SECTION 1: OVERVIEW OF MICROBIOLOGY 

Microbiology is a broad term that covers the study of organisms that were not observed before the advent of the microscope.  For the purposes in this manual, microorganisms means bacteria, yeast, mold, viruses, and parasites. 


Section 1 will address bacteria but much of the information also applies to methods to control yeast and molds.  This manual focus on the  control of pathogens.  Specific bacterial pathogens will be covered in Section 2. Viruses and parasites will be addressed separately in Sections 3 and 4, respectively. 


According to the Centers for Disease Control and Prevention (CDC) there might be as many as 76 million cases of foodborne illness in the United States annually, with an estimated 5,000 deaths. Knowledge of microbiology is essential to food safety educators in their role in preventing foodborne illness.  An understanding of microbial growth and the factors influencing growth will allow one to better understand appropriate controls to prevent foodborne illness. 


Not all microorganisms are alike. While some are pathogens, others cause spoilage, which results in objectionable textures and odors in a food. And some are actually beneficial; they are used to make food like cheese, bread, pickles, yogurt, beer, and wine. 


Microorganisms are so small that most of them must be magnified about 1,000 times before they can be seen through a microscope. Using an average-sized bacterium as an example, about 1,000 could be placed side-by-side on the period at the end of this sentence. In a drop of spoiled milk there are about 50 million organisms per milliliter, or a total population of about 50 billion organisms in a quart. One can put all 50 billion in that one drop. 

TYPES OF MICROORGANISMS 

Yeasts and molds are collectively called fungi. These organisms grow under conditions in which many bacteria cannot, such as low pH and low water activity. Molds have many cells that make up a tangled mass of thread-like structures called mycelium. Individual threads are called hypha. The most common molds grow by elongation of the hyphae and reproduce by fragmentation of the hyphae or production of spores. 


Spores are a dormant form of a microorganism that are generally formed in response to adverse environmental conditions. Mold and bacteria produce spores.  Some are of great significance in the food industry due to their highly resistant nature. While some molds are used in food processing, such as in blue cheese, molds also cause food spoilage and some species produce mycotoxins, poisonous substances that can have serious health consequences. 


Yeasts are single cells and typically larger than bacteria. Most reproduce by budding. Yeasts are used to ferment wine and beer and leaven bread. Fortunately, they are not associated with foodborne disease but do cause spoilage in foods, such as sauerkraut, fruit juices, syrups, molasses, jellies, meats, beer, and wine. 


Bacteria are also single cells and generally come in two forms in foods -- spherical (cocci), or rod-shaped (bacilli). Bacteria can also be divided into two groups on the basis of their ability to form or not to form spores.  Spores are a dormant stage in the life cycle of the organism. They are often compared to a plant seed that will germinate and grow when conditions are favorable. In general, spores are extremely resistant to heat, cold, and chemical agents. 

BACTERIAL GROWTH 

Most food preservation techniques used by food processors are based on factors that affect the growth of bacteria. Nutrients, temperature, water activity, pH, chemical inhibitors, and atmosphere can all be used to control bacterial growth. 


Bacteria, like any living organism, require food and water to carry on their life processes. Nutrients must be in solution before they can be transported into the bacterial cell, so water is essential. In general, bacteria also require a source for carbon, nitrogen, sulfur, and phosphorous.  Some have the necessary enzyme systems to transform them into the complex substances required for their life processes, while others require certain preformed compounds. 


The specific nutrient requirements and the actual mechanisms involved in nutrient transport are important.  Because microorganisms require nutrients to grow and proliferate, proper sanitation is essential to eliminate food residues, especially on food-contact surfaces. Additionally, because microorganisms require nutrients to be in solution for transport into the cell, it is important that the food environment is constructed to prevent the accumulation of standing water. 


Bacteria grow through a process of binary fission ­- splitting in two every 20 to 30 minutes under optimal conditions. Here is the four phase growth cycle for bacteria. 

· Lag Phase -- This the first phase, where cells might increase in size but the actual number of cells does not increase. Bacteria adjust their metabolism to the environment. This occurs when there is a drastic change in temperature or when the bacteria are moved from one medium to another. 

· Log Phase -- Cells actively divide by simple fission, one cell becomes two. During this phase the bacteria experience rapid exponential growth provided the necessary conditions of moisture, warmth, and nutrients are present. The time required for a cell to grow and then divide into two cells is termed the generation time or doubling time. 

· Stationary Phase -- Cell numbers remain constant. Cell growth and cell death are in balance because they are beginning to deplete nutrients and accumulate waste products. 

· Death Phase -- Cell numbers begin to decline as a result of ongoing depletion of nutrients and the accumulation of toxic metabolic by-products. 

If food is safely handled, the bacteria will be kept in the lag phase and not allowed to multiply. Proper sanitation is important to limit available nutrients and thereby prevent bacterial growth. 

Temperature 

Temperature is another factor that affects the growth of bacteria. Microbial growth can occur over a wide range of  temperatures from about 14°F to 194°F. Microorganisms are divided into three groups based on their temperature growth range: 

Table 1.  Temperature classifications for bacteria

	Classification
	Temperature
	Range

	Psychrophile
	<68oF
	32oF–86oF

	Mesophile, includes psychrotrophs
	98oF
	50oF–110oF

	Thermophiles
	131oF
	110oF–94oF


Psychrophiles grow at or near refrigeration temperatures of 32°F–86°F.  Mesophiles grow at or near room temperatures, 50°F–110°F. Thermophiles grow at hot temperatures above 110°F. In addition to these three terms, there is also the designation psychrotroph. Their optimal growth temperature is in the mesophilic range but they are also capable of growing at refrigeration temperatures. 


Most of the microorganisms of public health concern in foods are mesophiles and their optimum growth temperature corresponds to human body temperature. Typically, the higher the temperature (within the normal growth range), the more rapid the growth of the organism. Growth is catalyzed by enzymatic reactions and the rule of thumb is that with every 18°F rise in temperature the catalytic rate of an enzyme doubles. 

Time/Temperature 

Temperature is not the only problem; it is the total time at these temperatures that needs to be controlled. The goal is to minimize the time of exposure of foods to temperatures in the mesophilic range (50°F–110°F).  Food should be kept below 41°F or above 135°F.  In some situations it might be impossible to prevent product exposure to mesophilic temperatures. 

Water Activity (aw) 

Water (aw) activity refers to the availability of water to the organism. Water activity is directly related to the vapor pressure of the water in a solution and is determined by measuring the equilibrium relative humidity of the air over the solution in a closed container. Relative humidity divided by 100 equals the water activity (aw) = RH/100 


If one has a closed container of water, the air over the water becomes saturated. The relative humidity is 100%, which equals a aw of 1.0. So water has a water activity of 1.0. Foods are more complex systems so not all the water in the food is available to microorganisms. Water activity is often viewed as water availability. Water molecules are loosely oriented in pure water and they are readily available to microorganisms. When substances like salt and sugar are added, the water molecules orient themselves to the added substance, and the properties of the entire solution change. The water becomes bound and less available to microorganisms. 

Table 2.  Principal Groups of Foods Based on Aw 

	PH range
	Examples of foods

	>0.98  
	Fresh meats, fish, fruits, and vegetables

	0.93 and <0.98
	Evaporated milk, cured meat, processed cheese, and bread

	>0.85 to 0.93
	Dried meat, aged cheddar cheese, and sweetened condensed milk

	0.60 to 0.85
	Dried fruit, cereal, flour, jams and jellies, heavily salted fish, and nuts

	<0.60
	Chocolate, honey, and noodles


Most bacteria, including those of public health significance, will not grow when the water activity is 0.85 or less. Many yeast and molds can grow below this level.  Because they generally cause spoilage, their growth is not a food safety concern. 

Inhibitors 

Foods can contain chemicals that are either natural present or that are added to restrict or prevent the growth of microorganisms. Salt is an example of an added chemical that can inhibit the growth of bacteria. Chemical preservatives like sodium nitrite, sodium benzoate and calcium propionate can also inhibit microbial growth. 

pH 

pH can also control the growth of bacteria. pH is expressed as the negative logarithm of the hydrogen ion concentration. 

[pH = (-log of the [H+])]

The pH indicates how acid a food is. Most bacteria do not grow very well in acid foods. pH ranges from 0 to 14, with 7 being neutral. Foods with a pH of 4.6 and below are considered high-acid foods, such as most fruit juices. Foods with a pH above 4.6 are said to be low-acid, like meats and vegetables. 

Microorganisms can only grow at certain pH levels. Mold and yeast can grow over a broad range of pH. Bacteria are more restricted. Gram positive bacteria grow in a pH range of 4 to 8.5 and gram negative bacteria grow between 4.5 and 9.0. One can use pH to control bacterial growth. Food is considered to be in a safe pH range when the final pH is 4.6 or below. 

Table 3.  The pH growth range for various microorganisms

	Microorganisms
	pH growth range

	Bacteria (gram positive)
	4.0-8.5

	Bacteria (gram negative)
	4.5-9.0

	Mold
	1.5-9.0

	Yeast
	2.0-8.5


Gram Positive and Gram Negative Bacteria

Gram positive and gram negative are designations used to distinguish different types of bacteria. Different bacteria have different cell walls. To make bacteria stand out under a microscope, a stain is used. Bacteria with different cell walls take up the stain differently. Gram positive bacteria appear blue and gram negative appear red. 


Gram positive bacteria are more tolerant of acid conditions and are generally more resistant to heat. Some are spore formers. In general, gram negative bacteria include those that are associated with gastrointestinal illness. 

Types of Foodborne Illness 

There are three types of foodborne illness – infection, intoxication, and toxin-mediated infection. The bacteria that cause each are different. 

· Foodborne Infection -- A foodborne infection occurs when the microorganism itself is ingested with the food. The organism establishes itself in the host’s body and multiplies. Because  the infection is a consequence of growth in the body, the time from ingestion until symptoms occur is relatively long. 

· Foodborne Intoxication -- A foodborne intoxication occurs when specific pathogenic bacteria grow in the food and releases toxins into the food that is subsequently consumed. It is the toxin that makes the person sick. Because the illness is a consequence of absorption of the preformed toxin by the intestinal tract, and not microbial growth in the host’s body, symptoms of intoxication have a much more rapid onset than foodborne infections. 

· Toxin-mediated infection – Toxin-mediated infections are characterized by bacteria that are non-invasive and cause illness by producing toxins while growing in the intestines. The times of onset are generally, but not always, longer than those for intoxications, but less than those for infections. 

Atmosphere 

Some bacteria require a specific type of atmosphere for growth. Microorganisms are categorized as aerobes, anaerobes, facultative anaerobes, and microaerophilic. 

· Aerobes require oxygen and include bacterial genera such as Bacillus. 

· Anaerobes grow only in the absence of molecular oxygen. These organisms include clostridia. 

· Facultative anaerobes, which include most of the other foodborne pathogens, can grow whether the environment has oxygen or not. 

· Microaerophilic is a term applied to organisms, which grow only in reduced oxygen environments. 

Microbial pathogens are associated with all of the groups mentioned above. Knowledge of the atmospheres surrounding the food is an especially important consideration in determining which pathogens are likely to be a hazard. 

Atmosphere and Packaging 

Many of the organisms that spoil foods are aerobic.  Technologies used to extend shelf-life do so by altering the atmospheric environment of the food package to prevent the growth of aerobic organisms. These technologies include vacuum packaging, controlled atmosphere packaging, and modified atmospheric packaging. Most pathogens are facultative anaerobes (can grow whether the environment has oxygen or not )so attempts to control spoilage by changing the atmosphere from aerobic to anaerobic can be potentially dangerous.  Eliminate the competing aerobic flora can select for pathogens and inhibit those microorganisms that exhibit signs of spoilage so the product might not appear spoiled but might still be unsafe to eat. 

LABORATORY TESTING 

Microbiologists often test for indicator organisms as a substitute for testing for pathogens. The ideal indicator organism should be present when pathogens are present, absent when there are no pathogens, occur in greater numbers than the pathogens to provide a safety margin, and be easy to detect. 

Indicator Organisms 

One group of indicator organisms is the coliform group. Members of this group that grow at elevated temperatures are called fecal coliforms. These organisms are found in the gastrointestinal tract of humans and warm blooded animals and have been used as an indicator of human fecal pollution in shellfish and their growing waters, as well as in other food commodities. Other examples of indicator groups include S. aureus as an indicator of handling abuse, and Geotrichum candidum, a machinery mold, used as an indicator of poor sanitation. 

In the Laboratory 

In the laboratory, the microbiologist isolates and identifies the bacteria present. TGenerally, there are three steps used to detect and identify bacteria – enrichment, selective agar, and biochemical tests. 

· An enrichment medium is used to favor the growth of the organism one is looking for. One enriches the sample by placing the food product in a medium that has the nutrients specific to the type of organism one is trying to isolate. 

· One then places a portion of the enrichment into a medium that selects for the desired organism. This medium contains some of the control mechanisms that were mentioned above (salt, an adjusted pH, or other chemicals or antibiotics) that will select for the organism one wants, and not allow many other organisms to grow.  One then streaks the selective medium onto an agar plate to isolate a pure colony. This pure colony is essential for subsequent tests because one needs to work with one organism at a time. 

· The isolated colony is subjected to biochemical tests specific to the type of organism one is looking for and that will confirm that the presence of the organism. This process usually takes several days to complete. 

Aerobic Plate Count 

Aerobic Plate Count (APC) is also called Standard Plate Count (SPC). This method provides an estimate of the total number of viable aerobic bacteria in a food, rather than a specific organism.  It is generally used to determine food quality. In milk products, high counts might indicate that the milk was handled under insanitary conditions. This procedure is based on the assumption that each microbial cell in a sample will form a visible separate colony when mixed with an agar medium and permitted to grow. The food is diluted and placed in the agar medium in petri dishes so the colonies can be counted. Microbial populations are at best an estimate. They are reported as Colony Forming Units (or CFU) per gram. 

Most Probable Number (MPN) 

Another approach to counting bacteria is a statistical method based on probability theory called the Most probable number (MPN). The test material is diluted in a series of dilutions to reach a point where not even a single cell remains in the final dilution. If bacteria are present, the medium in the tube is cloudy, or positive. If no bacteria are present, the medium is clear. The pattern of positive and negative tubes at the different dilutions is used to estimate the concentration of bacteria in the original sample. The microbiologist compares the observed pattern of results with a table of statistical values. 

Rapid Methods 

Conventional methods can take a long time. Recent advances in biotechnology have dramatically altered the diagnostic procedures used in microbiology. New rapid methods provide simpler and often more sensitive and rapid detection of pathogens and their toxins. 


Rapid Method describes a large variety of detection and identification tests, including those that take a few minutes to perform to those that require days. Basically "rapid" means faster than conventional microbiological methods. 


The use of rapid methods in foods has some limitations. Foods are so complex, and each one is different. Proteins, fats, oils, and other factors can interfere with the tests. The normal bacteria in a food can also interfere with how well a test works. Low numbers of pathogens in foods are hard to detect. Processing of the food changes the bacterial flora and composition of foods. Most of these problems can be remedied by enriching the sample but that takes time, which means it is not as rapid. 


Each method must be fully evaluated before it can be applied to food testing. There is a process for doing that but even so the rapid methods that are approved can be used only for presumptive screening of foods, a negative result stands but a positive result must be confirmed using standard methods. 


If one wanted to detect bacteria, rapid methods can only be used after the food sample has been through cultural enrichment. If one wants to identify bacteria, rapid methods are used only after a pure culture isolate has been obtained from the sample. 

Types of Rapid Methods 

One type of rapid method is a miniaturized biochemical identification device. They are disposable devices that perform 15-24 biochemical tests at one time. They are designed to identify specific bacterial species. One must work with a pure culture. Some provide results in four hours; most within 24 hours.  These units simplify the conventional procedure by eliminating tubes and plate media. 


Other rapid method kits speed up standard microbiological methods by using special substrates, enzymes, or other apparatus. For example, a Petrifilm plate count card contains prepared media. One just adds one’s sample at the appropriate dilution and incubates it. One can then count the bacteria present in the sample. It is disposable and eliminates the need to make agar plates.

 
With a positive MUG test kit a special chemical reaction alerts the microbiologist that the organism one is looking for is present. One type of MUG test kit is called a Colicomplete test. The discs are impregnated with two chemicals that react in the presence of coliforms and E. coli. One inoculates the tube, adds one of the discs, and incubates it. If a blue color develops, one has a  presumptive positive for coliforms. One then shines an ultraviolet light on the tube. If the tube fluoresces, one have a presumptive positive for E. coli. 

Some of the rapid methods involve using antibodies, nucleic acids, or robotics to detect pathogens and toxins. Of these, the antibodies are most versatile and are used in various test kits. They take advantage of antibody-antigen interactions that are specific to a particular pathogen. A latex agglutination test works that way. If the reaction is positive, the latex beads cause the bacteria to clump. 


Enzyme-linked immunosorbent assay (ELISA) is another test that relies on antibody antigen interaction. The final result is a color change that can be easily read by a microbiologist. ELISA tests can be used to detect and quantify pathogens and toxins. 


A system called Polymerase Chain Reaction (PCR) uses an enzyme to replicate a portion of a target pathogen’s DNA. The reaction involves attaching a marker to the DNA so that it is easily detected. The advantage of this test is that one can detect very small numbers of a particular pathogen. Unfortunately, it does not differentiate between live and dead pathogens. 


These are a few examples of rapid method kits. The selection of a rapid method test kits depends in part on the organism of concern, the food product being tested, and the intended 

purpose of the test. 

Prepared by:  

Angela M. Fraser, Ph.D., Associate Professor/Food Safety Education Specialist, NC State University.  All content was adapted from the FDA course “Food Microbiological Control” prepared in 1998.  
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