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Introduction: 
Preservative food additives reduce the risk of foodborne infections, decrease microbial spoilage, and preserve fresh attributes and nutritional quality.  
Preservatives have been used since prehistoric times. Food preservation is used to stop or slow down the spoilage of food. The preservation of food involves preventing the growth of micro-organisms. One method of food preservation involves using an  
anti-microbial, this is an agent that kills microorganisms or inhibits their growth. Smoked meat for example has phenols and other chemicals that retard spoilage. The preservation of foods has evolved greatly over the centuries, and has been instrumental in increasing food security. The use 
of preservatives other than traditional oils, salts, etc. in food began in the late 19th Century, but was not widespread until the 20th Century. The increasing demand for ready-to-eat fresh food products has led to challenges for food manufacturers and distributors regarding the safety and  
quality of their foods.  
Artificial preservatives meet some of these challenges by preserving freshness for longer periods of time, but these preservatives   have been on the receiving end of some very negative publicity in recent years . Side effects reported included cancer in laboratory animals and hyperactivity in 
children. As a result, regulation of artificial food preservatives in developed countries is widespread and the increased pressure for ‘clean-labelling’ of food products is driving a trend towards ‘natural’ additives, and preservatives are no exception.  

In order to limit microbial growth we first researched the factors required to maximise growth. These are summarised below: 
Microbes are everywhere. Some are beneficial, such as those used to make fermented dairy and meat products. Others cause spoilage, and, a small percentage are harmful or pathogenic. When microbes grow, they increase in number not in size. This process is called cell division (or  
doubling). Under ideal conditions, the number of microbes can double every twenty minutes therefore after 12 hours there would be as many as 33,000,000. The rate at which microbes grow is different for each type or organism and is affected by many factors. The most important ones  
being: 
 Water -- Microbes need water to dissolve the food they use for energy and growth. Water allows the food to get into the cells, is used for the many chemical reactions necessary for life and growth, and allows waste products to escape. 
 Food/Nutrients -- All microbes require energy to live and grow. Energy sources such as sugars, starch, protein, fats and other compounds provide the nutrients. 
 Oxygen -- Some microbes require oxygen to grow (aerobes) while others can grow only in the absence of oxygen (anaerobes). However, many microbes grow under either condition and they are facultative anaerobes. 
 pH -- pH is a measure of acid or alkali in a product. It is indicated on a scale from 0 to 14, with seven being neutral. If the pH value is below 7, the food is classified as acid; if it is above 7, the food is classified as alkaline. Most microbes grow well at neutral pH, but many can reproduce in 

a pH range from 4.5 - 10.0 
 Temperature -- Microbes in general are capable of growing over a wide range of temperatures and are usually classified according to the temperature at which they grow. Psychotropic microbes are those that are capable of growing at 0°C – 7.2°C but their optimum is from 20°C to 30°C. 

Psychotropic microbes cause spoilage in food stored under refrigeration. 

 
Aim: Our aim is to identify a natural alternative for an anti-microbial food preservative . 

 

 Table 1 results to show the control samples number of colonies after 48 hours of being plated. 

 Day 1 Day 3 Day 5 Day 7 Day 9 

Chicken 
stock 
samples 

Repeat 
1 

Repeat 
2 

Repeat 
3 

Repeat 
1 

Repeat 
2 

Repeat 
3 

Repeat 
1 

Repeat 
2 

Repeat 
3 

Repeat 
1 

Repeat 
2 

Repeat 
3 

Repeat 
1 

Repeat 
2 

Repeat 
3 

1 15 25 23 47 59 62 84 95 94 121 118 131 150+ 150+ 150+ 

2 19 27 24 51 49 58 83 89 96 110 115 116 150+ 150+ 150+ 

3 26 22 31 67 81 74 74 86 85 117 113 127 150+ 150+ 150+ 

Average 20 24.7 26 55 63 64.7 80.3 90 91.7 116 115 125 150+ 150+ 150+ 

Making the control: 
In order to determine if we were successful in identifying the best natural compound in minimising microbial growth we used a solution of chicken stock as 
the medium for microbial growth. After making the chicken stock,  we measured out 30 ml of stock and placed into glass vials . We took samples of the 
chicken stocks and plated them  on days 1,3,5,7 and 9. The results are shown below and these will be used as a control  to  compare the effect of each po-
tential preservative on microbial growth.  

Method for Plating:  
In order to determine the number of microbes within the stock solution, a sample was taken on 
days 1,3,5,7 and 9 after making the solution.  The sample was then smeared onto an agar 
plate, which was then left for 48 hours. This enabled us to easily identify  the colonies of  
microbes on the plates and establish the population size in the control solutions on each day. 
In order to ensure that  the only microbes that grew on the agar plate were from the stock and 
preservative solution we had to work aseptically. An aseptic technique is a method which limits 
contamination of microbes . Within this investigation we flamed the neck of the culture bottle. 
This was done whilst holding the  glass  spreader in one hand and the lid of the culture bottle in 
the other. Neither should be placed down on the bench at any point. The bottle was  not held 
still in the flame as the glass would crack so  we  rotated as it was very briefly passed through 
the flame. We lifted  the lid of the agar plate at an angle; the lid should only be opened at the 
side facing the Bunsen burner to avoid contamination. We then placed the spreader with the 
bent end in the centre of the plate. We then  rotated the spreader through 360° to ensure  the  
solution was evenly distributed over the agar plate. 

Methodology : 
After conducting the control, we carried out preliminary tests using various natural products as  potential preservatives. These were first made into solutions, either by blending the material into a solution using natural juice from the products, or by adding water to  the pulp to create a  
concentrated solution. We then diluted each stock  concentrate. Each potential preservative concentrate was diluted to produce four different concentrations, 5%, 10%, 25% and 40%. These were then added to the chicken stock to produce the experimental test solutions.  The same  
technique to plate each sample was employed, as per the control experiment. In total, 10 potential preservatives were tested, at four different concentrations; plated on days 1,3,5 and 7. They each were incubated for 48 hours, after which the number of microbial colonies were counted and 
recorded. The experiment was repeated for all concentrations of solutions 3 times.   

A table of results to show the mean number of colonies of micro-organisms on each agar plate using each concentration of preservative 

Potential  
Preservative 

Concentration of preservative and stock  

40% 25% 10% 5% 

Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7 Day 1 Day 3 Day 5 Day 7 

Salt 0 14.67 45 80.3 0 17.67 56.3 95 6.67 33.7 89 150 9 47 74.7 150 

Garlic 0 8.333 18.67 54.7 0 17.67 39.7 77.3 1 26.7 47.67 78.7 8 37.67 57.3 87.33 

Honey 25.33 83 138.3 150 8.33 41.67 74.3 108 0 19.3 39.67 74 23.33 51.67 89 124.3 

Rosemary 5.667 22.67 50 96.7 7.67 39.33 59.3 123 31.3 47 116 145 30.67 59.33 94.3 150 

Sugar 45.33 86 132.3 150 54 74.33 117 150 79 93 143.3 150 73.33 91.33 150 150 

Thyme 9.667 31.67 55.67 83.7 23 42.33 76.3 115 25 57.3 84.67 120 28.67 62 85.3 125 

Lemon 6.667 24.67 59 88.3 19 42.33 62.3 93 16.7 45.3 62 84.7 23 39.33 76 114.3 

Grapefruit 50.33 83 127 150 62.3 88 150 150 55 68 113.3 150 61.33 76.33 94.7 150 

Mint 31.33 51.67 82.67 125 25.3 46.67 87.3 125 24.7 52.7 87.67 128 28.33 54 80.3 123.7 

Nut oil 50.33 62.67 92 127 36 61.33 80.7 120 31.7 43.3 67 114 29.33 52.33 62.3 112 

 Discussion: 
The effectiveness of the various natural agents as antimicrobials varied enormously.  
Nut oil; mint, sugar and salt were not effective in preventing or slowing microbial growth - the numbers of microbial colonies  grown with extracts of these products at all concentrations  were in line with the results for the control. We can therefore conclude that these products could not be 
used as antimicrobial agents.  
Grapefruit and honey were not effective in preventing or slowing microbial growth; indeed the presence of these products appeared to promote the growth of the microbes, the numbers of colonies far exceeding those in the control. We can therefore conclude that these products could not 
be used as antimicrobial agents.    
Thyme, Rosemary, Garlic and Lemon all showed antimicrobial properties by reducing the number of colonies in comparison to the control. However, there were marked differences between them. Thyme and rosemary were only effective at minimising the growth of microbes at the highest  
concentration on all days. In contrast, lemon was effective as an antimicrobial at all concentrations above 10%; whereas garlic was effective as an antimicrobial at all concentrations. There appeared to be a correlation between the concentration of garlic and the reduced growth of microbes. 
Comparisons of microbial growth between the control broth and broth containing various natural products were subjected to a statistical t test. Whilst the results for garlic, thyme, rosemary and lemon seemed encouraging as agents to reduce microbial growth, none of the differences were 
statistically significant.  
The results indicate that of the four agents, only garlic and lemon were effective at the lowest concentrations. (Further research of the literature indicates that a chemical within the garlic called allicin has significant antimicrobial properties confirming our own results). There is clearly much 
more experimental work to be done on the four plant extracts that have encouraging preservation properties. However, their results have also revealed potential disadvantages. They are much more costly than their synthetic counterparts.  Flavouring food with these agents would also  
significantly alter the taste of the food particularly if they needed to be applied at high concentrations. A possible answer to this is to formulate products flavoured using herbs / lemon or garlic which have been bred specifically for high levels of antimicrobials.  This could potentially  
reduce the concentrations needed to be effective. It must also be considered that whilst these plant extracts appear to act as antimicrobials in a liquid culture in the laboratory, they may be much less effective in a real food product. This means that higher concentrations need to be used, 
exacerbating any problems caused by the strong taste. Nevertheless, essential oils from a number of plants have shown sufficient potential to be seriously investigated as possible preservatives with real applications. There is still a long way to go however before synthetics can be phased 
out to be replaced by all-natural preservation. We have only just begun to investigate the huge potential of natural preservation and this needs a lot more research input before it can make a real contribution to safer, fresher food.    
Finally, our results indicate that these extracts have antimicrobial properties and whilst our original aim was to look at food preservation, their potential for use in cleaning and washing products such as soap is vast. 
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Fig 2.3 
Fig 2.1-2.3 show Chloe, Ella and Freya preparing the potential preservative and plating samples using the  

Graphs to show the  comparison of mean number of colonies of microbes for each potential preservative  compared to the number of colonies grown in the control solution.  



 


