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Abstract

The leaves of Tridax procumbens were screened for the presence of bioactive molecules. They had
high flavonoids, alkaloids, hydroxycinnamates, tannins and phytosterols, moderate benzoic acid
derivatives and lignans, and low carotenoids contents. Thirty nine known alkaloids (mainly
akuammidine, 68.756%), twenty three known flavonoids (mainly 17.593% kaempferol and
12.538% (-)-epicatechin), five known carotenoids (mainly lutein, 62.608%), four known benzoic
acid derivatives (mainly ferulic acid, 46.091%), two phytosterols (mainly stigmasterol, 80.853%)
and six known lignans (mainly galgravin, 77.326%) were detected. Also detected were caffeic acid
and tannic acid. The medicinal properties of the flavonoids, phytosterols, alkaloids, tannins, hy-
droxicinnamates, carotenoids, benzoic acid derivatives and lignans that were present in the leaves
were discussed herein and proposed to be explored for their potential medicinal values. The great
number of potentially active nutrients and their multifunctional properties make Tridax procum-
bens a perfect candidate for the production of health-promoting food and food supplements.
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1. Introduction

Natural products and health foods have recently received a lot of attention both by health professionals and the
common population for improving overall well-being, as well as in the prevention of diseases. Epidemiological
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evidence has associated the frequent consumption of vegetables with decreased disease risk [1]-[3]. In line with
this, different types of vegetables have been re-evaluated for recognition for possible candidature as functional
foods, and as valuable sources of nutraceuticals. Functional foods refer to those whole, fortified, enriched or en-
hanced foods that provide health benefits beyond the provision of essential nutrients (e.g., vitamins and miner-
als), when they are consumed at efficacious levels as part of a varied diet on a regular basis [1] [4]. The term nu-
traceutical, which combines the word nutrition and pharmaceutical, is defined as a food that contains a medical
health benefit beyond that of basic nutrition [1] [2] [4].

One such vegetables with a potential for use as functional food is Tridax procumbens Linn (family Astera-
ceae), which is commonly called coat buttons. Its leaves are cooked and eaten as vegetable, and are also used as
fodders [5]-[8]. Consequent upon this, Ikewuchi and colleagues investigated the nutritional potential of the
leaves [9]-[11]. The leaves are also commonly used for medicinal purposes, because of their myriad of pharma-
cological properties. These include analgesic [12], anti-anemic [13], anti-arthritic [14], anti-diabetic [15]-[17],
antihypertensive [18] [19], anti-inflammatory, antioxidant [20], antimicrobial [21], antipyretic [6], hepatoprotec-
tive [22], hypocholesterolemic and weight reducing [23] properties. The present study reports the phytochemical
composition of the leaves of Tridax procumbens, and in addition discusses the bioactivities of the detected
compounds, with a view to highlighting the possibilities of the use of the leaves as a functional food, or as a
source of nutraceuticals.

2. Materials and Methods
2.1. Collection of Plant Samples

Samples of fresh Tridax procumbens plants were collected from within the Choba and Abuja Campuses of Uni-
versity of Port Harcourt, Nigeria. Their identity was confirmed by Dr. M.C. Dike of Taxonomy Unit, Depart-
ment of Forestry and Environmental Management, Michael Okpara University of Agriculture, Umudike, Abia
State, Nigeria; and Mr. John Ibe, the Herbarium Manager of the Forestry Department, National Root Crops Re-
search Institute, Umuahia, Nigeria. They were cleaned and their leaves were removed, oven dried at 55°C and
grounded into powder, which was stored in an air tight container, for subsequent use.

2.2. Determination of the Phytochemical Content of the Leaves

2.2.1. General Experimental Procedures

Analyses were carried out at Multi Environmental Management Consultants Limited, Igbe Road, Ikorodu, Lagos,
Nigeria, with a Hewlett Packard HP 6890, GC apparatus, fitted with flame ionization detector, powered with HP
Chemstation Rev. A 09.01 (1206) software, to identify and quantify compounds. Standard solutions were pre-
pared in methanol for alkaloids, flavonoids, tannins and simple benzoic acid derivatives; acetone for carotenoids
and lignans, methylene chloride for phytosterols; and ethanol for hydroxycinnamates. The linearity of the de-
pendence of response on concentration was verified by regression analysis. Identification was based on compar-
ison of retention times and spectral data with standards. Quantification was performed by establishing calibra-
tion curves for each compound determined, using the standards.

2.2.2. Determination of Alkaloid Composition

Extraction was carried out according to the method of Tram et al. [24]. The extract was subjected to gas chro-
matography on a capillary DB-5MS column (30 m x 0.25 mm % 0.25 um film thickness). The inlet and detection
temperatures were 250°C and 320°C. Split injection (split ratio of 20:1) was adopted. The carrier gas was nitro-
gen. The hydrogen and compressed air pressures were 1.97 and 2.67 kg/cm?. The oven was programmed initial-
ly at 60°C for 5 min, ramped at 10°C/min for 20 min, before ramping again at 15°C/min for 4 min.

2.2.3. Determination of Carotenoid Composition

The extraction was carried out by a modification of the method of Rodriguez-Amaya and Kimura [25]. The ca-
rotenoids were successively extracted with acetone and a (1:1) mixture of diethyl ether and petroleum ether,
were concentrated and re-dissolved in acetone before saponifying and re-extracting with a (1:1) mixture of die-
thyl ether and petroleum ether. The resultant extracts were dried and re-dissolved in petroleum ether and sub-
jected to gas chromatography on a capillary ZP-5 column (30 m x 0.32 mm x 0.25 pum film thickness). The oven
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was programmed initially at 45°C, held for 6 min, and ramped at 38°C/min to 250°C. Initial column head pres-
sure at a constant flow mode was 0.243 kg/cm?.

2.2.4. Determination of Flavonoid Composition

The extraction was carried out according to the method of Millogo-Kone et al. [26]. The extract was subjected
to gas chromatography on a capillary HP INNOWax column (30 m x 0.25 mm x 0.25 um film thickness). The
inlet and detection temperatures were 250°C and 320°C. Split injection (split ratio of 20:1) was adopted. The
carrier gas was hitrogen. The hydrogen and compressed air pressures were 1.55 and 2.46 kg/cm?® The oven was
programmed initially at 50°C, ramped at 8°C/min for 20 min, maintained for 4 min, ramped again at 12°C/min
for 4 min, and maintained for 4 min.

2.2.5. Determination of Hydroxycinnamates Composition

The extraction was carried according to method of Ortan et al. [27]. The extract was subjected to gas chromato-
graphy on HP-5 column (30 m x 0.32 mm x 0.25 um film thickness). It was introduced via an all-glass injector
working in the split mode, with nitrogen as the carrier gas, at a flow rate of 1 mL/min. The injection and detector
temperatures were 260°C and 300°C. The oven was programmed at the start of the run from 170°C to 250°C at
5°C/min.

2.2.6. Determination of the Lignans Composition

The extraction was carried out according to the method of Chapman et al. [28]. The extract was subjected to gas
chromatography on a ZP-5 column (30 m x 0.32 mm % 0.25 um film thickness). One microliter of sample was
injected. The initial oven temperature was 40°C, while the injector and transfer line temperatures were 250°C
and 280°C. A solvent delay of 2.00 min was followed by ramping at 10°C/min to a final temperature of 230°C
and held for 1.00 min.

2.2.7. Determination of Benzoic Acid Derivatives Composition

The extraction was carried out according to the method of Ndoumou et al. [29]. The extract was subjected to gas
chromatography on a capillary HP 1 column (30 m x 0.25 mm x 0.25 um film thickness). The inlet and detec-
tion temperatures were 250°C and 320°C. Split injection (split ratio of 20:1) was adopted. The carrier gas was
nitrogen, at a pressure of 2.11 kg/cm?. The hydrogen and compressed air pressures were 1.97 and 2.25 kg/cm?.
The oven was programmed initially at 60°C for 5 min, ramped at 15°C/min for 15 min, maintained for 1 min,
and then ramped again at 10°C/min for 4 min.

2.2.8. Determination of Phytosterols Composition

Extraction of oil was carried out according to AOAC method 999.02 [30], while the analysis of sterols was car-
ried out according to AOAC method 994.10 [30]. The resultant sterol derivatives were subjected to gas chroma-
tography on a capillary HP INNOWax column (30 m x 0.25 mm x 0.25 um film thickness). The inlet and detec-
tion temperatures were 250°C and 320°C. Split injection (split ratio of 20:1) was adopted. The carrier gas was
nitrogen. The hydrogen and compressed air pressures were 1.55 and 2.46 kg/cm?. The oven was programmed in-
itially at 60°C, ramped at 10°C/min for 20 min, maintained for 4 min, ramped again 15°C/min for 4 min, and
maintained for 10 min.

2.2.9. Determination of Tannins Composition

Extraction was carried out according to the method of Luthar [31]. The extract was subjected to gas chromato-
graphy on HP 5 column (30 m x 0.25 mm x 0.25 um film thickness). The inlet and detection temperatures were
250°C and 320°C. Split injection (split ratio of 20:1) was adopted. The carrier gas was nitrogen. The hydrogen
and compressed air pressures were 1.97 and 2.81 kg/cm?® The oven was programmed initially at 120°C, before
ramping at 10°C/min for 20 min.

2.3. Derivation of Composition per Wet Weight from the Composition per Dry Weight

The compositions per wet weight of the determined parameters were derived from the compositions per dry
weight and vice versa, using the following formula, adapted from Health Canada Official Methods [32].
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composition per dry weight (%) x dry matter content (%)
100

Composition per wet weight (%) =

2.4. Data Analysis

Comparisons were based on simple percentages.

3. Results

The leaves had high flavonoids content (6477.706 g/kg) (Table 1). Twenty three known flavonoids were de-
tected in the leaves. This consisted of 17.593% kaempferol, 12.538% (—)-epicatechin, 8.202% biochanin, 7.968%
(+)-catechin, 7.875% apigenin, 6.254% naringenin, 6.124% daidzein, 4.418% quercetin, 4.376% butein, 3.895%
robinetin, 3.047% baicalein, 2.986% nobiletin, 2.806% (—)-epigallocatechin, 2.444% genistein, 2.338% (+)-
gallocatechin, 1.818% ellagic acid, 1.707% luteolin, 1.406% myricetin, 0.735% baicalin, 0.498% isorhamnetin,
0.404% (—)-epigallocatechin-3-gallate, 0.359% silymarin and 0.207% (—)-epicatechin-3-gallate.

Table 1. Flavonoids composition of Tridax procumbens leaves.

Composition (mg/kg)

Compounds t?rﬁf?rtri]?:) ; ;
/dry weight /wet weight
(+)-Catechin 13.749 5187.515 516.158
(+)-Gallocatechin 15.043 1522.281 151.467
Genistein 15.626 1590.816 158.286
Daidzein 16.047 3986.855 396.692
Apigenin 16.380 5127.089 510.145
Butein 16.680 2849.149 283.490
Naringenin 16.792 4071.731 405.137
Biochanin 17.101 5339.931 531.323
Luteolin 17.371 1111.266 110.571
Kaempferol 18.503 11,453.533 1139.627
(—)-Epicatechin 19.530 8162.805 812.199
(—)-Epigallocatechin 20.478 1826.631 181.750
Quercetin 21.445 2875.972 286.159
(—)-Epicatechin-3-gallate 22.610 134.977 13.430
(—)-Epigallocatechin-3-gallate 23.238 263.286 26.197
Isorhamnetin 24.104 324.132 32.251
Robinetin 24.193 2535.979 252.330
Ellagic acid 24.546 1183.313 117.740
Myricetin 24.796 915.467 91.089
Baicalein 25.701 1983.819 197.390
Nobiletin 26.356 1944.091 193.437
Baicalin 26.956 478.418 47.603
Silymarin 27.813 233.524 23.236
Total flavonoids - 65,102.577 6477.706
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The leaves had high hydroxycinnamates (0.580 g/kg), tannins (0.813 g/kg) and phytosterols (0.250 g/kg),
moderate benzoic acid derivatives (0.032 g/kg) and lignans (0.077 g/kg), and low carotenoids (0.001 g/kg) con-
tents (Table 2). Five known carotenoids were detected in the leaves. This consisted of 62.608% lutein, 13.989%
carotene, 11.328% antheraxanthin, 8.532% neoxanthin and 3.542% violaxanthin. Four known benzoic acid de-
rivatives were detected in the leaves. This consisted of 46.091% ferulic acid, 22.624% 4-hydroxybenzaldehyde,
16.441% vanillic acid and 14.843% 4-hydroxybenzoic acid. The hydroxycinnamates fraction consisted 100% of
caffeic acid, the tannins fraction consisted 100% of tannic acid, while the phytosterols fraction consisted of
stigmasterol (80.853%) and sitosterol (19.146%). The leaves had moderate lignans (0.077 g/kg) contents (Table
3). Six known lignans were detected in the leaves. This consisted of 77.326% galgravin, 12.221% dehydroabie-
tic acid, 7.837% retusin, 2.612% epieudesmin, 0.003% apigenin-4’, 7-dimethyl ether and 0.00002% (9E,12E,
15E)-9,12,15-octadecatrien-1-ol.

Table 2. Benzoic acid derivatives, carotenoids, phytosterols, hydroxycinnamates and tannins
compositions of Tridax procumbens leaves.

Composition (mg/kg)

Compounds t?ni??rt\i?:) : :
/dry weight /wet weight
Benzoic acid derivatives
4-Hydroxybenzaldehyde 8.947 73.708 7.334
4-Hydroxybenzoic acid 12.363 48.358 4812
Vanillic acid 15.234 53.564 5.330
Ferulic acid 18.052 150.161 14.941
Total benzoic acid derivatives 325.792 32.416
Carotenoids
Neoxanthin 19.525 1.2112 0.1205
Viola-xanthin 20.542 0.5028 0.0500
Anthera-xanthin 21.441 1.6080 0.1600
Carotene 23.191 1.9856 0.1980
Lutein 24.796 8.8870 0.8843
Total carotenoids 14.1947 1.4124
Phytosterols
Stigmasterol 23.264 2032.970 202.281
Sitosterol 24.802 481.414 47.901
Total phytosterols 2514.390 250.182
Tannins
Tannic acid 19.223 8175.408 813.453
Total tannins 8175.408 813.453
Hydroxycinnamates
Caffeic acid 14.096 5830.871 580.172
Total hydroxycinnamates 5830.871 580.172
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Table 3. Lignans composition of Tridax procumbens leaves.

Composition (mg/kg)

Compounds t?rﬁteer(]rtr:?r?) : :

/dry weight /wet weight

(9E,12E,15E)-9,12,15-Octadecatrien-1-ol 14.095 0.00014 0.000,01

Apigenin-4’,7-dimethyl ether 16.270 0.02540 0.002,53

Dehydroabietic acid 18.618 94.933,90 9.445,92

Retusin 19.625 60.875,60 6.057,12

Galgravin 20.444 600.666,70 59.766,34

Epieudesmin 22.324 20.293,10 2.019,16

Total lignans 776.794,70 77.291,07

The leaves had very high alkaloids content (10.191 g/kg) (Table 4). Thirty nine known alkaloids were de-
tected in the leaves. This consisted of 68.756% akuammidine, 16.508% voacangine, 4.944% echitamine, 2.3167%
lupanine, 2.253% angustifoline, 1.902% augustamine, 0.549% crinamidine, 0.477% echitamidine, 0.327% cin-
chonidine, 0.324% oxoassoanine, 0.317% trigonelline, 0.178% crinane-3a-ol, 0.177% choline, 0.141% cincho-
nine, 0.117% indicine-N-oxide, 0.093% monocrotaline, 0.079% nitidine, 0.064% 6-hydroxypowelline, 0.050%
13-a-hydrorhombifoline, 0.043% acronycine, 0.041% powelline, 0.041% ambelline, 0.040% 6-hydroxyundula-
tine, 0.040% dihydro-oxo-demethoxyhaemanthamine, 0.039% 9-octadecenamide, 0.037% ellipcine, 0.030%
18,2-epoxyambelline, 0.028% buphanidrine, 0.026% undulatine, 0.020% 6-hydroxybuphanidrine, 0.016%
sparteine, etc.

4. Discussion

The leaves had higher catechin, gallocatechin, epicatechin, epigallocatechin, epicatechin gallate, epigallocate-
chin gallate, naringenin, apigenin, luteolin, kaempferol, myricetin and quercetin contents than lettuce and onions
[33]. Amongst the biological activities of flavonoids are actions against free radicals, free radical mediated cel-
lular signaling, inflammation, allergies, platelet aggregation, microbes, ulcers, viruses, tumors and hepatotoxins
[34]. Luteolin has antibacterial, anti-inflammatory, anti-mutagenic, antioxidant [34], anti-allergic, anti-andro-
genic, anticancer, anti-diabetic, anti-estrogenic, antimicrobial, hypocholesterolemic, hypotensive, neuroprotec-
tive and radio-protective [35] activities. Kaempferol is known for its antibacterial, anti-inflammatory, antioxi-
dant [34], analgesic, anti-allergic, anticancer, anti-diabetic, antifungal, antiprotozoal, anti-osteoporotic, anti-
thrombogenic, antiviral, cardioprotective, hepatoprotective, hypocholesterolemic, hypotriglyceridemic and neu-
roprotective [36] activities. Kaempferol-3-O-rutinoside has hypotensive activity [37].

Apigenin has antibacterial, anti-inflammatory, diuretic, hypotensive, smooth muscle relaxation enhancing
[34], antioxidant, anti-carcinogenic, antidepressant, cardioprotective, hepatoprotective, anti-peroxidative [38],
anti-tumor, anti-proliferative, oxygenase inhibitory and apoptosis inducing [39] activities. Naringenin has anti-
atherogenic, anticancer, anti-fibrogenic, anti-inflammatory, anti-mutagenic, antioxidant, hepatoprotective, hy-
pocholesterolemic [40], anti-ulcer and cardioprotective [41] properties.

Catechins are antimicrobial [34], anti-allergic, anti-carcinogenic, anti-diabetic, antihypertensive, anti-in-
flammatory, anti-mutagenic, anti-obesity, antioxidant, anti-platelet, anti-proliferative, anti-tumorigenic, anti-
ulcer, chemo-preventive, hypocholesterolemic and neuroprotective [42] agents. (+)-Catechin has been reported
to have cardioprotective [34], antispasmodic, bronchodilator and vasodilator [43] activities. Epicatechin, epica-
techin gallate and epigallocatechin gallate provide protective benefits by their free radical scavenging ability and
their inhibition of eicosanoid synthesis and platelet aggregation [34]. In addition, epicatechin has antioxidant [34]
and hypoglycemic activities [44].

Diadzein and genistein have antithrombotic, hypocholesterolemic, hypotensive [45], anticancer and estrogen-
like properties [34]. Genistein also has anti-diabetic, anti-inflammatory, anti-obesity, antioxidant and cardio-
protective [46] activities. Nobiletin has anti-atherosclerotic, anti-dyslipidemic, antihypertensive, anti-inflam-
matory, antioxidant, anti-resorptive, antithrombotic [47], anti-angiogenic, anti-carcinogenic, anti-dementia, cog-
nitive impairment improving [48] and antitumor properties, and enhances adiponectin secretion [49].
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Table 4. Alkaloids composition of Tridax procumbens leaves.

R t? riger(]rt; ?:) C(?mposition (ma/kg) |
/dry weight /wet weight
Choline 7.085 181.122 18.022
Trigonelline 7.642 324.271 32.265
Angustifoline 8.073 2307.790 229.625
Sparteine 9.035 16.494 1.641
Ellipcine 9.785 38.235 3.804
Lupanine 11.178 2372.643 236.078
13-a-Hydrorhombifoline 11.296 51.108 5.085
9-Octadecenamide 12.810 40.003 3.980
Dihydro-oxo-demethoxyhaemanthamine 14.126 40.477 4.028
Augustamine 14.915 1948.528 193.879
Oxoassoanine 15.375 331.419 32.976
Cinchonidine 16.646 335.341 33.366
Cinchonine 16.347 144.085 14.337
Crinane-3a-ol 16.428 182.460 18.155
Buphanidrine 16.544 28.978 2.883
Indicine-N-oxide 17.472 119.855 11.926
Powelline 18.669 41741 4.153
Undulatine 18.763 26.893 2.676
Ambelline 19.669 41741 4.153
6-Hydroxybuphanidrine 20.552 20.539 2.044
Acronycine 21.239 43.732 4.351
Monocrotaline 21.388 95.111 9.464
6-Hydroxypowelline 21.734 65.350 6.502
Nitidine 22.347 80.852 8.045
Crinamidine 23.960 562.134 55.932
15,2-Epoxyambelline 24.729 30.717 3.056
6-Hydroxyundulatine 24.842 40.889 4.069
Epoxy-3,7-dimethoxycrinane-11-one 25.615 7.0315 0.700
Akuammidine 26.919 70,420.759 7006.866
Echitamidine 26.786 488511 48.607
Voacangine 27.072 16,907.728 1682.319
Mitraphylin 27.624 0.010 0.001
Camptothecin 28.229 5.434 0.541
Echitamine 28.451 5063.374 503.806
Colchicine 29.036 1.322 0.132
Emetine 29.462 8.172 0.813
Tetrandrine 30.153 1.786 0.178
Thalicarpin 30.050 2.639 0.263
Paclitaxel 32.211 3.238 0.322
Total alkaloids 102,421.000 10,190.890

998
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Studies have shown that ellagic acid has anti-allergic, anticancer, anti-depressant, anti-diabetic, anti-inflam-
matory, antimalarial, antioxidant, anti-wrinkle, neuroprotective [50], anti-apoptotic, anti-atherogenic, anti-pro-
liferative and chemo-preventive [51] activities. Silymarin is an anti-arthritic, anti-carcinogenic, anti-diabetic, an-
ti-hypercholesterolemic, anti-inflammatory, anti-obesity, antioxidant, cardioprotective, gastroprotective, hepato-
protective, immunomodulatory, neuroprotective and neurotropic [52] agent.

Myricetin exhibits antibacterial, anti-gonadotropic, antioxidant [34], anti-carcinogenic, anti-diabetic, anti-
hyperlipidemic, anti-inflammatory, antimicrobial, antioxidant, anti-platelet, antiviral and cytoprotective [53] ac-
tivities. Biochanin A has been reported to have anticancer, anti-inflammatory, antimicrobial, antioxidant, im-
munomodulatory and hepatoprotective [54] activities. Robinetin is a chemopreventive [55] agent; while butein
is an antioxidant, pro-apoptotic and hepatoprotective [56] agent.

Baicalein is a potent free radical scavenger and xanthine oxidase inhibitor, thus improving endothelial func-
tion and conferring cardiovascular protective actions against oxidative stress-induced cell injury. Baicalein has
anti-arteriosclerotic, antibacterial, antihypertensive, anti-inflammatory, anti-mitogenic, antioxidant, anti-proli-
ferative, anti-thrombotic, antitumor, antiviral and cardio-protective [57] activities. Quercetin has been reported
to have anti-allergic, anti-arthritic, antibacterial, anti-carcinogenic, anti-cancer, anti-cataractogenic, anti-diabetic,
antihypertensive, anti-inflammatory, antioxidant, antiviral, cardio-protective, gastro-protective, hepatoprotective
and hypocholesterolemic [34] [58] activities.

The carotene and lutein contents of the leaves were higher than those of cabbage, but lower than those of
amaranth [59]. Carotenoids have been widely accepted as safe chemicals for food supplementation and neutra-
ceutical purposes due to their intense coloring abilities, their role as precursors of vitamin A, and their antioxi-
dant activity in animals [34] [60]. They have been shown to be beneficial in preventing major health problems in
developing and developed countries, including cancers, cardiovascular and coronary heart diseases, photosensi-
tivity disorders, age-related macular degeneration and cataract [60]. Carotenes and lutein protect against uterine,
prostate, breast, colorectal and lung cancers [34]. Carotenes, in addition, have pro-vitamin A and antioxidant [34]
activities.

The leaves had higher caffeic, vanilic and 4-hydroxybenzoic acids, but lower ferulic acid contents than red
cabbage [61]. Phenolic acids are powerful antioxidants and have been reported to demonstrate antibacterial, an-
tiviral, anti-carcinogenic, anti-inflammatory and vasodilatory actions [61]. 4-Hydroxybenzaldehyde is used as a
flavor and fragrance agent. Caffeic acid has anti-diabetic [50], antioxidant [62], anti-inflammatory and pho-
to-protective [63] activities. 4-Hydroxybenzoic acid esters (also called parabens), are widely used as antimi-
crobial agents in a large variety of food, pharmaceutical, and cosmetic products due to their excellent antimi-
crobial activities, low toxicity and stability over a wide pH range [64]. 4-Hydroxybenzoic acid has antifungal,
anti-mutagenic, anti-sickling, estrogenic and antimicrobial [62] activities. Vanillic acid (4-hydroxy-3-methox-
ybenzoic acid) is used as a flavoring agent. It has anti-sickling, anthelmintic, hepatoprotective, immune-mod-
ulating, anti-inflammatory, antifungal, anti-mutagenic, estrogenic and antimicrobial [62] [65] activities. It also
inhibits snake venom 5’-nucleotidase [62] [65]. Ferulic acid has antioxidant, hypocholesterolemic, anti-inflam-
matory, photo-protective, cardio-protective and sperm viability boosting activities [62].

The leaves had higher total phytosterols, stigmasterol and sitosterol contents than those of white cabbage and
onions [66]. Phytosterols have anti-inflammatory [34], hypocholesterolemic, anti-cancer [34] [66], anti-ulcer,
anti-fungal, anti-atherogenic, antioxidant [67] and estrogenic [68] activities. Stigmasterol has anti-osteoarthritic,
anti-hypercholestrolemic, cytotoxicity, antitumor, thyroid inhibiting, hypoglycemic, anti-mutagenic, antioxidant,
anti-inflammatory, anticonvulsant and sedative [69], chemopreventive, anticancer, estrogenic [70] activities.
p-Sitosterol has been reported to have anti-inflammatory, anti-neoplastic, immune-modulating, antipyretic [34],
cholesterol-lowering, antipyretic, antineoplastic, anti-diabetic, cardio-protective, estrogenic [68], antimicrobial,
antioxidant, chemopreventive, anticancer and antipyretic [71] activities. It is used in the treatment of benign
prostate hyperplasia [71], and alters sex steroid levels [68]. Sitosterylglucoside has been identified as an “adap-
togens” [67]. According to Berger and colleagues [67], adaptogens are a group of natural plant products which
promote overall health without the rapid response normally elicited by a drug and without the side effects asso-
ciated with any drug used.

The leaves had higher total tannin content than red pepper [72], but lower tannic acid content than cabbage
[73]. Tannins have antioxidant, antimicrobial [34], anticancer [74] activities. Tannic acid has antihypertensive,
anti-diarrheal, anti-cancer, anti-asthmatic, cardioprotective, anti-diabetic, anti-cataractogenic, tumor inhibition,
anti-inflammatory, anti-adipogenic [74] and hepatoprotective [75] activities.
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The leaves had higher total lignans contents than garlic and lettuce [76]. Lignans have antioxidant, anticancer,
anti-diabetic, antiviral, bactericidal, anti-inflammatory, anti-atherosclerotic, cardio-protective [77], anti-hepato-
toxic, antitumor, antiplatelet aggregation [78] and estrogen-like [76] activities. Galgravin has been reported to
exhibit anti-inflammatory, anti-malarial, anti-platelet, anti-resorptive [79], anti-rheumatoid, neurotrophic and
neuroprotective [28] activities.

Akuammidine has antibacterial, antifungal [80], antimalarial, anti-inflammatory, hypotensive, skeletal muscle
relaxant, local analgesic and anti-depressant [81] activities. Voacangine has been reported to have cardiovascu-
lar toning, central nervous system depressant, anti-convulsive, anti-pyretic, analgesic, local anesthetic, acetyl
cholinesterase inhibitory [82], anti-angiogenic [83] and anti-mycobacterial [84] activities. Studies have shown
that echitamine has diuretic, hypotensive [85], central nervous system depressant and antiepileptic [86] proper-
ties. Augustifoline is a bacteriostatic agent [87] while lupanine is an anti-arrhythmic, hypotensive, hypoglycemic,
P-glucosidase inhibitory, bacteriostatic [87], oxytocic and central nervous system depressant [88] agent.

Finally, the present study showed that the leaves of Tridax procumbens contain a variety of biologically active
phytochemicals. The beneficial roles of these bioactive phytochemical constituents can be harnessed in the diet,
making them veritable tools for nutritional therapy. This, therefore, emphasizes the potential of these leaves as a
functional food.
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