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| ABSTRACT |

Antioxidants are substances that are capable of slowing down the autoxidation process of other compounds or neutralize free
radicals. They have been used in food processing industries as a means to hinder oxidation, enhance flavor, aroma and color. Anti-
oxidants have also been used and valued for treatment of various diseases such as cancer and coronary heart disease. Even though,
synthetic antioxidants including butylated hydroxytoluene (BHT) may cause side effects to human health and presumed unsafe
to be used, they are the ones in a great use in the area of food processing industries as most food and pharmaceutical products
contain them. The objective of this review work is therefore to provide an overview of the findings related to the presence of
antioxidants in plant sources particulatly those that have not been extensively studied and evaluated such as fruits and vegetables
by-products. To minimize their effects, researches have been conducted aiming to substitute them with antioxidants from natural
sources. Recent studies show that synthesis of natural antioxidants from fruit and vegetable waste has gained great attention. Fur-
ther research has to be performed on plant phenols and processing of agricultural and industrial by-products as a potential source
for extraction of antioxidants. In order to increase the affirmative effect and usefulness of antioxidants to human health, it is
recommended to follow a balanced and varieties of diets instead of taking antioxidant supplements on a regular basis. Therefore,
we should consume a diet high in antioxidant rich fruits and vegetables day by day. Furthermore, nutritional importance, promo-
tion of health and prevention against damages caused by free radicals can lead to the potential applications of antioxidants in food
industries in more intensified approaches. In a nutshell, antioxidant foods and ingredients are an important component of the
food industry and thus reconsidering the health implications of adding antioxidants to foods require unfathomable investigations.
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Abbreviations
BHT: Butylated hydroxytoluene; BHA: Butylated hydroxyanisole; PG: Propyl gallate; DG: Dodecyl gallate; ROS: Reactive Oxygen
Species; RNS: Reactive Nitrogen Species.

INTRODUCTION |

Antioxidant is a molecule stable enough to donate an electron
to a rampaging free radical and neutralize it, thus reducing
its capacity to damage. These antioxidants delay or inhibit cellu-
lar damage mainly through their free radical scavenging property.!
These low-molecular-weight antioxidants can safely interact with

free radicals and terminate the chain reaction before vital mole-
cules are damaged. Some of such antioxidants, including glutathi-
one, ubiquinol, and uric acid, are produced during normal metabo-
lism in the body.> Other lighter antioxidants are found in the diet.
Although there are several enzymes system within the body that
scavenges free radicals, the principle micronutrient (vitamins) an-
tioxidants are vitamin E (a-tocopherol), vitamin C (ascorbic acid),
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and B-carotene.’ The body cannot manufacture these micronutri-
ents, so they must be supplied in the diet.

In the 20™ century, antioxidants entered in the widely
emerging food industry as an important means to limit the degra-
dation of stored foods as a tesult of oxidation process.? Antioxi-
dants are substances that may protect cells from the damage caused
by unstable molecules known as free radicals. Free radicals are any
chemical species capable of independent existence with one or
more unpaired electrons in their outermost shell, which seek out
and capture electrons from other substances to achieve neutral-
ity.>* An antioxidant is a molecule capable of slowing ot preventing
the oxidation of other molecules or neutralize free radicals.’

Oxidation is a chemical reaction that transfers electrons
from a substance to an oxidizing agent. Oxidation reactions can be
damaging to cells since they can produce free radicals which initiate
chain reactions, leading to membrane and other lipid per oxida-
tion, DNA damage, etc,.* Antioxidants ends these chain reactions
by removing free radical intermediates and inhibit other oxidation
reactions by being oxidized themselves. As a result, antioxidants are
often reducing agents such as thiols, ascorbic acid or polyphenols.”
Although oxidation reactions are crucial for life, they can also be
damaging; hence, plants and animals maintain complex systems of
multiple types of antioxidants, such as glutathione, vitamin C, vi-
tamin E, a-carotene, selenium and polyphenol as well as enzymes
such as catalase, superoxide dismutase and various peroxidases.'®
Antioxidants are abundant in fruits and vegetables, as well as in
other foods including nuts, grains, coffee, tea, wine, herbs, spices
and some meats, poultry and fish.>!?

In the recent years, considerable research has been car-
ried out evaluating natural substances as antioxidative additives in
food products, leading to novel combinations of antioxidants and
the development of novel food products. In addition to their an-
tioxidative capacity, these natural additives have positive effects on
the human body with documented health benefits.

CLSSSIFICAION OF ANTIOXIDANTS |

In nature, various antioxidants are commonly found in food
products. Literature suggests the availability of a wide range of
antioxidants and their classifications based on where they per-
form their activities, their mode of action (preventive and scav-
enging), their background and their biochemical characteristics.
Natural antioxidants, synthetic antioxidants, dietary antioxidant
and endogenous antioxidant are identified as the most common
antioxidants and play an important role in preservation of food.?
Antioxidant also can be mostly classified into enzymatic (Super-
oxide dismutase, catalase, glutathione systems) and non-enzymat-
ic (ascorbic acid, glutathione, melatonin, tocopherols and tocotri-
enols (vitamin E), uric acid).

Dietary Antioxidants
Dietary antioxidants include ascorbate, tocopherols, carotenoids

and bioactive plant phenols. The health benefits of fruits and
vegetables are largely due to the antioxidant vitamins supported
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by the large number of phytochemicals, some with greater an-
tioxidant properties.'*!* Vitamin C, vitamin E, B-carotene and
other carotenoids and oxycarotenoids, e.g., lycopene and lutein
are among the most widely studied dietary antioxidants.®

In extracellular fluids vitamin C is considered as the most
important water-soluble antioxidant. It is capable of neutralizing
reactive oxygen species (ROS) in the aqueous phase before lipid
per oxidation is initiated. Vitamin E, a major lipid soluble anti-
oxidant, is the most effective chain-breaking antioxidant within
the cell membrane where it protects membrane fatty acids from
lipid per oxidation. It has been cited that vitamin C is capable of
regenerating vitamin E.'

B-carotene and other carotenoids are also believed to
provide antioxidant protection to lipid-rich tissues. Research sug-
gests that B-carotene may work synergistically with other vita-
mins.'® In plants, flavonoids serve as protectors against a wide
variety of environmental stresses while, in humans, flavonoids
appear to function as “biological response modifiers”. Flavonoids
have been demonstrated to have anti-inflammatory, antiallergenic,
anti-viral, anti-aging, and anti-carcinogenic activity.®

Endogenous Antioxidants

In addition to dietary antioxidants, the body relies on several en-
dogenous defense mechanisms to help protect against free rad-
ical-induced cell damage. The antioxidant enzymes-glutathione
peroxidase, catalase, and superoxide dismutase (SOD)-metabolize
oxidative toxic intermediates and require micronutrient cofactors
such as selenium, iron, copper, zinc, and manganese for optimum
catalytic activity. It has been suggested that an inadequate dietary
in take of these trace minerals may compromise the effective-
ness of these antioxidant defense mechanisms.'® Glutathione,
an important water-soluble antioxidant, is synthesized from the
aminoacids glycine, glutamate, and cysteine. Glutathione directly
quenches ROS such as lipid peroxides, and also plays a major role
in xenobiotic metabolism.!’

Lipoic acid, yet another important endogenous antioxi-
dant, categorized as a “thiol” or “biothiol,” is a sulfur-containing
molecule that is known for its involvement in the reaction that
catalyzes the oxidative decarboxylation of alpha-keto acids, such
as pyruvate and alpha ketoglutarate, in the Krebs cycle.®

Exogenous Antioxidants

Exogenous antioxidants can derive from natural sources (vita-
mins, flavonoids, anthocyanins, some mineral compounds).'®
There is an increasing interest in antioxidants, particularly in
those intended to prevent the presumed deleterious effects of
free radicals in the human body, as well as the deterioration of
fats and other constituents of foodstuffs.?

Synthetic Antioxidants

Synthetic antioxidants are those antioxidants do not occur in na-
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ture but chemically synthesized and added to food products as
preservatives to help prevent lipid oxidation.'® In order to have
a standard antioxidant activity measurement system to compare
with natural antioxidants and to be incorporated into food, syn-
thetic antioxidants have been developed. These pure compounds
are added to food so it can withstand various treatments and
conditions as well as to prolong shelf life. Today, almost all pro-
cessed foods have synthetic antioxidants incorporated, which are
reported to be safe.!” Butylated hydroxytoluene (BHT) and butyl-
ated hydroxyanisole (BHA) are the most widely used chemical
antioxidants."" Inconsistent data’s have been published regarding
the allowable daily intake and exposure to some synthetic anti-
oxidants. Furthermore, contradictory data are available relating to
the effect of synthetic antioxidants on human health. Therefore,
further research has to be performed in this regard. Some of the
synthetic antioxidants currently permitted for use in foods in-
clude BHT, BHA, propyl gallate (PG), dodecyl gallate (DG) and
tertiary butylhydroquinone (TBHQ).!%2

Natural Antioxidants

Natural antioxidants are those oxidants that are found in natu-
ral sources, such as fruits, vegetables and meats.?! Natural anti-
oxidants can be found in all plant parts such as fruits, vegetables,
nuts, seeds, leaves, roots and barks.?!? There are several common
natural antioxidants which are found in everyday foods, the most
common of which being vitamin C (ascorbic acid), vitamin E (to-
copherols), vitamin A (carotenoids), various polyphenols includ-
ing flavonoids, anthocyanins, lycopene (a type of carotenoid), and

coenzyme Q. , also known as Ubiquitin, which is a type of pro-

10°
tein.® Natural antioxidants are synthesized by plants (e.g. vitamins
and other naturally-occurring chemicals in our food). Natural an-

tioxidants are found in most fresh foods.?

Table 1. Sources of Some Natural Antioxidants®>>

Compounds Natural Source

Dark leafy vegetables, carrots, sweet potatoes, yams,

Carotenoids > . -
tomatoes, apricots, citrus fruits, kale, papaya

Catechins Green tea, berries, certain oilseeds

oilseeds, lettuce, berries, eggplants, peppers, citrus

Flavonoids (polyphenols . . .
(polyp! ) fruits, cruciferous vegetables, onions, black tea

Lycopene Tomatoes, papaya, watermelon, guava,

Phenolic acids Oilseeds and certain oils, cereals, grains

Fruits and vegetables, berries, citrus fruits, green
peppers, potatoes.

Vitamin C

Oilseed, palm oil, nuts, eggs, dairy products, whole

VitaminE(tocopherols) . .
grains, vegetables, cereals, margarine, etc.

Extract from green tea, rosemary, sage, clove,

Extracts )
oregano, thyme, oat, rice bran

MAIN SOURCES OF NATURAL ANTIOXIDANTS FROM
FOODS |

Plants provide rich natural antioxidants. Antioxidants are abun-
dant in fruits and vegetables, as well as in other foods includ-
ing nuts, grains and some meats, poultry and fish.” Natural an-
tioxidants are present in plants (Table 1), and this is why the
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basic soutrce of these compounds for humans is plant-derived
products.?? Fruits, vegetables and medicinal herbs are the richest
sources of antioxidant compounds such as vitamins A, C and E,
B-carotene and important minerals.’* There are wide variations
between the total phenolic contents of the different fruits or
vegetables, or even for the same fruits or vegetables reported by
different authors.”* The human antioxidant system is divided into
two major groups, enzymatic antioxidants and non-enzymatic

oxidants.?>?¢

Enzymatic Antioxidants

Enzymatic antioxidants further divided into primary and second-
ary enzymatic defenses. With regard to the primary defense, it is
composed of three important enzymes that prevent the forma-
tion or neutralize free radicals: glutathione peroxidase, catalase
and superoxide dismutase.”® The secondary enzymatic defense
includes glutathione reductase and glucose-6-phosphate dehy-
drogenase.””* These two enzymes do not neutralize free radicals
directly, however, they may contribute to the activity of other
endogenous antioxidants.

Non-Enzymatic Antioxidants

The non-enzymatic antioxidants are actually the scavengers of
ROS and reactive nitrogen species (RNS); these involve peptides
(glutathione); vitamin E and C (inhibits oxidation of membrane
lipid); nitrogen compounds such as uric acid, which is a natural
scavenger of peroxynitrite in plasma; albumin; bilirubin; N-Ace-
tylcysteine (NAC); melatonin which directly reacts with ROS and
form disulfides.'*2*

ANTIOXIDANTS MECHANISM OF ACTIONF————

The possible mechanisms of action of antioxidants were first
explored when it was recognized that substance with anti-oxi-
dative activity is likely to be the one that itself readily oxidized.
An antioxidant can be defined as: “any substance that, when present
in low concentrations compared to that of an oxidizable substrate, delays
or inhibits the oxidation of that substrate’3'3* A free radical can be
defined as, “any molecular species capable of independent existence that
contains an unpaired electron in an atomic orbital and capture electrons from
other substances in order to neutralize themselves” > The existence of an
unpaired electron results in certain common properties shared by
most of the radicals.?®

Two principal mechanisms of action have been pro-
posed for antioxidants. The first is a chain-breaking mechanism
by which the primary antioxidants donate electrons to the free
radicals present in the system, example lipid radicals.** Chain-
breaking antioxidants act by scavenging free radicals and donat-
ing hydrogen atoms.>® The second mechanism involves removal
of ROS and RNS initiator by quenching chain initiator catalyst.’
Preventative antioxidants are generally metal chelators and reduc-
tants capable of sparing other antioxidants 7z vive.*® These reac-
tive species ate capable of causing damage to the vital biological
molecules such as deoxyribonucleic acid (DNA), proteins, carbo-
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hydrates, and lipids®’ and resulted in a homeostatic disruption.”

Chain Reactions of Free Radicals

The mechanism of chain reactions can be divided into the three

stages: initiation, propagation and termination.’*

On the first stage of oxidation reaction from biological
systems RH ate formed radicals R as a resultof abstraction of a
hydrogen atom H:
Initiation Stage:

() RH - R+H"
2R — R'+0O, = ROO’
(3) 2ROOH — ROO'+RO'+H, 0O

After initiation, propagation of the free radical chain occurs, in
which molecule of oxygen from environment react with reactive
radical species, resulting in formation of peroxides and peroxyl
radical ROO". These intermediates may further propagate free
radical reactions:

Propagation Stage:

(1) R +O, — ROO’
(2) ROO +RH — ROOH+R’
(3) RO"+RH — ROH+R’

In the last stages, interaction of two radicals may lead to forma-
tion of non-radical adduct and termination of free radical chain:

Termination Stage:

() R'+R° — R—R

(2) R'+ROO" — ROOR

(3) ROO +ROO" — ROOR+O,

(4) Antioxidants+O, — Oxidized antioxidants®*

Antioxidants can slow lipid oxidation by inactivating or scaveng-
ing free radicals, thus inhibiting initiation and propagation reac-
tions.? The antioxidants function by the very simple and effec-
tive method of donating hydrogen atom to free radicals and thus
terminating their life.”

Methodologies for the Quantification of Antioxidant Activity

The measurements of the antioxidant activity can be carried out
based on the information we want to obtain:

* Direct determination: a radical is used as a quantification
factor (since it produces an analytical signal). In this sense,
the addition of the antioxidant, before or after the genera-
tion of the radical, causes a decreasing in the signal (2,2’-azi-
no-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS™) or
(2,2-diphenyl-1-picrylhydrazyl (DPPH) methods), which is
proportional to the antioxidant activity of the sample.
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* Indirect determination: the presence of free radicals causes
the loss or appearance of a reagent and therefore, in the pres-
ence of an antioxidant, an increasing or decreasing in the sig-
nal is caused (oxygen radical absorbance capacity (ORAC) and
ferric reducing ability of plasma (FRAP) methods) propor-
tional to the antioxidant activity of the sample.

In that way, it is necessary to mention the differences
between the free radical stabilizing activity or antiradicalaria (in-
direct methods) and the antioxidant activity (direct methods), the
first being completely determined by the reactivity of an antioxi-
dant against free radicals, characterized by reaction speed, while
the second measures the ability to retard oxidative processes.*
In this sense, the results of the antioxidant capacity measure-
ment obtained by each of the methods do not always coincide,
even among methods based on the same redox mechanism, there
may be variations. Therefore, it is recommended that an assess-
ment of the antioxidant capacity be carried out using more than
one analytical technique and comparisons among results only be
made when the same method has been used and samples have

been obtained with the same solvents.*!*#?

In general, it has been suggested to combine FRAP
and ABTS techniques.®® This is because the use of the FRAP
technique in combination with others such as ABTS and DPPH,
allows to evaluate different interactions of the antioxidant com-
pounds, expanding the knowledge about them, which is relevant
in the exploration of the antioxidant properties of nutraceuti-
cal products from natural sources or simply from some products
included in the diet, such as fruits and vegetables.* When two
techniques are used, as mentioned above, is generally sought that
through one of them, is possible to determine the antioxidant ac-
tivity based on transfer reactions of one electron single electron
transfer (SET) and on the other, this same property is determined
based on a transfer reaction of a hydrogen atom transfer (HAT
for its acronym in English) between an antioxidant and a free
radical, allowing to evaluate the two mechanisms to extend the
spectrum of the results obtained.* In Figure 1, the HAT and
SET mechanisms are showed.

Figure |. Mechanisms of Antioxidant Reacting with Free Radical: Single Electron Transfer
(SET) and Hydrogen Atom Transfer (HAT)

Single Electron Transfer (SET)

O H
oH l ‘\ +'{,
T R T %
A
|2}
\ o
=
| +R-H
P

Hydrogen AtomTransfer (HAT)
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Regarding the expression of results of antioxidant ca-
pacity, several methods (FRAP, ABTS and ORAC) express the
results in pmol Trolox/g of sample on dry or wet basis (Trolox is
a water-soluble analog of vitamin E). Likewise, these results can
be expressed in terms of vitamin C and E. In summary, a suitable
method for the quantification of antioxidant activity should con-
sider the electron transfer and hydrogen atoms reaction, establish
the oxidation substrate, ensure that the substrate and how to in-
duce oxidation, became relevant in terms of oxidative damage,
be simple, have a mechanism and a denied endpoint, use available
and affordable instrumentation, be reproducible, be adaptable
to measure hydrophilic and lipophilic antioxidants, use different
sources of free radicals with relevant biological characteristics
and be adaptable for routine large-scale analyzes.*®

This is increasingly important, since is known that no
single method reflects the total antioxidant capacity of a sample,
that is, its ability to act as an antioxidant of lipophilic and hy-
drophilic compounds through specific mechanisms, in addition
to its reactivity against different species.*’ In addition, is known
that the antioxidant activity of a sample is not only given by the
sum of the antioxidant capacities of the components present in
it, but also depends on the synergistic and inhibitory effects that
may exist among compounds.*” Table 2 summarizes the principal
methods to quantify the antioxidant activity.*®

Table % Principles of the Most Common Methods Used to Quantify Invitro Antioxidant
Activity

Principle Method

Metal reduction Ferric ion-reducing antioxidant power (FRAP)

Oxygen radical absorbance capacity (ORAC)
Total radical-trapping antioxidant parameter
(TRAP)

Peroxyl radical absorption
capacity

Hydroxy! radical absorption

capacity Deoxyribose assay

Capacity for radicals’ absorption
generated from certain organic
molecules

2,2’-azinobis acid (3-ethylbenzothiazolin)-6-
sulfonic (ABTS), radical 2,2
diphenyl- | -picrilhydrazil (DPPH)

Quantification of products
generated during the lipid
peroxidation

Tiobarbituric acid reactive species (TBARs),
oxidation of LDLs
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compounds like phosphoric acid, citric acid, ascorbic acid and
ethylenediaminetetraacetate (EDTA).! Antioxidants normally
neutralize the free radicals by being oxidized themselves and act
as reducing agents such as thiols, ascorbic acid, or polyphenols.**

A free radical can be defined as any molecular species
capable of independent existence that contains an unpaired elec-
tron in an atomic orbital. The presence of an unpaired electron
results in certain common properties that are shared by most
radicals. Many radicals are unstable and highly reactive. They can
either donate an electron to or accept an electron from other
molecules, therefore behaving as oxidants or reductants. Free
radicals attack important macromolecules leading to cell damage
and homeostatic disruption. Targets of free radicals include all
kinds of molecules in the body. Among them, lipids, nucleic ac-
ids, and proteins are the major targets. Free radical formation oc-
curs continuously in the cells as a consequence of both enzymatic
and non-enzymatic reactions. Enzymatic reactions, which serve
as source of free radicals, include those involved in the respira-
tory chain, in phagocytosis, in prostaglandin synthesis, and in the
cytochrome P-450 system.* Free radicals can also be formed in
nonenzymatic reactions of oxygen with organic compounds as
well as those initiated by ionizing reactions.

In a nutshell, free radicals reactive oxygen species and
reactive nitrogen species are generated by our body by various
endogenous systems, exposure to different physiochemical con-
ditions or pathological states (Figure 2). A balance between free
radicals and antioxidants is necessary for proper physiological
function. If free radicals overwhelm the body’s ability to regulate
them, a condition known as oxidative stress ensues. Free radicals
thus adversely alter lipids, proteins, and DNA and trigger a num-
ber of human diseases.?? Hence application of external source of
antioxidants can assist in coping this oxidative stress. Synthetic
antioxidants such as butylated hydroxytoluene and butylated hy-
droxyanisole have recently been reported to be dangerous for hu-
man health. Thus, the search for effective, nontoxic natural com-
pounds with antioxidative activity has been intensified in recent
years.*

Synergism in Lipid Oxidation

Synergism occurs when a mixture of antioxidants produces a
more pronounced activity than the sum of the activities of the
individual antioxidants when used separately. Synergism improves
the efficiency of antioxidants. Synergist antioxidants can be clas-
sified as oxygen scavengers or chelators.*® To have maximum
efficiency, primary antioxidants are often used in combination
withother phenolic antioxidants, or with various metal chelating
agents.

Kinds of Metal Chelators and Free Radicals

Metal chelators deactivate trace metals that are free or salts of
fatty acids by the formation of complex ion or coordination

Figure 2. Sources of Free Radicals and Its Consequences in Human Body23

Environmental sources
scigarette smoke

Endogenous sources

smitochondrial leak Free radical production

srespiratory burst i spollutants
sgnzyme reactions 0. H.0 UV light
sautooxidation reactions 2 ¢ TT¥2 sionising radiation
Transition =xenoblotics
metals
Fo®, Cu’
OH

Lipid peroxidation Modified DNA bases Protein damage
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PROCESSING OF ANTIOXIDANTS |

Although antioxidants are abundant in nature, only a limited
number of raw materials such as vegetable oils and fats and rose-
mary leaves are used for manufacturing extracts with antioxidant
activity.’® The demand for natural antioxidants resulted in a re-
duced use of synthetic antioxidants as they may result in toxicity,
carcinogenicity or hepatotoxicity in human body.*' Since synthet-
ic antioxidants including BHT may cause side effects to human
health, it is presumed to be unsafe for consumption and/ot for
medical purposes.*? Thus, research’s has been conducted in mini-
mizing synthetic antioxidants undesirable health consequences.

Recent study’s shows that synthesis of natural antioxi-
dants from fruit and vegetable waste has gained a great atten-
tion. Processing of fruits, vegetables, and oilseeds result in high
amounts of waste materials such as peels, seeds, stones, and
oilseed meals.”® Disposal of these materials usually represents a
problem that is further aggravated by legal restrictions.” More-
over, valuable nutrients contained in agro-industrial wastes are
lost. Thus, new aspects concerning the use of these wastes as
by-products for further exploitation on the production of food
additives or supplements with high nutritional value have gained
increasing interest because these are high-value products and
their recovery may be economically attractive.®?

Fruit, vegetable, and oilseed processing result in various
amounts of by-products depending on the raw material. Accord-
ing to Oreopoulou V et al*® out of the total fruits and vegetables
processed worldwide almost half of it is estimated to be discard-
ed as a waste presented some typical yields of antioxidant content
in various fruit and vegetable by-products Table 3.

Table 3. Antioxidant Content in Various By—Producl:s43
By-product gig(jr;o:;:;) References
Apple pomace 2.4 44
Orange peel 182 45

2.4 46
Lemon peel 13.3 47

1.9 45
Grapefruit peel |.62 45

2.4¢ 46
Grape pomce 13.8¢ 48
Potato peel 7.8¢ 49
Red onion scale 105.5° 49
Sunflower hulls 97.5f 49
Buckwheat hulls 39.0° 49
Durum wheat bran 27.7¢ 50
Oat hulls 0.6 51
a-In fresh peel, expressed as g=kg of fresh fruit; b-Hesperidin (g=kg) in the
fresh fruit; c-Flavonoids (eriocitrin and hesperidin); d-Naringin (g=kg) in the
fresh fruit; e-Expressed as gallic acid; f-Expressed as ferulic acid; g-Phenolic
acids analyzed by HPLC
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Agricultural and industrial residues are attractive sourc-
es of natural antioxidants.® It had been previously reported that
these wastes and by-products of fruits and vegetables in food
processing industry are an abundant source of antioxidant poly-
phenols or phenolic compounds. Some studies have already been
done on by-products, which could be potential sources of antiox-
idants.?* These peels and pomace are a soutce of sugars, minerals
and organic acids, dietary fibers and phenolic compounds which
have a wide range of actions including antioxidant, antimutagen-
ic, cardio preventive, antibacterial and antiviral activities.* Use of
waste as a source of polyphenols and antioxidants may have con-
siderable economic benefit to food processing industries. There-
fore a cheap, efficient and environmentally sound utilization of
these huge agro-industrial wastes is needed.”

Antioxidants are recovered from different plant residu-
als by extraction process. Using extraction process crude extract
of bioactive compounds will be recovered from fruit by-prod-
ucts.*? There is different extraction process available so far. Sol-
vent extraction, mechanical procedures, molecular distillation,
heating in oil at high temperature and supercritical fluid extrac-
tion are among the methods used for extraction of antioxidants.*’
Figure 3 shows the utilization of agro-industrial by-products for
extraction of antioxidants using organic solvent or water.

Figure 3. Flow Diagram For the Utilization of Agro-Industrial by Products Fruit or Vegetable
for Extraction of Antioxidants™

Fruit or vegetable by-product

Water l

> *_._Wet milling I@
nic solvent/ Press iquor
S +—— Sokd residue
Extract for recovery of

Solid
carotenocids and antioxidants
-
Solvent removal | —p Carc:m
antoxdar
Pressing Extract for recovery of pectin
~¥ing Frocpreten
_Cenlrﬂugamn
Dry milling #
Washing

Usually valuable natural materials have been extracted
with organic solvents. However, some of them are toxic, and the
extraction conditions are often severe. For this reason, in solvent
extraction a food grade solvent is recommended to be used.”* The
effects of different parameters (conditions of the preparation of
peel samples, repeated extraction, organic solvents used and their
concentration, temperature, etc.) on the extraction process were
investigated by different authors.’® To this point, significant re-
search has been done on the polyphenols obtained from grape
marc, soya bean seed coat, potato peels, sugar beet pulp, etc. Be-
sides these, search for newer sources of natural antioxidants from
economical materials, agricultural wastes is hot area of research in
recent years.?
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APPLICATIONS OF ANTIOXIDANTS |

Role of Antioxidants in Food Industries

Cells are protected against oxidative stress by an interacting
network of antioxidant enzymes.'” The superoxide released by
processes such as oxidative phosphorylation is first converted to
hydrogen peroxide and then further reduced to give water. This
detoxification pathway is the result of multiple enzymes, with su-
peroxide dismutase’s catalyzing the first step and then catalases
and various peroxidases removing hydrogen peroxide.'” People
in today’s world want to eat healthier food to stay fit and this
is being achieved by incorporating unsaturated and polyunsatu-
rated fats in the food products being marketed. As the human
lifestyle and also its view towards food are changing thus there is
an increased shift observed from convenient foods to ready to-
eat product category. For this there is need of certain potential
health protecting factors named as antioxidants.>

Antioxidants, both natural and synthetic, have a wide
applications in food industries as they are used as food additives
in fats and oils to help prolong the shelf life and appearance of
many foodstuffs.”® Thus, efforts are being made to reduce oxida-
tion by increasing addition of antioxidants to food. Lipid oxi-
dation is a major cause of quality deterioration in many types
of natural and processed foods. It is usually undesirable in most
foods because it leads to the development of rancidity and poten-
tially toxic reaction products. One of the most effective means of
retarding lipid oxidation in foods is to incorporate antioxidants as
preservatives.?*¢ Synthetic phenolic antioxidants such as propyl
gallate (PG, E310), tertiary butylhydroquinone (TBHQ), butyl-
ated hydroxyanisole (BHA, E320) and butylated hydroxytoluene
(BHT, E321) effectively inhibit oxidation. For example, chelating
agents such as EDTA, can bind metals reducing their contribu-

tion to the oxidation process.*’

The search for effective methods to retard oxidative
processes in meat and meat products has led researchers to in-
vestigate natural antioxidants. Addition of antioxidants to meat
and meat products is known to be effective in metmyoglobin for-
mation and lipid oxidation.’® These preservatives include plant
phenols as natural antioxidants such as vitamins (ascorbic acid
[AA] and a-tocopherol (E3006)), many herbs and spices (rose-
mary, thyme, oregano, sage, basil, pepper, clove, cinnamon, and
nutmeg), and plant extracts (tea and grape seed) contain antioxi-
dant components thus imparting antioxidant properties to the
compound.®’

While use of synthetic antioxidants (such as butylated
hydroxytoluene and butylated hydroxyanisole) to maintain the
quality of ready-to-eat food products has become common place,
consumer concern regarding their safety has motivated the food
industry to seek natural antioxidants.”” The antioxidants obtained
from plants are more functional towards improving the shelf life
of food products and providing health promotion when com-
pared to materials whose antioxidants have been removed during
processing. Thus, current researches are under investigation on
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the various extraction technologies and processing for plant ex-
tracts to be used as antioxidant additives for food industries.

Medical Application of Antioxidants

Antioxidants have important preventive roles not only on unde-
sirable changes in the flavor and nutritional quality of food, but
also on tissue damage in various human diseases. They are ef-
fective in prevention of degenerative illnesses, such as different
types of cancers, cardiovascular and neurological diseases, cata-
racts and oxidative stress dysfunctions.** Chronic diseases such
as arteriosclerosis and cancer, which are the leading causes of
death in the Western world, are likely to be mediated by free radi-
cal and lipid per oxidation mechanisms.> Antioxidants have been
investigated and reported to play a specific role in the treatment
of these diseases/disorders.>

Polyphenols are the most significant compounds for
the antioxidant properties of plant raw materials. Medicinal plant
parts are commonly rich in phenolic compounds, such as flavo-
noids, phenolic acids, stilbenes, tannins, coumarins, lignans and
lignins. These compounds have multiple biological effects includ-
ing antioxidant activity.®

Various tresearch studies conducted so far have con-
firmed the role of antioxidants, viz., lanthanides, selenium, fla-
vonoids, lycopene and glutathione as anti-cancerous compounds
in bio-coordination chemistry. Recent developments in medicinal
chemistry have become crucial for improving the design of the
compound, reducing toxic side effects and understanding their
mechanism of action.”® Oxidants may play role in many dis-
eases.”? In the last decades, several epidemiological studies have
shown that dietary intake of foods rich in natural antioxidants
was correlated with reduced risk of coronary heart disease.’' Di-
etary and natural antioxidants present in foods and other bio-
logical materials have attracted considerable interest because of
their presumed safety and potential nutritional and therapeutic or
health effects.®>%

Industrial Application

Antioxidants are frequently added to industrial products. A com-
mon use is as stabilizers in fuels and lubricants to prevent oxida-
tion, and in gasoline to prevent the polymerization that leads to
the formation of engine-fouling residues. They are widely used to
prevent the oxidative degradation of polymers such as rubbers,
plastics and adhesives that causes a loss of strength and flexibility
in these materials.”’

Nowadays, most food and pharmaceutical products
contain synthetic antioxidants. These compounds are added to
food in order to prolong product shelf life, mainly by prevent-
ing the oxidation of unsaturated double bonds of fatty acids. In
pharmaceutical products antioxidants are added to enhance the
stability of therapeutic agents that are susceptible to chemical

degradation by oxidation.%
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Applications of plant extracts with antioxidant activity
in food processing were investigated and more are under investi-
gation in their uses for health paybacks, conservation processes
improvement and shelf-life extension. The plant source and in-
dustrially recovered antioxidants can be incorporated into vari-
ous food matrices including meats, oils, fruits, vegetables, spices
and condiments, root crops, pulses and cereal products. Research
and development on the application of plant origin extracts with
respect to antioxidant activity in food processing requires out-
comes for amble sources of antioxidants, innovative methods of
extraction technologies, application techniques with their respec-
tive thresh hold level, successive effects and regulatory aspects to
improve their oxidative stability.*®

NATURAL ANTIOXIDANTS UTILIZATION IN THE AFRICAN
CONTEXT }

Being located within the tropical and sub-tropical climates has
made Africa rich in enormous biodiversity resources. In Africa
there is a vast amount of vegetables, fruits and mushrooms which
are consumed for food and their medicinal purposes.®*% The
use of traditional medicines prepared from plant sources is well
known in different parts of the continent. This plant sources are
widely used for preparing remedies in the form of alternative
medicine. Antioxidants are particulatly important among the nu-
merous compounds found in plants because they might serve as
precursors for the development of novel drugs."! Africa has many
diverse varieties of plant resources like fruits and vegetables, spic-
es and many other types of fruits and vegetables, which can be
processed and utilized as a source of antioxidants.®¢” Studied
and evaluated some of African medicinal plants for their anti-
oxidant activities. According to their study, considering the enor-
mous biodiversity resource that Africa has, the attention given to
the utilization of these resources is still rather very low.

The utilization of industrially processed natural anti-
oxidants in the Africa context is very limited compared to uti-
lization of imported synthetic antioxidants in the area of food
processing industries application.’® Consequently, there is a need
for the stakeholders to engage and give a due attention towards
the valuable plant resources present in the African continent. Top
urgently, need to start in evaluating the potential utilization and
processing of its enormous biodiversity resources as a potential
source for natural antioxidants manufacturing in to the growing
food industry.®” This will help Africa to save a huge cost that has
been invested for import of synthetic antioxidant in food indus-
tries and help the continent in a fight to disease and poverty. The
use of natural antioxidants in food products of plant and animal
origin is one of the new and intensive research areas.

Ethiopia is one of the major countries with a wide dis-
tribution and high potential for plant sources. Even though few
studies have reported the nutritional value of various indigenous
food ingredients consumed in Ethiopia, only limited information
is available regarding their phenolic content and health beneficial
properties.®® Furthermore, there is shortage of organized infor-
mation regarding antioxidants and related issues in Ethiopia.®’
Moringa tree (Moringa Stenopetala) is among the medicinal plant as-
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sociated with naturally occurring antioxidants. Moringa stenopetala
is widely used for treatment of high blood pressure, diabetes and
also heart problems in the country. However, nowadays there are
some emerging research works on antioxidant in Ethiopia.*’

INFLUENCE OF NATURAL ANTIOXIDANTS IN HUMAN
HEALTH |

Normal molecules in the body have two (a paired group) elec-
trons in their outer shell. A molecule with a single electron (un-
paired) in its outer shell is called a free radical. Antioxidants are
important in living organisms as well as in food because they may
delay or stop formation of these free radicals by giving hydrogen
atoms or scavenging them." The destructive effects of free radi-
cals can be prevented with the addition of antioxidants in the diet
ot by antioxidant supplements.”

When a specific antioxidant meets a free radical in the
bloodstream at its appropriate activity site, it naturally combines
with it and coverts the free radical to harmless water and oxygen.
As a result, as antioxidant increases due to the supplementation
of higher amounts of a greater variety of anti-oxidants, cellular

damage lessens and performance and health improves.’

The antioxidants that have caused health problems, for
some people, are primarily synthetic. The most problematic an-
tioxidants appear to be BHA, BHT and TBHQ, with gallates in
second place and have been used in food products, with some
restrictions, since the late 1950s. Asthma, angioedema, derma-
titis, excessive sweating, joint pains, stomach and eye problems
are among the health problems in humans that have been linked
with adverse reactions to BHA, BHT and/or TBHQ.?7' New
data indicating that the synthetic antioxidants used in the industry
could have carcinogenic effects on human cells resurface every
year. Thus, the search for effective, non-toxic natural compounds
with antioxidant activity has been intensified in recent years.**>7?
Since there are recent studies on the effect of antioxidants on
human health reveal that some of currently available data’s may
not be true as they supposed or contradict with current findings.
Thus, the positive effect of antioxidants in human health should
be investigated intensively.™

FUTURE PERSPECTIVES ON NATURAL ANTIOXIDANTS TO
REDUCE DISEASE BURDEN IN AFRICA |

During the past decades a lot of research has been carried out
around antioxidants and their effects on health. However, there
is still a lack of a standard procedure to determine antioxidant
activity across the majority of matrixes in order to produce con-
sistent and undoubted results. The published results so far are
conflicting and difficult to compare between each other. The an-
tioxidant limitations and metabolism still pose a challenge to fu-
ture research in this field, and researchers must try and overcome
these drawbacks.!” The level of intake (threshold level) of anti-
oxidant nutrients desirable for optimal nutrition is still an open
question, and there is little information on antioxidant bioavail-
ability in vivo in humans.**” Furthermore, to develop a more
complete framework for the relevance of antioxidants for the ex-
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pression of life history traits and trade-offs, it is suggesting that
future studies should consider the full range of available antioxi-
dants, their possible interactions, their environmental availability,
and the potential for inter individual differences in anti-oxidant
intake and uptake.”’ The current African traditional practices for
food and medicines utilization of exotic plant resources as anti-
oxidants shall be supported by evidence based research and de-
velopment to support millions of Africans who has the resources
in hand. Extraction and processing of antioxidants from African
plant resources are expected to come 27z turning research into im-
pact, and establishment of functional and nutraceutical industries
for the same purpose to save millions from the current chaos.

CONCLUSION |

Current research carried-out in the field of increases knowledge
about naturally healthy compounds that are available in agricul-
tural produces. Advance research has to performed on process-
ing and utilization of agricultural and industrial by-products as
a potential source for extraction of antioxidants. Investigations
should be done on determination of threshold level of intake for
antioxidants and related possible side effects.

The present review likewise provides a brief overview
on oxidative stress mediated cellular damages and role of natural
dietary antioxidants as functional foods in the management of
human diseases. The imminent research focus can identify pos-
sible application of natural antioxidants, the most important; they
can recognize them as an alternative to replace chemical synthe-
sized antioxidants used in food industry improving the market of
natural products.

The forthcoming research can focus on promoting
the use of natural extracts and fulfilling consumer demands for
healthier foods. Natural antioxidants use in food products will
increase quality and added value. Hence, novel methodologies of
extraction, purification, identification and quantification of natu-
ral antioxidants using environmentally friendly techniques need
to be developed to improve the extraction yields and market value
of natural products.
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