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Antioxidants refer to either human-made or natural substances that are responsible for inhibiting the oxidation of molecules found within the body of living organisms (Oroian and Escriche, 2015). The chemical processes also referred to as oxidation result in the formation of free radicals that pose a health risk to individuals. Organic chemistry studies how antioxidants reduce the rate of reaction within a particular context. Humans consume a variety of foods that have the potential of enhancing oxidation within the cells that could further increase the extent of damage posed by the free radicals (Pisoschi and Pop, 2015). The free radicals usually cause injury to the cells through the chain reactions as they result in the formation of toxic substances harmful to the human body. Free radicals in often occur through respiration that occurs through the human body, pollutants, and when the body breaks down various drugs (Nimse and Pal, 2015).
The primary antioxidants include; vitamins, enzymes, and phytochemicals. Antioxidant enzymes usually occur in the form of proteins and minerals that are consumed from through the daily diets. Some of the antioxidant enzymes include; superoxide dismutase (SOD), catalyzes, glutathione reductase and peroxidase (Goufo and Trindade, 2014). Elsewhere, some of the antioxidant vitamins include; vitamin A, C, E, and folic acid which are obtained from fruits. Again, phytochemicals as antioxidants occur in plants that utilize its components as protection against the free radicals (Goufo and Trindade, 2014). Some of the phytochemicals include; Flavonoids, Allyl Sulphides, Polyphenols and Carotenoids among others (Goufo and Trindade, 2014).

Additionally, there are a variety of ways of categorizing antioxidants. First, the antioxidants can be classified based on action, as enzymatic and non-enzymatic antioxidants (Nimse and Pal, 2015). The effect of enzymatic antioxidants is by breaking down and eliminating the free radicals. The enzymatic enzymes reduce oxidative products into less harmful substances. For instance, hydrogen peroxide is broken down into water that reduces the adverse effects it may pose to the human body. On the other hand, the non-enzymatic enzymes interject the chain reactions involving the free radicals. As such, they provide a beneficial impact to organisms when consumed through the food components (Nimse and Pal, 2015)

Antioxidants can also be categorized regarding their solubility in water or lipids. The water-soluble antioxidants are soluble in water to a greater extent and mostly found in cellular fluids in organisms (Nimse and Pal, 2015). The lipid-soluble antioxidants which include vitamin C are located within the cell membranes of cells thus acting to protect the cells from any damage to their chemical reactions (Ristow, 2014). Furthermore, antioxidants can be categorized based on their sizes that neutralize the impact of free radicals by attacking the proteins.

Chemical and Biological Properties of antioxidants

Antioxidants possess the –SH or the –OH group in their molecule or in a form that is reduced within its structure (Ristow, 2014). The antioxidants possess the ability to either provide or lose an electron to gain a negative charge or in the form of paired lone particles that have a chelating impact where the toxic metals can attach as they are reduced to their inactive forms. Since antioxidants as molecules restrain the reactions of free radicals, the antioxidants occur either in enzymatic and non-enzymatic forms (Nimse and Pal, 2015).  Again, the antioxidants can be found either within or outside the environment of the cells. The reactive oxygen species (ROS) and reactive nitrogen species (RNS) arise from the typical biochemical reactions within the cells (Oroian and Escriche, 2015). The reactions result in oxidative stress within the pathways of the body of organisms thereby enhancing the disease prevention (Rafieian-Kopaei et al., 2013). As such, the antioxidants act as immunity towards various diseases by destroying the action of free radicals.

The action of antioxidants begins with the generation of ROS within the molecular composition of the cells. The reactive oxygen species (ROS) is usually generated through the activation of the NADPH oxidant in the following reaction:

2O2 + NADPH                   (oxidant)   2O2- +NADP+ + H+ (Oroian and Escriche, 2015)

Later, the superoxide anion radical is converted to hydrogen peroxide by superoxide dismutase (SOD) as shown in the equation:

2O2 + 2H+                H2O2 + O2 (In the equation, the SOD acts as the catalyst) (Oroian and Escriche, 2015)

Further, the antioxidants slow the reaction potential of oxidants through a combination of the free scavenging radicals. Antioxidants provide the hydrogen atoms to the radicals that later are responsible for the production of less stable antioxidant radicals that have a low reduction potential 9 Rafieian-Kopaei et al., 2013). Through the impact of neutralizing the radicals, the antioxidant molecules may destroy or inactivate the radicals. The antioxidants terminate their original status thereby reducing their potential to destroy cells within the body of food components in which they are found.

Many antioxidants possess the aromatic rings in their structures that have the potential of delocalizing the free electrons. For instance, the vitamin C is in an aqueous state while vitamin E is in lipid state (Ristow, 2014). Both antioxidants react with the free radicals to neutralize the effect of hydroxyls and alkyls to form inactive substances water and alcohol. On the other hand, vitamin E turns into a phenyl radical while the vitamin C becomes an unstable compound, Asc−•, because it possesses delocalized electrons within its structure. Besides, despite the potential of vitamin C which has the potential to regenerate from Asc−•, (Oroian, and Escriche 2015) several other antioxidants react with the free radicals. Their intermediates lapse the chain reaction and consequently stopping the damages that may occur through the reactive oxygen species (ROS) (Ristow, 2014).

Within the organic reactions, the effectiveness of antioxidants depends on the activation energy, the constancy in the rate of reaction, the reduction-oxidation potential. Additionally, their effectiveness depends on the ease of loss or destruction of the antioxidant when exposed to heat and other volatile situations. The solubility of the antioxidant also determines the level to which it can efficiently reduce the potential of the free radicals. Throughout the oxidation chain effects, the reactions are often exothermic denoting that high amounts of heat are required to dissociate the molecules while also increasing the activation energies for the reaction of the catalysts (Ristow, 2014). As such, in a situation where the antioxidants have the potential to withstand the high amounts of energy, they have the potential to break down the A: H and the R: H bonds within the radical molecules (Ristow, 2014). Thus, as there is a decrease in the energy required to break the bonds, the efficacy of the antioxidants also improves through the reactions.
In conclusion, antioxidants as restraining molecules react with the free radicals that may be found in cells before they have a negative impact on the living cells. Through their ability to donate and receive electrons, the antioxidants can withstand high heat energy required for the activation of various chemical chain reactions involving the oxidants and the free radicals. Through their ability to lose electrons or gain a pair of electrons, the antioxidants provide a site through which the free radicals can be attached and reduced in inactive forms to avert damage. The antioxidants work to suppress the free radicals that cause diseases within the human body. The antioxidants are thus essential in preventing the oxidative stress and repairing the damaged molecules.
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