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Abstract
Antioxidant is any substance that directly scavenges reactive

oxygen species (ROS) or indirectly acts to up-regulate antioxidant
defenses or inhibit ROS production. The review is aimed at high-
lighting the components of baobab leaves with antioxidant capabil-
ities. Articles were searched from the Directory of Open Access
Journals, PubMed, Google Scholar, Science Direct using key
words such as composition of baobab leaves, antioxidant proper-
ties of baobab leaf, reactive oxygen species, oxidative stress and
antioxidant. The result showed that boabab leaves are good sources
of food with a lot of antioxidant components such as vitamin C,
carotenes, flavonoids, zinc etc. These antioxidant components help
to regulate ROS including free radicals such as superoxide anion,
hydroxyl radical, as well as non-radical molecules like hydrogen
peroxide, singlet oxygen. Baobab leaves carry out the antioxidant
activities through the following processes: scavenging and neutral-
izing free radicals, singlet oxygen quenching, superoxide radical
scavenging, hydrogen donation, metal chelating, enzymes inhibi-
tion, peroxide decomposing and synergies. They also help in acti-
vating antioxidant enzymes, reduce α-tocopherol radicals, reduce

nitrosative stress, prevent oxidases, and increase levels of uric acid
and low molecular weight molecules which ultimately help to
reduce oxidation in the long run. Baobab leaves are rich in phyto-
chemicals with a lot of antioxidant capabilities due to the present
of several components like vitamin C, carotenes, flavenoids, etc.
These components work in different ways to regulate reactive oxy-
gen species and by extension prevent oxidative stress. 

Introduction
Baobab leaves are staple food for many African populations

especially the central and western regions of the continent.1-2

Baobab leaves are used throughout Africa either as fresh leaves or
dried in the sun.3 The plant is known to survive seasonal fluctua-
tions providing families with adequate nutrients and energy.4-5 In
Nigeria, “Miyan kuka” is a popular soup within the Hausas in the
northern part of the country made by the used of baobab leaves.6
In Zimbabwe, baobab leaves are used as vegetables substitute for
the commercially grown leafy vegetables such as lettuce and cab-
bages.7 In Mali, the leaves are used in making sauce and they are
called lalo.8 The Baobab leaves are rich in pro-vitamins A and vita-
min C; in WHO standards, and in terms of protein content, leaves
of baobab can be rated good in that they score well for 5 of the 8
essential amino acids.5 Phytochemical screening shows that it con-
tains glycosides, saponins, steroids, and flavonoids which are very
crucial in antioxidant activities, maintenance of electrolyte level,
protection against infections, antimicrobial, anti-inflammatory,
and immune-stimulating properties.9,10

In nature, reactive oxygen species (ROS) is produced as a
result of aerobic metabolism. These reactive oxygen species play
major roles in the maintenance and regulation of cell; cell signal-
ing, cell differentiation, cell survival, cell death and inflammation-
related factor production.11-12 Reactive oxygen species include free
radicals such as hydroxyl radical (OH•), superoxide anion (O2•−),
as well as non-radical molecules like singlet oxygen (1O2), hydro-
gen peroxide (H2O2), etc.13 Excess production of free radicals in
the system is caused by some environmental factors such as heavy
metal exposure, tobacco smoke, UV radiation, xenobiotics and
ionizing radiation together with superficial receptors activation in
the cell of the affected organisms.14,15 A free radical is an atom,
molecule, or compound with unpaired electron making it highly
unstable because of its atomic or molecular structure. This instabil-
ity causes free radicals to be very reactive, and by so doing tries to
pair up with other electrons, atoms or even molecules to form a sta-
ble compound. For a more stable state to be attained free radicals
can “steal” a hydrogen atom from another molecule; it can also
interact in various ways with other free radicals as well as bind to
another molecule.16 Free radicals are highly attracted to DNA, pro-
teins and lipids.17 When the generation of free radicals exceeds the
system’s capacity to neutralize and eliminate them, which can be
as a result of either decreased antioxidant defense systems or over-
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production of ROS, end result is oxidative stress.18 Normally
organisms have developed antioxidant defense system to contain
this oxidative stress caused by aerobic metabolism. The antioxi-
dant defense system consists of enzymes such as catalase (CAT),
superoxide dismutase (SOD), glutathione peroxidase (GPx) and
glutathione reductase as well as a number of low molecular-weight
antioxidants such as flavanoids, vitamins, ascorbate, α-tocopherol,
glutathione, cysteine, thioredoxin, etc.19 In some cases, due to
some pathological and negative environmental factors, the defense
system can be overpowered, causing ROS to escape destruction
and forming highly reactive hydroxyl radicals.20 An increase in
ROS can lead to oxidative damage to DNA and other macromole-
cules (proteins, nucleic acids and lipids). It is also implicated in the
pathogenesis of several diseases such as neurodegenerative dis-
eases, diabetes mellitus, cancer, cardiovascular diseases as well as
aging.21

Antioxidant is “any substance that delays, prevents or removes
oxidative damage to a target molecule”.22 Antioxidants can be
divided into two groups: enzymatic antioxidants and non-enzymat-
ic antioxidants. The enzymatic antioxidants are produced in the
body of the organism and are further subdivided into primary and
secondary enzymatic defenses.23 The primary enzymatic defense
includes catalase (CAT), glutathione peroxidase (GPX) and super-
oxide dismutase (SOD). In general, primary enzymatic defense
helps to prevent the formation of free radicals as well as neutraliz-
ing the already formed free radicals. Catalase, breaks down hydro-
gen peroxide into water and oxygen molecule. Glutathione perox-
idase forms selenols by donating electrons to reduce peroxides by
so doing eliminates peroxides which is an important component of
Fenton reaction Superoxide dismutase helps to convert superoxide
anions into hydrogen peroxide.24 The secondary enzymatic
defense includes glucose-6-phosphate dehydrogenase and glu-
tathione reductase. They do not neutralize free radicals directly, but
support the primary enzymatic defense antioxidants. Glucose-6-
phosphate regenerates Nicotinamide Adenine Dinucleotide
Phosphate (NADPH), thereby creating a reducing environment for
the primary enzymatic defense to act properly. Glutathione reduc-
tase reduces glutathione peroxidase from its oxidized form to its
reduced form; by so doing help in recycling glutathione peroxidase
to continue in neutralizing more free radicals.25

Non-enzymatic antioxidants can be classified into two: natural
antioxidants and synthetic antioxidants. Natural antioxidants are
nutrient-derived antioxidants like ascorbic acid (vitamin C), toco-
pherols and tocotrienols (vitamin E), carotenoids, and other low
molecular weight compounds that are found in plants materials
that have the ability to protect the cell and organ from reactive oxy-
gen species.26 Synthetic antioxidants are pure substance like buty-
lated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA)
that are added to food to prevent food oxidation and prolong shelf
live. Most processed foods contain synthetic antioxidants, which
are reported to be safe, but recent studies indicate otherwise.27

Some studies have indicated that most synthesis antioxidants gen-
erate substances that can lead to cancer or other diseases in the
long run.28 The aim of this review was to itemize the components
of baobab leaf with antioxidant capabilities.

Materials and Methods
Database were search for articles from the Directory of Open

Access Journals, PubMed, Google Scholar, Science Direct using
key words such as composition of baobab leaf, antioxidant proper-
ties of baobab leaf, reactive oxygen species, oxidative stress and

antioxidant. The articles were selected and reviewed base on the
following criteria: 
i. Articles on baobab leaves from different sources.
ii. Articles that described the composition of baobab leaves
iii. Articles that described the antioxidant properties of baobab

leaves
iv. Articles on reactive oxygen species, oxidative stress and

antioxidant, 
v. Articles that met the selection criteria were selected for the

review. 

Results and Discussion
Baobab leaves are a pool of essential and protective com-

pounds and minerals. Studies has shown that the leaves are rich in
phytochemicals such as flavonoids, glycosides, saponins, steroids
vitamins, amino acids, carbohydrates and lipids.29 They are also
important source of minerals such as zinc, iron, manganese and
copper. In addition, they are rich in fiber, nitrogen, ash and crude
protein.30 The phytochemicals found in this plant are very crucial
in the antioxidant activities, protection against infections and
maintenance of electrolyte level.5 Glycosides are stored in the gut
flora where they may have a beneficial effect in animals perhaps in
cholesterol reduction.9 Similarly, steroids have also been reported
to be involved in cholesterol reduction and may as well possess a
hypocholesterolemic capability in mammals.9 In addition,
carotene, vitamin C, and flavonoids have high antioxidant proper-
ties while saponins are thought to have antimicrobial, anti-inflam-
matory, anti-oxidant and immune-stimulating properties. The pres-
ence of carotene, vitamin C, flavonoids, and saponin suggest that
the samples may be beneficial in the reduction of reactive oxygen
species, cancer risk, and heart diseases.10

Vitamin A (Retinol)
Retinol or vitamin A is a carotenoid produced from the break-

down of carotene in the liver. It is known to have beneficial impact
on the skin, eyes and internal organs. What confers the antioxidant
ability on vitamin A is its ability to combine with peroxyl radicals
before they propagate peroxidation to lipids.31,32 Extraction of
vitamin A precursor from baobab leaves showed that Alpha
carotene was 1.01mg/100g, beta-carotene was 5.92mg/100g, and
cryptoxanthin was 0.81mg/100g of leaves.33 In a separate study,
vitamin A content of the Baobab sun dried leaves contain 9.9μg/g
of α carotene, 87.0μg/g of β carotene and 15.3μg/g retinol equiva-
lent; while the shade dried leaves contain 19.4μg/g α carotene,
157μg/g of β carotene and 27.2μg/g retinol equivalent.34

Carotenoids has the ability to scavenge free radicals such as
hydroxyl radical (OH•), superoxide anion (O2•−), or lipid peroxyl
radical LOO in plasma.35 It is one of the potent antioxidant com-
ponents that is derived from plant: it functions as singlet oxygen
quenchers, free radical scavengers, enzymes inhibitors, peroxide
decomposers and synergies.36 It is important to note that singlet
oxygen quenching is the main antioxidant property of carotenoids.
This happens as a result of excited carotenoids that dissipate the
newly acquired energy through a series of biochemical interactions
with the solvent, thereby returning to the unexcited state and
allowing them to quench more radical species. It is important to
note that these carotenoids can be completely destroyed by free
radicals called peroxyl radicals. Carotenoids are relatively unreac-
tive but may also breakdown and form non-radical compounds that
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may terminate free radical attacks as they bind to these radicals.37

Carotenoids are also believed to provide antioxidant protection to
some tissues especially those that are rich in lipids. Research sug-
gests that beta carotene may work in collaboration with vitamin
E.38 Vitamin E is a major lipid-soluble antioxidant. As the most
effective chain-breaking antioxidant within the cell membrane, it
helps to prevent lipid peroxidation in the fatty acids component of
the cell membrane.39

Vitamin C
Vitamin C is a very important cofactor in enzymatic reactions;

an excellent electron donor which makes it a very strong water-sol-
uble antioxidant in humans. Unfortunately, humans can only get
Vitamin C from external sources as they cannot synthesize it by
themselves due to the lack of gulonolactone oxidase.40 A study
conducted by Baobab Fruit company in Senegal observed that the
concentration of vitamin C in baobab leaves ranged from 38 to
53mg/100g.41 Similarly, vitamin C is considered as one of the most
vital dietary antioxidants that help to reduce free-radical and
oxidative stress mediated damages.40 Vitamin C functions as an
important antioxidant by donating two of its electrons, thereby pre-
venting the oxidation of other compounds.42 Ascorbic acid con-
tains two important components with antioxidant capabilities: L-
ascorbic acid and L-dehydroascorbic acid which are both assimi-
lated in the intestinal tract and can be interchanged enzymatically
in vivo. Ascorbic acid is very effective in scavenging and neutral-
izing free radicals like the hydrogen peroxide, hydroxyl radical,
superoxide radical anion, singlet oxygen and reactive nitrogen
oxide.43 The antioxidant potential of Vitamin C has been shown in
both in vitro and in vivo study conditions due to its interactions
with reactive oxygen species. Interestingly, vitamin C can also
function as a pro-oxidant in the presence of catalytic metal ions.44

To be specific, vitamin C has shown the ability to interact with
Fe3+ and reduce it to Fe2+ (or Cu3+ to Cu2+), which easily reacts
with hydrogen peroxide or oxygen to form hydroxyl radicals and
superoxide leading to some negative impacts on biomolecules.45,46

Flavoniods
Flavonoids can be categorized into six major subgroups,

flavones, flavonols and flavanones catechins or flavanols, antho-
cyanidins, isoflavones. All these sub-groups of compounds share
the same diphenylpropane (C6C3C6) skeleton.47 Study on baobab
leaves powder (stored, sun-dried & shade-dried) has shown
flavonoid level of 0.15%, 0.12% and 0.22% respectively.30 The
presence of phenolic hydroxyl groups attached to their ring struc-
tures is what gives the antioxidant ability to flavonoids. These
flavonoids function as reducing agents, metal chelators, superox-
ide radical scavengers, hydrogen donators as well as singlet oxy-
gen quenchers.47 They also play a role in activating antioxidant
enzymes, reduce nitrosative stress, prevent oxidases, reduce α-
tocopherol radicals, and increase levels of uric acid and low molec-
ular weight molecules which help in reducing oxidation in the
process.48

Zinc
Zinc is one of the most important minerals that are only found

in trace quantity in humans, and forms small proportion of dietary

antioxidants. It plays a vital role in antioxidation.49 In baobab
leaves, zinc vary between 0.7mg/100g dw and 4.0mg/100g dw.6,50

However, in a separate study, a higher value of 22.4mg/100g dw
was reported.51 Importantly, zinc is one of the minerals that are
involved in various metabolic reactions including antioxidation. It
does not directly attack free radicals, but plays quite an important
role in the prevention of formation of free radical. It has been
observed that zinc helps to prevent the production of the singlet
oxygen radical from oxygen by inhibiting NADPH oxidases which
catalyzes the reaction using NADPH as an electron donor.49 Zinc
is also an important component of superoxide dismutase.
Superoxide dismutase is an important antioxidant enzyme that
converts superoxide radical into hydrogen peroxide. Zinc is seen to
induce the production of some scavengers like metallothionein that
scavenges hydroxyl radical. Zinc can as well reduce the production
of hydroxyl radicals by competing with copper for binding to the
cell wall. Copper is believed to play a role in the production of
hydroxyl radicals on the cell wall thereby inducing oxidation.49

General antioxidant capability
The process of generating reactive oxygen species and using

the test substance to cause the disappearance of these radicals is
most commonly used method for measuring antioxidant activity in
any substance. The scavenging activity of antioxidants is measured
against a reference compound, such as Trolox which is a water-sol-
uble equivalent of vitamin E. In a particular study, the integral
antioxidant capacity which represents the sum of the antioxidant
capacity of hydrophilic and lipophilic antioxidants, calculated as
mmol equivalents in activity of Trolox of the baobab leaves was
examined. The water-soluble antioxidant capacity of the baobab
leaves was 6.39 mmol/g of Trolox, while the lipid-soluble antioxi-
dant component of baobab leaves was 2.35 mmol/g of Trolox.52 In
water-soluble fractions, antioxidants such as vitamin C and
flavonoids were measured; while in lipid-soluble fractions, antiox-
idants such as carotenoids and tocopherols were detected.53,54

Conclusions
Baobab leaves are usually used in dry form in the preparation

of a soup known as miyan kuka in Northern Nigeria. The leaves are
rich in phytochemicals such as vitamin C, carotenes glycosides,
saponins, steroids and flavonoids. Also, they are important source
of minerals such as zinc, copper, iron and manganese. Some of
these components work in different ways to regulate reactive oxy-
gen species and by extension prevent oxidative stress. Therefore,
consumption of miyan kuka can help to prevent or reduce reactive
oxygen species thereby preventing oxidative stress in the long run.

References
1. Yazzie D, VanderJagt DJ, Pastuszyn A, et al. The Amino Acid

and Mineral Content of Baobab (Adansonia digitata) Leaves. J
Food Compos Anal 1994;7:189-93.

2. Gebauer J, El-Siddig K, Ebert G. Baobab (Adansonia digitata
L.): a review on a multipurpose tree with promising future in
the Sudan. Gartenbauwissenschaft 2002;67:155-60. 

3. Abioye VF, Adejuyitan JA, Idowu CF. Effects of different dry-
ing methods on the nutritional and quality attributes of baobab
leaves (Adansonia digitata). Agric Biol J N Am 2014;5:103-8.

                             Review

aamr_2019_01.qxp_Hrev_master  27/06/19  09:40  Pagina 13

Non
-co

mmerc
ial

 us
e o

nly



[page 14]                                                [Annals of African Medical Research 2019; 2:62]

4. Glew RH, Vanderjagt DJ, Lockett C, et al. Amino acid, fatty
acid, and mineral composition of 24 indigenous plants of
Burkina Faso. J Food Compos Anal 1997;10:205-17.

5. Zahra’u B, Mohammed A, Ghazali H, Karim R. Baobab Tree
(Adansonia digitata L) Parts: Nutrition, Applications in Food
and Uses in Ethno-medicine–A Review. Ann Nutr Disord Ther
2014;1:1011.

6. Yazzie D, Van der Jagt DJ, Pastuszyn A, et al. The amino acid
and mineral content of baobab (Adansonia digitata L.) leaves.
J Food Compos Anal 1994;7:189-93.

7. Dovie DBK, Shackleton CM, Witkowski ETF. Involving local
people: Reviewing participatory approaches for inventorying
the resource base, harvesting and utilization of non-wood for-
est products. Joint FAO/ECE/ILO Committee on Forest
Technology, Management and Training, Harvesting of Non-
Wood Forest Products. Menemen-Izmir, Turkey. 2000.

8. Nordeide MB, Hatløy A, Følling M, et al. Nutrient composi-
tion and nutritional importance of green leaves and wild food
resources in an agricultural district, Koutiala, in southern Mali.
Int J Food Sci Nutr 1996:47:455-68.

9. Zhabinskii VN, Khripach NB, Khripach VA. Steroid plant hor-
mones: effects outside plant kingdom. J Steroids 2015;97:87-
97. 

10. Ochwang’I D, Kimwele C, Oduma J, et al. Phytochemical
Screening of Medicinal Plants of the Kakamega Country,
Kenya Commonly Used against Cancer. Med Arom Plants
2016;5:2167-412.

11. Touyz RM. Molecular and cellular mechanisms in vascular
injury in hypertension: Role of angiotensin II-editorial review.
Curr Opin Nephrol Hypertens 2005;14:125-31. 

12. Mueller CF, Laude K, McNally JS, Harrison DG. Redox mech-
anisms in blood vessels. Arterioscler Thromb Vasc Biol 2005
25:274-8.

13. Wu H, Yin J, Wamer WG, et al. Reactive oxygen species-relat-
ed activities of nano-ironmetal and nano-iron oxides. J Food
Drug Anal 2014;22:86-94. 

14. Pinkus R, Weiner LM, Daniel V. Role of oxidants and antioxi-
dants in the induction of AP-1, NF-k B, and glutathione S-
transferase gene expression. J Biol Chem 1996;271:13422-9.

15. Bartsch H, Nair J. Ultrasensitive and specific detection meth-
ods for egzocyclic DNA adducts: Marker for lipid peroxidation
and oxidative stress. Toxicol 2000;153:105-14.

16. Tiwari AK. Antioxidants: new- generation therapeutic base for
treatment of polygenic disorders. Curr Sci 2004;86:1092-102.

17. Sivanandham V. Free radicals in health and diseases.
Pharmacol Online 2011;11:1062-77.

18. Sies H. Biochemistry of oxidative stress. Ange-wandte Chemie
1986;25:1058-71. 

19. Fridovich I. Superoxide anion radical, superoxide dismutase,
and related matters. J Bio Chem 1997;272:18515-7. 

20. Beckman KB, Ames, BN. Endogenous oxidative damage of
mtDNA. Mutat Res 1999;424:51-8. 

21. Wei YH, Lu CY, Wei CY, Et al. Oxidative stress in human
aging and mitochondrial disease-consequences of defective
mitochondrial respiration and impaired antioxidant enzyme
system. Chin J Physiol 2001;44:1-11. 

22. Halliwell B. Biochemistry of Oxidative Stress. Biochem Soc
Trans 2007;35:1147-50. 

23. Carocho M, Ferreira ICFR. A Review on Anti-oxidants,
Prooxidants and Related Controversy: Natural and synthetic
compounds. Screening and Analysis Methodologies and
Future Perspectives. Food Chem Toxicol 2013;51:15-25. 

24. Rahman K. Studies on Free Radicals, Antioxidants, and Co-

Factors. Clin Interv Aging 2007;2:219-36. 
25. Ratnam DV, Ankola DD, Bhardwaj V, et al. Role of

Antioxidants in Prophylaxis and Therapy: A Pharmaceutical
Perspective. J Control Release 2006;113:189-207. 

26. Ames, B. Forward in Natural Antioxidants in Human Health
and Disease, 1st ed. Academic Press: San Diego 1994. pp 19-
25.

27. Aguillar F, Crebelli R, Dusemund B, et al. Scientific opinion
on the reevaluation of butylated hydroxytoluene BHT (E321)
as a food additive. EFSA J 2012;2588.

28. Giacalone M, Di Sacco F, Traupe I, et al. Antioxidant and neu-
roprotective properties of blueberry polyphenols: a critical
review. Nutr Neurosci 2011;14:119-25.

29. Shukla YN, Dubey S, Jain SP, Kumar S. Chemistry, biology
and uses of Adansonia digitate - a review. J Med Aromat Plant
Sci 2001;23:429-34.

30. Chukwuma CO, Fatima AN, Olatunbosun OA, Onyinye FN.
Phytochemical, Elemental and Proximate Analyses of Stored,
Sun-Dried and Shade-Dried Baobab (Adansonia digitata)
Leaves. 13th International Conference on Electronics,
Computer and Computation (ICECCO). 2017. 

31. Palace VP, Khaper N, Qin Q, Singal PK. Antioxidant potentials
of vitaminA and carotenoids and their relevance to heart dis-
ease. Free Radic J Biol Med 1999;26:746-61

32. Jee J, Lim S, Park J, Kim C. Stabilization of all-trans retinol by
loading lipophilic antioxidants in solid lipid nanoparticles. Eur
J Pharm Biopharm 2006;63:134-9.

33. Garrett CS, Stephen RD, Andrew JC, Louis EG. Carotenoid
values of elected plant foods common to southern Burkina
Faso, West Africa Ecol Food Nutr 1996;35:43-58. 

34 Scheuring JF, Sidib’e M, Frigg M. Malian agronomic research
identifies local baobab tree as source of vitamin A and vitamin
C. Sight Life Newsletett 1999;1:21-4.

35. Banerjee S, Ecavade A, Rao AR. Modulatory influence of san-
dalwood oil on mouse hepaticglutathione-S-transferase activi-
ty and acid soluble sulphydryl level. Cancer Lett 1993;68:105-
9.

36. Racova L, Oblozinsky N, Kostalova D, et al. Free radical scav-
enging activity and lipoxigenase inhibition of Mahonia
aquifolium extract and isoquinoline alkaloids. J Inflam
2007;4:15.

37. Paiva SAR, Russell RM. β-Carotene and other carotenoids as
antioxidants. J Am Coll Nutr 1999;18:426-33.

38. Jacob RA. The Integrated Antioxidant System. Nutr Res
1995;15:755-66.

39. Kumar S. The importance of antioxidant and their role in phar-
maceutical science. Asian J Res Chem Pharm Sci 2014;1:27-
44.

40. Putchala MC, Ramani P, Sherlin HJ, et al. Ascorbic acid and its
pro-oxidantactivity as a therapy for tumours of oral cavity
‘systematic review’. Arch Oral Biol 2013;58:563-74.

41. Baobab Fruit Company Senegal; organic baobab powder,
1999. Available from: http:/baobab.com/baobab-powder.

42. Heo JH. The possible role of antioxidant vitamin C in
Alzheimer’s disease treatment and prevention. Am J
Alzheimers Dis Other Demen 2013;28:120-5.

43. Barros NA, Nunes FM, Gonçalves B, et al. Effect of cooking
on total vitamin C contents and antioxidant activity of sweet
chestnuts (Castanea sativa Mill.). Food Chem 2011;128:165-
72.

44. Kang MJ, Lee SS, Koh HC. Prooxidant properties of ascorbic
acid in the nigrostriataldopaminergic system of C57BL/6 mice.
Toxicol 2012;294:1-8.

                             
Review

aamr_2019_01.qxp_Hrev_master  27/06/19  09:40  Pagina 14

Non
-co

mmerc
ial

 us
e o

nly



                                     [Annals of African Medical Research 2019; 2:62]                                               [page 15]

45. Rietjens IM, Boersma MG, Haanm LD. The pro-oxidant chem-
istry of the natural antioxidants vitamin C, vitamin E,
carotenoids and flavonoids. Environ Toxicol Pharmacol
2002;11:321-33.

46. Duarte TL, Lunec J. Review: When is an antioxidant not an
antioxidant? A review of novel actions and reactions of vitamin
C. Free Radic Res 2005;39:671-86.

47. Rice-Evans CA, Miller NJ, Paganga G. Structure-antioxidant
activityrelationships of flavonoids and phenolic acids. Free
Radic J Biol Med 1996;20:933-56.

48. Procházková D, Boušová I, Wilhelmová N. Antioxidant and
pro-oxidant properties of flavonoids. Fitoterapia 2011;82:513-
23.

49. Prasad AS, Bao B, Beck FWJ. Antioxidant effect of zinc in
humans. Free Radic Biol Med 2004;37:1182-90.

50. Smith GC, Clegg MS, Keen CL, Grivetti LE. Mineral values

of selected plant foods common to southern Burkina Faso and
to Niamey, Niger, West Africa. Int J Food Sci Nutr 1996;47:41-
53.

51. Barminas, J. T., Charles, M., and Emmanuel, D. (1998).
Mineral composition of non-conventional leafy vegetables.
Plant Food Hum Nutr 1998;53:29-36.

52. Vertuani S, Braccioli E, Buzzoni V, Manfredini S. Antioxidant
capacity of Adansonia digitata fruit pulp and leaves. Acta
Phytotherapeutica 2002.

53. Popov I, Lewin G, Baehr R. Photochemiluminescent detection
of antiradical activity. I. Assay of superoxide dismutase.
Biomed Biochem Acta 1987;46:775-9.

54. Osman MA. Chemical and nutrient analysis of baobab
(Adansonia digitata) fruit and seed protein solubility. Plant
Foods Hum Nutr 2004;59:29-33.

                             Review

aamr_2019_01.qxp_Hrev_master  27/06/19  09:40  Pagina 15

Non
-co

mmerc
ial

 us
e o

nly




