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The Maillard reaction is a non-enzymatic browning process 
that occurs between reducing sugars and amino acids during 
heating, playing a key role in the development of color and 
aroma in food products. This study aims to evaluate the 
changes in color and aroma resulting from the Maillard 
reaction in food products subjected to different heating 
durations. Objective color analysis was performed using a 
colorimeter to measure browning index (BI), chroma, 
and °hue, as well as spectrophotometric analysis, while aroma 
was assessed subjectively. The results indicated that heating 
duration significantly influenced color changes and melanoidin 
formation in chicken, as evidenced by increased BI and 
chroma values, along with shifts in °hue. In contrast, although 
absorbance increased in potato samples, the color change 
was not significant, likely due to the low levels of reducing 
sugars, fat, and protein. Heating also enhanced the 
characteristic aroma of both chicken and potatoes, attributed 
to the formation of volatile compounds through the Maillard 
reaction.  
 

 

1. INTRODUCTION 

The Maillard reaction is a non-enzymatic browning process that occurs when reducing 

sugars present in carbohydrates react with amino acids containing primary amine groups 

under heat (Ridhani et al., 2021). This reaction involves interactions between reducing sugars, 

such as aldoses and ketoses, and primary amine groups from amino acids or other compounds 

containing amine groups (Safitri et al., 2023). Several factors influence the Maillard reaction, 

including temperature, moisture content, pH, and the concentrations of both amino acids and 

sugars (Fajri et al., 2023). High temperatures and prolonged storage typically promote the 

Maillard reaction (Rokana et al., 2022). The optimal Maillard reaction depends on appropriate 

heating duration. Longer exposure to heat and higher temperatures will lead to a greater extent 

of the Maillard reaction (Zhang et al., 2021). This reaction leads to changes in the color, aroma, 
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and flavor of food products due to the formation of melanoidin compounds (Yuwana et al., 

2022). Melanoidins are formed due to thermal processing of food material such as cooking, 

baking, roasting, and storage which are caused by reducing sugar and free amino groups. 

Consequently, temperature has the greatest impact on the development of melanoidin 

structures (Singh et al., 2021). The Maillard reaction starts to occur at a temperature of 140°C 

(Rokana et al., 2022). While Maillard reaction reaches its optimal rate at 180°C (El Hosry et 

al., 2025). The Maillard reaction plays a significant role during the processing and storage of 

various food products, including fruits, vegetables, cereals, dairy, and meats, affecting the 

overall quality of the final product. Additionally, it can influence the nutritional value of food and 

contribute to the development of specific flavor profiles. The formation of brown pigments, 

known as melanoidins, indicates the occurrence of Maillard reactions between proteins and 

carbohydrates in food. These changes may be perceived positively or negatively by 

consumers, depending on the product (Ramadhani et al., 2022). However, information 

regarding the effect of heating duration on food materials with different chemical compositions, 

such as protein- and fat-rich chicken meat and carbohydrate-dominant potatoes, remains 

limited. This gap poses challenges in controlling processing conditions to achieve optimal 

color, aroma, and quality without reducing nutritional value or triggering the formation of 

harmful compounds such as acrylamide. Therefore, this study aims to investigate the effect of 

oven duration on the Maillard reaction, using color, aroma, and absorbance values as 

parameters in chicken meat and potato samples. The comparison of these two materials is 

expected to provide a scientific basis for optimizing the roasting process to maintain sensory 

quality and product safety, while minimizing nutrient loss and the formation of undesirable 

compounds.  

 

2. METHODOLOGY 

This research was conducted in Surabaya, Indonesia, specifically in the Chemistry and 

Biochemistry Laboratory at Universitas Ciputra Surabaya. The research method used was a 

Completely Randomized Design (CRD). 

 

Tools dan Materials 

The equipment used in this research included a colorimeter, spectrophotometer, oven, 

centrifuge, test tube, mortar, pestle, glass funnel, and dropper pipette. The materials used 

were water, chicken meat, potatoes, aluminum foil, and toothpicks. 

 

Roasting Procedure 

Chicken meat and potatoes were sliced into uniform dimensions of 5 × 5 × 0.5 cm. Both 

samples were wrapped in aluminum foil and pierced with a toothpick. The samples were then 
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placed in an oven and roasted at 180°C for 0, 15, and 30 minutes. Following the heat 

treatment, the samples were subjected to analysis for color and aroma changes. 

 

Color Change Analysis Procedure 

After undergoing thermal treatment, the samples were analyzed using a colorimeter. The 

browning index of each sample was calculated using equations (1) and (2). Subsequently, the 

chroma value was determined using equation (3), and the hue angle (°hue) was calculated 

based on equation (4). 

 

                                                                𝑥 =
(𝑎∗+1,75𝐿∗)

(5,645𝐿∗+𝑎∗−0,3012𝑏∗)
                                                    (1) 

                                                           BI = 
[100(𝑥−0,31)]

0,172
                                                          (2) 

                                                     chroma =√𝑎 ∗2+ 𝑏 ∗2                                                      (3) 

                                                          °hue = 𝑎𝑟𝑐𝑡𝑎𝑛 
𝑏∗

𝑎∗
                                                         (4) 

 

Aroma Analysis Procedure 

The treated samples were evaluated for their aroma qualitatively by five untrained 

panelists. Each panelist smelled the treated samples, and the perceived aroma was rated 

using a scale as follows: 1 (slightly detectable), 2 (detectable), 3 (strongly detectable). 

 

Spectrophotometric Analysis Procedure 

Both unbaked and baked chicken meat and potatoes were weighed to obtain 1 gram of 

each sample. The samples were then ground using a mortar and pestle and mixed with 10 mL 

of water at 90°C. After thorough mixing, the samples were transferred into test tubes and 

centrifuged at 5000 rpm for 3 minutes. The resulting supernatant was extracted using a 

dropper pipette and placed into a cuvette. The cuvette containing the sample was then 

analyzed using a spectrophotometer at a wavelength of 400 nm. 

 

Data Analysis Procedure 

Browning index, chroma, and °hue were analyzed using one-way ANOVA (⍺ = 0.05), 

followed by Tukey’s HSD post hoc test for significance differences. Statistical analyses were 

performed using JASP 19.3. 
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3. RESULTS AND DISCUSSION 

Maillard Reaction 

The Maillard reaction occurs in three stages, beginning with the condensation of ketose 

or aldose sugars with an amine group to form a Schiff base, which then progresses to the 

formation of Amadori (aldose) or Heyns (ketose) intermediate compounds. Subsequently, the 

intermediate compounds involving the Amadori Rearrangement Product (ARP) undergo 

decomposition, resulting in volatile and non-volatile compounds. At this stage, dehydration 

occurs, forming furfural or reductones, along with a fission stage through aldolization, leading 

to Strecker degradation. Finally, carbonyl compounds, furfural, fission products, and Strecker 

aldehydes form melanoidins, which contribute to brown color formation, contain antioxidants, 

and can mask undesirable odors (Ridhani et al., 2021). 

The samples were wrapped in aluminum foil to maintain moisture during the heating 

process. Aluminum foil serves to retain water vapor, gas, and air from the environment, as well 

as to reduce water loss in the samples (Pagiatun & Setiawan, 2023). The Maillard reaction 

occurs optimally at a water content of approximately 10–15% (Rokana et al., 2022). A water 

content that is too low limits molecular mobility, while excessive water content can dissolve 

reaction products, thereby reducing brown color formation (Dai et al., 2023). Additionally, the 

use of aluminum foil helps control heat transfer to prevent excessive heating and protects the 

samples from oxidation during the heating process (Duru & Duru, 2020). 

 

Comparison of Color between Chicken Meat and Potatoes 

Table 1. Observation Results of Color and Aroma in Chicken Meat and Potatoes 

 
*Description: 1 (slightly detectable), 2 (detectable), 3 (strongly detectable).  
*Superscript letters that differ within the same row indicate that the corresponding values 

are significantly different from each other at a 95% confidence level (P < 0.05). 

Parameter Chicken Meat Potatoes 

0 Min 15 Min 30 Min 0 Min 15 Min 30 Min 

Picture 

      

Browning 

Index 

4.71± 

0.45c 

27.4± 

0.2a 

22.38± 

0.16b 

6.64± 

3.73 

6.14± 

0.41 

4.08± 

1.25 

Chroma -0.49± 

0.22b 

0.56± 

0.01a 

1.01± 

0.00a 

1.29± 

0.01 

1.48± 

0,04 

1.01± 

2.19 

°hue 6.38± 

0.16c 

42.99± 

0.42b 

48.41± 

0.57a 

30.84± 

0.3 

29.5± 

1.97 

31.85± 

5.34 

Aroma 1 3 3 1 2 3 
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Based on the results presented in Table 1, the browning index (BI) of chicken meat 

samples increased significantly after 15 minutes of roasting at 180 °C. However, the BI 

significantly decreased when roasting was extended from 15 to 30 minutes. The chroma value 

of chicken meat showed a consistent increase at both 15 and 30 minutes of roasting. A 

significant difference was observed between 0 and 15 minutes as well as between 0 and 30 

minutes, but not between 15 and 30 minutes. Meanwhile, the hue angle (°hue) of chicken meat 

increased progressively throughout the 30-minute roasting period, with significant differences 

found among all treatments. In contrast, potato samples showed a decreasing trend in 

browning index over the 30-minute roasting period at 180°C, although the differences among 

treatments were not statistically significant. The chroma values of potatoes tended to increase 

during the first 15 minutes and slightly decreased after 30 minutes of roasting, yet these 

changes were also not statistically significant. Lastly, the hue angle of potatoes decreased 

after 15 minutes of roasting and then increased after 30 minutes, with no significant differences 

observed among treatments. 

The browning index (BI) of chicken meat showed significant variation during the roasting 

process, with an increase observed at 0 and 15 minutes of roasting, followed by a decline at 

15 to 30 minutes. This trend is attributed to the oxidation of fats and proteins that occurs during 

heating (Lv et al., 2023). However, the decrease in BI at 15 and 30 minutes may also be due 

to the fact that the raw chicken meat exhibits a darker brown color compared to partially or 

fully cooked meat. The amino acids and fats present in chicken meat act as precursors for the 

Maillard reaction to occur (Sholihah et al., 2024). An optimal Maillard reaction in chicken 

typically results in a BI value ranging from 30.86 to 33.75 (Taikerd & Leelawat, 2023). In 

contrast, the BI of potatoes did not show significant changes during the roasting process. The 

observed decrease in BI aligns with a reduction in redness, indicating that browning reactions 

were not proceeding effectively (Nascimento et al., 2021). Sterilized potatoes have been 

reported to show a BI value of 0.238 based on spectrophotometric absorbance (Nascimento 

& Canteri, 2020). In this study, BI values for both chicken and potatoes were calculated using 

lightness, redness, and yellowness parameters. Potatoes, which are low in protein and fat, 

exhibited no significant differences in Maillard reaction during roasting. BI values in protein-

based samples did not differ significantly, whereas carbohydrate-based samples also showed 

no significant difference. This is because the Maillard reaction requires amino acids from 

proteins and reducing sugars. Protein-based samples contain sufficient amino acids to support 

a notable Maillard reaction during heating, whereas carbohydrate-based samples lack enough 

amino acids, resulting in a limited and insignificant reaction. Adequate sugar content and 

roasting conditions also influence BI outcomes (Kiranawati et al., 2021). BI serves as an 

indicator of the extent of the Maillard reaction in chicken meat. The optimum Maillard reaction 

is indicated by peak BI values, before melanoidin degradation begins. At this peak, 
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melanoidins are fully formed, giving the product a deep brown color. However, prolonged 

heating beyond the optimal point can lead to the degradation of melanoidins (Alugwu et al., 

2022). BI measurement helps assess the intensity of browning, which visually impacts the 

perceived quality of the product (Wulandari et al., 2023). The darker the color resulting from 

the Maillard reaction, the higher the BI value (Leelawat & Taikerd, 2024). 

The chroma value of chicken meat showed no significant difference between the 15- and 

30-minute treatments but did show a significant difference at the 0-minute treatment. The low 

chroma value in unroasted chicken is due to the suboptimal formation of melanoidins, which 

are brown pigments produced during the Maillard reaction (Chakraborty et al., 2022; Laurencia 

et al., 2023)Additionally, the fat content in chicken can influence chroma values. When fat is 

not directly exposed to heat, it tends to produce a pale yellow color (Martuscelli et al., 2021). 

Meanwhile, the chroma values of potatoes showed no significant differences across all 

treatment durations. This indicates that varying roasting times did not significantly affect the 

color intensity of the potatoes. The low content of reducing sugars in the potato variety used 

likely contributed to the lack of significant chroma changes, as the reducing sugars required 

for the Maillard reaction may have been depleted (Islam et al., 2022). The presence of amino 

acids such as histidine and lysine, which are relatively dominant, can accelerate the Maillard 

reaction in potatoes. However, as roasting time increases, changes in chroma become less 

pronounced (Sun et al., 2021). Chroma is used to measure the strength or saturation of a 

color—how dull or vivid it appears. In this study, chroma values indicated color intensity, where 

higher chroma values correspond to more vivid or saturated colors (Thamrin et al., 2022). An 

increase in chroma value also reflects greater color intensity changes resulting from the 

Maillard reaction (Hasanah et al., 2023). 

The hue angle (°hue) of chicken meat showed a significant difference across treatments. 

The °hue value increased with longer roasting durations, indicating that the Maillard reaction 

became more prominent at the 15-minute mark, as shown by the sharp rise in hue angle. 

During the Maillard reaction, melanoidin compounds form, contributing to the brown coloration 

of the sample (Ridhani et al., 2021). This suggests that the color of the chicken meat shifted 

from red to reddish-yellow as reflected in the °hue values. The differences in °hue values 

across treatments were statistically significant, consistent with the stability of hue at 

temperatures between 180–200 °C during roasting times of 16–24 minutes (Savaş, 2025). In 

contrast, the °hue values of potato samples did not differ significantly across all treatments, as 

the potatoes already exhibited a reddish-yellow color even before the Maillard reaction 

occurred. Brightness (lightness) is not factored into the calculation of hue angle, so °hue 

cannot detect the brightness level of a sample (Misto et al., 2024). Instead, °hue is used to 

evaluate the base color or shade of a sample—red, yellow, green, blue, or purple. A °hue value 
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of 0 indicates a red hue, and as the value increases, the color gradually shifts toward reddish-

yellow, reaching a value of 54 (Iswanto & Afgani, 2025). 

To complement the analysis of visual color changes observed through °hue, chroma, 

and BI, further examination was conducted using spectrophotometric measurements to 

quantify melanoidin formation. While BI, chroma, and °hue provide insights into the perceptible 

color shifts resulting from thermal processing, spectrophotometric analysis enables a more 

detailed evaluation of the chemical compounds, particularly melanoidins, that contribute to 

browning. The results of the spectrophotometric measurements are presented in Table 2. 

 

Table 2. Observation Results of Spectrophotometer in Chicken Meat and Potatoes 

 

Based on the results shown in Table 2, at the wavelength of 400 nm, the highest 

absorbance values for both samples were observed in the 30-minute treatment. This finding 

aligns with the study by Lestari et al. (2022), which reported that prolonged heating time leads 

to increased formation of melanoidin compounds, thereby resulting in higher absorbance 

values. In contrast, the control samples exhibited the lowest absorbance at 400 nm, likely due 

to the absence of a heating process, which prevents melanoidin formation at this wavelength 

(Rokana et al., 2022). 

However, when considering absorbance values across the entire wavelength range, the 

highest absorbance for chicken was observed at 30 minutes, while the highest absorbance for 

potato was detected at 15 minutes. The elevated absorbance in the 15-minute potato 

treatment may be attributed to the presence of compounds other than melanoidins, particularly 

those absorbing at 279 nm. According to Saraiva (2020), the absorption in the 230–300 nm 

range is dominated by aromatic side chains of tryptophan, tyrosine, and phenylalanine 

residues. In the control samples, absorbance around 200 nm is presumed to result from non-

melanoidin compounds, as this region typically corresponds to peptide bonds in proteins. 

Parameter Chicken Meat Potatoes 

0’ 15’ 30’ 0’ 15’ 30’ 

Graph of  
All 

Treatment 

  

Graph of 
Each 

Treatment 

      

Wavelength 
(nm) 

203 291 299 200 279 290 

Absorbance 1,302 2,435 2,835 1,414 2,678 2,055 
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Absorption at this wavelength is due to π → π* transitions occurring within peptide bonds 

(Saraiva, 2020). 

The comparison between absorbance values and BI, chroma, and °hue indicates a 

relationship between melanoidin formation and changes in visual characteristics. In chicken, 

the highest absorbance value was recorded in the 30-minute heating treatment, which also 

corresponded with increased BI and °hue values. This suggests that melanoidin formation 

during heating contributes to a browning effect (Ridhani et al., 2021; Sholihah et al., 2024). On 

the other hand, in potatoes, despite the highest absorbance at 400 nm also occurring at 30 

minutes, no significant changes were observed in BI, chroma, or hue. This implies that 

although melanoidin-like compounds may be forming, visual changes in potatoes are minimal, 

likely due to their low content of proteins, fats, and reducing sugars that limit Maillard reactions, 

as well as their inherently yellowish-red color prior to heating (Alugwu et al., 2022); Islam et 

al., 2022). 

Spectrophotometry operates on the principle of light absorption at specific wavelengths 

(Sulistyani et al., 2023). The choice of 400 nm was based on the characteristic absorption of 

melanoidin formed during thermal processing. Melanoidin absorbs light effectively in the range 

of 280–600 nm, with significant peaks around 300 ± 20 nm and 420 ± 20 nm (Gribkova et al., 

2023). When melanoidin molecules absorb light from the spectrophotometer, they take in 

photon energy, causing electron excitation to higher energy levels. These electrons then return 

to their original states by releasing energy as heat or light. The amount of energy released is 

measured by the spectrophotometer as absorbance (Misto et al., 2024) According to the 

Lambert-Beer Law, absorbance is directly proportional to concentration, implying that higher 

absorbance values indicate higher concentrations of melanoidin in the sample (Fadhilah et al., 

2022).  

 

Comparison of Aroma between Chicken Meat and Potatoes 

Based on Table 1, which presents results from a subjective aroma evaluation, the aroma 

of chicken meat was distinctly noticeable at the 15- and 30-minute roasting treatments. 

Meanwhile, the aroma of potatoes began to emerge at 15 minutes and became stronger at 30 

minutes. According to Hustiany (2016), alkylpyrazines formed during the Maillard reaction in 

potatoes contribute to the characteristic aroma of potatoes. During this reaction, reducing 

sugars, formed from starch hydrolysis, react with free amino acids to release pyrazine 

compounds, which arise from the condensation of two amino ketone molecules. The amino 

acids and dicarbonyl compounds, derived from amino ketones, undergo Strecker degradation 

and aldol condensation, leading to the formation of 1-deoxyoson. After condensation, 

dehydration, and oxidation processes, alkylpyrazines form through interactions between 

glucose and asparagine. The Maillard reaction in potatoes produces several volatile 
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compounds, including trans-β-ionone, which imparts a sweet aroma, and β-damascenone, 

formed from carotenoid degradation. Additionally, carbohydrates degrade into dark polymers 

that form 5-hydroxymethylfurfural, which gives a sweet aroma, furfural, with a roasted nut 

scent, 2-furanmethanol, which has a caramel-like (roasted) aroma, and maltol, with a caramel-

like fragrance (Tsai et al., 2021). 

In the case of chicken roasting, the Maillard reaction occurs when amino acids from 

chicken muscle proteins react with reducing sugars in the chicken tissue, producing aromatic 

compounds like pyrazine (which gives a nutty aroma) and thiazole (which provides a roasted 

meat scent). These aromatic compounds are formed through the degradation of cysteine and 

methionine. Pyrazine compounds are characteristic of roasted chicken due to the high 

temperature and low humidity required to form these compounds. Additionally, sulfur-

containing compounds such as methanethiol, dimethyl trisulfide, and furanone contribute to 

the distinctive aroma of roasted chicken (Nie et al., 2024) 

The oven temperature used in the study was 180°C, as the Maillard reaction typically 

begins at temperatures above 140°C. If temperatures above 180°C were used, the nutritional 

value of the sample could decrease due to the potential loss of amino acids and carbohydrates. 

Furthermore, toxic or carcinogenic substances may form because acrylamide, a potential toxic 

compound, is produced at temperatures above 180°C (Sen, 2017). At 180°C, amino acids in 

chicken react with reducing sugars to form pyrazine and thiazole compounds. In potatoes, 

starch breaks down into reducing sugars, which then react with asparagine to create aromas 

reminiscent of toasted bread and nuts (Mousavi et al., 2023). The temperature range of 140-

180°C is suitable for the Maillard reaction in both chicken and potatoes. However, 180°C is 

optimal as the reaction occurs rapidly and produces the desired brown color and strong aroma. 

The aroma from the Maillard reaction in chicken is more intense than that in potatoes due to 

the higher amino acid content in chicken. The main components responsible for the Maillard 

reaction's distinctive volatile compounds, such as aldehydes, ketones, and sulfur, are derived 

from amino acids. Potatoes, being carbohydrate-based, contain fewer amino acids compared 

to chicken (Sandra et al., 2024). 

 

4. CONCLUSION 

This study demonstrates that heating duration influences color changes and melanoidin 

formation in chicken, as evidenced by increased BI, chroma, and shifts in °hue. In contrast, 

although absorbance increased in potatoes, color changes were not significant due to the low 

content of reducing sugars, fat, and protein. Heating also enhanced the characteristic aroma 

of both products, attributed to the formation of volatile compounds resulting from the Maillard 

reaction. However, this study was limited to potato and chicken meat samples, a single 

roasting temperature (180°C), and an untrained sensory panel, which may influence the 
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research outcomes. Future studies should explore different sample types, as variations in 

chemical composition may lead to distinct Maillard reaction pathways. A wider range of 

temperature treatments is also necessary to capture more comprehensive thermal effects, 

while the involvement of trained panelists would provide reliable sensory validation. Together, 

these approaches would allow researchers to obtain more accurate and generalizable 

conclusions. 
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