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About the Study

The Maillard reaction is a complex series of chemical
reactions that occur when heat is applied to food. It is
responsible for the browning and development of fla-
vors in a variety of cooked foods, such as bread, meat,
and coffee. The reaction was named after French chem-
ist Louis-Camille Maillard, who first described it in the
early 20th century:.

Stages

The Maillard reaction involves the interaction between
amino acids (the building blocks of proteins) and reduc-
ing sugars, such as glucose or fructose. It occurs in three
main stages: the initial reaction, the intermediate stage,
and the final stage [1].

In the initial reaction stage, the amino acids and reduc-
ing sugars undergo a condensation reaction, forming a
Schiff base. This reaction is facilitated by the application
of heat and occurs more readily in alkaline conditions.
The Schiff base is unstable and undergoes further rear-
rangement to form Amadori products [2].

During the intermediate stage, a series of complex chem-
ical reactions take place. The Amadori products under-
go dehydration and fragmentation, leading to the forma-
tion of a wide range of compounds. These compounds
include furans, pyrazines, and other volatile molecules
that contribute to the characteristic aromas and flavors
associated with the Maillard reaction [3].

In the final stage, the reaction products continue to un-
dergo a variety of reactions, leading to the formation of
melanoidins. Melanoidins are brown, high molecular
weight compounds that are responsible for the charac-
teristic brown color of foods cooked using the Maillard
reaction. These compounds are also responsible for the
rich flavors associated with roasted or baked foods [4].

Factors Influencing

The Maillard reaction is influenced by a variety of fac-
tors, including temperature, pH, moisture content, and
the presence of other compounds. Higher temperatures
generally result in faster reaction rates, although exces-
sively high temperatures can lead to burnt flavors. The
pH of the reaction environment also plays a significant
role, with alkaline conditions generally favoring the
Maillard reaction. Moisture content affects the reaction
by influencing the availability of reactants and the mo-
bility of molecules [5,6].

Applications

The Maillard reaction is not limited to food preparation;
it also occurs in other fields, such as the production of
pharmaceuticals, cosmetics, and even art restoration. In
the pharmaceutical industry, the Maillard reaction can
impact the stability and efficacy of drugs. In cosmetics,
it can affect the color and scent of products. In art resto-
ration, the reaction is of interest when dealing with the
aging and discoloration of paintings and other works of
art[7].

While the Maillard reaction is generally desirable for the
development of flavors and aromas in cooked foods, it
can also have some negative effects. For example, it can
contribute to the formation of certain harmful com-
pounds, such as acrylamide, which is formed when
starchy foods are cooked at high temperatures. Acryl-
amide has been classified as a potential human carcin-
ogen, and efforts are being made to minimize its forma-
tion during cooking processes [8,9].

The Maillard reaction is a fascinating and complex se-
ries of chemical reactions that occur when heat is ap-
plied to food. It is responsible for the browning and de-
velopment of flavors in a wide range of cooked foods.
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Understanding the Maillard reaction can help chefs and
food scientists create delicious and visually appealing
dishes while also being aware of potential health risks
associated with certain reaction products [10].

References

[1] Fu Y, Zhang Y, Soladoye OP, Aluko RE. Maillard re-
action products derived from food protein-derived
peptides: Insights into flavor and bioactivity. Crit
Rev Food Sci Nutr 2020; 60(20):3429-3442.

[2] Nooshkam M, Varidi M, Verma DK. Functional and
biological properties of Maillard conjugates and
their potential application in medical and food: A re-
view. Food Res Int 2020; 131:109003.

[3] XuZZ, Huang GQ, Xu TC, Liu LN, Xiao JX. Comparative
study on the Maillard reaction of chitosan oligosac-
charide and glucose with soybean protein isolate.
Int ] Biol Macromol 2019; 131:601-607.

[4] Chiang JH, Eyres GT, Silcock P], Hardacre AK, Parker
ME. Changes in the physicochemical properties and
flavour compounds of beef bone hydrolysates after
Maillard reaction. Food Res Int 2019; 123: 642-649.

[5] SongY, Du B, Ding Z, Yu Y, Wang Y. Baked red pepper
(Capsicum annuum L) powder flavor analysis and

evaluation under different exogenous Maillard reac-
tion treatment. LWT 2021; 139:110525.

[6] Habinshuti I, Chen X, Yu J, Mukeshimana O, Duhor-
animana E, Karangwa E, et al. Antimicrobial, antiox-
idant and sensory properties of Maillard reaction
products (MRPs) derived from sunflower, soybean
and corn meal hydrolysates. LWT 2019;101:694-
702.

[7] Navicha W, Hua Y, Masamba KG, Kong X, Zhang C.
Effect of soybean roasting on soymilk sensory prop-
erties. British Food Journal 2018;120(12):2832-2842.

[8] Chen E Lin L, Zhao M, Zhu Q. Modification of Cu-
cumaria frondosa hydrolysate through maillard
reaction for sea cucumber peptide based-beverage.
LWT 2021;136:110329.

[9] Wang W, Zhang L, Wang Z, Wang X, Liu Y. Physico-

chemical and sensory variables of Maillard reaction

products obtained from Takifugu obscurus muscle

hydrolysates. Food Chem 2019;290 :40-46.

Zhou X, Cui H, Zhang Q, Hayat K, Yu ], Hussain S,
et al. Taste improvement of Maillard reaction inter-

mediates derived from enzymatic hydrolysates of
pea protein. Food Res Int 2021;140:109985.

[10]

Oxid Antioxid Med Sci ® 2023 e Vol 12 e Issue 5


https://www.tandfonline.com/doi/abs/10.1080/10408398.2019.1691500?journalCode=bfsn20
https://www.tandfonline.com/doi/abs/10.1080/10408398.2019.1691500?journalCode=bfsn20
https://www.tandfonline.com/doi/abs/10.1080/10408398.2019.1691500?journalCode=bfsn20
https://www.sciencedirect.com/science/article/abs/pii/S0963996920300284?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920300284?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920300284?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920300284?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813018368673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813018368673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0141813018368673?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996919303369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996919303369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996919303369?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0023643820315139
https://www.sciencedirect.com/science/article/abs/pii/S0023643820315139
https://www.sciencedirect.com/science/article/abs/pii/S0023643820315139
https://www.sciencedirect.com/science/article/abs/pii/S0023643820315139
https://www.sciencedirect.com/science/article/abs/pii/S0023643818310442
https://www.sciencedirect.com/science/article/abs/pii/S0023643818310442
https://www.sciencedirect.com/science/article/abs/pii/S0023643818310442
https://www.sciencedirect.com/science/article/abs/pii/S0023643818310442
https://www.researchgate.net/publication/328176519_Effect_of_soybean_roasting_on_soymilk_sensory_properties
https://www.researchgate.net/publication/328176519_Effect_of_soybean_roasting_on_soymilk_sensory_properties
https://www.x-mol.net/paper/article/1312803198036316160
https://www.x-mol.net/paper/article/1312803198036316160
https://www.x-mol.net/paper/article/1312803198036316160
https://www.sciencedirect.com/science/article/abs/pii/S0308814619305424
https://www.sciencedirect.com/science/article/abs/pii/S0308814619305424
https://www.sciencedirect.com/science/article/abs/pii/S0308814619305424
https://www.sciencedirect.com/science/article/abs/pii/S0308814619305424
https://www.sciencedirect.com/science/article/abs/pii/S0963996920310103?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920310103?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996920310103?via%3Dihub

