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Light-induced oxidation in Havarti cheese (38% fat) stored in the dark and exposed to fluorescent
light was evaluated by an array of chemical, physical, and spectroscopic methods. Light-induced
changes were noticeable already after short exposure times (<12 h). A clear differentiation between
samples stored in the dark and samples exposed to 1000 Ix fluorescent light was obtained by means
of the following methods: color measurements (a* values), peroxide value determinations, and
evaluations of volatile oxidation products by solid-phase microextraction gas chromatography (SPME-
GC). The expected changes in peroxide values in relation to storage time were not evident. Measuring
free radicals by electron spin resonance spectrometry could not be done to distinguish between
samples, possibly due to the conversion of radicals during sample preparation. However, significant
light-exposure effects on secondary oxidation products, detected by SPME-GC, were noted for
1-pentanol, 1-hexanol, nonanal, and benzaldehyde.

KEYWORDS: Havarti cheese; lipid oxidation; light-induced oxidation; analytical procedures; photooxi-
dation; color; electron spin resonance spectrometry; peroxide value; solid-phase microextraction gas
chromatography—mass spectrometry

INTRODUCTION differences in POVs in either light-exposed or in dark-stored
samples. However, light-induced differences were evident in
the study by Kristensen et ak) when sensory analysis was
performed only a few days after the experiment had begun.
Hence, one may suspect that changes in POVs take place soon
after light exposure has been initiated. This study reports POV
easurements during the first 24 h of light exposure. Addition-
lly, the following parameters were included in the evaluation

Fluorescent light from retail displays and sunlight trigger
oxidation of cheeses. This may lead to formation of, for
example, off-flavors (protein and lipid oxidation), discoloration,
loss of nutrients (primarily riboflavin), and formation of
potentially toxic compounds (1). This will in turn result in
decreased sales appeal. During the past decade, marketing o

cheese in transparent retail packages has grown dramatically.of light-induced oxidation: color, free radicals [electron spin

Al ﬂ;e same t':ne. SItOLe busblness dhours have(;n(_‘i_rﬁase(:, andltth?esonance spectrometry (ESR)], odor, and formation of second-
packaging materials have been down-gauged. 1he net resu ISary oxidation products [solid-phase microextraction gas chro-
that photooxidative changes in the more light-sensitive dairy

. . matography—mass spectrometry (SPME-GC-MS)]. The addi-
product.s are I|I§ely to ta_ke plape. The review by Mqrtensen €t tional analyses were included to evaluate other potential methods
al. (2) gives an mtroductlpn to I|ght-|n_duced changes in cheeses for photooxidation studies of Havarti cheese as well as other
and glaborates on possible prgventlye measures. semihard cheeses. It was outside the scope of the experiment

Suitable methods for evaluating oxidative changes often vary develop new methods or improve existing methods.
from one product to the other. The peroxide value (POV)
method has been applied to many dairy products, probably due
to the existence of a rather simple official method issued by
the International Dairy FederatioB8)( This method was initially Packaging and Storage of CheeseSliced Havarti cheeses (38%
aimed at peroxide determinations of butter oils but has fat) were obtained from Arla Foods amba (Viby J, Denmark) as part
subsequently been used for extracted cheeseddss Peroxide of its standard production. The cheeses were all withdrawn from the

value experiments on extracted cheese fat$) revealed no same batch of cheese to obtain homogeneous samples. The slices

measured 1% 12 cm and were-3 mm thick. Each sample~350 g

of sliced cheese), corresponding to nine slices, was flow-packaged in
* Corresponding author (telephoret5 56 16 57 27; fax-45 56 16 94 conventional packaging materials consisting of oriented polyamide/

46} Z—r?;allzlohoednsrlIfhitgl\f)aetlifc()erlldt@cpkelco.com). linear low-density polyethylene (OPA/LLDPE) (Amcor Flexibles
#The Royal Veterinary and Agricultural University. Europe, Horsens, Denmark). The oxygen transmission rate of the

8 CP Kelco. material was determined to be 40 ¥n? (24 h, 23°C, 0/50% relative
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humidity), according to the manufacturer. No labels were attached to ~ Secondary Oxidation Products.The contents of secondary oxida-
the packages. The light transmission of the packaging material wastion products were determined after 0, 12, and 24 h and 1, 2, and 3
determined using a Cintra 40 spectrometer (GBC Scientific Equipment, weeks. The quantification is based on the addition oflL®f internal
Dandenong, Victoria, Australia) equipped with an integrating sphere standard (1.135 g of 5-methyl-2-hexanone/1000 mL of rapeseed oil).
detector. Only very limited amounts of light were transmitted through The following SPME-GC-MS method was used: 2 g of sample and
the packaging material at wavelengths shorter than 230 +h¥4). the internal standard were weighed in a 10 mL vial and frozen until
Wavelengths in the range 230—290 nm were increasingly transmitted; analysis. Prior to analysis, the samples were thawed &C6for 30
at the latter wavelength>89% of the light was transmitted, and  min. Subsequently, the SPME fiber (#fh Carboxen/PDMS, Supelco,
at wavelengths above 290 nm, transmission remained constant atBellefonte, PA) was inserted into the headspace of the vial for 20 min
91 £+ 2%. at 60°C. The fiber was manually inserted into an HP GC 5890 series
Cheeses were packaged in a modified atmosphere consisting of11 gas chromatograph equipped with an MS detector 5971 series
approximately 25% Cg@and 75% N at a local dairy plant. The sliced (Hewlett-Packard). The analyses included the following parameters:
cheeses were stored at 3@ in a display counter under conditions ~HP FFAP 25 mx 0.2 mm x 0.30 im (Hewlett-Packard) column;
similar to those in retail stores. Samples were exposed 24 h per day toinjection temperature, 250C; helium carrier gas flow, 0.4 mL/min;
light from Philips TLD 18W/830 New Generation (Philips, Eindhoven, splitless; purge time, 2 min; temperature program, initial temperature
The Netherlands) fluorescent tubes with a measured light intensity of of 50 °C for 5 min, increased to 82C at 6 °C/min, followed by an
1000 Ix at the surface of the cheese. Half the packages were coveredncrease to 210C at 10°C/min. The following mass spectrometry
with black plastic to protect the cheeses from light. The samples were parameters were applied: 0—1.6 min, scatz41—-300 (2.84 scan/s);
rotated regularly to minimize possible temperature differences in the 1.6—31 min, scam/z33—300 (5.24 scan/s).
display cabinets. Chemical and color measurements were performed The Carboxen/PDMS fiber was selected on the basis of initial
after 0, 2, 4, 6, 8, 10, 12, 16, and 24 h. Secondary oxidation product €xperiments (not published) with this fiber used for the detection of
analyses were carried out after 0, 12, 24, 168 (1 week), 338 (2 weeks),polar and nonpolar low molecular weight volatile compounds. Fur-
and 506 h (3 weeks), respectively. Two packages stored in the darkthermore, Marsili 1.3) found that the PDMS fiber was suitable for
and two packages exposed to fluorescent light were withdrawn at the €valuations of light-induced oxidation in milk. Temperature and time
respective times of analysis. Only the top cheese slices of the packagegombinations with respect to the preconditioning of samples were
were used for analysis, in view of the top slices representing the worst- evaluated prior to establishment of the applied SPME method. Response

case scenario. factors were not included in the experiment because a semiquantitative
Characterization of the CheesesCharacterization of the cheeses Method was applied. Hence, the results reported are not “true” parts
was carried out using standard methods to include totallatftty per million values but internal standard equivalents. However, response

). factors close to 1 are expected for 1-hexanol, 1-pentanol, and nonanal,
which resemble the internal standard, 5-methyl-2-hexanone.

Data Analysis.Principal component analysis (PCA) with full cross-
validation was used to explore color, POV, and ESR data. Variables
were autoscaled (mean centered and standardized by 1/SD) prior to
analysis.

’ - ¢ To correlate the volatile headspace profile with the other parameters
cie.co.at/cie/). The measure of lightness$ fange= 0—100) represents  qaqcrining the cheese, partial least-squares regression (PLSR) analysis
black to white, the redness measuremeat§ describe green to red, a5 employed using the software program, the Unscrambler, version
and the yellowness measurement (b*) represents blue to yellow. The; ¢ (CAMO, Oslo, Norway). TheX variables were defined as the
chromometer was standardi;ed using a white standard plate. The result|atiles identified in the cheeses, that is, 15 compounds. The design
reported are averages of five measurements on cheeses exposed {0, iaples were defined on the basis of the experimental plan, that is,
identical treatment. The measurement of the lightne$sdlue) may storage time (12 and 24 h, in addition to 1, 2, and 3 weeks) and light/
be reported separately, bat and b* values are merely coordinates

=P - darkness, the latter using a dummy variable (0 for samples stored in
that indirectly reflect hue and chromal(). As such, they are difficult the dark and 1 for light-exposed samples). BXtandY variables were

to interpret separately, and oftentimes the hue angle is used to overcome, ioscaled. Full cross-validation and Jack-Knife were used to validate

. - 0Tt a |
this obstacle. Hue angle is defined as [Ea‘m*_] ,thatis, the angle o calculated model. The optimal numbers of principal components
between the hypotenuse and OA the a* axis, and thus provides  \yere chosen at first minimum in root-mean-square error of cross-
information about the overall color change. validation (RMSECV).

Gas Composition.Prior to opening the packages, gas composition, POV means were compared by analysis of variance (ANOVA) using

expressed as percent @nd percent C@ was determined using a the statistical package SPSS (release 9.0, SPSS Inc., Chicago, IL).
CheckMate 9900 gas analyzer (PBI Dansensor, Ringsted, Denmark).

Samples with oxygen contemsl%_ and carbon dioxide c_oqten%ﬁO% RESULTS AND DISCUSSION

were excluded from the experiment, as these variations could be

attributed to package leaks. Characterization of the Product. The product contained
Peroxide Values.The colorimetric, official reference method issued 39.8% total fat with the following fatty acid distribution:

by the International Dairy Federation (IDF3)(Shantha and Decker ~ Saturated fatty acids, 61.4%; monounsaturated fatty acids,

(12) was used employing an HP 8453 WYVis spectrophotometer ~ 34.9%; and polyunsaturated fatty acids, 4.0%. Protein and dry

acid composition (7), total protein (8), total solids (9), and ash (10
Lipid Extractions. Lipid extractions using the modified Folch
extraction method described in Mortensen et al. (5) were applied.
Color. Surface color of the top slice in the cheese package was
measured by a Minolta tristimulus Chromometer CR-300 (Minolta
Camera Co. Ltd., Osaka, Japan) using CIELA8&D values (www.

(Hewlett-Packard, Palo Alto, CA) for measurementshed. Results, matter contents were determined to be 19.2 and 64.0%,
expressed as milliequivalents of oxygen per kilogram of lipid, are means respectively. Ash content totaled 3.7%. Thus, the characteriza-
of triplicate determinations. tion revealed that the products were well within the expected

Formation of Free Radicals. ESR measurements were used to gross Compos|t|0n range for this cheese type

monitor formatic_)n of radical_s in the Ha_varti cheese acc':ordir_]g to the Preliminary Explorative Data Analysis. To fully explore
procedure previously described by Kristensen et 4).with minor the data, PCA was performed and included the following
modifications, which are described below. The ESR measurements were % ok
carried out with a JEOL FR30 spectrometer (JEOL, Tokyo, Japan). parametersL*, a, b v_alues as We.” as POVs and ESR results.
Typical instrument parameters were as follows: microwave power, 4 1€ PCA results are illustrated Figure 1. .
mW: center field, 335.598 mT; sweep width, 5 mT; sweep time, 8  From the score plot irFigure 1, it is obvious that light
min; modulation width, 0.4 mT; time constant, 1 s. Relative signal €xposure shifts the samples toward higher values of principal
intensity was measured using a manganese internal standard. component (PC) 1 and PC 2. Furthermore, the loading plot
Odor. At the time of sampling, the analysts smelled the samples in reveals that this is synonymous with higher peroxide ahd
order to qualitatively describe any odor changes. (redness) values.
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Figure 2. Changes in redness (a* values) for Havarti cheeses stored for
2 0-24 h at 3-4 °C in the dark (@) and at 1000 Ix (O).
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Figure 1. Preliminary PCA of selected variables: L*, a* b* peroxide Storage time (hours)

values, and free radicals determined by ESR with (A) loading plot and
(B) score plot [cheeses stored at (M) 1000 Ix and (A) in the dark; numbers
refer to hours of storage]. The variances explained by the first and second
principal components were 32 and 30%, respectively.

Figure 3. Changes in hue angles (arctan b*/a*) for Havarti cheeses stored
for 0-24 h at 3—4 °C at 1000 Ix (O).

results reveal thaa* values do indeed increase during light-
exposed storage.

Hue angles, which depict the overall color changes, are shown
é'n Figure 3. As is seen irFigure 3, a clear differentiation of
color changes into two stages during light exposure is evident.
The first stage may be caused by degradatiorf-cirotene
) (acting as an inner filter), as suggested by Hansen and Skibsted

Color. Color measurements may be used as a rapid method 1 g followed by a hue change attributable to the formation of
for evaluating color bleaching. Color bleaching, which is an ghorter, conjugated chain breakdown products and the appear-
indirect effect of light-induced oxidation, depends on fluorescent 506 of riboflavin, which have been screened off by partial
light exposure (both intensity and timeg,(13—15). A clear  gyerjap with the absorption spectrum Bfcarotene. These
separation of samples (g 0.05) stored in the dark versus  changes may be accompanied by oxidative changes ascribed to
exposed to light was noted far (redness) values as is seen in  the destruction of the free radical scavengearotene 19) and
Figure 2. TheL* (lightness) ando* (yellowness) parameters  exposure of the inherent singlet oxygen sensitizer riboflavin.
could not be used to distinguish light from dark-stored samples Gas Composition. Figure 4depicts the headspace oxygen

(refer toFigure 1). No significant effect of storage time was  .,ncentration in samples exposed to light and stored in the dark.
found. Although low, the oxygen levels reported are sufficient for

Kristensen et al. (4) also performed color measurements onoxidative processes to occur. A significant effect of light
Havarti cheese. They found no significant effects of light exposure and storage time was notpd<( 0.05), resulting in
exposure onL* or b* values, whereas* values increased  |ower oxygen contents in the light-exposed samples. This may
significantly during light exposure; thus, the results are in result from the consumption of oxygen during oxidation.
compliance with re#. Increase in redness has previously been Furthermore, the oxygen content decreased concurrently with
attributed to a phenoloxidase reaction, which leads to the storage time progression, most likely due to oxidative reactions
formation of melanin compound47). However, unpublished  and microbial activity.

Orthogonal to this dark/light axis is an axis with variations
in L* and b* and partly also in ESR values. This indicates that
these three variables are unaffected by light exposure. The scor
plot in Figure 1 reveals no systematic variation due to storage
time.
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Figure 4. Oxygen contents in headspace measured throughout 0-24 h
of storage at 3—4 °C using a CheckMate gas analyzer (PBI Dansensor,
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decrease in POV followed by the gradual increase in POVs
toward the end of the storage period. PCA also introduced the
correlation between POVs arad values (Figure 1).

To conclude, peroxide determinations could be used to
separate dark-stored samples from light-exposed ones. However,
the expected changes in relation to storage time were not evident,
and the differences between dark-stored and light-exposed
samples were slight, although significant. Hence, the POV
method, applied here, cannot be used as a reliable method for
the determination of primary oxidation products in light-exposed
Havarti cheese.

Formation of Free Radicals. ESR methodology is used
to detect free radicals in order to measure initial changes in
foods. ESR measurements have been used for numerous dairy
applications, for example, processed che24g, faw milk 2),
milk powder (23,24), and Havarti cheese (4). The method
applied produced contradictory results, not resembling those of
Kristensen et al. (4) (results not shown).

Part of the variations in the ESR results may be attributable

Ringsted, Denmark). Samples were stored in the dark (@) or at 1000 Ix to the formation and disintegration of radicals during the freeze-
(). drying process. Thus, at the time of measuring, the free radical
contents may be decreasing with the resulting increase in the
concentrations of secondary oxidation products. However,
improving methodology may be a solution. This also explains

1.6

I f the suitability of the method for dairy products, which are more

124 fluid in nature 2—24) and do not require freeze-drying prior
to analysis.

1.0 1 Odor. The simple, but indicative, odor evaluations of the

stored cheeses revealed that the cheeses stored in light were
characterized as sweet and buttery in the interval-o6 & of
storage, which changed to nauseating and sweet from 6 to 12

Peroxide values (meq peroxides/kg lipid)
o
[

08 h. After 12 h of light-exposed storage, a change into a less

0.4 technical/nauseating and a more acidic odor was noted. This
impression lasted until the end of the storage period (24 h).

0.2 1 The samples stored in the dark retained their sweet and buttery

odor throughout the storage experiment. The qualitative results
of the odor evaluations, paralleling the resultd=ajures 2,3,
and5, indicated a very rapid quality deterioration rate due to

0.0 T T T T T )
0 4 8 12 16 20 24

Storage time (hours)

Figure 5. Changes in peroxide values in Havarti cheeses stored for 0—24
h at 3—4 °C in the dark (®) or at 1000 Ix (O).

photooxidation.
Secondary Oxidation Products.SPME is a simple, solvent-
free, inexpensive method for sampling, extracting, and concen-

trating volatile components from foods (286). The method

No significant changes in carbon dioxide due to respiration has proven to be suitable for the determination of volatile
were observed during storage in the dark or at 1000 Ix, and secondary oxidation products, especially when limited sample
consequently results are not shown. amounts are available. The following components were identi-

Peroxide Value. Figure 5depicts the developmentin POvs  fied by SPME-GC-MS: dimethyl disulfide, hexanal, 2-hep-
during storage. A sharp decrease in POVs was observed withintanone, 1-pentanol, 3-hydroxy-2-butanone, 2-heptanol, 3-methyl-
the first 4 h, followed by a slightly increased level of POVs. 2-butene-1-ol, 1-hexanol, 2-nonanone, nonanal, 2,4-heptadienal,
Apparently, POV development in light-exposed samples stabi- 2-undecanone, butanoic acid, benzaldehyde, and hexanoic acid.
lized at higher levels than did the values of samples stored in PLSR with Jack-Knifing revealed that the concentration of the
the dark p < 0.05). Stabilization was attained as early as within following secondary oxidation products increased significantly
2 h of storage. The development in peroxides resembles thatduring light exposure: 1-pentanol, 1-hexanol, nonanal, and
found by Mortensen et al. (5). benzaldehyde. The develo_pmen; in __1-pentano|, 1-hexanol,

Additionally, the POVs are in the same range as found earlier "onanal, and benzaldehyde is depictefiigure 6. The content
for Havarti cheesestj. The POV measurements did not reveal of volatile free fatty acids increases during storage (results not
the classical picture of hydroperoxides being formed and shown) due to a weak lipolytic activity in the Havarti cheese.
subsequently being broken down into numerous reaction The aliphatic aldehydes, for example, nonanal, are the most
products (see e.g. réD). One reason may be that the formation important volatile breakdown products because they are major
of peroxides had taken place already during processing. Ad- contributors to unpleasant odors and flavors of food products
ditionally, the turnover rate of hydroperoxide degradation may (27). Nonanal has previously been detected in similar cheeses
be so rapid that the changes are not detectable when using théuch as Danbo (28) and Havarti (29). Lund et al. (29) observed
applied methodology. It is notable, however, that the change an increase of nonanal levels during light exposure only.
of POV over time is similar to the changes in hue angle depicted Benzaldehyde has been identified in cheeses such as Danbo
in Figure 3, indicating a link between color changes and initial (28) and Cheddar3Q, 31). McSweeney and Sousa2) and
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Mortensen et al.

Yvon and Rijnen 83) note that benzaldehyde may be formed
from phenylalanine, which is most likely converted enzymati-
cally into phenyl pyruvate, followed by splitting into benzal-
dehyde and phenylethanol.

The formation of primary alcohols in cheese is mainly caused
by the reduction of the corresponding aldehydes and follows a
reaction pathway involving alcohol dehydrogena$d, (J.
Sgrensen and L. Vognsen, Arla Foods, unpublished results).
Aldehydes may originate from the degradation of unsaturated
fatty acids 84—37) or from the degradation of amino acid2(

34). Primary alcohols, such as 1-pentanol and 1-hexanol, make
only a minor contribution to the off-flavors produced by
oxidation due to significantly higher flavor thresholds than those
of the corresponding aldehyde®7(. However, flavor may be
affected indirectly, because the alcohols may form esters with
fatty acids 82, 38). In accordance with the results of Lund et
al. (29), an increase in the formation of 1-pentanol during light-
exposed storage was noted. This alcohol has also been detected
in similar cheeses, such as Cheddar @8, and Danbo (28).
1-Hexanol contents increased significantly during light exposure.
1-Hexanol has previously been reported to be a flavor compo-
nent in Danbo cheese?q). Although the identified components
were present in small quantities, even below threshold values
reported in simple systems, the analysts were able to detect
changes in the light-exposed samples. However, analysis of the
aroma of dairy products is deemed to be very complex due to
the heterogeneous nature of mikk0j. Synergistic or antago-
nistic effects of the volatiles may be noted, and active enzyme
systems or interactions with other componedty (ender aroma
analysis a complicated task. Instrumental analysis of aroma
compounds should be consolidated by initial sensory evalua-
tions, because compounds present at concentrations below the
detection level may be major contributors to the off-flavor
development.

Marsili (13) evaluated SPME-GC versus dynamic headspace
performance in a study on the analysis of light-induced lipid
oxidation products in milk and reported the method to have great
potential within analysis of secondary oxidation products, being
effective in detecting low levels of flavor compounds in foods
and beverages. Furthermore, it was concluded that SPME was
more accurate than dynamic headspace in measuring the quantity
of lipid oxidation products in milk that had been exposed to
fluorescent light.

In this study, SPME-GC proved to be a suitable methodology
for the detection of volatile secondary oxidation products
and for differentiating between Havarti cheeses exposed to fluo-
rescent light or stored in the dark. The results are well in
keeping with the indicative odor evaluations performed by
the analysts.

To conclude, quality changes in light-exposed samples
apparently took place already after only a few hours of storage,
as indicated by both odor evaluations and chemical analyses.
Color measurementsa’ values), POVs, and SPME-GC-MS
proved to be suitable for the differentiation of dark-stored and
light-exposed Havarti cheesds: and b* values could not be
used to separate exposed from nonexposed samples. Measuring
the free radicals by ESR could not be used to distinguish
between samples. Further optimization of the methodology may
be a solution. Peroxide determinations could be used to separate
dark-stored from light-exposed samples. However, the expected
changes in relation to storage time were not evident.

ABBREVIATIONS USED

ANOVA, analysis of variance; ESR, electron spin resonance
spectroscopy; OPA/LLDPE, oriented polyamide/linear low-
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density polyethylene; PC, principal component; PCA, principal Oxidation of Annatto-Colored Cheeses.Dairy Sci.1995,78,
component analysis; PLSR, partial least-squares regression; 1896—1902. _
POV, peroxide value; RMSECV, root-mean-square error of (17) Weichhold, U.; Seiler, H.; Busse, M.; Klostermeyer, H.

cross-validation; SPME, solid-phase microextraction. Rotfarbungen bei Kase und deren Ursacliach. Milchwirtsch.
’ ’ 1988,39, 1671-1675.

(18) Hansen, E.; Skibsted, L. H. Light-Induced Oxidative Changes

SAFETY in a Model Dairy Spread. Wavelength Dependence of Quantum

. . . Yields and Inner-Filter Protection irCaroteneJ. Agric. Food

Chloroform is a mutagen agent; hence, precaution must be Chem.2000.48. 3090—3094
taken when determining peroxide values. (19) Mortensen, A.; Skibsted, L. H.; Truscott, T. G. The Interaction
of Dietary Carotenoids with Radical Specigsch. Biochem.
ACKNOWLEDGMENT Biophys.2001,385(1) , 13-19.
(20) Walstra, P.; Jenness, Rairy Chemistry and PhysicdViley:

Bente Danielsen, The Royal Veterinary and Agricultural New York, 1984.

University, the laboratory technicians at Region Ringsted, and (21) Kristensen, D.; Skibsted, L. H. Comparison of Three Methods
Lene Vognsen and Helle Kai, Arla Foods, are thanked for Based on Electron Spin Resonance Spectrometry for Evaluation
proficient technical support. Ellen Mortensen is acknowledged of Oxidative Stability of Processed CheeseAgric. Food Chem.

for her critical language review of the manuscript 1999,47, 3099-3104.
guag pL. (22) Stapelfeldt, H.; Nielsen, K. N.; Jensen, S. K.; Skibsted, L. H.

Free Radical Formation in Freeze-Dried, Raw Milk in Relation
to Its a-Tocopherol LevelJ. Dairy Res.1999, 66, 461—466.
(23) Stapelfeldt, H.; Nielsen, B. R.; Skibsted, L. H. Towards Use of

~

LITERATURE CITED

(1) Skibsted, L. H. Light Induced Changes in Dairy Products. In Electron Spin Resonance Spectrometry in Quality Control of
Packaging of Milk Products; IDF Bulletin 346; International Milk Powder. Correlation between Sensory Score of Instant
Dairy Federation: Brussels, Belgium, 2000; pp 3—9. Whole Milk Powders and Concentration of Free Radicals and

(2) Mortensen, G.; Bertelsen, G.; Mortensen, B. K.; Stapelfeldt, H. 2-Thiobarbituric Acid Reactive Substancédilchwissenschaft
Light-Induced Changes in Packaged Cheeses—A Reigw. 1997,52, 682—-685.

Dairy J. 2002, submitted for publication. (24) Stapelfeldt, H.; Mortensen, G.; Skibsted, L. H. Early Events in

(3) International Dairy Federatiomnhydrous Fat. Determination Oxidation of Whole Milk Powder Detected by Electron Spin
of Peroxide ValuglDF Standard 74A; IDF: Brussels, Belgium, Resonance Spectrometry. Carry-Over Effects from Butter Oil
1991. Used for InstantizatiorMilchwissenschaft997,52, 266—269.

(4) Kristensen, D.; Orlien, V.; Mortensen, G.; Brockhoff, P.;  (25) Zhang, Z.; Yang, M. J.; Pawliszyn, J. Solid Phase Microextrac-
Skibsted, L. H. Light Induced Oxidation in Sliced Havarti Cheese tion. Anal. Chem1994,66, 844A—853A.

Packaged in Modified Atmospherdéat. Dairy J. 200Q 10, (26) Steffen, A.; Pawliszyn, J. Analysis of Flavor Volatiles using
95—103. Headspace Solid-Phase MicroextractidnAgric. Food Chem.

(5) Mortensen, G.; Sgrensen, J.; Stapelfeldt, H. Comparison of 1996,44, 2187—2193.

Peroxide Value Methods Used for Semi-Hard Cheeeigric. (27) Kochar, S. P. Oxidative Pathways to the Formation of Off-
Food Chem2001, submitted for publication. Flavours. InFood Taints and Off-Flaours, 2nd ed.; Saxby, M.

(6) International Dairy FederatiotCheese and Processed Cheese J., Ed.; Blackie Academic and Professional: Glasgow, U.K.,
Products. Determination of Fat Content. Gimetric Method 1996; pp 168—225.

(Reference Method); IDF Standard 5B; IDF: Brussels, Belgium, (28) Serensen, J.; Benfelt, C. Comparison of Ripening Characteristics
1986. of Danbo Cheeses from Two Dairielmt. Dairy J. 2001, 11,

(7) Jart, Aa. The Magnetic Field as an Additional Selectivity 355—362.

Parameter in Fat Hydrogenatiah. Am. Oil Chem. Sod997, (29) Lund, P.; Sgrensen, J.; Hansen, L. F.; Hglmer, G. Changes in
74, 615—-617. Volatile Compounds from Sliced Havarti Cheese during Storage

(8) International Dairy FederationDetermination of Nitrogen Analyzed by Dynamic Headspace GC/M8ilchwissenschaft
Content; IDF Standard 20B; IDF: Brussels, Belgium, 1993. 2002, in press.

(9) International Dairy Federation. Cheese and Processed Cheese. (30) Liebich, H. M.; Douglas, D. R.; Bayer, E.; Zlatkis, A. The
Determination of the Total Solids Content (Reference Method) Volatile Flavor Components of Cheddar CheeseChromatogr.
IDF Standard 4A; IDF: Brussels, Belgium, 1982. Sci.1970,8, 355—359.

(10) International Dairy FederatioBetermination of the Ash Content (31) Lamparsky, D.; Klimes, I. Cheddar Cheese Flavdts Forma-
of Processed Cheese Prodydi3F Standard 27; IDF: Brussels, tion in the Light of New Analytical Results. IRlavour '81 3rd
Belgium, 1964. Weurman Symposium; Schreier, P., Ed.; de Gruyter: Berlin,
(11) McGuire, R. G. Reporting Objective Color Measurements. Germany, 1981; pp 557—577.
HortSciencel 992,27, 1254—1255. (32) McSweeney, P. L. H.; Sousa, M. J. Biochemical Pathways for
(12) Shantha, N. C.; Decker, E. A. Rapid, Sensitive, Iron-Based the Production of Flavour Compounds in Cheeses During
Spectrophotometric Methods for Determination of Peroxide Ripening: A ReviewlLait 2000,80, 293—324.
Values of Food LipidsJ. AOAC Int.1994,77, 421—424. (33) Yvon, M.; Rijnen, L. Cheese Flavour Formation by Amino Acid
(13) Marsili, R. T. Comparison of Solid-Phase Microextraction Catabolism.nt. Dairy J. 2001,11, 185—201.
and Dynamic Headspace Methods for the Gas Chromatographic- (34) Engels, W. J. M.; Dekker, R.; de Jong, C.; Neeter, R.; Visser,
Mass Spectrometric Analysis of Light-Induced Lipid Oxidation S. A Comparative Study of Volatile Compounds in the Water-
Products in Milk.J. Chromatogr. Sci1999,37, 17-23. Soluble Fraction of Various Types of Ripened Cheé&ste Dairy

(14) Zhang, D.; Mahoney, A. W. Effect of Iron Fortification on J.1997,7, 255—263.

Quality of Cheddar Cheese. 2. Effect of Aging and Fluorescent (35) Forss, D. A. Odor and Flavor Compounds from LipiEsog.
Light on Pilot Scale Cheesesd. Dairy Sci.1990, 73, 2252— Chem. Fats Other Lipid4972,13, 181—258.

2258. (36) Dumont, J. P.; Adda, J. Flavour Formation in Dairy Products.
(15) Hong, C. M.; Wendorff, W. L.; Bradley, R. L., Jr. Factors In Progress in Flavour Research; Land, D. G., Nursten, H. E.,
Affecting Light-Induced Pink Discoloration of Annatto-Colored Eds.; Applied Science: London, U.K., 1979; pp 245—262.

CheeseJ. Food Sci.1995,60, 94-97. (37) Arora, G.; Cormier, F.; Lee, B. Analysis of Odor-Active Volatiles

(16) Hong, C. M.; Wendorff, W. L.; Bradley, R. L., Jr. Effects of in Cheddar Cheese Headspace Multidimensional GC/MS/Sniff-

Packaging and Lighting on Pink Discoloration and Lipid ing. J. Agric. Food Chem1995,43, 748—752.



4370 J. Agric. Food Chem., Vol. 50, No. 15, 2002 Mortensen et al.

(38) Behnke, U. Zur Biogenese des Kdsearomahrung1980,24, In Methods to Assess Quality and Stability of Oils and Fat-
71-83. Containing Foods; Warner, K., Eskin, N. A. M., Eds.; American
(39) Day, E. A.; Libbey, L. M. Cheddar Cheese Flavor: Gas Oil Chemists’ Society: Champaign, IL, 1995; pp 107—133.
Chromatographic and Mass Spectral Analyses of the Neutral
Components of the Aroma Fractiah.Food Sci1964 29, 583~ Received for review February 27, 2002. Revised manuscript received
589. April 29, 2002. Accepted May 8, 2002. The Danish Academy of

(40) Friedrich, J. E Acree, T. E. Gas_Chromatography Olfactometry tochnical Sciences supported this project.
(GC/O) of Dairy Productsint. Dairy J. 1998,8, 235—241.

(41) Przybylski, R.; Eskin, N. A. M. Methods to Measure Volatile
Compounds and the Flavor Significance of Volatile Compounds. JF025513Z



