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Hello everyone, Namaste. Now we are entering in third module of the course and in this 

third module, the next five lectures will be devoted on major chemical processes in food. 

And the first lecture of this module, overall lecture 11, we will devote today on major 

chemical and biochemical reactions in foods. 

 

We will discuss about what are the chemical interactions among major food constituents 

briefly. Then we will talk about major chemical processes like Maillard reaction, 

caramelization, fermentation, curing, polymerization. Towards the end, we will also talk 

about a little bit of chemical reaction kinetics, that is, the Arrhenius relationship. So, let us 



start with the chemical interactions among major food constituents. In the earlier classes 

also, we briefly touched upon this topic. 

 

You know that the ultimate objective of the study of food is to find out what are the causes 

and effects and structural function relationships among different classes of chemical 

components. And in earlier modules, we discussed the structure-function relationship and 

what are the various quality attributes, etcetera. And you know that the food contains 

various chemical biochemical etcetera; it is also susceptible to microbes; so, during the 

value chain, it undergoes different changes, that is, chemical changes, biochemical 

changes, microbiological changes, and so on. So it becomes imperative to understand these 

changes, what these reactions are, and how these reactions are happening so that we can 

take care of these reactions, such as the undesirable reaction rates to be controlled and the 

desirable reaction rates to be accelerated. So, there is a completely analytical approach 

followed to the study of food chemistry, and in this analytical approach, the facts derived 

from the study of one food or model food system can be applied to our understanding of 

other food products, and then it can be multiplied, So, there are four components to this or 

you can say four-way we approach to understand the processes that are happening into the 

food. Number one is determining the properties that are the most important characteristics 

of safe, high-quality food. We say that yes, this food is good. This food is safe. So what is 

that? Whether it is color, whether it is flavor, whether it is texture, whatever it is, so find 

out. That is the particular quality attribute on the basis of which that food is safe. judged as 

safe and good quality. Then, we find out what the chemical and biochemical reactions that 

have important influences on the loss of quality and wholesomeness of food. 

Then, whatever information is derived in these two points is integrated, and with the 

integration, we develop models, mathematical models, etc. And find out and derive our 



understanding of how the key chemical and biochemical reactions are influencing the 

quality and safety of that particular food. And then apply this understanding to various 

situations encountered during the formulation, processing and storage of foods.  

 

So, the various chemical alterations during handling, processing and storage of foods in 

the various quality attributes are there. Many changes do take place during handling, 

processing and doing the food value chain. Alright. These changes take place in the texture, 

flavour, colour and other quality attributes of nutrition value, as well as safety. So, most of 

these changes they are the many a time become visible to the consumers. So, in the texture 

there may be loss of solubility, there may be loss of water holding capacity, it may become 

hard, it may become soft. Similarly, the changes in the flavour might include the 

development of rancidity, it may be hydrolytic rancidity or oxidative rancidity; it may be 

cooked or caramel flavour development, other off-flavour development or the development 

of desirable flavour. 

In colour, it may be darkening; it may be bleaching of the colour; it may be the development 

of desirable colours like in the case of browning of the baked goods, etc. Then, in the 

nutritive value changes, there may be loss, degradation or alteration of the bioavailability 

of proteins, lipids, vitamins, minerals and other health-promoting components. All these 

changes may sometimes impair the safety of the food. There may be the generation of toxic 

substances or the development of substances that are protective of health or that are 

proactive to health. They do not favor the health components, etc. The food becomes safe 

or even sometimes the food becomes that is some of these components if they are 

antioxidant and also so they protect the food as well. Also, there will be inactivation of 

toxic substances, etc. 



 

So, all these chemical interactions or all these changes may be desirable as well as 

undesirable. Then chemical and biochemical reactions take place, and major reactions 

which alter the food quality or safety. These are many times they are non-enzymatic 

browning, enzymatic browning and many other classes. All these reactions are treated as a 

reaction class due to the similar nature of substrates or reactants for all the foods. Like for 

example, non-enzymatic browning. This may always be the reaction between either sugars 

or sugar and amines. So, their sugars may be many polysaccharides, monosaccharides, 

etcetera there are many sugars reducing sugars. So, the nature general nature of the reaction 

will be the same in the case of whether the sugar is glucose or it is fructose or any other 

sugar-reducing sugar or any other amino acid. So, these. Non-enzymatic browning that is 

the substrate that is the carbonyl compounds from existing reducing sugar or diverse 

reactions such as oxidation of ascorbic acid, hydrolysis of starch or oxidation of lipids etc., 

may result in the non-enzymatic browning and these reactions are invariably being seen in 

the various baked goods or dry and intermediate moisture foods; these reactions may 

develop during processing etcetera. Then enzymatic browning is these are mainly because 

of the changes in the phenolic compounds, that is, the polyphenol oxidase enzyme that acts 

on the phenolases, etcetera or polyphenolic compounds like catechol, chlorogenic acid, 

caffeic acid, tyrosine, gallic acid etcetera. These reactions are visible many times in cut 

fruits and vegetable sources. When you cut an apple, you see its surface become dark; when 

you peel a vegetable or a leaf, in the open atmosphere, its surface becomes dark; in the 

potato, similar things happen. So, these are basically enzymatic browning reactions.  



 

Then, chemical and biochemical reactions will lead to the alteration of food quality and 

safety. Other reactions may be oxidation or even hydrolysis. The oxidation may be the 

oxidation of lipids involving either triacylglycerols or phospholipids, or it may also be the 

oxidation of proteins, vitamins and pigments. Examples of all this that is the development 

of rancidity or off-flavour in the lipids, fats and oils, or it results in vitamin degradation in 

fruits and vegetables, pigment discolouration, or protein changes, and oxidation of protein, 

which results in the loss of nutritional value of the food. Then hydrolysis and hydrolytic 

reactions are again very important reactions. It takes place in the carbohydrate like starches, 

disaccharides, etc. They are hydrolyzed or polysaccharides are hydrolyzed to 

monosaccharides; like the starches, finally amylose and amylopectin, they will be 

completely hydrolyzed to glucose or maltose and so on. Similarly, proteins may be 

hydrolyzed. Lipid triglyceride may be hydrolyzed into diglyceride, monoglyceride and so 

on. These reactions are like inverse sugar; when the carbohydrate hydrolyzes, it may lead 

to the rise of inverse sugar ok; or casein hydrolysis by rennet enzyme in cheese making. 

So, that is, the larger polymers are converted into smaller units, rather more reactive units, 

and then this leads to again several processes and results in the loss of quality, safety, 

etcetera.  



 

And again, as I told you, these reactions also are those which result in good changes. These 

different major reactions of chemical and biochemicals which lead to the alteration in food 

quality and safety may be broadly categorized as metal interactions like the complexion of 

metals like in the case of anthocyanins, or there may be loss of magnesium for chlorophyll 

or catalysis of oxidation, etcetera. So, these are the different reactions where it is changes 

are because of the interactions of the metal. The other major category may be lipid 

isomerization like cis to trans isomerization, conversion of non-conjugated to conjugated 

and therefore, changing the geometry of the material. The lipid crystallization is like in the 

monocyclic fatty acid development. or lipid oxidation or polymerization, which are the 

various polymers formed during deep fat frying or other operations. There may be protein 

denaturation, protein cross-linking or polysaccharide synthesis and degradation, glycolytic 

changes, etc., in many plant and animal tissues animal materials and, which ultimately may 

result in the impairment of the food quality or safety.  

 

So, let us take one or two examples of the causes and effects relationship pertaining to food 

alteration during handling, storage and processing. So, you are now clear that the 



deterioration of food usually consists of a series of primary events, which are followed by 

deterioration. Secondary events are the consequences which, in turn, are altered or evident 

as the quality, change quality or altered quality. So, there is a primary event, then a 

secondary event, or you can say the consequence of the primary event and finally, which 

manifested in the changed quality attributes. So, operating from left to right, one can 

consider a particular primary event all right and then the associated secondary event and 

its effects on the quality attribute. For example, if there is a fruit, there may be damage in 

the fruit tissue, then what will be the consequences of the damage in the fruit tissue and 

then how it will result in the impairment of the quality, etcetera that can be. Alternatively, 

the reverse of this that is right to left you have a product like you have got a canned food 

or any other food and you see that yes what is the visible quality change and then depending 

upon the nature of the product you can go backwards that what was the food and what 

might have been the possible major reactions for that and then you study and analyze that 

and then finally you take appropriate measures. 

So, the utility of constructing such sequences is that they encourage one to approach 

problems of food alteration in an analytical matter, in a very systematic manner. You can 

actually understand what is happening in this food, which is resulting in the development 

of bad colour flavour, etcetera or poor quality. So, that you can really do the needful and 

take preventive measures for these reactions.  

 

So, let us take some examples like primary events, as I told you, if it is hydrolysis of fat. 

So, if the fat gets hydrolyzed, what will happen? In the system, there will be free fatty acid 

development, and then these free fatty acids may interact with the protein or other food 

components. And it may influence all the properties like texture, flavour, nutritional value, 

etcetera. The other primary event, if you take hydrolysis of polysaccharides, means that 



there will be monosaccharides will be generated, sugars, etcetera. They will again be 

reactive, and they will react to protein, and then this protein and sugar interaction will 

ultimately result in a change in almost all quality attributes. Another primary event is the 

oxidation of lipids. The oxidation product will react with many other constituents and take 

your colour, flavour, and nutritive value, and even this oxidation of lipids may result in the 

toxic generation of toxic substances. Bruising of fruit, as I told you if there is damage, the 

primary event is the damage to the fruit tissue, then this may result in the breakage of the 

cell and the breakage of the cell may result in the release of the enzymes and substrates, 

etc. Oxygen becomes accessible, and the various reactions follow that again result in the 

change in the texture, colour, flavour and nutritional value. 

 

Also, if you can say that heating of the horticultural product, like during cooking, cell walls 

and membranes lose integrity, acids are released, enzymes become inactive, and these 

changes, which are attributes which are influenced, may become texture, flavour, colour, 

nutritional value and so on. Then, similarly, with heating of the muscles like cooking meat, 

etc., protein denatures and becomes aggregate, enzymes become inactive, and the quality 

attributes like texture, flavour, colour, and nutritional value get changed. Similarly in the 

case of lipids like cis to trans isomerization normally happens during the heating or frying 

of the oils even during the refining process also cis isomers are converted into trans and 

that results in the enhanced rate of polymerization during deep fat frying and then excessive 

foaming during deep fat frying, diminished nutritional value bioavailability of lipid or 

solidification of the frying oil etcetera might be the attribute that is changed. 



 

So, this is the overall summary of the reactions. This figure, earlier also, we discussed. 

Then what happening is the nature of the major pool shown in this figure is dependent on 

the physiological state of the product tissue at the time of processing or storage and the 

constituents which are present are added to the non-tissue foods and each class of 

compound can undergo its own characteristic types of deterioration and noteworthy here 

in all these processes is the role that carbonyl compounds may play in many deteriorative 

processes and they arise mainly from the lipid oxidation, carbohydrate degradation and can 

lead to the destruction of nutritional value to the development of off flavor and off colours. 

So, as I told earlier it is the same series of reactions, same type of reaction also that leads 

to desirable flavors and colors during cooking or frying or baking or many other processes. 

 

If we look at the major chemical process like non-enzymatic browning, non-enzymatic 

browning reactions are responsible for color and flavor of foods like dates, honey and 

chocolate. They are also responsible for distinctive flavours upon roasting coffee beans, 

groundnuts, and cashew nuts and in many breakfast bowls of cereal, the flavour develops 

because of the non-enzymatic browning reactions. There, it is the presence of reactive 



reducing sugar that is responsible for browning in foods. So, what happens to foods which 

have reactive reducing sugar ok or also the amino groups, etcetera? Then, on heating, these 

reducing sugars undergo ring opening, enolization, dehydration and fragmentation to form 

unsaturated carbonyl compounds, and these carbonyl compounds react, forming brown 

polymers and flavour compounds. So, these are the heat-induced reactions that are non-

enzymatic browning reactions, and they can be of two types like caramelization and 

Maillard reaction.  

 

So, the Maillard reaction is actually a complex group of many reactions. These are that the 

carbonyl group of the acyclic sugars are reducing sugar readily combined with the basic 

amino group of proteins or peptides and or amino acids and results in the formation of 

sugar amine ok. Sugar amines then undergo a set of reactions like Amadori rearrangement, 

reverse Amadori rearrangement, etc. And they follow these Amadori products. They follow 

different specific pathways, metabolic pathways and, in the process, various reactions. 

Carbonyl compound, new carbonyl compounds are formed, all right, and which result into, 

that is, they form compounds known as melanoidin's, and these melanoidin's are 

responsible for the dark brown colour of the product.  



 

So, this is here that it is shown the reaction, how this Maillard reaction can happen. First is 

the formation of N-glycosides, and then after the N-glycosides are formed, the ammonium 

ion is formed and then isomerizes, and this reaction is called, as I told you, Amadori 

rearrangement. The compound forms either glucosamine or ketosamine by Amadori or 

reverse Amadori rearrangement. There is one amino one deoxy ketose that is formed.  

 

And then these ketamine products then either dehydrate into reductase or 

dehydrodelectrons, which are caramels. They produce short-chain hydrolytic fission 

products such as diacetyl, acetol or pyruvaldehyde, which can go under Strecker 

degradation and many other reactions. These group of complex groups of new polymers 

are formed, which have conjugated double bonds, and these conjugated double bonds 

absorb light of different intensities and look of various colors. So, these brown-to-black 

amorphous unsaturated heterogeneous polymers are known as melanoids or melanoidins, 

which is the end product of the Maillard browning reactions. So, these Maillard Browning 

reactions are very important they may take. place during processing, etc. So sometimes 

they are undesirable. So they need to be checked. 



 

Alright. Like, so, to control the Maillard Browning reactions, one should keep the pH of 

the food below the isoelectric pH of the amino acid peptide and proteins. Also, keeping the 

temperature of processing as low as possible during the processing and storage. And also, 

one can use non-reducing sugars like sucrose, etc. Because it is the Maillard reaction is 

only a reaction between reducing sugar and amino acids. And also, sulfur dioxide or 

sulfites, the potassium metabisulfite and all those, inhibit the Maillard reaction. So Maillard 

reaction is responsible for many of the specific taste, aroma and color of the foods. It results 

in a decrease in the nutritional value of proteins. In this reaction, it is particularly the amino 

acid which is involved in the Maillard reaction is an essential amino acid. So, it means that 

there will be a loss of nutritive value. So, this brown colour of the crust bread during the 

baking process; in many bakery products, the development of brown colour, is desired in 

the crust of bread and all those things, they are mainly because of the Maillard reaction. 

That is the reaction between protein and sugars, which occurs during the baking process.  

 

Then, the other non-enzymatic browning reaction is caramelization. This is mainly because 

of the exclusive reaction of the sugars. That is, these sugars, when they are heated either in 



their dry form or in their concentrated solution form or weak solution form, undergo a 

number of reactions depending upon the temperature and presence of catalysts. Generally, 

there will be a reaction leading to equilibration of anomeric forms and ring forms, inversion 

of sucrose, condensation reaction leading to the formation of oligosaccharides and 

polysaccharides, isomerization, dehydration and fragmentation which ultimately leads to 

the formation of again unsaturated polymers with brown color. And with the use of a proper 

catalyst, it would be possible to conduct caramelization to provide either flavouring 

compound or colouring compounds like caramel colours, etc., for food use or even both. 

So, you can see here that the figure that the molecule is left with the ketone and on the 

other side, it is enol.  

 

So, for the manufacture of caramel colour for use in beverages. Industrially, and 

commercially, these huge caramel colours for the beverage industry, cola colours and all 

those things. So, this glucose syrup is treated with dilute sulfuric acid, and it is partially 

neutralized with ammonia. So, as dry sugar is heated, it melts into a colourless liquid, and 

it soon develops a brown colour giving the pleasing characteristic caramel aroma. 

Caramelization can be halted by the addition of water when the desired color and flavor 

have been developed. Sugars break down during caramelization and various organic acids 

are formed. This caramelization of sugar is very useful in the preparation of confectionery, 

bakery and other confectionery products. Depending upon the various temperatures, 

different caramel colours, etcetera can be formed.  



 

So, I give here some of the products that are examples of caramelization and related colour 

development; in the black tea leaves, you can see that in the processing, like during frying 

or drying, it is used to halt fermentation. It also causes caramelization resulting in the 

characteristic color of the black tea processed tea. In the beverages, caramel is used to give 

a dark to light brown colour. In the ghee, when the butter begins to boil at 90 degrees 

Celsius, and at 120 degrees Celsius, the curd particles begin to brown, and a pleasant aroma 

of caramelization emanates. This is also used as an indication of the end of the clarification 

process. Khoa, in khoa preparation, a slight brown color of caramelization occurs during 

the heating process. In chikki manufacture, cooking jaggery solution on medium flame 

after reaching 130 degrees Celsius imparts brittleness and mild caramel flavour to the 

product.  

 

Then the other chemical process is the major chemical process. One of them is the 

fermentation and it is also sometimes used as a food preservation technique. It is a basically 

major biochemical reaction process based on the multiplication of select groups of 

microorganisms whose metabolic products help food preservation and even also this 



fermentation it occurs naturally and natural when it is there are basically microbiological 

reactions and when it is controlled becomes fermentation desirable reaction when it is 

uncontrolled it becomes spoilage reactions like, for example, that is in the fruit juices which 

are exposed to air, they undergo natural fermentation and they acquire alcoholic flavor. 

Milk, if you leave as such, it becomes slightly acidic. These changes used as means of 

preservation of otherwise perishable foods, fermentation reactions, and changes in the 

texture and taste of fermented foods are also found, many times, desirable. Many a time 

these microbial reactions, the microorganism they lead to the undesirable reaction, but 

there are many microorganism desirable microorganisms which is used in the fermentation 

process to develop various products like cheese, curd, butter, all alcoholic beverages, 

pickles, sauerkraut, vinegar, even bread, idli, soya sauce, coffee, tea, cocoa, all these are 

the fermented products.  

 

So, sometimes we need to control the fermentation reactions in order to preserve the food 

or to get the desirable changes. So, it is the controlling factor sometimes becomes acid. 

Here acid, it has an inhibitory effect and harmful microorganism. And good example here 

is the milk. If you keep the raw milk as such without heating, so what will happen? First 

the streptococcus will grow in the milk, it will produce lactic acid. But when the acidity of 

the milk goes beyond a certain level, it becomes inhibitory to the streptococcus bacteria. 

And then lactobacillus comes into force. The lactobacillus, which is more resistant to acid, 

grows, but again, when the acidity further increases, lactobacillus also stops growing in the 

milk, and then milk is clotted and curdled, and the acid-resistant yeast and moulds now get 

activated and mould oxidize acid. Yeast produces alkaline in the products, and that acidity 

decreases, and the growth of proteolytic bacteria and lipolytic spoilage bacteria results in 

the off-flavor and gassy conditions in the curd. Similarly, alcohol levels. Preservative 

depends upon the concentration. Yeast converts sugar to alcohol, but it cannot tolerate 



alcohol concentrations of more than 12 or 14%. So, if in a material, the alcohol 

concentration is more than 12 or 14 per cent, it the bacteria, the spoilage bacteria will not 

grow. So, when alcohol content is below 12 per cent, as in the case of beer etcetera, 

pasteurization of food becomes necessary to prevent spoilage. 

 

Similarly, the use of starter culture, like the growth of particular types of microorganisms 

prevents the growth of others. Like in curd making or wine making, part of the previous 

batch of the curd or wine is added to fresh milk or grape juice to have a new. Similarly, 

oxygen levels can encourage or inhibit microorganisms. This happens during vinegar 

production like there is a first conversion of a sugary substance to alcohol in an anaerobic 

environment and then a conversion of alcohol to acetic acid in aerobic conditions. So, both 

oxygen-aerobic and anaerobic conditions are required there. Similarly, salt levels and 

temperature. The salt level has an inhibitory effect. Temperature affects the microbial 

reactions, etc. Like in the case of sauerkraut fermentation and many other fermentative 

processes. 

 



Then, curing meat is basically another type of reaction. It is the modification of meat 

affecting the preservation, flavor, color and toughness etcetera. Originally the curing was 

practiced as a means of preservation before the days of refrigeration. When the modern 

method of preservation is available now, the prime purpose of curing is to produce uniquely 

flavoured meat products, and another special purpose is to preserve the red colour of the 

meat. So, in the curing, actually, basically some sort of curing mixture is developed, and 

then it is smeared on the meat pieces, etcetera and then either it is lightly smoked or dried. 

So, various common salts, nitrites, sugars, spices, etc. are used, and they have various 

specific purpose function roles to play. Like common salt, it retards microbial growth. It 

gives flavour to the meat. 

The nitrite fixes the red color of myoglobin. It has a beneficial effect on the flavour of the 

cured meat, and also it is inhibitory to Clostridium botulinum, which is a toxicogenic 

bacteria. Sugars help stabilize the colour. It counteracts saltiness and adds flavour. And 

spices, are added mainly for the flavour.  

 

Then polymerization is again very important. Like many sugars, they polymerise into 

polysaccharides, amino acids, and fatty acids. The polymers are big molecules. They are 

formed. And many times, this happens naturally also, but sometimes, these polymerization 

reactions are dangerous reactions, particularly in the case of fats and oils. The polymers, 

various polymers which are formed during processing, may be undesirable stability of the 

fat or fatty foods is important to maintain a fresh taste or colour and odour during storage 

and use and the stability is related to the composition of lipid moiety and the changes it is 

subject to. So, when these fats and oils or triglycerides are heated owing to the temperature 

of heating, they are broken down, and the presence of agents causing oxidation, like pro-

oxidants or preventing antioxidants and other methods of storage, determine their stability. 



So, vegetable fats are usually more stable than animal fats such as lard, etc. Total 

unsaturation of the vegetable oil may be greater because of the natural antioxidants usually 

present in them. 

 

So, this being apart, the main thing polymerization, when such oils are heated, then 

depending upon their saturation and unsaturated polyunsaturated fatty acid they undergo 

at a high degree of polymerization and these polymers are formed and the oil becomes that 

is you see that during heating oil it becomes very dark in color. So, this unsaturated fatty 

acid undergoes polymerization owing to heat, oxidation, and the presence of free radicals 

or even polar catalysts, and these polymers, which are then during the heating of the fats 

and oils as in frying operation, can produce changes due to the polymerization in molecular 

weight, color, viscosity, refractive index, etc. These polymers, which are present in the oil, 

may many times be toxic. Also, they decrease the heat transfer efficiency of the oil. They 

affect the quality of the product fried in such oils. Also, they adversely affect the oil's 

nutritional quality and wholesomeness under extreme conditions.  

 



Then we see that finally, let us talk about chemical reaction kinetics, you know that the 

Arrhenius relationship is a well-established reaction kinetics which gives the effect heat or 

temperature has on the rate of reaction or rate of a chemical reaction. So, this can be 

described by an equation that is Arrhenius equation is basically 𝐾 = 𝐴 ∙ 𝑒−
𝐸𝑎
𝑅𝑇 , 

where Ea is the activation energy, R is a gas constant and T is the temperature. So, you can 

see that data confirms the Arrhenius relationship; that is when the ln k is plotted versus 1 

by T, a linear relationship, a straight line is obtained. So, this parameter E is the energy of 

activation Ea, it represents the free energy change that is required to elevate a chemical 

entity from a ground state to a transition state whereupon the reaction can occur (after that 

the reaction occurs), that is, you have to give that minimum activation energy for the 

reaction to process. So, this is a general relationship in the chemical reaction kinetics.  

 

But what is more important here that I would like to emphasize is that these, our food, the 

biochemical, although they contain chemicals, do not confirm the Arrhenius relationship 

over a long range of temperature. So, food reactions confirm the Arrhenius relationship 

over a certain intermediate temperature range only. I give here in the form of two examples, 

we have taken one. The non-enzymatic process as well as the enzymatic process. In the 

case of a non-enzymatic process, you can see either an increase in the temperature or a 

decrease in the temperature. That is, these two points, A and B, that is, A, were above a 

certain temperature value. There may be a deviation from the linearity due to a change in 

the path of the reaction. For example, if you are concentrating, evaporating. So, when the 

evaporation takes place, it is concentrates, water goes on in the concentrate, and the solutes, 

their concentration is decreased and therefore, the concentration increases in the 

concentrate and therefore, it may result in the deviation from the reaction path. On the other 

side, on the lower side, you see as the temperature is lowered below the freezing point of 



the system, the ice phase is essentially pure. It enlarges the fluid phase, which is when you 

can say that it was earlier it was evaporation. 

Now, we see the freezing; when water is freezing, or any in the food material, food juice, 

let us say fruit juice you are freezing. So, the water becomes that ice. But as the freezing 

progresses, the concentration of solutes in the unfrozen water increases. This increase in 

the concentration of solutes results in changes in almost all colligative properties, physical 

properties, heat transfer and all those characteristics, etc. And that results in the deviation 

of the path of the reaction. That is, the concentration of solutes in the unfrozen phase can 

decrease like supplement the effect of decreasing temperature or increase the reaction rate, 

as the case may be. If we take the example of an enzymatic reaction, enzyme-catalyzed 

reaction, consider point C here that is above the enzymatic reaction, there is a temperature 

range which denatures the protein. The enzyme completes, and the formation of reaction 

products seizes, and the enzyme is basically inactivated. So, the reaction rate decreases or 

stops in the vicinity towards the lower temperature side in the vicinity of the freezing point 

of water changes such as dissociation of an enzyme complex can lead to a sharp decline in 

the reaction rate. So, in both of these, the reaction path can change, or some of the reactants 

can get depleted, or the concentration of the material gets changed. So, either of these 

changes, even in the enzyme reaction, that is, the active functional group on the functional 

group on active site of the enzyme some may get changes, and various things might happen 

depending upon the various other components which are there in the food. So, it is very 

important that the Arrhenius relationship for the food system can be used only over a range 

of temperatures and that has been experimentally tested. There are methods for testing it. 

So, one should go with the proper testing procedure and then use the Arrhenius 

relationship. 

 



So, finally, I would like to summarize these reactions, but that these chemical or 

biochemical processes and microbiological processes are very important in food. There are 

several reactions, and even these processes are undertaken naturally also when the food is 

harvested, when it is kept in a room, as I gave you the example of milk, etc. So, these 

changes will take place. Alright. Sometimes, these changes also are aggravated depending 

upon the environmental conditions. Some even say that if the heat is a little bit more like, 

for example, microbiological reaction, if you give them up to 35-37 degrees Celsius, they 

may act. So, each reaction has optimum requirements, etc., of the conditions: temperature, 

pH, or environment (oxygen) and all those things. So, we need to understand this. Once we 

have understood properly, whether it is an enzymatic reaction or non-enzymatic reaction, 

during processing, that is what we do. That is, in chemistry, we study all these things, 

details, and the nitty-gritty of the process. And then finally, we apply this either during 

storage or during processing or during handling. Our aim becomes that these undesirable 

reactions should be stopped. Desirable reaction rates should be accelerated and allowed to 

continue. In this way, we make sure that our processed food or even unprocessed food after 

storage, handling, etc., is good in quality and safe to consume.  

 

These are the references that were taken in this lecture.  



 

Thank you very much for the patience hearing. Thank you. 


