The Pharmaceutical and Chemical Journal, 2016, 3(1):11-20
Available online www.tpcj.org

Research Article

ISSN: 2349-7092
CODEN(USA): PCJHBA

Validating Phytomedicinal Potentials of Moringa Oleifera: Comparative Evaluation of
Nutrients and Phytochemical Groups of Nigeria-Bred Moringa Oleifera Plant Parts
Williams FE1, Ogunsola OA2, Akinbola AS3, Faluyi B4, Fabiyi OS5, Nwobi NL6, *Owolabi JO7
1

Department of Clinical Pharmacy and Pharmacy Practice, University of Ilorin, Nigeria.
Department of Physiology, Babcock University, Nigeria.
3
Public Health Unit, Babcock University Teaching Hospital, Ilishan-Remo, Ogun State, Nigeria.
4
Department of Medical Microbiology, Babcock University Teaching Hospital, Babcock University, Nigeria.
5
Department of Anatomy, Babcock University, Nigeria
6
Department of Chemical Pathology, Babcock University, Nigeria
7
Department of Anatomy, Babcock University, Nigeria
2

Abstract Moringa oleifera is arguably the most popular and useful specie of the very useful moringacea family of
plants that have become well known due to their economic values and phytomedicinal and nutritional qualities.
However, there is the need for adequate and thoroughly scientific information about the several acclaimed potential
benefits of the plant. It is however worthy of note that most recent publications on the acclaimed potential benefits
of the plants parts components and their usefulness have been positive, thus, confirming several available traditional
and past literatures available on the plant‟s usefulness. While scientists in different walks of life work to explore the
values of this plant that has been dubbed the Miracle Tree in certain places, there is no doubt that the understanding
and validation of the distribution of components and phytochemicals across the plant parts is vital towards exploring
optimal benefits of the plant. This investigation was conducted to assess the distribution of nutrients and
phytochemical groups in the various parts of the plant and to observe the pH values of each part extract- ethanolic
and aqueous. Results will be very important in guiding researchers and product developers as well as farmers, the
consumers, policies makers and the general public towards appreciating the possible variations in the usefulness and
benefits of the various plant parts. Aqueous and ethanolic extracts of the plant were prepared from the various parts
of the same plants which were air-dried at maintained room temperature, thereafter macerated and powdered with
the grinder. The available of nutrients including carbohydrates, fats, proteins and steroids as well as phytochemical
groups including alkaloids, anthraquinones, flavonoids, glycosides, saponins, tannins and terpenoids were assayed in
the ethanolic and aqueous extracts of each plant parts. Plant parts that were tested included the root, bark, leaf,
whole pod, seed and flower. The pH value of each extract sample was also tested. Results showed that all extracts
were acidic except aqueous extract of the bark that was slightly alkaline. Nutrients and phytochemicals‟ distribution
in the various plant parts also vary considerably. Researchers, users and product developers should be considerate of
these variations.
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Introduction
Moringa oleifera
Moringa oleifera [literarily referred to as moringa] belongs to the family Moringaecea. There are several reports of
its high nutritional and medicinal value; hence, it is widely used as a nutritive and medicinal herb. Its various parts
including leaves, roots, barks, flowers, pods and seeds are used for various purposes. Moringa is a small sized tree,
cultivated in many parts of the world due to its multiple utilities. In-depth research on this plant may lead to the
development of novel agents for medicinal, nutritional and industrial purposes. Moringa is an aboriginal of Indian
subcontinent and has become naturalized in the tropical and subtropical areas around the world. Nearly thirteen
species of Moringaare are included in the family Moringaceae [1]. In India, moringa parts have been used as regular
components of conventional foods for about 5000 years [2-4].
Moringa tree can grow well in the humid tropic or hot dry land with average height that ranges from 5 to 10 m. It
can survive in harsh climatic condition including destitute soil without being much affected by drought [5]. It can
tolerate wide range of rainfall requirements estimated at 250 mm and maximum at over 3000 mm and a pH of 5.0 to
9.0. Its tripinnate compound leaves bear several small leaf legs. The flowers are white and the three wings seeds are
scattered by the winds. The flowers, tender leaves and pods are eaten as vegetables. Moringa is popularly referred to
as the „drum stick tree‟ or the „horse radish tree‟, kelor, marango, mlonge, moonga, mulangay, nebeday, saijhan,
sajna or Ben oil tree [3, 6].
General uses
Moringa oleifera has been reported by the Indian Bureau of plant industry as an outstanding source of nutritional
components. Its leaves (weight per weight) have the calcium equivalent of four times that of milk, the vitamin C
content is seven times that of oranges, while its potassium is three times that of bananas, three times the iron of
spinach, four times the amount of vitamin A in carrots, and two times the protein in milk [7]. Moringa is also
suggested as a viable supplement of dietary minerals, the pods and leaves contains high amount of calcium (Ca),
Magnesium(Mg), Potassium (K), Manganese (Mn), Phosphorus (P), Zink (Zn), Sodium (Na), Cupper (Cu), and Iron
(Fe) [8]. Although, minerals content of Moringa shows variation in composition with changes in location [9].
Moringa has enormous medicinal potential, which has long been recognized in the Ayurvedic and Unani system
[10]. Nearly every part of this plant, including root, bark, gum, leaf, fruit (pods), flowers, seed, and seed oil have
been used for various ailments in the indigenous medicine [11].
Phytochemicals of medicinal values
The basic constituents of Moringa plant are: deic, palmitic and stearic acid, saponins, glycoside, gum, protein
Vitamins: A (8855 IU per 100g), B1, B2, B3, C Minerals: calcium, iron, phosphorus, magnesium. The leaves,
flowers and pods are significant sources of vitamins A, B and C, riboflavin, nicotinic acid, folic acid, pyridoxine,
ascorbic acid, beta-carotene, calcium, iron, and alpha-tocopherol [12-13]. The pods are considered good sources of
the essential amino acids. A compound found in the flower and root of the moringa tree, pterygospermin, has
powerful antibiotic and fungicidal effects [14-15]. The Ben oil (Moringa seed oil) has also been shown to be
particularly effective in the manufacture of soap, producing a stable lather with high washing efficiency suitable for
some African countries. The root bark contains two alkaloids: moringine and moringinine. It is vital to note that
hardly had any particular investigation examined the relative distribution of these phytochemicals across the various
parts of the same plants in the same geographical location at the same time. The currently available information and
data have been pieced together from the various discrete publications available obviously from various parts of the
world. This raises questions about the absolute acceptability of the existing information; thus, supporting the need
for investigations such as the one being reported in this article.
Moringa in Nigeria
Moringa has long been cultivated in Nigeria; and it has been found to thrive quite well in various regions of the
country despite the variations in the climate- being predominantly tropical in the South and savannah in the North.
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The ability of the plant to grow in the various parts of the country has made it a potential economic tree. The major
Nigerian Ethnic Groups have various names for the plants as follows- Fulani: Gawara, Gaware, Habiwal hausa,
Konamarade, Rini maka; Hausa: Bagaruwar maka, Bagaruwar masar, Barambo, Koraukin zaila, Rimin
nacara,Rimin turawa, Samarin danga, Shipka hali, Shuka halinka, Zogall, Zogalla-gandi; Ibo: Odudu oyibo, Okwe
oyibo, Okwe olu, Uhe, Oku-ghara-ite, Okochi egbu; Nupe: Chigban Wawa; Yoruba: Adagba malero, Ewele, Ewé
ilé, Ewe igbálé, Idagbo monoyé [16].
The Federal Government of Nigeria, realising the economical value of the plant and the potential contribution it
could make to the economy and the quality of life announced a special moringa cultivation programme; the Federal
Government proposed plans projected to generate over N500 billion as revenue from moringa plant cultivation; this
was also estimated to generate over one million jobs opportunities [17]. It is obvious that considering the current
socio-economic conditions in Nigeria and other developing nations of the world; Moringa oleifera could provide a
greatly valuable natural source of high quality nutrition that would be affordable for the masses. It would however
be important to mention that thorough investigations should be done with respect to the peculiarities that could be
associated with the strain of the plant grown in Nigeria for instance, as well as any peculiar environment-induced
variations and features of the plant. More so, it is important that local researchers should embark on high quality
research on the plant moringa bearing in mind the need of the society. Beyond Nigeria and Africa; it is important
that global information, data and ideas with respect to the potential benefits of this plant is greatly needed. Scientists
owe the world explanations for the current great publicity about the benefits of the plant.
Aim and objectives and justification
This investigation was aimed at examining the distribution of nutrients and phytochemical groups in the various
parts of the Moringa oleifera; to observe the pH values of the various parts in the popular forms of preparing the
extract- ethanolic and aqueous. Results have potentials to contribute greatly to knowledge especially with respect to
what nutrients and phytochemicals are contained in each part of the plant. Since moringa is becoming increasingly
popular as a natural source of super-nutrients and products in forms of herbal drinks and preparations, supplements
and nutrient-formulas are being developed from the plant; results will be very vital in helping researchers and
product developers as well as farmers, the consumers, policies makers and the general public towards appreciating
the possible variations in the usefulness and benefits of the various plant parts as well as the potential toxicity
concerns.
Materials and Method: Phytochemical Screening
The raw moringa plant parts were prepared under suitable conditions and environment as stated and recommended
by the World Health Organisation [18-19] and standard laboratory practices [20].
Tests for Flavonoids
With Lead Acetate- To the small quantity of aqueous extract 10% of lead acetate solution was added. Formation of
yellow precipitate showed the presence of flavonoid [21].
With Sodium Hydroxide- On addition of an increasing amount of sodium hydroxide, the aqueous extract showed
yellow colouration, this decolorized after addition of Conc HCl [22].
Steroids
Salkowski Test - To 2 ml. of aqueous extract, 2 ml of chloroform and 2 ml of conc. H 2SO4 was added. The solution
was shaken well. As a result chloroform layer turned red and acid layer showed greenish yellow fluorescence [23].
Terpenoids
Terpenoids were confirmed by formation of reddish brown colouration of the interface on addition of 2ml
chloroform and concentrated sulphuric acid, 3ml to 5ml of the extract [21].
Glycosides
Glycosides were confirmed by formation of brown ring of interface on addition of 2ml glacial acetic acid containing
1 drop of ferric chloride solution and 1ml concentrated sulphuric acid [11].
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Proteins
To 2 ml of aqueous extract two drops of millions reagent was added, cream precipitates indicate the presence of
protein [21].
Alkaloids
2 g of the dried extract was moistened in water and mixed with 2 g Ca(OH) 2 to form a
paste. It was allowed to stand for 5 minutes and evaporated to dryness on a water bath. 30 ml of chloroform was
added, mixed and heated gently on a water bath for 30 minutes. The extract was filtered and more chloroform added
to the mark, mixed and filtered again. The combined filtrates were then evaporated to dryness and residue dissolved
in 5 ml 2% sulphuric acid and filtered using the reagents listed below to test for alkaloids [22].
Mayer‟s reagents (cream ppt)
Wagner‟s reagents (brick red ppt)
Drangendorff‟s reagents (orange red ppt)
Tannins
0.5g of the sample was boiled with 5ml of distilled water for 10minutes. The solution was filtered while hot and 1%
of ferric chloride solution was added to the filtrate. A blue green ppt was observed or a brownish green [21].
Saponins
Saponin Test Using Frothing Method
About 1g of the powdered sample was boiled in 10ml of distilled water in a water bath for 10minutes and filtered.
To 2.5ml of the filtrate 10ml of water was added and the solution was shaken vigorously. The frothing was mixed
with 3 drops of olive oil and shaken vigorously, then observed for the formation of emulsion [22].
Fatty acid
0.5 ml of extract was mixed with 5ml of ether. These extract was allowed to evaporate on filter paper. The filter
paper was dried. The appearance of transparency on filter paper indicates the presence of fatty acids [23].
Carbohydrate
Fehling’s test
0.5g of the powdered sample was boiled with 3ml of water and filtered. To the filtrate 2ml of fehling‟s solution A
and B was added. The solution was then heated in a boiling water bath for some minutes. A red precipitate at the
base or orange precipitate with green solution indicates presence of carbohydrates [21].
Barfoed’s test
Barfoed‟s reagent was added to 2ml of the sample solution and placed in boiling water. For a red precipitate at the
base indicates presence of monosaccharides [21].
Molisch’s test
To 3ml of aqueous extract was added two drops of 10% alpha naphthol reagent and 1ml of Conc H 2SO4. A purple
or violet ring at the interface indicates the presence of carbohydrate [11].
Anthraquinones
i. Free Anthraquinones
0.5g of the powdered sample was boiled in a water bath with 10ml hot water for 5 minutes. The solutions were
filtered hot and allowed to cool. The filtrates were extracted with benzene. The benzene layers were taken off and
shaken with 5ml dilute ammonia, a pink ammonia layer was formed [22].
ii. Bound Anthraquinones
0.1g of the powdered sample was boiled with 10ml of ferric chloride and 5ml hydrochloric acid they were
hydrolysed by heating on the water bath for 10 minutes filtered hot and the cold filtrate was shaken with benzene to
extract. The benzene layer was obtained by pipette, and 5ml dilute ammonia is added a pink ammonia layer was
formed [22].
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Results
Table 1: Nutrients, Phytochemical Groups and pH of the aqueous and ethanolic extracts
of the various parts of Moringa oleifera plant.
AQUEOUS EXTRACTS
ETHANOLIC EXTRACTS
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R
L
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L
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+
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+
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-
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5.0

4.7

4.6
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4.7

5.8
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Nutrients Distribution

Key
R: Root; L: Leaf; S: Seed; B: Bark F: Flower;

FS: Fruit+Seed

pH Values of Moringa oleifera Extracts
Aqueous Extracts

Ethanolic Extract
7.1
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5.8
5

ROOT
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SEED
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BARK

FRUIT
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5
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Figure 1: The pH values for extracts of various part of Moringa oleifera plant
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Discussion
PH
All extracts of the various plant parts were acidic except the aqueous extract of the bark that was slightly alkaline.
These values are however within the pH values range for many other herbs [24]. The pH values of consumable
products (food and herbs inclusive) affect the solubility of its ingredients as well as the safety of its consumption.
Naturally, foods and herbs could be toxic, producing deleterious effects at extremely high or low pH values. The
solubility of protein has been reported to be pH dependent. It increased at pH 7and 8. Many proteins are also soluble
in alkaline pH [25]. Otu et al. had reported an approximate pH value of 4 [acidic] for moringa leaf juice which is
closer to the ethanolic extract in the finding of this study than it is to the aqueous extract [26].
Basic Nutrients
Both the aqueous and ethanolic leaf extracts contained proteins and fat. While the aqueous leaf extract contained
carbohydrates, only the Molish‟s test shows the presence of carbohydrate for the ethanolic extract. The result is in
line with that of Otu [2013] about the moringa leaf juice [26]. This shows that moringa leaf contains all basic
nutrients and may support its potential use for nutritional purposes. The availability of these nutrients for the body in
the in vivo environment especially on the basis of pH values would however require further studies. The findings of
this study further shows that all the analysed plant parts irrespective of the method of extraction [aqueous or
ethanolic] contain proteins; fats and carbohydrates. Roy et al. (2007) reported the presence of a water-soluble
polysaccharide from moringa pods aqueous extract while Anwar and Rashid (2007) reported sterols, tocopherols and
fatty acids [27-28]. The presence of proteins in all the analysed parts support the advocacy of the plant as a reliable
source of proteins and a good dietary supplement to combat hunger and protein malnutrition especially in the
developing world as severally suggested in some previous publications [2-4, 29-32].
Basic Phytochemistry
Aqueous extracts of the various plant parts did not contain alkaloids. However, the ethanolic extracts of the leaf,
seed, fruits and pod contained alkaloids. This implies that consumers could determine the phytochemistry of their
moringa preparations by choosing which method of extraction that would suitably extract the preferred
phytochemicals. Alkaloids are popularly used in medicine; purified forms are often used as medicinal agents while
herbal sources are popularly used in traditional medicine [33]. Some specifically identified alkaloids are also used as
psychoactive drugs and CNS stimulants [34]. Despite the medicinal potentials of alkaloids, care must be taken about
consuming them under various conditions; for instance cyclopia has been associated with the alkaloid cyclopamine
[35]. This is because this alkaloid disrupts molecular expressions associated with the CNS differentiation including
the Sonic Hedgehog Gene (SHH) [36]. In other instances, it is believed that spontaneous abortion might occur rather
than cyclopia. The teratogenic effect of cyclopamine alkaloids is of serious concern. There is need for further studies
to identify the specific alkaloids that are present in Moringa oleifera.
The aqueous extracts of the root, leaf, seed, flower and the whole pod contained flavonoids. Only the ethanolic
extracts of the leaf and flower contained Flavonoids. However, both the aqueous and ethanolic extracts of the bark
did not contain flavonoids. Flavonoids have enormous phyto-medicinal properties especially as anti-allergic, antiinflammatory, antioxidant, anti-microbial, anti-cancer, and anti-diarrheal agents; and they also been shown to
inhibit topoisomerase enzymes [37-45].
Tannins were present in all the analysed parts of the plant in either form of extracts. This shows that Tannins would
be present and consumed in any of the concerned parts of the plant whether it is aqueous or ethanolic. Tannins have
dietary and medicinal potentials as they have been suggested to reduce risks of cardiovascular diseases. They also
have anti-cancer properties though they show little promise as antioxidants. There are however cautions about
excessive consumption on neonates and conceptus [46-54].
Saponins, Anthraquinones and Glycosides were not present in both the aqueous and ethanolic extracts of the various
plant parts. They were not significantly extracted from the plant Moringa oleifera using the extraction methods
employed in this research. Though one might be tempted to conclude that glycosides might be totally absent in the
plant; some reports of rare or special glycoside in moringa are available [55-56] suggesting that the availability
could be extraction-method dependent. The methods employed here were however the most readily used by
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researchers and regular consumers of the plants who might desire nutritional benefits. This may also provide helpful
information to consumers who require phytochemistry details of the plant juice or extracts for nutritional and
medical reasons.
Terpenoids were present in all plant parts and in both extract forms. Terpenoids contribute to flavours and colours in
plants. Some terpenoids-containing herbs have medicinal properties [57].
Conclusion
Protein, fat and carbohydrates were found in Moringa oleifera. Also, various phytochemicals such as Tannins,
Terpeniods, alkaloids, flavonoids and steroids were found in Moringa oleifera. There were no variations in the
distribution of Proteins, Tannins and Terpenoids in the various parts of the plants. Also, the distribution was
extraction method dependent. However, there were variations in the distribution of the carbohydrates, fat,
flavonoids, alkaloids and steroids which were extraction method dependent. There were variations on pH of the
various parts of the plants. The pH of the various parts was also dependent on the extraction method. Saponins,
Anthraquinones and Glycosides were not found in any of the extracts of the various parts. Thus, the distribution of
some nutrients and phytochemicals varies from one part of the plant to another. Also, the extraction method plays a
significant role in the distribution of some nutrients and phytochemicals available to consumers of moringa and
researchers on moringa.
References
1. Nadkarni AK (1976). Indian Materia Medica. Popular Prakashan Pvt. Ltd., Bombay.pp. 810-816.
2. Anwar F, Ashraf M, Bhanger MI (2005). Interprovenance variation in the composition of Moringa oleifera
oilseeds from Pakistan. J. Am. Oil Chem. Soc. 82:45-51.
3. Anwar F, Bhanger MI (2003). Analytical characterization of Moringa oleifera seed oil grown in temperate
regions of Pakistan. J. Agric. Food Chem. 51:6558-6563.
4. D'Souza J, Kulkarni AR (1993). Comparative studies on nutritive values of tender foliage of seedlings and
mature plants of Moringa oleifera Lam. J. Econ. Taxon Bot. 17:479-485.
5. Morton JF (1991). The horseradish tree, Moringa pterygosperma (Moringaceae)- A boon to arid lands?
Econ. Bot. 45:318-333.
6. Prabhu K, Murugan K, Nareshkumar A, Ramasubramanian N, Bragadeeswaran S (2011). Larvicidal and
repellent potential of Moringa oleifera against malarial vector, Anopheles stephensi Liston (Insecta:
Diptera: Culicidae). Asian Pacif. J. Trop. Biomed., 124-129.
7. Kamal M (2008). Moringa oleifera Lam - The miracle tree. Khare GC, Singh V, Gupta PC (1997). A New
Leucoanthocyanin from Moringa oleifera Gum. J. Ind. Chem. Soc. 74:247-248.
8. Aslam M, Anwar F, Nadeem R, Rashid U, Kazi TG, Nadeem M (2005). Mineral composition of Moringa
oleifera leaves and pods from different regions of Punjab, Pakistan. Asian J. Plant Sci., 4: 417-421.
9. Anjorin TB, Ikokoh P, Okolo S (2010). Mineral composition of Moringa oleifera leaves, pods and seeds
from two regions in Abuja, Nigeria. Int. J. Agric. Biol. 12:431-434.
10. Mughal MHS, Ali G, Srivastava PS, Iqbal M (1999). Improvement of drumstick (Moringa pterygosperma
Gaertn.) A unique source of food and medicine through tissue culture. Hamdard Med. 42:37-42.
11. Odebedy O and Sofowora A (1978). Phytochemical screening of Nigerian medicinal plants Lloydia 41:
41-234.
12. Dahot MU. Vitamin contents of flowers and stem bark of Moringa oleifera. Pak J Biochem, 1988; 21: 1–
24.
13. Mehta J., Shukla A., Bukhariya V., Charde R. (2011). The magic remedy of Moringa Oleifera: An
overview. IJBAR. 2 (06) : 215-227.
14. Jed W. Fahey, Sc.D., Moringa oleifera: A Review of the Medical Evidence for Its Nutritional, Therapeutic,
and Prophylactic Properties, Trees for Life journal 2005, 1-5

The Pharmaceutical and Chemical Journal
17

Owolabi JO et al

The Pharmaceutical and Chemical Journal, 2015, 2(4):11-20

15. Kirtikar KR, Basu BD (1975). Indian Medicinal Plants. In: SIngh B. and M. P. Singh (eds) Dehradun, 676683.
16. Trees for Life (2011). Names of Moringa. Trees for Life International. www.treesforlife.org. Accessed 26th
August, 2015.
17. Vanguard [2010]. Govt to Create 1m Jobs from Moringa Plant; Vanguard Newspaper, Nigeria.
http://www.vanguardngr.com/2010/12/govt-to-create-1m-jobs-from-moringa-plant, December 09, 2010;
accessed 9th February, 2015.
18. WHO (2007). World Health Organisation: Quality Assurance of Pharmaceuticals. A compendium of
guidelines and related materials. Vol. 2, 2nd updated edition. Good manufacturing practices and inspection.
Geneva, World Health Organization, 2007.
19. WHO (2011). World Health Organisation: Quality Control Methods for Herbal Materials [Updated edition
of Quality control methods for medicinal plant materials, 1998]. NLM classification: QV 766
20. AOAC (1990). Official methods of analysis of the association of official analytical chemists (15th edition),
Washington D.C., pp 992-995.
21. Trease GE, Evans WC, (1989). Trease and Evans‟ Pharmacognosy: A Physician‟s Guide to Herbal
Medicine. 13th Edition, Bailliere Tindall London.
22. Sofowora LA (1993). Medicinal plants and Traditional Medicine in Africa. Spectrum Books Ltd, Ibaban.
pp. 55-71.
23. Baskaran X. [2008]. Ethnobotanical Leaflets 2008; 12: 1236
24. Home Hydro Systems (2015). pH/ TDS/PPM Levels for Herbs. www.homehydrosystems.com. Accessed
25th August, 2015.
25. Hilaire Macaire Womeni, Bernard Tiencheu, Michel Linder , Eric Martial Chouatcho Nabayo , Noel
Tenyang, Felicite Tchouanguep Mbiapo , Pierre Villeneuve , Jacques Fanni and Michel Parmentier (2012).
Nutritional Value and Effect of Cooking, Drying and Storage Process on Some Functional Properties of
Rhynchophorus Phoenicis. International Journal of Life Science and Pharma Research. 2 [3]: 203- 219.
26. Otu PNY, Saalia FK, Amankwah EA (2013). Characterization of Fresh Moringa oleifera Beverage; Journal
of Food Science and Quality Management; 21: 26-33.
27. Roy SK, Chandra K, Ghosh K, Mondal S, Maiti D, Ojha AK, Mondal S, Chakraborty I, Islam SS (2007).
Carbohydr Res. 2007, 342(16), 2380-2389.
28. Anwar F,Rashid U (2007) Pak. J. Bot., 39(5), 1443-1453.
29. M. C. Palada, “Moringa (Moringa oleifera Lam.): a versatile tree crop with horticultural potential in the
subtropical United States,” HortScience, vol. 31, no. 5, pp. 794–797, 1996.
30. L. J. Fuglie, The Miracle Tree: Moringa oleifera: Natural Nutrition for the Tropics, Church World Service,
Dakar, Senegal, 1999.
31. C. J. Dillard and J. Bruce German, “Phytochemicals: nutraceuticals and human health,” Journal of the
Science of Food and Agriculture, vol. 80, no. 12, pp. 1744–1756, 2000.
32. M. D. Thurber and J. W. Fahey, “Adoption of Moringa oleifera to combat under-nutrition viewed through
the lens of the “Diffusion of innovations” theory,” Ecology of Food and Nutrition, vol. 48, no. 3, pp. 212–
225, 2009.
33. Robert A (2001). Meyers Encyclopedia of Physical Science and Technology – Alkaloids, 3rd edition.
Academic Press. – pp 312.
34. Geoffrey A. Cordell The Alkaloids: Chemistry and Biology. Vol. 56, Elsevier, 2001, p. 8, ISBN 978-0-12469556-6
35. The Royal Society (1665). "Observables upon a Monstrous Head". Philosophical Transactions of the Royal
Society (1665–1678) 1 (5): 85–56.
36. Chin Chiang, Ying Litingtung, Eric Lee, Keith E. Young, Jeffrey L Corden, Heiner Westphal & Philip A.
Beachy (1996). "Cyclopia and defective axial patterning in mice lacking Sonic hedgehog gene
function". Nature 383(6599): 407–413.

The Pharmaceutical and Chemical Journal
18

Owolabi JO et al

The Pharmaceutical and Chemical Journal, 2015, 2(4):11-20

37. Yamamoto Y, Gaynor RB (2001). "Therapeutic potential of inhibition of the NF-κB pathway in the
treatment of inflammation and cancer". Journal of Clinical Investigation 107 (2): 135–42.
38. Cushnie TP, Lamb AJ (2005). "Antimicrobial activity of flavonoids" (PDF). International Journal of
Antimicrobial Agents 26 (5): 343–356.
39. Schuier M, Sies H, Illek B, Fischer H (2005). "Cocoa-related flavonoids inhibit CFTR-mediated chloride
transport across T84 human colon epithelia". J. Nutr. 135 (10): 2320–5.
40. Cushnie TP, Lamb AJ (2011). "Recent advances in understanding the antibacterial properties of
flavonoids". International Journal of Antimicrobial Agents 38 (2): 99–107.
41. de Sousa RR, Queiroz KC, Souza AC, Gurgueira SA, Augusto AC, Miranda MA, Peppelenbosch MP,
Ferreira CV, Aoyama H (2007). "Phosphoprotein levels, MAPK activities and NFkappaB expression are
affected by fisetin". J Enzyme Inhib Med Chem 22 (4): 439–444.
42. Cazarolli LH, Zanatta L, Alberton EH, Figueiredo MS, Folador P, Damazio RG, Pizzolatti MG, Silva FR
(2008). "Flavonoids: Prospective Drug Candidates". Mini-Reviews in Medicinal Chemistry 8 (13): 1429–
1440.
43. Bandele OJ, Clawson SJ, Osheroff N (2008). "Dietary polyphenols as topoisomerase II poisons: B-ring
substituents determine the mechanism of enzyme-mediated DNA cleavage enhancement". Chemical
Research in Toxicology 21 (6): 1253–1260.
44. Esselen M, Fritz J, Hutter M, Marko D (2009). "Delphinidin Modulates the DNA-Damaging Properties of
Topoisomerase II Poisons". Chemical Research in Toxicology 22 (3): 554–64.
45. Manner S, Skogman M, Goeres D, Vuorela P, Fallarero A (2013). "Systematic exploration of natural and
synthetic flavonoids for the inhibition of Staphylococcus aureus biofilms". International Journal of
Molecular Sciences 14 (10): 19434–19451
46. Thirman MJ, Gill HJ, Burnett RC, Mbangkollo D, McCabe NR, Kobayashi H et al. (1993).
"Rearrangement of the MLL gene in acute lymphoblastic and acute myeloid leukemias with 11q23
chromosomal translocations". N Engl J Med 329 (13): 909–14.
47. Ross, J. A. (2000). "Dietary flavonoids and the MLL gene: A pathway to infant leukemia?". Proceedings of
the National Academy of Sciences 97 (9): 4411–3.
48. Ross, JA (1998). "Maternal diet and infant leukemia: a role for DNA topoisomerase II
inhibitors?". International journal of cancer. Supplement 11 (S11): 26–8.
49. Strick R, Strissel PL, Borgers S, Smith SL, Rowley JD; Strissel; Borgers; Smith; Rowley (2000). "Dietary
bioflavonoids induce cleavage in the MLL gene and may contribute to infant leukemia". Proc Natl Acad
Sci U S A 97 (9): 4790–5.
50. Paolini, M; Sapone, Andrea; Valgimigli, Luca (2003). "Avoidance of bioflavonoid supplements during
pregnancy: a pathway to infant leukemia?". Mutation Research/Fundamental and Molecular Mechanisms
of Mutagenesis 527 (1–2): 99–101.
51. Williams, Robert J; Spencer, Jeremy P.E; Rice-Evans, Catherine (2004). "Flavonoids: Antioxidants or
signalling molecules?". Free Radical Biology and Medicine 36 (7): 838–49.
52. Spector, L. G.; Xie, Y; Robison, LL; Heerema, NA; Hilden, JM; Lange, B; Felix, CA; Davies, SM et al.
(2005). "Maternal Diet and Infant Leukemia: The DNA Topoisomerase II Inhibitor Hypothesis: A Report
from the Children's Oncology Group". Cancer Epidemiology Biomarkers & Prevention 14 (3): 651–5.
53. Barjesteh van Waalwijk van Doorn-Khosrovani S, Janssen J, Maas LM, Godschalk RW, Nijhuis JG, van
Schooten FJ (2007). "Dietary flavonoids induce MLL translocations in primary human CD34+
cells". Carcinogenesis 28 (8): 1703–9.
54. Habauzit, V.; Morand, C. (2011). "Evidence for a protective effect of polyphenols-containing foods on
cardiovascular health: An update for clinicians". Therapeutic Advances in Chronic Disease 3 (2): 87–106.
55. S. Faizi, B.S. Siddiqui, R. Saleem, S. Siddiqui, K. Aftab, A.H. Gilani. J Nat Prod., 1994, 57(9):1256-1261.
56. S. Faizi, B.S. Siddiqui, R. Saleem, S. Siddiqui, K. Aftab, A.H. Gilani. Phytochemistry. 1995, 38(4), 957963.

The Pharmaceutical and Chemical Journal
19

Owolabi JO et al

The Pharmaceutical and Chemical Journal, 2015, 2(4):11-20

57. Ayoola, GA (2008). "Phytochemical Screening and Antioxidant Activities of Some Selected Medicinal
Plants Used for Malaria Therapy in Southwestern Nigeria". Tropical Journal of Pharmaceutical
Research 7 (3): 1019–1024.

The Pharmaceutical and Chemical Journal
20

