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L INTRODUCTION

In meat and meat products, the Maillard reaction is a critical chemical reaction occurred during cooking and
processing, and generates numerous chemicals which affect sensory properties such as color and flavor [1,2]. On
the other hand, this reaction also generates potentially deleterious substances known as advanced glycation end
products (AGEs) and relates to various chronic diseases [3]. The plant-based (PB) meat is a one of the meat
alternatives made from legumes such as soybeans. Since there are little concerns for environment and animal
welfare, they have attracted attention from consumers in recent years. The Maillard reaction can be occurred in PB
meat products during extrusion and formulation of ingredients [4]. However, the effects of the Maillard reaction on
PB-meat remains unclear. Therefore, the objective of this study was to compare the color, AGEs of meat and PB
meat products. In addition, we also investigate that the volatile compounds released from PB-meat after heat
treatment.

Il MATERIALS AND METHODS

Minced meat (beef and pork) and PB-meat (soybean and pea) samples were purchased from local market. These
samples were heated at 0, 180, 230°C for 90 sec on both sides, and then measured their brightness (L*), redness
(a*), and yellowness (b*). After color measurement, each sample were homogenized with PBS and measured
absorbance at 294 nm (indicator of AGEs at early stage) and 420 nm (indicator of AGEs at final stage). Also, the
intensities of fluorescent AGEs [5] including crossline (ex: 379 nm, em: 463 nm), pentosidine (ex: 355 nm, em: 385
nm), and pyrropyridine (ex: 370 nm, em: 455nm) were evaluated. The statistical analysis was performed using the
two-way ANOVA followed by Tukey HSD test.

To evaluate the volatile compounds from PB meat, the volatiles in raw/heated (230°C) sample were obtained by the
solid-phase micro extraction (SPME) method, and then subjected to GC/MS analysis. The principal component
analysis (PCA) was used to distinguish the samples based on the peak intensity of their volatile components.

M. RESULTS AND DISCUSSION

The color of minced PB meat, which is recommended to be heated before consumption, showed an increase in
yellowness (b*) with heat temperature. However, it was indicated that browning was less likely to occur than in
minced meat. Interestingly, the intensities of fluorescent Maillard reaction products (e.g., pentosidine, crossline, and
pyrropyridine) in unheated plant-based meat were approximately 2-10 times higher than in minced meat (Figure 1).
In addition, such trend was also observed in plant-based products, including sausage, ham, and steamed chicken.
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Figure 1. Changes in fluorescence AGEs of meat /plant based-meat with heat temperature
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In the PCA analysis, the profile of volatile compounds was discriminated by heat treatment (Figure 2A). This result
suggests that the volatile compounds of PB meat alter through the Maillard reaction. Fifty-seven volatile
compounds were shared among all identified compounds. However, 24 and 25 volatile compounds were only
identified in unheated and heated PB meat, respectively (Figure 2B). Propyl acetate, a-thujene, benzyl alcohol,
diethyl phthalate contributed to the profile of unheated PB meat. In the heated PB meat, 2-methyl-butanal, 3-
methyl-butanal, (E)-2-octenal, 6-methyl-1-heptanol were identified as unique volatile compounds.
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Figure 2. The result of volatile compounds of plant based-meat by SPME method

(A) Overall volatile compounds profile by principal component analysis (PCA). PB: plant-based meat. (B) Venn diagram of
the volatile profile of unheated/heated PB-meat. The diagram indicates shared and unique volatile compounds between
treatment.

Iv. CONCLUSION

In this study, we found that the PB meat contains much fluorescent AGEs such as crossline, pentosidine,
pyrropyridine even before heat treatment. This result suggests that the substrates for the Maillard reaction in PB
meat would be utilized during many processing steps. Although the profile of volatile compounds in PB meat is
altered by heat treatment, volatile compounds generated by the Maillard reaction do not contribute significantly. Our
findings would be useful in discriminating between meat and PB meat and developing favorable products.

REFERENCES

1. Arihara, K.; Ohata, M.; Yokoyama |. (2021) Bioactivities generated from meat proteins by enzymatic hydrolysis and the

Maillard reaction. Meat Science, 180: Article number 108561.
2. Yokoyama, |.; Ohata, M.; Komiya, Y.; Nagasao, J.; Arihara, K. (2023) Comparison of 2,5-dimethyl-4-hydroxy-3(2H)-furanone,

a volatile odor compound generated by the Maillard reaction, in cooked meat of various animal species and parts. Animal

Science Journal, 94(1): Article number €13813.

3. Liu, R;; Zhang, M.; Xu, L.; Liu, J.; Yang, P.; Li, M.; Qin, J. (2022). Fluorescent advanced glycation end products in type 2
diabetes and its association with diabetes duration, hemoglobin A1c, and diabetic complications. Frontiers in Nutrition. 9:

Article number 1083872.

4. Fu, S; Ma, Y,; Wang, Y.; Sun, C.; Chen, F.; Cheng, K. W.; Liu, B. (2023). Contents and correlations of Ne-
(carboxymethyl)lysine, Ne-(carboxyethyl)lysine, acrylamide and nutrients in plant-based meat analogs. Foods. 12(10): Article

number 1967.

5. Yagi, M.; Yonei, Y. (2017). The evaluation of glycative Stress: Evaluation for anti-glycative effect. Glycative Stress Research.

4(2): 87-92.



