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1. Introduction

We are continuously hearing reports of how the average age and life expectancy of humans are increasing. However, in evolutionary terms, our bodies have not had sufficient time to adapt to this extended life-span, with the result that an increasing number of people are living to an age at which they suffer degenerative disorders such as cancer which often occur as a consequence of the ageing process. Cancer can take many forms and susceptibility is often strongly influenced by an individual's lifestyle. For instance, smoking can lead to lung cancer, exposure to excessive sunlight can result in skin cancer and consumption of various foods may cause cancers of the stomach, colon or pancreas. 

Everyday life, therefore, exposes us to a vast number of free radicals (molecules that cause an immense amount of damage to biological material such as human cells) that are generated in the air we breathe, the food we eat and by the sunlight we enjoy. The highly active nature of free radicals has long been known to science, but the scale of their direct impact on the human body has only recently been recognised. Scientists now firmly believe that free radicals are a major factor in degenerative disorders. There are many scientific papers showing these effects and continuous research means the evidence is growing rapidly. 

The food and beverage industry has an important role to play in providing protection against these harmful processes, as a diet rich in antioxidants is probably the single most effective defence we have against free radicals, the rogue molecules that lie at the heart of the problem. In a society in which the consumer is increasingly health conscious but still wants to eat enjoyable foods, it is important that foods and beverages with a high content of free radical scavenging molecules (molecules that can inactivate free radicals) are available in a suitably appealing form. 

2. Free radical behaviour

There are many types of free radical, but those that are most common in living organisms are oxygen free radicals. In order to understand what a free radical is, it is necessary to look at the basic structure of a molecule. For illustrative purposes an oxygen molecule will be considered. Each molecule is made up from atoms; one molecule of oxygen is made up of two atoms of oxygen (see Figure 1). Inside each atom is a nucleus surrounded by 'rings' of electrons. 

The electrons in an atom are normally found in pairs; hence they are usually present in equal numbers. In a molecule of oxygen, some of the electrons from the two atoms are shared (forming a bond) so that all electrons are paired and the molecule is stable. Free radicals are formed when one of the molecular bonds between electrons is broken and an uneven number of electrons are left within an atom (see Figure 2). This leaves one electron unpaired, making the atom chemically very reactive as it will try to 'steal' an electron from other neighbouring molecules in order to stabilise itself. 

Free radical formation can occur spontaneously, although it is more usually catalysed by heat or light. Once the resultant free radical succeeds in gaining another electron from a nearby molecule, it leaves the other molecule short of an electron (i.e. this molecule becomes a free radical instead). This new free radical now, in turn, tries to gain another electron from somewhere else and hence an enormous chain reaction can be initiated. This chain reaction can reach a phenomenal speed; some can achieve rates of ten- to one hundred thousand million molecules per second - that is over 6 x 1021 billion molecules reacting per second! 

The only thing that will actually stop this reaction is another free radical, since combining two atoms with odd numbers of electrons will result in one stable molecule with an even number of electrons. Alternatively, free radical scavengers can be used to stop the free radical chain reaction. These are molecules that can 'absorb' the extra electron and share it with the atoms that make up the molecule in a way that leaves all electrons still paired and the molecule thus still stable. 

3. Free radicals - effects on the human body

Free radicals have always occurred in our environment, both internally and externally. Metabolism of the food we eat to make the energy we need in life generates free radicals, while the immune system creates some intentionally in order to combat viruses and bacteria. Most of these free radicals are derived from oxygen free radicals, although many other types exist and are created continually in low numbers by natural processes such as sunlight (via the UV light it produces or the heat it provides). Man now plays a large part in the creation of many free radicals in the environment, for instance combustion of organic compounds (such as oil, coal and wood) creates free radicals, as does radiation, cigarette smoke and the use of some pesticides. 

Once in the human body, free radicals start chain reactions with molecules in our cells, causing damage to them. There may be hundreds or thousands of damaging reactions before another free radical or a free radical scavenger is met and the reaction terminated. Moreover, the human body contains many molecules, such as fats, DNA, proteins, vitamins and carbohydrates that are all susceptible to attack by free radicals. 

When one considers how many susceptible molecules may surround one free radical that occurs in the body, it is not surprising to discover that the damage can be substantial and is often irreversible. It is this process that causes ageing in all organisms and, in some cases, leads to cancer and other degenerative diseases. 

4. The importance of oxygen free radicals in degenerative reactions

Every day, we are exposed to a large number of free radicals that must be rendered harmless to limit their destructive effects. Increasingly, attention has focused on oxygen and the way it is metabolised by the body. During the in vivo conversion of oxygen to water, other intermediate products are formed that are known as reactive oxygen species (different forms of oxygen). Some of these reactive oxygen species are toxic to human cells and can cause an immense amount of damage if not quickly rendered harmless. This oxidative damage, as it is termed, is considered to be a key event in ageing and carcinogenesis. When the free radical involved is oxygen, any free radical scavengers are known as antioxidants. 

Preventing oxidative damage to our cells and DNA is a key function of some of the most active enzyme systems in our bodies. For example, superoxide dismutase is found in every cell of the human body and is incredibly efficient at mopping up oxygen free radicals. Of course, no system is 100% perfect and some damage gradually accumulates. 

5. Effects of diet on free radical activity

Although the body can inactivate free radicals to some extent, it needs a regular supply of antioxidants to do this. Some will come from the food we eat every day; for example, vitamin C and vitamin E are both effective natural antioxidants. A diet rich in fruit and vegetables is therefore important since they also contain other important antioxidants such as phenols and quinones. However, ongoing research has recently brought to light just how important it is that more is done to protect the human body. 

Beverages have just as large a part to play as food in combating free radical attack, with the level of free radical scavenging ability of some drinks being extremely high. Tea, for example, has a very high antioxidant capacity and has none of the social and ethical problems associated with other high-antioxidant beverages such as red wine. A sample beverage containing just 0.5% of particular extracts based on oolong tea (Zylepsis, trade name ProtectZTMOTE) has been shown to be significantly more effective in total antioxidant activity than any other beverage tested. It was one-third more effective than red wine and 50% more effective than freshly brewed black tea in scavenging free radicals under test conditions using ABTS or ORAC methods (industry accepted standard test methods for measuring anioxidant activity of substances). Figure 3 collates information from independent research carried out by the Antioxidant Research Centre in London, Tufts University in Boston and new data from Zylepsis in Kent and illustrates the antioxidative activity of this extract in comparison to other beverages. 

6. The future

Now that a major cause of degenerative disorders such as ageing has come to light, there is an increased opportunity to protect against the potentially devastating effects of free radicals. Whilst this knowledge alone will not give us the formula for eternal life, it may lead to the ability to maintain a better quality of life for longer. Since diets are constantly changing, the food and beverage industries now have a way of ensuring that this happens in such a way as to beneficially affect health quality and longevity.
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Figure 1. A molecule of oxygen (O2). One molecule of oxygen is made up of two atoms of oxygen.
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Figure 2. An oxygen free radical (O.). The atom has an extra electron, resulting in an odd number of electrons, as one is left unpaired. In chemical terms, this means that this atom is very reactive.
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Figure 3. Graph illustrating the relative antioxidant activity of various beverages.
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