








W. Liet al.

LWT 233 (2025) 118535

Intensity (a.u.)

120 min
90 min
60 min
30 min
0 min
= I = 1 L I = 1 o I |
0 500 1000 1500 2000 2500 3000
Raman shift (cm1)
B Ethanol peak at 1050 cnr1
120 min
N
~~ .
- " r\ A 90 min
& -\
.’go
g 60 min
[}
= ade
L=
" ﬂ A 30 min
N\
0 min
)
o I i 1 L) I ] 1 G L
0 500 1000 1500 2000 2500 3000

Raman shift (cm-1)

Fig. 2. Raw Raman spectral profiles of cooking water at different boiling times: (A) without internal standard and (B) with 50 % ethanol internal standard. The
differences are due to intensity variation, not peak shifts or compositional changes, indicating improved reproducibility with ethanol normalization.
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Fig. 3. PCA score plots of Raman spectra from cooking water at different boiling times: (A) without internal standard and (B) with 50 % ethanol internal standard.

min to 5.77 N at 120 min, indicating progressive softening, likely
reflecting the breakdown of cellular integrity relevant to cooking
texture. A statistically significant decrease in hardness was observed
within the first 30 min (p < 0.05), indicating that softening initiates
early in the cooking process. The decline in hardness further intensified

from 60 min onward, after which the value stabilized between 90 and
120 min.

This early reduction in hardness indicates the onset of structural
breakdown, primarily due to the solubilization of pectic substances in
the middle lamella, which weakens intercellular adhesion and initiates


















