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Fluorescence Analyses of Oxidation Deterioration of Powdered Foods
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Abstract

The fluorescent compounds formed in
oxidized soybean flour were soluble in the
organic Jayer of chloroform-methanol (CM)
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extracts. The spectra of the organic layers
showed excitation maximum (ex.) at 350nm
and emission maximum (em.) at 440nm. The
flucrescence intensity of bulk soybean oil did
not change significantly with increasing
oxidation. However, the intensity increased
during storage in proportion to the oil content
in the soybean flour/soybean oil system. The
oxidized soybean oil interacted with soy
protein isolate was found to contribute to
decreased protein solubility, free amino
group content, and the soluble protein
hydrophobicity. This occurance would
suggest the interaction of oxidized soybean
oil and soy proteins resulted in the formation
of intrinsic fluorescence. As the extent of
oxidation proceeded, the fluorescence
intensity of soybean flour increased with time
and exhibited linear correlation with peroxide
value ( 1=0.951) and TBA value (r=0.966).
The front-surface fluorescence of
oxidized whole milk powder showed ex.
365nm and em. 435nm. The oxidized
fluorescent compounds could be extracted to
the organic layer of CM solvent, and the
corresponding solution showed ex. 350nm
and em. 440nm in a transmission
spectroflucrometer. The extent of oxidative
deterioration of milk powders could be
determined by measuring either front surface
fluorescence or transmission fluorescence.
The transmission method, however, yield
better results with less coefficient of
variances (around 4~10%). Commercial milk
powders (8 different kinds) were oxidized at
37 °C under air in the dark. The peroxide
value and TBA value did not exist
significantly correlation with storage time. Of
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all the whole milk powders (5 kinds)
investigated, the ratio of fluorescence
intensity to lipid content increased with
storage time. The correlation coefficient
(r=0.885) and regression line of the
relationship were presented and provided a
means for the determination of oxidative
deterioration in whole milk powders.
Keywords:spectrofluorometry; oxidation;
soybean flour; milk powder
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Fig. 5. Relationship of peroxide value and TBA value to the
fluorescence intensity during storage of soybean flour at 60 °C
in the dark.

Fig. 1. Transmission fluorescence spectra of the organic
layers from chloroform-methanol extracts of soybean flour,
F, fresh; O, oxidized at 60 °C for 30 days.
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Fig. 6. Front-surface fluorescence spectra of the milk powders.
A, fresh whole milk powder; B, whole milk powder stored at
37 C under vacuum for 8 months; C, whole milk powder
stored at 37 °C  under air for 8 months.

Table 1. Repeatability of front-surface fluorescence intensity (ex. 365nm, em.
435nm) measured with reflectance spectrofluorometry for milk powders.

Sample ¥ ¥l n CV(%)
A 2302+ 62.4 12 27.08
B 513511204 t2 2355
C 1094.7 + 273.0 12 24,94
* Samples A, B, C are the same as indicated in Fig. 6.
Flfluorescence intensity with standard derivation;
n, number of tnials; CV, coefficient of variation,
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Fig. 7. The fluorescence spectra of milk powder dispersion in
glycerol/water. A B,C are the same as indicated in Fig. 6.

Table 2. Repeatability of fluorescence intensity (ex. 350nm,em. 440mm)
measured with reflectance spectrofluarometry for milk powders suspension
in glycerine/water,

Sample * FI n CV(%)
A 2482 £330 12 13.31
B 406.5+£103.3 12 22.44
C 9558+ 1514 12 15.84
* Samples A, B, C are the same as indicated in Fig, 6.
F1, fluorescence intensity with standard derivation;
n, number of wials; CV, coefficient of variation.
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Fig. 8. Transmission fluorescence spectra of the organic
layets from chloroform-methanol extracts of milk powders.
A,B.C are the same as indicated in Fig. 6.

Table 3. Repeatability of fluorescence intensity (ex. 350nm,em. 440nm)
measured with transmission spectroflucrometry for the organic layers from
CM extracts of milk powders.

Sample ¥ FI n CV(%)
A 14671 144 12 9.80
B 308.0 £ 12.9 12 4.09
c 1289.0 + 110,1 12 901

* Samples A, B, C are the same as indicated in Fig. 6.
Fl, fluorescence intensity with standard derivation;
n, number of trials; CV, coefficient of variation.
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Fig. 9. Time courses of peroxide value of milk powders during
storage at 37 °C under air in the dark. a,b,c.d.¢, whole milk
powders; f,g.h, skim milk powders,
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Fig. 10. Increase of fluorescence intensity (ex. 350nm, em. 440nm)
in the organic layer of chloroform-methano! extracts of milk
powders during storage at 37 °C inthe dark. a,b,c.d.e, whole
milk powders; f,g,h, skim milk powders.
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Fig. 11. Changes in the ratios of fluorescence intensity to Jipid
content during sterage of whole milk powders, sample a, b, ¢, d, ¢



