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Introduction

Free radicals are those components that due to their chemical nature are
more reactive than other components within their environments. Free radicals are
found both in the food and also in the body at cellular levels. Nutritionists are
interested in free radicals first because of their actions on food deteriorations and
secondly because of their toxic effect on the body. Recently a lot of nutritional
advices in food journals and magazines are focused on use of antioxidants to
counter the action of free radicals both in food and in the body. The aim of this
review is to summarize some key papers with regards to free radicals in food and
biological systems as well as their control.

Chemistry of free radicals: According to Found (2005) free  radicals can be
generated by any of the following mechanism.

1, Hemolytic cleavage of a covalent bond, in which a normal molecule
fragments into two, each fragment retains one of the paired electrons.
Hemolytic cleavage occurs less commonly in biological systems as it
requires high — energy input. It is common in food irradiation and in deep

fat frying.
2, Loss of a single- elections from a normal molecule.
3, Addition of an election from a normal molecule.

The fundamental fact about radical is that the unpaired elections in their
outer shall do not affect the charge on the resultant and molecules free
radicals can be negatively charged, positively charged or electrically
neutral. This is because charge concerned with the number of negatively
charged electrons in relation to the positively charged protons whereas
free radicals are related only to the spatial arrangement of the outer
electron.

The unpaired elections may have been gained on top of a neutral
molecule making it negative; alternatively, it may have resulted from the
loss of an electron from the same molecule resulting in a positive charge.
Likewise, if the original molecule was not neutral to begin with, the
addition or removal of an unpaired electron would result in a neutral
charge. Free radicals are atoms or molecules that have at least one
unpaired electron, which makes them very reactive with other molecules
(Bates 2005).
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1.3 Generation of free radical: The free radicals are generated in food and in
the body due to oxidative stress. The oxidative stress is defined as the
state in which the level of reactive oxygen intermediates (ROI) overcome
the antioxidant in the food or in the body. Some of the conditions that
induce the oxidative stress were described in details by Giese (1996).

I. Fat frying: Lipolysis is a major reaction occurring during deep fat frying
due to the large amounts of water introduced from the food and the
relatively high temperature at which the oils is maintained. The high
temperature of deep fat frying leads to generation of free radicals in fried
food. Free radicals formation, propagation and termination scheme has
been postulated as follows (Nawar 1985).
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The chemistry of lipid oxidation at high temperature is complex since
both thermolytic and oxidative reaction are simultaneously involved. Both
saturated and unsaturated fatty acids undergo chemical decomposition when
exposed to heat in the presence of oxygen (Herbert 1994 and Giese 1996).

The first of this series of reaction starts with the initiation step. The fat
free radicals are formed when loosely held hydrogen atoms are lost from fatty
acid group. The resultant fat free radical react with oxygen to form peroxyl free
radicals. These peroxyl free radicals act as strong initiators or catalyst of further
oxidation by extracting hydrogen from another molecule.

In propagation, the peroxyl radicals remove a hydrogen atom from a lipid
to form a relatively stable hydro peroxide and a new unstable fatty acid free
radical. The unstable fatty acid free radical will then react with oxygen to firm
another new peroxyl radical. The final reaction occur when two unstable free
radicals react to form a stable compound (Maclord 1994).
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ii. Food irradiation process: Urbain (1996) stated that generation of free
radicals by gamma irradiation in biological materials starts with knocking out a
guantum of election from water in the environment as follows.

H,O ——»H,O +¢e

The ejected electron may have enough energy to repeat the above reaction or
may be captured to form a negative water ion.

H,O* +e(ag) —»H,0

The positive and negative water ions dissociate as follows
H,0*—> H' +OH*

H,0 —— H" +OH*
The H* (free radical) may react with oxygen to form an oxide free radical such as
H,O via

H* +O, ——» H,O*or
H O* + H — H,0,

These free radicals are found in food preserved by gamma irradiation
(Wang and Brynolfussian 1993, Okoli, 1998)

iii, Enzymatic oxidation: Fun (2005) stated that a variety of enzymes (most
of which are used in food processing) are capable of generation
significant amount of free radicals. The enzymes include xanthenes
oxidase, prostaglandins, synthesase, lipoxygenase and amino acid
oxidase.

iv, Transition metal ions: Iron and copper play a major role in the
generation of free radicals and the facilitation of lipid peroxidation
participate in the Haber- Weiss reaction that generates OH from O, and
H20,

H,0, + Fe® ——» OH+ OH +Fe
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The Haber- Weiss reaction accelerates the nonenzymatic oxidation of

molecules such as epinephrine and glutathione that generates O, and H,O , and
subsequently. OH. (Hirs 1967).

v,

Tissue injuries : Tissue injury confers a number of effects that
contribute to the production of free radicals . Normally xanthine oxidase
is known to catalyze the reaction of hypoxanthine to xanthine and
subsequently xanthine to uric acid. This reaction requires an electron
acceptor as a co-factor. During tissue injuring two factors occur, first the
production of xanthine and xanthine oxidase are greatly enhanced.
Secondly, there is a loss of both antioxidants superaxide dismutase and
glutathione peroxides. The molecular oxygen supplied on reperfusion
serves as an electron acceptor and cofactor for xanthine oxidase
catalyzed reaction and generate free radicals in skeletal muscles and
myocardium (Hu and Cassaine 2000, Found 2005).

Measurement of free radicals and antioxidants: There is an increase interest in
need for techniques to measure free radicals and antioxidants both in vivo and
invitro. Many technical problems are encountered in measurement of free
radicals and antioxidants. The problems are four:

The ultra — short half- life of these radicals (usually measured in
microsecond.)
Free radicals produced in vivo and in vitro react very close to their source
of formation. So the methods to quantify free radicals are usually indirect.
Many of the products formed from the radicals are themselves reactive
although to a lesser degree.
The only samples that are readily available for measure of free radicals in
the body of man and animals are urine, blood and expired breath and it is
almost impossible for free radicals observed or produced in intestine
measured because of very short half life, (Brunswick 2006). To overcome
the above problems the following methods have been developed though
with limitation (Brunsick 2006).

Assay methods: Some laboratories have developed assay method for
specific free radicals. Brunswick’s laboratories has develop assay
method which they called ORAC free radical tests. Brunswick’s
prepared assay can be used to quantify peroxyl, hydroxyl, and super
oxide. The major problems of this test is that the sample must be urine,
blood, expired air or sweat which may not give true picture in the
body.

The only analytic technique that directly measures free radical is
Electron Resonance Spectrometry. It involves the addition of a
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compound known as a spin trap that rapidly with free radicals to form
products that are very much more stable and have longer half- life than
the original species. The use of this method is limited in vivo for the
fact that it requires concentration of free radicals in the
macromolecular range and this may be impossible.

iii. Measurement of non-radical products of free radicals. Here the
compound produced when the free radicals react with antioxidants are
measured these substances are not produced normally hence their
presence is evidence of free radical production. This method again can
only produce semi-quantitative data.

iv. Measurement of DNA damage: Free radical are known to produce
irreversible modification in DNA. These DNA products and the repair
enzymes are excreted in urine either as free base or as the nucleoside
derivatives. These products can form on index of free radical attacks
against DNA. This method is limited due to the obscurity of the tissue
of original of the products.

Mode of Actions of Antioxidants in Biological System

From available literature the productive system against oxidative stress
caused by free radicals in the biological systems include enzymes such as
superoxidase and dimutase as well as antioxidants and radical scavenger such as
tocopherol (vit.E), B-carotenes, methionine and ascorbic acid (Steinbery 1993)
Vitamin E and C and B- carotene get rid of free radical in the body system
making them less harmful. According to steinbery (1993), this reaction turns
vitamin E itself into a potentially damaging radical that in turn react with B-
carotene which inactivate the newly firmed vitamin E radical. Finally vitamin C
in turn neutralize the resulting carotene and since the complex with vitamin C is
soluble it is ultimately excreted through the urine. In other words for effective
antioxidant action in the biological system vitamin E, C, and B- carotene are
needed in the diet.

Levine and Stondtmon (1997) in their study of methionine residues as
endogenous antioxidants in protein stated that amino acid methionine function as
a protein ultimate defiance against free radical damages. Methionine is an
essential amino acid chemicals structure.

CHy-S-CH,-CH(NH,)COOH

It is sulfur containing amino acid and since sulfur has six electrons on its
valency, Lewis formula is C:S:C.
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According to the two free electron makes it a good antioxidant and may
engage either one or both of the free electron pairs of sulfur resulting in the
formation of methionine sulfoxide.

CHs

4= O methionine sulfoxide

L
&,

CL=S= O methionine sulfane

|
R

Oxidation of methionine to the reversible methionine sulfoxide by the
free radicals occur preferentially when other amino acids are present and none of
the free radicals identified in food oxidize methionine beyond the sulfoxide state.
Moreover these studies also show that some enzymes can restore methionine
sulfoxide to its original state, thereby setting up a cycle that renews its protective
antioxidant activities. Hires (1997) stated that formation of methionine sulfane
which is more stable than sulfoxide required harsh treatment. Such treatments are
not likely to by obtained in the biological system.

Amen’s et al., (1983) in their own study stated that catalyze oxidation of
uric acid by organic free radicals like myeloperoxidase, cytochrome oxidase and
hydroperxidase occur in the body. Based on the above findings, they went on to
postulate that the role of urates is to help suppress lipid oxidation in erythrocytes
and as well as a scavenger of singlet oxygen, hydrogen, radicals and oxo-heme
oxidants. The increase in urate level in exercise, lead exposure and obesity
suggest a causal relationship with free radical generation.

Conclusion

From the on going discussion, it is clear that free radicals in food get
into the body but the effect have not been established and till this is done
nutritionist should continue to view the free radicals in processed food in terms
of their effect on food spoilage. It have been clearly demonstrated that food
nutrients like vitamin E and C, B- carotene and methionine have controlling
effect on the damage to the body by free radicals generated during the body
metabolism. It is then the duty of the food scientist and nutritionist to develop
methods of supplementing these food nutrients in processed food. This is to
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enable health educators like public health nurses to educate the general public on
the right food that are rich in antioxidants rather than giving speculative scientific
informations.

References

Amens B.N Cathcort R.G. Schwier E & Hoclkisterin P. (1983) Uric Acid:
Antioxidant defense in human against oxidant and lodical in counsed aging
and Gono. A Hypothesais in Stich H.F. (ed).

Burgen ASV & Nitcheld U.F. (1928). Goddom’s pharmacology, Oxford
University Press.

Bates T. (2005). Concord grope juice purple power www.fruititute.org/gropes
health.

Brunswick Laboratories (2006) Brunswick laboratories - ant oxidations, free
radicals oxidation stress and ORAC Asseys, Antioxidant testing and
research. Brunswick Laboratories, 6 Thunder, Lone Warehouse MAQ02742
www.brunswicklabs.com.

Found, T. (2005) Antioxidants, mode and chemistry
www.thedoctive.counge.net/ medlounge/arfides/antioxidants.

Criese J. (1996) Antioxidants tools for preventing lipid oxidation, food
technology November 1996 page 73 — 81.

Herber, V. (1994) the antioxidant supplement myth; American Journal of clinical
nutrition: 60, 157-158.

Hu. G.& Cassaro P.A.(2005) Antioxidant; nutrients and function; The third
national health and nutritional examination survey (NHANES 111)
American Journal of Epidemiology 151: 975-981.

Hirs C.H.W.(1967). Oxidation methods , in Enzymology, volume Il Hirs CHW
Ed. Academic Press New York 197.

Levine R.L. & Standtman E.R. (1997) Methionine Residues as  endogenous
antioxidants in protein: Journal of American chemical society : 22, 1240

Maclord J.M. (1994). Free radicals and peroxidants in health and nutrition. food
technology 48: 106-110.



Elkenah C. Ndie

Nawar W.W. (1985) Lipids in R.O. Fennenia (ed) Food chemistry 2"  Ed.
Marcal Dekker, INC New York 145.

Shechlor, Y. Burstein, Y., & Patchormik, A (1975) Selective Oxidation of
methionine residues on proteins, Biochemistry, 14 : 2341- 2346

Steinberg D. (1993). Antioxidant vitamins and caromary heart  disease New
England journal of medicine 323, 1487-1489.

Thomas El. & Anue M.T. (1977). Peroxidase catalyzed oxidation of protein
sulhydryls mediated by iodine, Biochemistry: 16,3581.

Truscott T.G. (1996) Antoxidants in the body — vitamin E and C and beta
carotene act as chemical scavengers proceedings of national Academy of
science 93: 15036-40.

Urban W. (1986). Food irradiation, academy Press N.Y. 4-20
Wong & Brynolfussion (1983) Interaction of particles and gommer rays with

matter, in Preservation of food by ionizing radiantions (Es Josphson and
M.S. Perterson eds) Vol. 1 CRC press Boca Ratan Flurida 186-192.



