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Background  
 

Spices are broadly defined as being an aromatic part of a tropical plant, be it root, leaf, bark, flower or seed and 

for thousands of years they have been used in a variety of cultures as a food preservative as well as to enhance 

the taste and appearance of foods. Archaeologists have discovered that certain spices have been used as 

preservatives as far back as 1000BC. For instance, in ancient India healing poultices were made using certain 

spices in order to take advantage of their antimicrobial effects which allowed them to prevent the growth of 

disease-causing micro-organisms. 

A research conducted by Professor of Neurobiology and Behaviour, Paul Sherman and graduate student, 

Jennifer Billings, aimed to discover why the use of spice evolved in human cultures in the first place. The pair 

examined over 4,500 recipes from archived cookbooks spanning 30 countries and counted the ingredients used 

in each recipe. Summarising the data, it became clear to the researchers that the use of spices around the world 

wasn’t random, but it correlated with the climate of the region. On average more spices were being used per 

meal from countries with hotter climates than those from cooler climates. The researchers came to the 

conclusion that countries with hotter climates, suffering from more from food spoilage than countries with 

cooler climates, used spices more often to prevent food borne illnesses taking place. 

But why do spices have antimicrobial properties in the first place? These properties evolved in the spices we eat 

in order to protect themselves from bacteria and their poisonous toxins – it was an evolutionary trait. Most 

spices produce phytochemicals, which are chemicals that have protective or disease preventive properties. By 

infusing spices into foods and exploiting their phytochemicals, humans could prevent food spoilage in hot 

climates. 

By the middle ages, spices had become akin to gold and explorers navigated the seas in order to bring back 

treasured spices from far-away lands. Now, after the wide distribution and trade, spices have become 

commonplace and have been replaced by man-made chemical additives in the preservation of foods. Spices are 

now more revered for their aromatic properties rather than their antimicrobial ones. However the recent 

outcries from the public calling for naturally sourced food preservatives rather than artificial ones, could 

promote the use of spice extracts to increase the shelf life of foods once again.  

Often artificial food additives such as sulphur dioxide ,which is one of the most common man made additives 

used today, are originally believed to be harmless are then later discovered to be toxic. Certain studies have 



found that additives can result in headaches, nausea, weakness and difficulty in breathing.  Since man-made 

preservative are a relatively new advancement it is difficult to understand the long term effects they can have 

on our health but for now people are turning to the less harmful yet more expensive alternative of buying 

organic foods. In order to be more cost effective, an organic alternative to artificial preservatives must be 

developed and the long overlooked antimicrobial properties of spices could be the answer. 

A study conducted by the Hospitality institute of technology and management in Minnesota found that 

Cinnamon, coriander, cumin, oregano, rosemary and thyme had medium to strong inhibitory effects. The 

following experiment aims to find which of these spices is most effective against spoilage and therefore is the 

best food preservative. The best spice would have the potential to be used commercially with the sole purpose 

of acting as a food preservative.     

In terms of the variables in this experiment, it is expected that the independent variable (type of spice) will 

affect the dependent variable (amount of mould growth) by reducing the fungal growth. Personally I predict that 

cinnamon will be the best preservative because it was commonly used against fungal growth in ancient times 

according to historical texts. For example, archaeologists discovered that cinnamon was prized by the ancient 

Egyptians and was used in meat preservation and in the embalming process because of its powerful 

antimicrobial effects.  

Aim 

The aim of this experiment is to discover which type of spice most prevents spoilage in bread. 

Method  

SAFETY AUDIT   

In terms of risks presented by this experiment, the main concern is the potential harm of handling mould. Close 

exposure to mould and mould spores can lead to nasal and sinus congestion, coughs/ sore throats, chest 

tightness, breathing difficulties, nose bleeds, upper respiratory tract infections, headaches and skin and eye 

irritations. Therefore, at no stage in this experiment should the samples of bread or the ingredients used, should 

be devoured. When handling spoilt bread, even if it is covered by a zip-lock bag, disposable gloves must be 

worn.  

In addition, this experiment includes the use of an oven which can lead to minor to severe burns to the skin if 

precautions are not taken. To avoid burns, wear protective mittens when transporting food in and out of the 

oven. 

Allergies to the ingredients used in the following experiment could also be a potential threat to experimenters. 

Allergic reactions can result in: sneezing and a blocked, itchy or runny nose; itchy, red, streaming eyes; 

wheezing, breathlessness and a cough. Therefore, before conducting the experiment check that the 

experimenters are not allergic to any ingredients used in this experiment. 

PART 1: PREPARING THE SAMPLES 



Ingredients 

• 1.2kg plain flour 

• 4 tbsp. honey 

• 12g yeast 

• 1.6L lukewarm water 

• 3tbsp. coriander powder 

 

• 3tbsp. dried rosemary leaves 

• 3tbsp. cinnamon powder 

• 3tbsp. dried thyme leaves 

• 3tbsp. cumin powder 

• 3tbsp. rubbed oregano leaves 

 

 

Steps 

1. The plain flour, yeast and honey were placed into a large bowl. The lukewarm water was added 

in small portions and the mixture was mixed with a large plastic spoon to form dough. The 

dough was mixed further by hand to bring the mixture together. 

2. The dough was turned out onto a well-floured surface; then it was kneaded by hand for 8-10 

minutes until the dough was soft and elastic. 

3. Using a weighing scale, the dough was divided into 7 portions weighing 200g each. One of the 

pieces will acted as the control while the remaining 6 were used to create 6 different types of 

bread, each infused with a different type of spice.  

4. Using a pestle and mortar, the rosemary leaves, rubbed oregano leaves and thyme leaves were 

ground into a fine powder and placed separately. 

5. 1 tsp. of the ground rosemary leaves were measured and was kneaded into one of the 200g 

pieces of dough. The dough was kneaded until the grains had been equally spread throughout 

the dough and the dough was labelled “Rosemary” 

6. The rosemary dough was rolled out using a rolling pin into a 1cm tall sheet. A circular cookie 

cutter with the approximate diameter of 6cm was used to cut 3 circles of dough out of the 

sheet. The circles were labelled “Rosemary 1”, “Rosemary 2” and “Rosemary 3” respectively. 

The number corresponded to which batch each sample was in. 

7. Steps 5 and 6 were repeated using all the other types of spices. All the pieces of dough were 

infused with a spice except for one which was used as the control. The control was similar cut 

into circles and labelled.  

8. The circles of dough were placed onto trays and covered with glad wrap. The dough was placed  

in warm area until they  doubled in size (approximately 45 min).It was made sure that when the 

pieces of dough were left to rise they didn’t touch each other, this would have contaminated 

the samples. 

9. The oven was preheated to 220⁰C (200⁰C fan forced). 



10. Using a small knife, the initials of the spice and the number of the sample were cut into each 

sample so that they were identifiable after baking. 

11. The circles were placed into a well-greased baking tray (baking could have taken place in 

multiple sets) It was made sure that to a gap was left between each circle in order to allow the 

bread to rise while baking. 

12. The samples were baked for 25-30 min or until golden brown. The symbols on the bread were 

then used to identify the different samples. 

PART 2: ALLOWING SPOILAGE 
Equipment  

 21 clear zip lock bags 

 21 sample of bread with varying types 

of  spice content  

 3 different coloured small stickers, 7 

stickers for each colour 

 3 sets of small numbered stickers from 

1 to 7 

 Spray bottle 

 75mL water 

 Camera 

 1cm x 1cm clear plastic grid 

 

Steps 

1. The bread samples were sliced longways and the top half was discarded, then each sample was 

labelled accordingly, with their type and batch number. All 21 samples were left out in a warm 

environment with the inside facing up for 24 hours in order to be exposed to fungal spores in 

the air. 

2. After 24 hours each of the slices of bread was sprayed thrice with ordinary water. The samples 

were then placed in separate clear, zip-lock bags so as to avoid skin-contact or the spreading of 

mould spores into the immediate atmosphere when the bread decayed. 

3. The bags were labelled according to their spice content of the bread sample they each 

contained. The coloured stickers were used to represent batches and the numbered stickers, the 

type of spice in the bread. A list was created, assigning each different type of spice a number. 

Rosemary = 1, Cinnamon = 2 and so on (the 3 control samples was also stickered and listed). It 

was also ensured that the bags had been sealed fully.  

4. Photos of the sealed, mouldy samples were taken immediately after they had been sealed in 

bags. After handling the spoilt bread, the experimenter’s hands were washed thoroughly using 

antimicrobial/bacterial soap in order to prevent skin irritation.  



5. The 21 bags were placed in a warm dark environment and left for 6 days. At the end of the 6 

days photos of the samples were taken again without opening the sealed bags. 

6. The images were then transferred onto a computer and cropped to show only the samples. The 

images were all enlarged to the same magnitude then printed out side by side. For example, 

following are the oregano infused bread samples in batch 1: 

 

 

 

 

 

 

 

 

7. In order to measure the mould growth on the images taken 6 days after preparation both the 

surface area of the whole sample and the surface area of the mould covering it was measured 

using an overlayed grid as assistance. Using these measurements, the percentage of the surface 

area covered by mould in each sample was found.  

 

 

 

8. At the end of the experiment, the bread samples were disposed of properly, meaning that the 

zip-lock bags weren’t opened at any time and the samples were thrown into a bin away from 

domestic environments. The area that in which the sample had been kept to become spoilt was 

cleaned and dis-infected using a chemical cleaner. 
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Results 

 Percentage of Surface Area Covered by Mould (%) 

Type of Spice -
Infused Bread 

Batch 1 Batch 2 Batch 3 Average 

Rosemary 24.22 38.57 17.65 26.81 

Cinnamon 17.16 26.97 18.75 20.96 

Oregano 34.63 20.55 20.90 25.36 

Cumin 15.71 7.46 5.08 9.42 

Coriander 21.13 21.83 40.91 27.96 

Thyme 13.94 11.94 15.97 13.95 

Control 38.16 25.00 18.75 27.3 
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Discussion  

ANALYSIS OF RESULTS  

Form analysing the table and graphs above, a clear variance in samples’ surface area covered by fungal 

growth can be observed. This suggests that different types of spices have varying levels of defensive 

mechanisms against the growth of fungi. Certain spices must therefore produce more phytochemicals to 

prevent bacterial growth compared to others. Some even seem to have no effective defence because on 

average, on the bread samples, they had the same amount of fungal growth as that seen in the control. 

From these results, the cumin-infused bread samples are shown to have the least amount of mould 

growth on them. This means that cumin must produce more phytochemicals than the other spices 

tested, making it the best food preservative out of this range of spices. Similarly thyme and cinnamon 

proved to be rather effective against food spoilage as well.  

The rosemary, oregano and coriander infused bread, however, generally had the same percentage of 

mould growth in their samples as the control sample. This means that these spices produce little to 

none phytochemicals and have barely any antimicrobial effects. Therefore it is clear that these spices 

cannot act as good food preservatives. 



TRIALS AND MODIFICATION 

Prior to the conducting of the above experiment, a preliminary experiment was conducted in order to 

determine the most accurate a reliable way to conduct the experiment. In this preliminary experiment, 

with the intention of saving resources, only 3 different spices were used and only one batch of different 

bread samples was made.  

Other than checking that mould grew in the first place in the samples, by conducting this preliminary 

experiment I was able to determine the most suitable amount of time that the samples should be left. 

Enough mould should have developed to be clearly measured but not too much so that the samples 

would become too hazardous. The ideal amount of days for the bread to spoil turned out to be 6 days.  

This is one way in which trailing the experiment was used to modify the method. 

Another modification made to the method through trialling was the recipe for the bread itself. Originally 

I planned to use store-bought bread mix to make the spice-infused samples but I came to the realisation 

that it was possible that the factory made mixture could include artificial preservatives. By using this 

mixture the validity of the experiment will reprimanded. To avoid this, the bread samples in the final 

experiment were made from scratch using plain flour and water.   

VALIDITY AND RELIABILITY 

In terms of validity, the study only measures what it claims to measure to an extent. It aims to measure 

the extent to which different types of spices reduce the growth of mould on food. However in reality 

this experiment only measures the extent to which different types of spices reduce the surface area of 

the whole sample that is covered by mould. However the strength of fungal growth can’t fully be 

measured by its surface area – mould grows vertically as well as horizontally and this was something this 

experiment didn’t account for. In addition, the type of mould wasn’t fully taken into consideration, a 

certain species of mould could take up less surface area but be stronger and more potent. Validity is 

limited to only a few factors in this experiment.  

The reliability of this experiment depends on the minimizing the various sources of error presented by 

the experiment. When measuring the surface area of both the whole samples and the mould coverage, 

a 1cm by 1cm grid was used to count the amount of square centimeters were occupied by the image. 

This technique was used because the shapes being measured were irregular and therefore could only be 

measure to an approximate value. The accuracy of the measurement could have been increased by 

decreasing the size of each square and I feel that the size that I used was quite small. Also there is are 

large differences across the different batches, as seen by the graphs, which could suggest a difference in 

the way that the batches were prepared. This is concerning and I think that this supports the fact that 

more trials should have been used to assess the reliability through finding the average. That being said, 

the averages of this experiment do still seem quite conclusive of different spices having different anti-

microbial strength. 

To assess reliability of the results, three batches of samples were used. By correlating the three trials 

consistency of the results can be evaluated, a more reliable outcome can be attained through the 

repetition of the experiment and finding the average of the results. However the repetition was limited 

to three trials because of the high cost and excess resources necessary.   



IMPROVMENTS  

This experiment can most definitely be improved and one way of improving it could be by limiting the 

mould growth to one species. This experiment considers the fungal growth to fall under one category 

but in reality there were many species of fungus growing on those samples, each with different 

strengths and weaknesses. By only exposing the samples of bread to one type of fungi the reliability of 

the results could be increased. However to do this the experiment needs to be taken to a more 

professional level.  

If a technique is developed that will allow the measurement of mould growth both vertically and 

horizontally, the mould growth in this experiment could be measured more accurately and the validity 

of the experiment could be improved. 

Increased repetition could also improve this experiment because three trials is quite inadequate to 

define a definite pattern in the behavior of the spices and the mould. The range of spices used could 

also be increased to include more types of spices. This would mean that more spices with strong 

inhibitory effects could be discovered. 

FUTURE INVESTIGATIONS 

Future investigations that could arise from this experiment include further tests on the most affective 

preservative found from this experiment, experiments testing the versatility of these spices as a food 

preservative and experiments to test the best conditions in which these spices are most effective as a 

preservative.  

I believe that experimenting on the properties of cumin which was the most effective against microbial 

growth according to the experiment above would be a logical next step in creating a natural alternative 

to creating all-natural food preservatives.  

An experiment could be set up to observe the antimicrobial effects of cumin over a longer period of 

time and this could be compared to a control to see the extent of cumin’s properties. More experiments 

could late be conducted to investigate which form cumin preserves best in (dry cumin, whole cumin, 

ground cumin etc.) Cumin can be tested on different types of food to determine which type of food it 

preserves the best and the phytochemicals found in cumin could be extracted and tested separately 

from the spice itself. 

Conclusion 

This experiment aimed to discover which type of spice most prevents spoilage in bread. It was 

discovered that on average cumin was the spice that prevented the growth of mould the most. The 

initial prediction of cinnamon being the best preservative has been out ruled but cinnamon did prove to 

have the third best anti-microbial effects out of the tested spices. 
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