g) Flower Leaf
Alkaloid 42.75°0.00 91.14°20.01
Anthraquinone 5.657+0.00 0.85°+£0.00
Cardiac glycosides 3.19°£0.10 0.29°+0.00
Flavonoid 71.66°+0.00 50.16°+0.03
Glycosides 1.37%£0.00 10.66°+0.00
Phenol 161.85°+0.01 152.52°+0.00
Tannin 75.17°+£0.00 39.69°+0.01
Reducing sugar 12.58°+0.01 9.14°+0.00
Saponin 18.91°£0.00 33.45°+0.00

Data are means of triplicate determinations (X+SD). Values with same superscripts are not significantly different (p>0.05)

showing 75.17 mg/100 g and the leaf 39.69 mg/100 g. Tannin shows anti-diarrhea and anti-nausea
properties while phenol exhibits antioxidant, anti-inflammatory, and anti-proliferative propperties®. Hence,
the appreciable concentrations of phenol and tannins in the African tulip leaf and flower shows the
pharmacological potentials of these plant parts®. Flavonoids were also found in high concentration in the
flower and leaf with concentrations of 71.66 mg/100 g and 50.16 mg/100 g, respectively. Alkaloid content
of the leaf (91.14 mg/100 g) was found to be higher compared to the concentration in the flower (42.75
mg/100 g). Alkaloids and Flavonoids are found in most plants to have anti-microbial, anti-inflammatory
and anti-cancer properties®.

Table 4 shows the phenolic constituents in the African Tulip plant leaf and flower as resolved
by HPLC-DAD. Ellagic acid (47.89; 47.18 ug/qg), P-coumaric acid (40.39; 39.86 ug/g), syringic acid (23.87;
23.73 ug/qg), vanillic acid (18.01; 17.00 ug/g) and gallic acid (3.23; 3.23 ug/g) were present in the leaf
and flower respectively, with ellagic acid being the highest concentrated phenolic compound
present in both the leaf and flower. Ellagic acid exhibits antioxidant properties and has diverse
pharmacological effects, including hypolipidemic, pro-inflammatory mediators modulating, and
influencing factors related to metabolic syndrome and diabetes. Chlorogenic acid (30.80 ug/g), vanillin
(22.98 ug/q), caffeic acid (22.24 ug/qg), P- hydroxybenzoic acid (12.02 ug/g) and 2,3,4- Trihydroxybenzole
acid (6.59 pg/g) were identified only in the flower and not the leaf while cinnamic acid (49.81 ug/g),
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Table 4: Phenolic Constituents of the African Tulip Plant leaf and flower (ug/g)

Phenolics Leaf Flower
Gallic acid 3.23 323
Vanillic acid 18.01 17.00
Syringic acid 23.87 23.72
Benzoic acid 36.63 -
P-coumaric acid 40.39 39.86
Sinapic acid 4430 -
O-coumaric acid 47.54 -
Ellagic acid 47.89 47.18
Cinnamic acid 49.81 -
2,3,4-Trihydroxybenzole acid - 6.59
P-Hydroxybenzoic acid - 12.02
Caffeic acid - 22.24
Vanillin - 22.98
Chlorogenic acid - 30.80

Table 5: Essential amino acids composition of African Tulip (Spathodea campanulata) leaf and flower (g/100 g)

Essential amino acids Leaf Flower

Lysine 3.15+£0.02 2.79+0.03
Histidine 2.20+0.03 2.02+0.02
Arginine 5.20+0.04 4.74+0.10
Threonine 2.45+0.85 2.19+0.13
Valine 3.25+0.08 3.28+0.11
Methionine 1.07+0.03 0.89+0.03
Leucine 6.68+0.02 5.87+0.03
Isoleucine 3.39+0.02 3.23+0.06
Phenylalanine 3.41+0.07 3.18+0.02

Data are means of triplicate determinations (X+SD)

O-coumaric acid (47.54 ug/qg), sinapic acid (44.30 pg/g) and benzoic acid (36.63 ug/g) were identified only
in the leaf of the plant with cinnamic acid being the most concentrated bioactive constituent in the leaf
of the plant. The antioxidant, anti-inflammatory, and neuroprotective effects of cinnamic acid and its
potential in the management of neurodegenerative diseases, such as Alzheimer’s and Parkinson'’s diseases,
have been reported by Tian et al.®*. Hence, the presence of the bioactives in the African Tulip plant leaf
and flower indicates the therapeutic significance of the plant and the potential as a functional food
supplement.

The protein quality of a food depends on its amino acid content, and especially the essential amino acids
must be provided in the diet for protein synthesis to proceed. Table 5 shows the essential amino acid
composition of the African Tulip plant leaf and flower. Leucine was the most concentrated amino acid in
both leaf (6.68 g/100 g) and flower (5.87 g/100 g) of the Spathodea campanulata plant, followed by
Arginine (5.20; 4.74 g/100 g), respectively. Leucine is an essential amino acid for protein synthesis, muscle
growth, and the regulation of blood sugar by stimulating insulin secretion and thus supports energy
production. Hence, the presence of leucine in both the leaf and flower implies that both plant parts
possess nutritional potentials and several pharmaceutical applications, while Methionine was the least
concentrated essential amino acid in both leaf (1.07 g/100 g) and flower (0.89 g/100 g) of the plant. The
indirect antioxidant effects of arginine is well documented®. The Lys/Arg ratio is important in the
determination of the atherogenicity of a diet. Lys/Arg ratio of less than 2.0 is desirable; this ratio (leaf
(0.58) and flower (0.60)) were lower than the critical value. Lys/Arg ratio above 2.0 is considered as critical
for atherogenicity hence, Spathodea campanulata plant parts show a low atherogenic potential.

Table 6 shows the non-essential amino acid composition (g/100 g) of the African Tulip plant leaf and
flower. Glutamic acid was the most concentrated non-essential amino acid in the leaf (10.21 g/100 g)
and flower (8.67 g/100 g) of Spathodea campanulata and this was followed by aspartic acid
(7.26; 6.20 g/100 g). Cysteine was the least concentrated non-essential amino acid in the plant
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Table 6: Non-essential amino acids composition of African Tulip (Spathodea campanulata) leaf and flower (g/100g)

Non-essential amino acids Leaf Flower
Aspartic acid 7.26+0.13 6.20+0.20
Serine 2.21+0.85 2.19+0.13
Glutamic acid 10.21+0.13 8.67+0.16
Proline 2.37+0.03 2.02+0.02
Glycine 2.86+0.06 2.40+0.30
Alanine 4.01+0.11 4.32+0.06
Cystine 0.86+0.05 0.63+0.02
Tyrosine 2.20+£0.04 1.84+0.06
Lysine: Arginine 0.58 0.60

Data are means of triplicate determinations (X+SD)

Table 7: Estimated nutritional quality of protein for African Tulip (Spathodea campanulata) leaf and flower based on their
amino acid profile

Parameter Leaf Flower
Total amino acids (TAA) 62.78 56.46
Total non-essential amino acids (TNEAA) 31.98 28.27
TNEAA (%) 50.94 50.07
Total essential amino acids (TEAA) 30.80 28.19
TEAA (%) 49.06 49.93
EAAI (%) 95.26 86.83
TEAA with histidine 30.80 28.19
Without histidine 28.60 26.17
Total surphur amino acid 193 1.52

P-PER 2.33 2.00

Biological value (BV) (%) 91.85 82.00
Nutritional value (NI) (%) 9.26 11.73
Cysteine in TSAA (%) 44.56 41.44

leaf (0.86 g/100 g) and flower (0.63 g/100 g). Therefore, the most abundant amino acids in the African
tulip plant parts were Glutamic acid, Aspartic acid, Leucine and Arginine while Methionine, Tryptophan
and Cysteine were the least abundant amino acids. Lysine, histidine, isoleucine, and valine were higher
than the WHO (2022)?” recommended requirements for children aged 2-5 years. Lysine is a limiting amino
acid in most cereals, with reported values of 0.23 g/100 g in rice and 0.33 g/100 g in barley®®. However,
the African Tulip was found to contain a higher concentration of lysine (3.15 g/100 g). This suggests that
it can serve as a valuable addition to traditional cereals in preparing weaning diets, particularly in regions
where access to nutrient-rich diets is unaffordable.

The total amino acid and total non-essential amino acid composition of African tulip (Spathodea
campanulata) is presented in Table 7. The leaf exhibited higher levels of total amino acid (TAA)
(62.78 g/100 g), Total non-essential amino acid (TNEAA) (31.98 g/100 g), and % TNEAA (50.94 g/100 g)
compared to the flower. The plant parts could contribute significantly to the supply of amino acids in
diets. The percentage of TNEAA with histidine was slightly higher in the leaf (30.80%) than in the flower
(28.19%), while the percentage of TNEAA without histidine followed a similar trend (28.6% in the leaf;
26.17% in the flower). The total sulfur amino acid (TSAA) content was higher in the leaf (1.93 g/100 g) than
in the flower (1.52 g/100 g), and the proportion of cysteine within TSAA was marginally higher in the leaf
(44.5%) compared to the flower (41.4%). The TSAA for the leaf (1.93) and flower (1.52) of African Tulip
(Spathodea campanulata) were lower than the 5.8 g/100 g crude protein recommended for infants®’. Based
on the FAO/WHO provisional pattern®®, African Tulip (Spathodea campanulata) was adequate in the
essential amino acids histidine (His), isoleucine (lle), leucine (Leu), phenylalanine+tyrosine (Phe+Tyr), and
valine. However, it showed low concentrations of methionine+cysteine (Met+Cys), lysine (Lys), and
threonine (Thr). African Tulip (Spathodea campanulata) may require supplementation with other rich
sources of these amino acids to be used as afood supplement. The Predicted Protein efficiency
ratio (P-PER) of the plant leaf and flower were 2.33 and 2.00, respectively. The P-PER evaluates and
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compares the protein quality of foods. The P-Per values for Spathodea campanulata suggests that the
plant parts have moderate protein quality being lower than 2.71 reported for Crateva adansonii and
2.91for Calotropis procera™. A protein efficiency ratio below 1.5 indicates a protein of poor quality;
between 1.5 and 2.0 an intermediate quality and above 2.0 good quality proteins. Hence, the African tulip
leaf and flower contain good-quality proteins. The predicted biological value (P-BV) of the African tulip
leaf (91.85%) and flower (82%). The nutritional index (NI) for African tulip leaf was 9.26%, whereas for the
flower part, it was 11.73% while the percentage of the essential amino acid index of the African tulip leaf
and flower were 95 and 86%, respectively. African tulip leaf and flower showed a low nutritional index
compared to Anclote leaf (17.71%). A PER of 2.7, a biological value of >70% and an essential amino acid
index EAAI of 0.70 for a protein-based food signify its quality as high. A PER of 2.7, biological value of
>70% and essential amino acid index EAAI of 0.70 for a protein-based food signifies its quality as high'*°.
Hence, the leaf and flower can be regarded as good quality protein sources that can complement other
foods with certain limiting amino acids.

CONCLUSION

The African Tulip plant (Spathodea campanulata) is a rich source of phytochemicals and nutrients,
including phenols, flavonoids, alkaloids, and essential amino acids. Both leaf and flower exhibit significant
bioactive diversity, with the flower showing higher fat, fiber, and protein content. These properties suggest
strong potential for medicinal, nutritional, and functional food applications. Further studies on in vivo
bioactivities and product development could establish S. campanulata as a valuable nutraceutical and
pharmaceutical resource.

SIGNIFICANCE STATEMENT

This study explains the importance of the African Tulip (Spathodea campanulata) plant parts as important
sources of health-benefiting bioactive chemicals. The leaf and flower show high crude fibre and protein
concentrations and contain various amino acids. The plant parts can also serve as an additional nutrient
source. This preliminary study will form a background for further research in unraveling the potential of
natural, commonly obtainable, unexplored herbals in the formulation of a functional diet for the
prevention and management of degenerative disorders.
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