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Abstract

Photoxidation of cholesterol and lipids of raw turkey patties packed in vessels with transparent shrink film was studied during

storage at 4 �C under commercial retail conditions. Two different storage periods were applied: a 3-day storage and a 11-day storage.

When meat was stored in the dark at 4 �C, the maximum peroxide number was reached after 5 days and the maximum concentration

of cholesterol oxidation products was attained only after 7 days. Turkey meat exposed to the white fluorescent light (under a day-

light lamp) showed a maximum COPs concentration and peroxide value after just 1 day of storage (12 h effective light exposure). A

lamp with low emission in the blue band (warm-tone lamp) was useful for lowering peroxidation and cholesterol oxidation, thus

being a suitable solution for the exhibition of meat products in supermarkets or meat processing industries.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The consumer�s preference for meat and meat prod-

ucts is influenced by several factors, such as quality-
freshness, colour, price, aroma, food habits and, partic-

ularly, safety (Saba & Di Natale, 1999; Verbecke, 2001;

Verbecke & Viaene, 1999). In the past two years, the

consumption of poultry and rabbit meats has undergone

a significant increase in Europe, mainly due to the bo-

vine spongiform encephalopaty (BSE) crisis (FAO/

GIEWS, 2001; Morabia, Bernstein, Héritier, & Beer-

Borst, 1999), which has led to a marked reduction of
beef consumption (Cade, Calvert, & Barrett, 1998). This

trend has also been influenced by the release of new
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types of packaging for meat products and the diffusion

of prepacked or precooked ready-to-eat food based on

chicken or turkey meat (Pszczola, 2002), which reduce

the preparation time.
Lipid oxidation is one of the most important factors

limiting the shelf life and commercial stability of meat

and meat products. Meat oxidation is related to the con-

tent of natural antioxidants and the polyunsaturation

degree of fatty acids (Morrissey, Sheehy, Galvin, Kerry,

& Buckley, 1998; Nam, Du, Jo, & Ahn, 2001). Turkey

meat has a low content of a-tocopherol as compared

with chicken (Marusich et al., 1975; Sklan, Bartov, &
Hurwitz, 1982; Wen et al., 1997) and more than 50%

of its fatty acids are unsaturated (Carnovale & Marletta,

2000), which makes turkey meat particularly prone to

fatty acid and cholesterol oxidations (Li, Ohshima, Sho-

zen, Ushio, & Koizumi, 1994; Rodriguez-Estrada, Tocco,

Savioli, & Lercker, 2003). Cholesterol can give rise to

mailto:eboselli@univpm.it 


Nomenclature

COPs cholesterol oxidation products, oxycholester-

ols:
7a-HC cholest-5-en-3b,7a-diol
7b-HC cholest-5-en-3b,7b-diol
b-CE 5,6b-epoxy-5b-cholestan-3b-ol
a-CE 5,6a-epoxy-5a-cholestan-3b-ol

Triol 5a-cholestan-3b,5,6b-triol
7-KC 3b-hydroxycholest-5-en-7-one
19-HC 19-hydroxy-cholesterol (IS used for the deter-

mination of COPs)

Dihydrocholesterol (IS used for the determination of

cholesterol)
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more than 60 cholesterol oxidation products (COPs)

(Smith, 1987), which are likely to be involved in lipid

metabolism, various chronic and degenerative diseases

(such as cancer, aging and human atherosclerosis) and

disturbance of cell functionality (Garcia-Cruset,

Carpenter, Codony, & Guardiola, 2002; Osada, 2002;

Schroepfer, 2000).

The aim of the current work was to evaluate choles-
terol and lipid oxidations of turkey breast slices, during

storage under artificial light in a commercial retail bench

refrigerator. The concentration of COPs and the perox-

ide number (PV) were studied according to the exposure

time to artificial light, the lamp emission spectrum, the

cholesterol and fat content of meat and the initial oxida-

tion status of meat lipids. Two different storage intervals

at 4 �C were applied: an 11-day storage (experiment A)
and a 3-day storage (experiment B).
2. Materials and methods

2.1. Sampling

Two samplings (experiment A and experiment B)
were performed on fresh turkey meat as described be-

low. For each point, three meat samples were obtained

from three different animals. Thus, the average values

and standard deviations reported in Section 3 were cal-

culated on the basis of the three samples.
2.2. Experiment A (11-day storage)

Three male turkeys of race Big 6 (147-day old and

18.1 kg on average) were slaughtered in winter. After a

6-day holding period, the breasts were cut along their

major axis with an automated cutter. Fourteen slices

with constant weight (100–130 g) and thickness (0.8–1

cm) were obtained from each turkey breast, as shown

in Fig. 1(A). Since three animals were sampled, a total

of 42 slices were collected. In order to minimise the var-
iability of the experimental conditions, sample cutting

and preparation were performed in a single afternoon

in the meat industry, under controlled environmental
temperature (15 �C). Each slice was packed in a polyeth-

ylene vessel, which was wrapped with a transparent

shrink film (14 lm thickness) with 10445 ml/m2/24 h of

oxygen permeability. The packed slices from each ani-

mal were subjected to the following storage conditions:

(a) One vessel was immediately frozen (�18 �C), which
represented the control.

(b) Five vessels were stored at 4 �C in the dark

(wrapped with tinfoil) for 1, 5, 7, 9 and 11 days,

respectively.

(c) Five vessels were stored at 4 �C under a daylight

lamp for 1, 5, 7, 9 and 11 days, respectively.

(d) The remaining three vessels were stored at 4 �C
under a warm-tone lamp for 5, 9 and 11 days,

respectively.

The daylight lamp had a temperature and power of

6000 �K and 36 W (Osram, Milan, Italy), respectively.

The warm-tone lamp emanated red light with low emis-

sion in the blue radiation (3000 �K, 36 W) (Osram,

Milan, Italy). The lamps were located 1.5 m above the

samples, as in the retail shop. One-day exposure corre-

sponded to 12 h of effective exposure and 12 h of dark-
ness, as usually happens in Italian supermarkets. When

the programmed storage time was reached, the samples

were immediately frozen and kept at �18 �C until anal-

ysis. The analyses were performed immediately after the

11-day storage sample had been collected.
2.3. Experiment B (3-day storage time)

Three male turkeys of race Big 6 (137-day old and

18.2 kg on average) were slaughtered in spring. The

breasts were cut along their major axis 2 days after

slaughter with an automated cutter. Seven slices with

constant weight (100–130 g) and thickness (0.8–1 cm)

were obtained from each turkey breast, as shown in

Fig. 1(B). Since three animals were sampled, a total of

21 slices were collected. Each slice was packed using
the same procedure as the previous sampling design.

The packed slices of each animal were subjected to the

following storage conditions:



       1 VESSEL 

  5 VESSELS      5 VESSELS  3 VESSELS 

TURKEY BREAST

1, 5, 7, 9 and 11 days 
T= 4˚C

Dark
1, 5, 7, 9 and 11 days 

T= 4˚C
Daylight lamp

5, 9, 11 days
T= 4˚C

Warm-tone lamp

Control
T= -18˚C 

Sampling for a 11-day storage 

   1 VESSEL Control
T= -18˚C 

TURKEY BREAST

2 VESSELS 2 VESSELS 2 VESSELS

1 and 3 days
T= 4˚C 

Warm-tone lamp 

1 and 3 days
T= 4˚C
Dark

1 and 3 days
T= 4˚C

Sampling for a 3-day storage 

Daylight lamp

Fig. 1. (A) Sampling design for experiment A (11-day storage at 4 �C). Breast samples were obtained from three different animals. (B) Sampling

design for experiment B (3-day storage at 4 �C). Breast samples were obtained from three different animals.
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(a) One vessel was used as the control and was imme-
diately frozen.

(b) Two vessels were stored at 4 �C in the dark

(wrapped with tinfoil) for 1 and 3 days,

respectively.

(c) Two vessels were stored at 4 �C under the daylight

lamp for 1 and 3 days, respectively.

(d) The remaining two vessels were stored at 4 �C
under the warm-tone lamp for 1 and 3 days,
respectively.
2.4. Reagents

Analytical grade solvents and reagents were utilised.

The standards supplied by Sigma Chemical Co.
(St. Louis, MO, USA) are listed as follows: 19-hydroxy-

cholesterol (19-HC), cholesterol, dihydrocholesterol,

3b-hydroxycholest-5-en-7-one (7-KC), 5,6a-epoxy-5a-
cholestan-3b-ol (a-CE), 5,6b-epoxy-5b-cholestan-3b-ol
(b-CE), cholesta-3,5-dien-7-one (3,5-dien-7-one) and

5a-cholestan-3b,5,6b-triol (triol). The standards cholest-
5-en-3b,7a-diol (7a-HC) and cholest-5-en-3b,7b-diol
(7b-HC) were purchased from Steraloids (Wilton, NH,
USA).
2.5. Lipid extraction

The turkey breast lipids were extracted according to a

modified version of the method described by Folch,

Lees, and Sloane-Stanley (1957). The extraction proce-

dure was the same as that recently reported by Boselli,

Velazco, Caboni, and Lercker (2001), except that the

solvent volumes were 2.5 times larger. The frozen sam-

ples were minced and 60 g was homogenised with 500
ml of a chloroform:methanol solution (1:1, v/v) in a

glass bottle with screw-cap. The bottle was kept at 60

�C for 20 min before adding 250 ml chloroform. After

3 min of homogenisation, the content of the bottle was

filtered through filter paper. The filtrate was mixed thor-

oughly with a 1 M KCl solution and left overnight at 4

�C in order to obtain phase separation. The lower phase

was collected and dried with a rotary evaporator. The
fat content was determined gravimetrically.

2.6. Determination of total cholesterol and cholesterol

oxidation products (COPs)

A 250 mg lipid subfraction of the Folch extract was

treated with known amounts of the internal standard
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solutions (12.5 lg of 19-hydroxycholesterol and 5 mg

dihydrocholesterol, for the determination of COPs and

total cholesterol, respectively). Subsequently, the sample

was dried under nitrogen and treated with 10 ml of 1 N

KOH solution in methanol, in order to perform a

saponification at room temperature for 18 h (Sander,
Addis, Park, & Smith, 1989). For the extraction of the

unsaponifiable matter, 10 ml of water and 10 ml of

diethyl ether were added to the samples, which were then

shaken and the diethyl ether fraction was then sepa-

rated; the extraction with 10 ml of diethyl ether was re-

peated twice. The three portions of diethyl ether were

pooled, treated with 5 ml of a 0.5 N KOH solution

and extracted. The resulting ethereal extract was washed
twice with 5 ml of water. The ether solution was finally

evaporated in a rotary evaporator, after elimination of

excess water by addition of anhydrous sodium sulfate.

One tenth of the unsaponifiable matter was used for

the determination of total cholesterol, whereas the

remaining part was utilised for COPs analysis.

The determination of total cholesterol (sum of free

and esterified) was achieved by means of capillary gas
chromatography after silylation (Sweeley, Bentley,

Makita, & Wells, 1963). The gas chromatograph

(HRGC Mega2 Series, Fisons, Rodano, Italy) was

equipped with a split–splitless injector and a flame ioni-

sation detector. A fused-silica capillary column (30

m · 0.32 mm i.d., 0.25-lm film thickness) coated with

100% dimethyl-polysiloxane (DB-1, J&W Scientific,

Folsom, CA, USA) was used. The oven temperature
was programmed from 250 to 325 �C at 3 �C/min; the

injector and detector temperatures were both set at

325 �C. Helium was used as carrier gas at a flow of 2

ml/min; the split ratio was 1:15.

The COPs purification was performed by NH2 solid-

phase extraction (SPE) of nine tenths of the unsaponifi-

able matter, according to Rose-Sallin, Hugget, Bosset,

Tabacchi, and Fay (1995); after silylation, the deriva-
tised COPs were injected for gas chromatography under

the same conditions as reported for the determination of

total cholesterol. The identification of COPs was con-

firmed by comparison with the retention time and mass

spectra of the COPs standards (Boselli et al., 2001).

2.7. Determination of peroxide value (PV)

The peroxide value was determined in 50 mg of lipid

extract as suggested by Takagi, Mitsuno, and Masum-

ura (1978). The peroxides present in the meat lipids oxi-

dised iodide to iodine and, after 5 min, the excess of

iodide ion was immediately converted to cadmium com-

plex under a nitrogen atmosphere. The iodine was meas-

ured at 358 nm with a double beam UV/visible

spectrophotometer Jasco model UVIDEC-430 (Tokyo,
Japan) and PV was calculated from the absorbance.

For the quantitative determination of PV, a calibration
curve was prepared by adding solutions of potassium

dichromate at different concentrations to the KI solu-

tion; the same procedure was used for the measurement

of the released iodine absorbance (358 nm), which was

plotted against the active oxygen content.

2.8. Statistical analysis

One-way analysis of variance (ANOVA) was applied

to the data. The means of the different storage condi-

tions were compared using the Tukey–Kramer multiple

comparisons test (p < 0.05).
3. Results and discussion

3.1. Experiment A (11-day storage)

The fat contents of the three slices (three different ani-

mals) were 3.0 ± 0.6, 3.8 ± 0.7 and 4.3 ± 0.9 mg/100 mg

of meat (mean ± SD). The total cholesterol content of

the samples ranged from 1.3 to 2.5 mg/100 mg fat. It
must be noted that a large variation in the cholesterol

content was registered, even within the same breast,

due to the heterogeneous structure of the muscle body.

The COPs initial level was 50.4 ± 2.3 mg/kg (on lipid

basis). Park and Addis (1987) reported an initial content

of COPs in turkey meat equal to zero, whereas Nam et al.

(2001) detected about 33–39 mg of COPs/kg lipids; it

must be noted that the latter only refers to free COPs,
while the data of this study embrace both free and esteri-

fied COPs. The extent of initial cholesterol oxidation

found here could be due to the long holding period to

which the meat was subjected (6 days). A similar effect

of the holding period on the oxidative quality of beef

meat has previously been reported by Rodriguez-Estra-

da, Penazzi, Caboni, Bertacco, and Lercker (1997). The

COPs determined in all the samples subjected to pro-
longed oxidation were 7a-HC (at a concentration ranging

from 9.9 to 76.6 mg/kg fat), 7b-HC (10.4–91.1 mg/kg), b-
CE (7.3–67.4 mg/kg), a-CE (traces – 15.5 mg/kg), triol

(traces – 8.0 mg/kg) and 7-KC (15.6–110 mg/kg), and

are shown in the gas chromatographic trace of Fig. 2.

The most abundant COP, in almost all cases was 7-KC,

which corresponded to about one third of COPs.

Table 1 shows the average value of total COPs in the
samples kept in the dark, under the warm-tone and the

daylight lamps during storage, and it lists the groups

which are significantly different according to the

ANOVA.
3.2. Non-photoxidised turkey meat

The results listed in Table 1 show that turkey meat
undergoes important modifications during the conser-



Fig. 2. Gas chromatographic trace of COPs found in turkey meat kept in the dark for 5 days. Peaks: 1, 7a-HC; 2, cholesterol; 3, dihydrocholesterol

(IS); 4, 19-HC (IS); 5, 7b-HC; 6, b-CE; 7, a-CE; 8, triol; 9, 7-KC.
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vation, even if the temperature is low (4 �C) and the

samples are protected from direct light exposure. The

long storage conditions here tested were chosen in or-

der to determine the maximum COPs concentration
that could be reached; in fact, the highest amount

was attained between the fifth and seventh day of stor-

age. On average, the formation rate of COPs was

higher than the degradation rate until the seventh

day; successively, they were converted into other deg-

radation products and/or combined with other compo-

nents, making them undetectable under the analytical

conditions here used.
Unlike the COPs content, the maximum peroxide va-

lue (PV) was reached between the first and the fifth day

of storage (Table 1). This could be explained by the fact

that peroxides are the primary products of lipid oxida-

tion and their formation anticipates that of other oxy-

genated compounds, which are considered to be

secondary oxidation products. Due to their bell-shaped

behaviour, a low value of PV or COPs could be associ-
ated with a low oxidation (short storage) or a high oxi-

dation state of the sample (long storage).
3.3. Experiment A: Turkey meat irradiated during 11

days with high and low emission lamps in the blue

spectrum

The photoxidised samples showed significant differ-

ences with respect to those protected from light (Table

1). When turkey meat was irradiated with a daylight-

type fluorescent lamp with a high emission in the blue

component of the visible spectrum, the rate of oxidation

was higher. The peak concentration of oxycholesterols

was reached just after 1 day of light exposure. Moreo-

ver, the COPs formation was remarkable: the average
concentration of total COPs was 283 mg/kg fat after 1

day of light exposure, whereas it reached only 104 mg/

kg fat during storage in darkness. After the first day,

oxycholesterols were degraded but the final concentra-

tion after 11 days was still 50% higher than the samples

kept in darkness. All COPs showed this trend except the

triol, whose concentration displayed a constant increase

during the 11-day storage under the daylight lamp,
reaching 5.3 mg/kg fat. Since triol is formed from the

opening of the oxygen ring of the epoxy derivatives of
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cholesterol, its formation is slower than that of other

COPs.

During storage under the daylight lamp, the forma-

tion of peroxides was also faster than in meat stored

in the darkness; the PV reached its maximum concentra-

tion after 1 day of light exposure, as listed in Table 1.
These data agree with the results reported by Whang

and Peng (1988), who also noted that ground turkey

breast meat exposed to light (with a fluorescent tube,

cool white) exhibited higher PV than samples kept in

the dark. It is noteworthy that, in the present study,

the oxidative behaviours of the whole lipid fraction

and COPs are similar. However, unlike COPs, the con-

centration of peroxides produced during the irradiation
did not differ significantly from the samples kept in the

dark.

The effect of light irradiation with a red fluorescent

lamp (a warm-tone lamp with low emission in the blue

band) on the oxycholesterol formation is also listed in

Table 1. The COPs concentration in samples irradiated

with the red lamp was comparable to that of meat kept

in darkness with a similar storage time, thus being much
lower than that of irradiated samples with the daylight

lamp. The same consideration is true for the PV; in fact,

the peroxide concentrations of meat kept in the dark

and those of the samples exposed to the warm-tone light

were not significantly different. Nam et al. (2001) found

that packaging and storage conditions are more deter-

minants of cholesterol and lipid oxidation of raw turkey

than is irradiation.
The different degrees of oxidation induced by the two

types of lamps can be attributed in part to their energy

of radiation, which is higher in the daylight lamp than

in the red fluorescent one, because it has a greater

amount of blue light in it. The energy of radiation is ex-

pressed as �K and it is inversely proportional to the

wavelength (Francis & Clydesdale, 1975); in fact, the

temperature and wavelength of the daylight are 6000
�K and 480 nm, respectively, whereas the warm-tone

lamp has a temperature equal to 3000 �K and a wave-

length of 680 nm. Another important aspect is the pres-

ence of the meat pigments (haemoglobin and

myoglobin), which act as photosensitisers and show

absorption maxima at different wavelengths (intense

absorption band in the blue region of the spectrum,

i.e., 410–430 nm-Soret band) (Giddings, 1977; Living-
ston & Brown, 1981), depending on the oxidation status

of iron, the occurrence of covalent and ionic complexes

with molecular oxygen and water, respectively (Francis,

1985). The colour cycle in fresh meats is reversible and

dynamic; the three pigments, myoglobin (purplish red

colour), oxymyoglobin (bright red colour) and metmyo-

globin (brown colour), are constantly interconverted

(Francis, 1985). For covalent complexes, the absorption
maximum of myoglobin ranges from 535 to 545 nm,

whereas that of metmyoglobin goes from 575 to 588
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nm. These absorption maxima shift when myoglobin

(555 nm in the green portion of the spectrum) and met-

myoglobin (505 nm in the blue end of the spectrum and

a smaller peak at 627 nm in the red) form ionic com-

plexes with water (Francis, 1985). It is noteworthy that

the spectrum of oxymyoglobin is typical of all coordi-
nated covalent complexes of haem pigments, having

two absorption maxima, at about 550 and 590 nm. Con-

sidering all these facts, it can be stated that meat pig-

ments tend to absorb more in the blue and green parts

of the light spectrum, rather than in the red one. These

photoenergised pigments interact with ground state tri-

plet oxygen, producing singlet oxygen, which is consid-

ered to be the active agent in lipid, protein and DNA
photoxidation (Varman & Sutherland, 1995). Therefore,

it can be deduced that the higher oxidation degree of

meat exposed to the daylight lamp is a consequence of

the absorption characteristics of the meat pigments, as

well as the amount of blue light and energy of radiation

of this type of lamp.

3.4. Experiment B (3-day storage)

The results obtained with the extreme time conditions

of experiment A led to the conclusion that it was possi-

ble to detect differences in the extents of fatty acids and

cholesterol oxidations in turkey meat, after a few days of

light exposure in a bench refrigerator. Since, under com-

mon retail conditions, meat is usually stored for 1–3

days before it is purchased by the consumer, a second
experiment (experiment B) was designed, so as to evalu-

ate the effects of a shorter storage time and different light

exposure conditions on the turkey meat.

In this experiment, a new batch of turkey breast meat

was used; the fat contents of the slices were 1.3 ± 0.2,

1.6 ± 0.4 and 1.4 ± 0.2 mg/100 mg of meat. This meat
Table 2

Effect of different light exposure conditions on the COPs (mg/kg fat) and PV (m

at 4 �C for 3 days (experiment B)

Dark

Day 0 Day 1 Day 3

Mean ± SD Mean ± SD Mean ± SD

7a-HC 3.6 ± 0.7 5.4 ± 1.0 10.1 ± 5.6

7b-HC 4.8 ± 1.6 6.6 ± 1.2 13.2 ± 6.7

b-CE 7.0a ± 1.7 10.0 ± 1.7 14.7b ± 4.8

a-CE 1.6a ± 1.2 2.8a ± 0.5 4.5b ± 1.5

Triol 1.5a ± 0.8 1.7a ± 1.2 1.3a ± 0.5

7-KC 5.1a ± 1.9 12.3 ± 3.8 16.4 ± 8.2

Sum of COPs 23.7a ± 7.4 38.7 ± 7.7 60.2b ± 26.4

PV 11.2a ± 5.9 18.3 ± 1.7 23.9 ± 8.1

The average value of slices obtained from three breasts ± SD is reported. Mea

according to the Tukey�s test (p < 0.05).
batch was particularly lean, having 50% less lipids than

the one used in experiment A; these differences can be

ascribed to different feedings and slaughtering seasons.

The total cholesterol content of the samples varied from

2.5 to 4.2 mg/100 mg fat, which was 70–100% higher

than that of meat used in the first set of experiments;
since cholesterol is present in cell membranes, its relative

percentage, expressed on a lipid basis, rises when the

amount of depot fat decreases.

Table 2 shows the average value of total COPs and

peroxide value, as well as the significant differences

among groups, according to the ANOVA analysis.

The lipid fraction of the control had a low oxycholes-

terol content (23.7 ± 7.5 mg/kg fat) and peroxide num-
ber (11.2 ± 5.9 meq/kg fat) with respect to the control

meat analysed in the first stage of this study. The con-

centration ranges of the different COPs (expressed as

mg/kg fat) were 3–16.4, 3–20.6, 5.1–19.1, traces – 6.8,

traces – 3.0 and 15.9–87.6 for 7a-HC, 7b-HC, b-CE,
a-CE, triol and 7-KC, respectively. As in the previous

case study, 7-KC was the most abundant oxysterol

(one third of the total oxycholesterols, on average).
The initial COPs content was about 50% of the control

used in experiment A, which was probably due to the

shorter holding period (2 days).

3.5. Experiment B: Non-photoxidised turkey meat

Although the samples used in this experiment had dif-

ferent initial fat and cholesterol compositions and
showed a higher quality in terms of oxidative status,

the data obtained were not in contrast with those found

after 11 days of storage (experiment A). In fact, these

samples also exhibited important modifications during

storage at 4 �C. On average, the formation rate of COPs

was higher than their degradation rate during the first 3
eq O2/kg fat) determined in the lipid extract of raw turkey meat stored

Warm-tone lamp Daylight lamp

Day 1 Day 3 Day 1 Day 3

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

7.4 ± 1.2 5.8 ± 1.3 9.9 ± 2.1 7.5 ± 1.6

8.1 ± 1.7 9.2 ± 3.4 10.0 ± 1.0 11.8 ± 2.0

13.8 ± 0.9 9.4 ± 1.9 16.2b ± 2.6 12.3 ± 2.2

4.1 ± 0.9 3.1 ± 0.9 5.8b ± 0.9 3.6 ± 0.5

2.7 ± 0.8 1.2a ± 0.2 4.9b ± 1.3 2.3a ± 0.8

19.4b ± 1.6 9.4 ± 1.1 19.5b ± 5.0 11.9 ± 3.6

55.6 ± 6.3 38.1 ± 7.0 66.2b ± 10.1 49.5 ± 9.7

10.6a ± 3.1 24.2 ± 6.5 32.1b ± 7.5 20.2 ± 4.1

ns in the same row followed by different letters are significantly different
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days of storage in darkness (Table 2). The total COPs

content reached on the third day (49.5 lg/g fat) was

more than twice the control content (23.7 lg/g fat).

3.6. Experiment B: Turkey meat irradiated with high and

low emission lamps in the blue spectrum for 3 days

Cholesterol oxidation was faster when slices were

exposed to the daylight lamp (Table 2), as already ob-

served in experiment A. Moreover, after a 1-day expo-

sure under the retail commercial conditions (12 h

effective light exposure), the COPs content of meat

was 66.2 mg/kg fat, thus being 10% higher than the

maximum level found in the meat kept in darkness.
The red lamp provided a good protection against cho-

lesterol oxidation; in fact, the total oxycholesterol con-

tent in meat exposed to this type of light was always

15–20% less than that of the meat irradiated with the

daylight lamp for the same time. This trend was ob-

served for all COPs here analysed, except for the triol,

whose level did not significantly increase in the meat

irradiated with red light (2.69 ± 0.8 mg/kg after 1
day) or kept in darkness after 3-day storage

(1.32 ± 0.5 mg/kg).

After reaching a maximum, COPs were degraded to

products that could not be evaluated with the current

analytical method, as observed for the 11-day storage.

Therefore, COPs can be considered intermediate prod-

ucts during meat photoxidation, leading to still uni-

dentified degradation products. Meat samples with a
small COPs content can be either fresh products, or

highly oxidised ones, as reported in the previous

experiment.

The modifications observed in the PV are similar to

those of COPs (Table 2). After a 1-day exposure to

the daylight lamp, peroxides reached their maximum

concentration (32.1 meq O2/kg fat) and they were suc-

cessively degraded to secondary products. The exposure
to red light had two positive effects; in fact, it reduced

the velocity of formation and the amount of peroxides

with respect to the daylight lamp. The maximum perox-

ide value was 24.2 meq O2/kg fat, after a 3-day treat-

ment with the warm-tone lamp.
4. Conclusions

Photoxidation of raw turkey meat under different

storage conditions was studied. Raw turkey breast

meats with different initial oxidative status, fat and cho-

lesterol contents were analysed in two different sets of

experiments, showing that meat stored in the dark at 4

�C reached its maximum peroxide content after 5 days,

whereas the maximum COPs concentration was attained
only after a 7-day storage. However, COPs are only

intermediate products of degradation of cholesterol
and the nature of the final products should still be inves-

tigated. On the other hand, when meat was exposed to

white fluorescent light, the maximum COPs concentra-

tion and peroxide value were higher and they were

reached after just 1 day (12 h effective light exposure).

A lamp with low emission in the blue band proved to
be useful for lowering peroxidation and cholesterol oxi-

dation of turkey breast meat and it can be a suitable

solution for the exhibition of meat products in super-

markets or meat processing factories. This positive effect

of the warm-tone lamp on meat oxidation could be fur-

ther enhanced if combined with a suitable packaging

material, that transmits wavelengths between 490 and

589 nm (Bekbölet, 1990), as well as with vacuum pack-
aging (Du, Nam, & Ahn, 2001).
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tero dell�Università e della Ricerca Scientifica e

Tecnologica�.
References
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