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Fluorescent products formed during oxidative deterioration
in lipid-protein systems:kinetics and properties
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Abstract

The fluorescence of oxidized products
showed an excitation maximum at 340-350
nm and an emission maximum at 420—440
nm during storage of methyl linoleate-lysine
emulsion, soybean flour, and whole milk
powders. The pH influenced fluorescence
development in methyl linoleate-lysine
emulsion. The fluorescence formation rate
was higher at neutral pH. When methyl

BLEE A

linoleate-lysine emulsion was oxidized at
temperatures of 37-60 °C, the formation rate
of fluorescence increased with temperature.
Fluorescence kinetics of methyl linoleate-
lysine oxidation showed a zero-order increase,
and the rate followed an Arrhenius
relationship with activation energies of 50—
60 kJ/mol.

Changes in fluorescence and oxidation
indices of soybean flour and whole milk
powders were studied during storage at 37,
50, 60 and 70 “C. The peroxide value and 2-
thiobarbituric acid value did not increase in
proportion to the extent of oxidation. The
oxidized fluorescent compounds were
soluble in the organic phase of
chloroform/methanol (2:1, vol/vol) after
addition of water. The fluorescence intensity
showed a zero-order increase throughout the
storage period. The formation rate followed
an Arrhenius relationship with activation
energies of 45-60 kJ/mol. These results
suggest that analysis of fluorescence intensity
in the organic phase is a useful indicator for
determination of the oxidative deterioration
of lipid-protein systems. Experimental
kinetic equations were derived to predict the
fluorescence intensity in samples due to
oxidation at different times and temperatures.

Keywords: spectrofluorometry; kinetics,
oxidation
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1. Methyl linoleate-lysine 31tz & %
Z A1t

Methyl linoleate-lysine 1tk &,
b4 & & A B8 R & 346 nm K 51 3% E 434
nm &g B KM R S (B —) B pH7 54 F=
B RRERNDH 440 pH 10 # o
37-60 CHRALEF B A3 EME B E 2425 M
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Methyl linoleate-lysine $Uibik &
pH 7 8F » # Methyl linoleate 2 EE &
B BALRREMS lysine BEZ
0.5120.01 RF# Ao ; # lysine ;EEB &
B BAAREER methyl linoleate ;£
B2 0.7520.22 R F 3 hoo A 37-60°CHI »
Methyl linoleate-lysine fibi@f2 2 %
AERBREFHTHERR MM 4L KT
BRAEME RZFILAER & Arrhenius

%X E 0 R AR pH A F ZE s
50-60 kJ/mol(&—)
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Fig. 5. Changes of fluorescence intensity with time in the organic
and water phases of chloroform/methanol extractions after addition

of water.

Table 2

Fluorescence formation kinetics in soybean flour oxidation

Fluorescence formation

Temperature
a b <
Time (day) k(day‘l) r
37°C 0-42 0.0064 0.964
50°C 0-42 0.0178 0.961
60°C 0-42 0.0224 0.998
Activation energy 47.8 kJ/mole 0.935

“Data correspond to the indicated time were employed to calculate

zero-order kinetics.

b .
k is rate constant value of zero order kinetics.

¢ 2. ~ - N . .
r is coefticient of determination.
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Fig. 6. Changes of fluorescence intensity with time in whole milk

powder (WMP1) during oxidation at 37, 50, 60 and 70 °C .
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Fig. 7. Arrhenius plot for the formation of fluorescence compounds
in whole milk powders.

Table 3
Kinetic parameters for formation of fluorescence compounds in
whole milk powders during oxidation

Zero-order analysis

Sample
Ea(k)/mole) In &, I
WMPI 69.6 228 0.962
WMP2 50.4 15.5 0.967
WMP3 65.0 21.1 0.930
WMP4 652 20.5 0.966
Table 4

Experimental and predictive values of fluorescence intensity in
whole milk powders during storage at 60 “C

Time WMPI WMP2 WMP3 WMP4
(days) exp/pred exp/pred exp/pred exp/pred
0 1.40° 0.99 1.56 1.50
7 2.07/2.06 1.36/1.48 1.85/2.24 2.08/2.44

(0.63)b (8.75) (20.9) (17.3)
14 3.15/2.71 2.22/1.97 2.94/2.92 3.94/3.38

(13.8) (11.4) (0.85) (14.2)
22 4.17/3.47 2.71/2.53 4.02/3.69 4.85/4.45

(16.9) (6.79) (8.23) (8.16)

a
The initial fluorescence intensity (Flp).

b
Yeerror: |experimental—predicted)/experimental x 100



