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ABSTRACT 

Nonenzymatic browning is a process in which sugars and proteins react chemically to make food more appealing. Ascorbic acid degradation, lipid 

peroxidation, the caramel reaction, and the Maillard reaction are examples of non-enzymatic browning reactions. Milk protein and lactose, being two of 

the most important components of milk, have strong chemical activity and are used as reactants in the Maillard process, resul ting in Maillard reaction 

products (MRPs). In the Maillard reaction, a condensation process occurs between carbonyl groups of different sugars and amino groups of amino acids 

or proteins in the maillard reaction. These Maillard reaction products have a variety of uses, including food flavour, antioxidant properties for example. 

The beneficial and negative effects of the Maillard reaction are based on the two primary components of milk that are employed in food 

andpharmaceutical , as well as ways to avoid unfavourable consequences.  
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  I.INTRODUCTION 

In 1912, Louis Camille Maillard was the first to discover the Maillard reaction. It refers to the reaction between reducing sugars and proteins that 

occurs without the use of enzymes [1]. In the food processing industry, the Maillard reaction is also known as glycosylation. Maillard reaction products 

are typical food additives that can enhance the appearance and flavour of food. The Maillard reaction, on the other hand, has several negative side 

effects, the most visible of which may be seen in food and pharmaceuticals. Many studies now show that the Maillard reaction occurs.Dietary product 

consumption has been linked to a number of illnesses [2].In the pharmaceutical industry;Maillard reaction will cause problems during the 

manufacturing process and with product quality, such as colour changes, pharmaceutical bioavailability, active substance degradation, hazardous 

chemicals, and so on [3]. 

 

II.LITERATURE REVIEW 

The Maillard reaction (Figure 1), also known as the non-enzymatic browning reaction, is a complex chain of non-enzymatic reactions that can be 

divided in three steps [4]. Figure 1 shows a modified diagram of the three steps of the Maillard reaction [4, 5].  

Glycation of proteins is usually thought to be the first step in the Maillard process. The condensation reaction between the carbonyl groups of reducing 

carbohydrates and the ε-amino groups of lysine or to a lesser extent, between the α-amino groups of terminal amino acids and the imidazole and indole 

groups of histidine and tryptophan, respectively, is the first reaction of the initial stage [6]. The non-protonated amino group is first added to the 

reducing sugar electrophilic carbonyl carbon. The imine formed as a result of this addition is dehydrated, giving rise to the Schiff base [6]. The Schiff 

base is thermodynamically unstable, and it spontaneously rearranges to a 1,2-aminoenol, which then irreversibly rearranges to the more stable 1-amino-

1-deoxy-2-ketose/aminoketose, also known as the Amadori product [6]. 

When ketoses such as fructose are used instead of aldoses, N-ketosylamines (1,2 amino enols) are transformed into 2-amino-2-deoxyaldoses, 

commonly known as the Heyns product [7]. The degradation of the Amadori/Heyns compounds begins the intermediate stage of the Maillard reaction. 

Dehydration and fission, mostly by dealdolization and Strecker degradation, the interaction of amino acids with dicarbonyl compounds, are part of this 

stage. They undergo 1,2-enolization at neutral or acidic pH, resulting in furfural or hydroxymethylfurfural production (HMF). 
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Figure 1. Maillard reaction [4,5] 

 

 

The Amadori/Heyns products degrade to reductones and a variety of fission products at alkaline pH via 2,3 -enolization, including acetol, 

pyruvaldehyde, and diacetyl. All of these fission products are very reactive substances that react violently [5]. These mechanisms produce a large 

number of highly reactive compounds that participate in the Maillard reactions advanced or final stage reactions [5].These processes result in a large 

amount of highly reactive compounds that take part in the further reactions of the advanced or final stage of the Maillard reaction [5]. The final stage of 

the Maillard reaction depends on reaction conditions such as environment, and involves the dehydration and disintegration of the early reaction 

products via pathways such as Strecker degradation [8].Cyclizations, dehydrations, retroaldolizations, enolizations, oxidations, fragmentations, 

rearrangements, isomerizations, and additional condensations are just a few of the reactions that result in the synthesis of a huge number of compounds 

that are still poorly characterised [8, 9, 5,6]. Although some colour is produced in the intermediate stage, the majority of colour is produced in the final 

step, when melanoidins are synthesised [9,5, 10]. Brown pigment is caused by melanoidins, which are nitrogen-containing polymers and co-polymers. 

They have been found to have an impact on sensory qualities [5, 11, 12]. 
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Figure2: Maillard reaction based on milk ingredients in food and pharmaceutical product [13] 

III.CONCLUSION 

Maillard reaction is desirable in food such as Coffee, bread crust, toast, french fried potatoes more appetizing colours, aromas, and flavours. 

Furthermore, antioxidant-rich Maillard reaction products offer higher benefits than synthetic antioxidants employed as natural antioxidants in food. 

Milk protein has been widely used in food due to its unique properties, but its application has been limited due to its high sensitivity to its surroundings. 

The Maillard reaction has the potential to increase the functioning of milk protein and its use in food. The Maillard process, on the other hand, has a 

negative impact on food, altering its colour and odour, reducing its nutritional value, and producing toxic substances that are harmful to human health. 

Milk protein could be used as a drug carrier in pharmaceutical formulations because of the Maillard reaction.The Maillard reaction has both good and 

detrimental effects depending on the circumstances and diet. Inhibitors of the Maillard reaction have also been discovered to control the Maillard 

reaction's drawbacks in specific foods. Several sulfhydryl substances, particularly L-cys, have been reported to effectively reduce browning and HMF 

level. 
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