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Smart Maillard Intermediate Driving Tunable Color and FI
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avor Formation: Thermal Responsiveness and Processing
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INTRODUCTION & AIM

The Maillard reaction governs the flavor and color development in thermally processed
foods, but uncontrolled reactions often lead to off-flavors and color instability. Amadori
rearrangement products (ARPs), as stable intermediates of the Maillard pathway,
represent a new strategy for controlled flavor generation and color modulation. Here, we
focus on an alanine-xylose ARP (AX-ARP) as a model compound to:

a) Elucidate its flavor and color formation pathways under diverse processing conditions;
b) Examine its thermal adaptability in both aqueous models and meat systems;

c) Evaluate its potential as a functional flavor precursor and color modulator for practical
food applications.

From Chemistry to Cuisine
Maillard Reaction

Intermediates
What you really need to know?

How Maillard Intermediates Shape the
laste, Color, and Character of Great Food.

METHOD

i. Model Systems: A Maillard reaction intermediate (AX-ARP) was synthesized by an
aqueous vacuum-dehydration reaction (yield > 90%) and compared with its
precursors (alanine + xylose, AX) and classical Maillard reaction products (MRPs).

ii. Meat Systems: Chicken sausage model (roasting, frying, microwaving, steaming,
boiling).All tests were performed in triplicate, and statistical significance was
assessed by ANOVA (p < 0.05).

lii. Experimental Variables:

* Temperature: 100-160 °C

 pH:45-10.5

* Precursor ratios:

ARP : alanine / xylose = 1:0-3:0

RESULTS & DISCUSSION
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iv. Analytical methods:

Volatiles: HS-SPME-GC-MS

Odor profile: Ultrafast GC E-nose + PCA
Color: As20, CIEL*a™* b*
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Figure 1. Influence of temperature (a-100 °C, b-120 °C, ¢c-140 °C, d-160 °C) on total concentration of volatile
compounds (TVCs) and the number of volatile compounds (e) in ARP, AX and MRPs model systems.
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Figure 2. Influence of temperature on browning intensity (a) and color values L* (b), a* (c), b*
(d) in ARP, AX and MRPs model systems

CONCLUSION

AX-ARP acts as a smart Maillard intermediate capable of controlled flavor—color
modulation. ARP could enhance color under acidic pH and boosting roasted notes with
amino acid supplementation. Its thermal adaptability across multiple cooking modes
suggests strong industrial feasibility. cooking modes supports industrial application. It
improves flavor richness, color uniformity, and inhibits lipid oxidation in meat systems.
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Figure 3. Influence of pH values on TVCs (a) and the number of volatile compounds (b) in ARP
and AX model systems. Columns denoted with different letters are significantly different (p < 0.05),
the numbers above columnar strips represent the total number of aroma-active compounds.
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Figure 4. Influence of pH values on browning intensity (a) and color values L* (b), a* (c), b* (d) in
ARP and model systems.
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Figure 5. Influence of adding different ratios of precursors on TVCs (a) and the number of volatile
compounds (b). Columns denoted with different letters are significantly different (p < 0.05), the
numbers above columnar strips represent the total number of aroma-active compounds.
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Figure 6. Influence of different cooking methods on TVCs (a) and the number of volatile
compounds (b) in sausages. Columns denoted with different letters are significantly
different (p < 0.05), the numbers above columnar strips represent the total number of
aroma-active compounds.
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Figure 7. Principal component analysis (PCA) for different model reaction systems (a and b) in
aqueous, and for real food systems with addition of 0.25 % ARP (c). The numbers 1 to 12
represent the sample groups information in the array.
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* Expand ARP reactions with diverse amino acids/sugars to broaden aroma spectra.
* Develop ARP-based flavor enhancers for microwave & air-fried foods.
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