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Intrinsic and Extrinsic Factors Affecting Microbial Activity In Foods
General Microbiology and Historical Perspectives 
	Food microbiology is defined as the study of microorganisms which have either beneficial or detrimental effects on the quality and safety of raw and processed foods (Hamad, 2012). The discipline of food microbiology focuses on the growth characteristics, identification, and pathogenesis of microorganisms. Other food elements such as poisoning, spoiling, preservation, and legislation are also of special interest in food microbiology. According to weber.edu, foodborne diseases and food spoilage have been a part of the human life. However, the cause of these problems remained unknown for many years until early civilization discovered and started employing effective methods to protect and preserve their food. For instance, in 7000 BC, Babylonians were manufacturing beer through fermentation. During that period, taking alcohol was safer than taking water. This is because; water was contaminated with the intestinal microorganism. In 600 BC, various civilizations learned to use salt to preserve meat and other foods. IN 1000BC, Romans were using snow to preserve shrimp. Besides, they would smoke and ferment meat for preservation. Although the early civilizations used these methods to preserve food, they did not realize how the methods worked to prevent food spoilage or foodborne disease. Rather, they believed in the spontaneous theory which suggests that living things develop spontaneously from nonliving things.
Microbial Growth, Survival and Enumeration, History of Food Microbiology 
	History of food microbiology. In 1665, an Italian biologist; Francesco Redi was able to prove that maggots in rotting meat did not develop spontaneously, but they were larval stages of flies. In 1683, Anton Van Leeuwenhoek; who was a Dutch scientist, managed to describe bacteria as viewed through a microscope. However, it was not until in 1857 that Louis Pasteur, a French scientist managed to convince the scientists around the world that fermentation was a result of microbial processes. He discovered food microbiology and microbiological science (Weber.com).
	Microbial growth and survival. Different types of bacteria grow under varying environmental conditions. As such, each species has a unique set of optimal conditions for growth. According to Roberts (2015), the growth of microorganisms can be divided into four phases. The first stage is known as the lag phase when the bacteria have been introduced to the new closed culture, and are adapting to the new conditions and preparing for proliferation. In the second phase is when the bacteria proliferate optimally through binary fusion. Next is the stationary phase when the nutrients and space become limited while toxic wastes increase. In this phase, the rate of dying equals the rate that the cells proliferate. In the last phase, the surviving bacteria have exhausted the nutrients while toxic wastes levels are very high. The numbers of surviving microbes decline rapidly and no growth occurs
 	Enumeration. Enumeration of bacteria can be done using direct or indirect methods. Direct methods utilize various techniques such as the Petroff-Hauser counter. This method entails placing a fluid sample in a microscope slide and counting the number of bacteria microscopically. Also, a Coulter Counter is a direct technique which involves the use of optics to count bacteria cells in a known volume of a fluid. On the other hand, indirect methods include the filtration method which a known volume of fluid containing bacteria is passed through a filter which allows the fluid to pass while filtering the bacteria. The bacteria colonies are then incubated and counted using the agar surface of the culture plate. Secondly, in the spread plate technique a fluid of known volume is placed on an agar plate and spread using a sterile rod, and then the colonies are counted. Conversely, in the Most Probable Number technique fluid samples containing bacteria are made using serial dilution and then they are incubated. Subsequently, they are placed on a spectrophotometer through which the amount of light passing through each sample (transmittance) is measured. The transmittance is then compared using a statistical table of the number of bacteria (Roberts, 2015).
Extrinsic Factors
The environmental condition that affects microbial growth is known as extrinsic factors. 
	Temperature. Bacteria can be categorized as follows according to their optimal temperature necessary for their growth (Roberts, 2015).
· Psychrophiles - grow best at a temperature of 20 degrees Celsius and below
· Mesophiles - grow best at a temperature range of between 20 and 45 degrees Celsius.
· Thermophiles- grow at a temperature of 45 degrees Celsius and above.
· Thermoduric bacteria are able to grow in temperatures that are higher than their optimal temperatures for growth.
	Gas concentration. While carbon dioxide is commonly used as an antimicrobial agent, most microbes require oxygen for growth. As such, bacteria can be grouped according to their oxygen requirement as shown below (Roberts, 2015).
· Obligate aerobes - need molecular oxygen for growth.
· Obligate anaerobes - grow in the absence of oxygen
· Microaerophiles - require carbon dioxide for growth.
· Aerotolerant - do not need oxygen for growth. However, they need oxygen for survival.
· Facultative anaerobes - do not need oxygen to grow. However, they still grow in the presence of oxygen.
	Osmotic potential. If the bacteria are exposed to a hypotonic condition, water molecules will flow into the cell through osmosis making it making it burst. On the other hand, in a hypertonic environment, water will flow out of the cell causing plasmolysis. This is the concept of preserving food using salt or sugar (Hamad, 2012).
	pH. The following is the grouping of microorganisms according to their optimal pH requirement.
· Neuralophiles - require an optimal pH of 6.0 and 7.1
· Acidophiles - have an optimal pH of 0.8 to 6.6
· Alkalophiles - pH level above 7.0
	Relative humidity. Microbial are unicellular organisms which cannot survive for a long period in an environment that is not watery. As such, moisture is a vital factor for their growth.
 These are the food-related factors that affect the microbial growth (Hamad, 2012).
	Water activity. Water is needed for the growth of microorganisms. Besides, metabolic functions in the cell require water. Additionally, the microbes need water in order to move nutrients and waste materials in and out of the cell. Halophiles are a group of microorganisms that thrive well in salty water. They are categorized into four.
· Slight halophiles - grow optimally in 0.5 to 3% salt concentration. As such, they contribute to the spoilage of sea water fish and shellfish. 
· Moderate halophiles - grow optimally at a salt concentration of 3 to 15 %. They cause food spoilage in salted herring and a wide range of marine foods.
· Extreme halophiles - grow optimally at a salt concentration of 15 to 30 %. They cause spoilage in fish, bacon, and foods preserved in salt.
	According to Hamad (2012), xerophiles are bacteria that grow in low water activity of about 0.60. They are mostly moulds and are responsible for spoilage of dried fruits, chocolate, bread among others. Also, some of them produce aflatoxins in peanuts, corn, and cottonseed. Thirdly, osmophiles require a higher water activity between 0.6 and 0.78. Most of them are yeasts and they cause spoilage in honey, jams syrups, beans, pea among others.
Foods with water activity level above 0.85 are highly perishable because they are vulnerable to microbial that cause spoilage. 
	pH. Based on their pH, foods can be divided into four types.
· Low acid foods - have a pH greater than 5.3. They include corn, meat fish milk among others. They  are vulnerable to all types of microorganisms.
· Medium acid foods - whose pH ranges between 5.3 and 4.5. For instance bananas, pumpkin, watermelon among others. They are also vulnerable to all types of microbes. 
· Acidic foods - whose pH range between 4.5 and 3.7. For example tomatoes, beets, grapes, among others. They are susceptible to most types of microorganisms excluding most of the pathogenic bacteria. 
· Highly- acidic foods – They include citrus fruits, grapefruit, pineapple among others. They are vulnerable to yeasts and molds. Most bacteria do not grow on these types of food. As stated in Hamad (2012).
	Nutrient content. Given that microbes are living organisms, they require nutrients for growth and sustainability. As such, microbes grow on foods that can supply them with their nutritional requirements. Most microorganisms can synthesis simple sugars. Additionally, amino acids supply all microorganisms with nitrogen. As such, foods rich in these simple sugars and amino acids are more susceptible to microbial growth. 
	Antimicrobial substances and mechanical barriers to microbial invasion. Notably, uncooked foods possess biological structures such as skin, shells, animal hides, and egg membrane among others. These barriers hinder the microbes from accessing the necessary factors for their growth. In the same line, elements such as phenolics, pigments, and resins occur naturally in plants and they perform microbial activities to prevent food from spoiling. Similarly, raw milk contains numerous antimicrobial components that delay the milk from spoiling. These inhibitors may either act by hindering or delaying microbial growth. On the other hand, when foods are preserved using smoking, substances such as formaldehyde and cresols form on their surface and protect the growth of microbes. Also, the bacteria and yeasts that are used to ferment food produce enzymes, bacteriocins and organic acids which act as antimicrobial substances. Furthermore, there is a variety of chemicals that are generally recognized as safe antimicrobial agents to be added to foods as a preservative (Hamad, 2012).
	Redox potential. This is the ability of a food to either donate or gain electrons. When electrons move from one compound to another, they create a potential difference which represents the redox potential. Compounds that donate electrons are referred to as reducing agents while those that gain electrons are called oxidizing agents. Since oxygen is an oxidizing agent, it yields a positive redox potential. Therefore positive redox potential supports the growth of the aerobic microorganisms. Conversely, negative redox potential support anaerobic microbial growth. In view of that, food plants have positive redox values and are therefore spoilt by aerobic microbes. On the contrary, solid meat and canned foods have a negative redox potential and thus they are spoilt by anaerobic microbes (Hamad, 2012).
Cell Stress, Sub-Lethal Cell Damage Affecting Culturing Ability of the Cell
	According to Fulda et al (2010), factors such as high temperatures, freezing, and starvation stress, pH stress among others, trigger a stressful stimulus in the microbe. Most stressors act by denaturing or causing injury to the cell. Consequently, the cell responds by activating survival pathways which identify the stressors and responds by defending the cell from the impact of the stressor.  However, if the stressful stimulus persists after the defense mechanism, the cell activates death signaling pathways. While some stressors lead to death, sometimes the cell is able to recover from the effect of some stressors. In such a case, the reversible cell damage is referred to as sublethal injury. However, the structural changes that occur after sublethal injuries, such as damage to the DNA hinder the culturing ability of the cell. Similarly, sub-lethal damage hinders culturing by prolonging the lag phase and making the cell unable to multiply until it is fully repaired.
Microbial Antagonism, Quorum Sensing, and Microbial Food Spoilage 
	Scientific research has led to the detection of chemical signals between the food spoiling microbes.  According to Tiwari et al (2016), this signaling is called quorum sensing and it allows the bacteria to understand their environment and develop strategies to cope amidst environmental stress. Additionally, quorum sensing accelerates bacterial pathogenesis which leads to food damage. Skandamis and Nychas (2012), found that quorum sensing is countered by antagonistic or quorum sensing inhibitors. Before, making the counter-attack, the molecules involved in the communication must be understood. Subsequently, the antagonism technique is developed. Antagonism works by targeting and synthesizing the cell-signaling molecules or blocking their communication pathways.  Consequently, the proliferation of foodborne pathogens is hindered, and the quality and safety of food are sustained. 
	In conclusion, food spoilage due to microbial activities has affected humans since time immemorial. However, it is only after the discovery of microbiology by Louis Pasteur, that people have consciously employed antimicrobial techniques to preserve food. The growth of microbes on food is affected by extrinsic factors such as temperature, oxygen, among others. On the other hand, the extrinsic factors that affect the growth of food microbes are water activity, nutrient content, biological structure, redox potential and antimicrobial agents. Notably, unfavorable conditions cause cellular stress. When the damage caused by the stressor is reversible it is referred to as sub-lethal injury. This type of injury hinders culturing in cells due to structural changes. Over the years, microbiology has led to the realization of cell communication in microbes referred to as quorum sensing leading to pathogenesis. As such, quorum sensing is countered using antagonistic techniques, in order to preserve the quality and safety of food.















References

Fulda, S., Gorman, A. M., Hori, O., & Samali, A. (2010). Cellular Stress Responses: Cell Survival and Cell Death. International Journal of Cell Biology, 2010, 1-23. doi:10.1155/2010/214074 
Hamad, S. H. (2012). 20 Factors Affecting the Growth of Microorganisms in Food. Progress in food preservation, 405.
Roberts, K. J. (2015). Growth and Enumeration of Bacteria. Retrieved September 21, 2017, from http://academic.pgcc.edu/~kroberts/web/recit/rec5.htm 
Skandamis, P. N., & Nychas, G. E. (2012). Quorum Sensing in the Context of Food Microbiology. Applied and Environmental Microbiology, 78(16), 5473-5482. doi:10.1128/aem.00468-12
Tiwari, R., Karthik, K., Rana, R., Mali, Y. S., Dhama, K., & Joshi, S. K. (2016). Quorum Sensing Inhibitors/antagonists Countering Food Spoilage Bacteria-need Molecular and Pharmaceutical Intervention for Protecting Current Issues of Food Safety. International Journal of Pharmacology, 12(3), 262-271. doi:10.3923/ijp.2016.262.271
Weber.edu. (April, 2014). History of food microbiology. Retrieved September 21, 2017, from http://faculty.weber.edu/coberg/class/3853/3853%20HistoryofFood.htm 





