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Abstract

This study evaluated the 2-thiobarbituric acid (TBA) method for the measurement of lipid oxidation in samples of mechanically
deboned chicken meat (MDCM), both gamma-irradiated with doses of 4.0 and 5.0 kGy and non-irradiated. The values for the

percent recuperation of 1,1,3,3-tetraethoxy-propane (TEP) and for the conversion factor K, for the samples irradiated with doses of
4.0 and 5.0 kGy and the non-irradiated samples, were, respectively, 88.6, 90.0 and 88.6% for the former and 4.98, 4.91 and 4.98 for
K. Comparing the results obtained for the samples of MDCM irradiated with doses of 4.0 and 5.0 kGy and the non-irradiated

samples, as evaluated by the TBA distillation method, it was observed that the values for percent recuperation of TEP, the values
for K and the spectral curves, as also the linear equations of the standard curves for the distillation of malonaldehyde, were similar
for all the samples, no specific interference in the TBA test, due to the process of irradiating the MDCM, being detected.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Lipid peroxidation is one of the major causes of
quality deterioration in raw and cooked meat products
during refrigerated or frozen storage. The 2-thiobar-
bituric acid (TBA) method is the most widely used test
for measuring the extent of lipid peroxidation in red
meat and poultry, due to its speed and simplicity
(Raharjo & Sofos, 1993; Shahidi, 1997). The TBA test,
when performed with the distillation procedure, is con-
sidered to be more sensitive and also more suitable for
high fat samples (>10%) where turbidity may occur in
the extracted samples (Férnandez, Pérez-Álvarez &
Fernández-López, 1997; Shahidi & Hong, 1991). The
1,1,3,3-tetraethoxypropane has been used as the stan-
dard to assess recoveries in the TBA test (Calhoun,

Gaebler, & Mandigo, 1999; Férnandez et al., 1997;
Hoyland & Taylor, 1991; Lawlor, Sheehy, Kerry,
Buckley, & Morrissey, 2000). The phospholipid fraction
of mechanically deboned chicken meat (MDCM) is
highly unsaturated, and thus very susceptible to oxi-
dation, showing a great potential to produce 2-thio-
barbituric acid reactive substances (TBARS) (Dawson
& Gartner, 1983; Pikul & Kummerow, 1991). Auto-
oxidation of lipids proceeds via a free-radical chain
mechanism and is catalysed by many factors, such as
ionizing radiations (Shahidi, 1997).
In France, the irradiation of frozen MDCM has been

implemented on an industrial scale, with whole instal-
lations dedicated exclusively to this raw material. How-
ever, there is a lack of studies of microbiological quality
and lipid oxidation during refrigerated and frozen sto-
rage. In addition to contributing to the evaluation of the
viability of using irradiatedMDCM in raw formulations,
since the process could guarantee pathogen free raw mate-
rial, such studies are of crucial importance to the safety of
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the industrial productive chain. They could forecast
possible alterations in frozen stored irradiated MDCM,
due to fluctuations in temperature as a result of failures
during transport and/or storage, and in manufactured
foods containing this raw material. In this context, the
MDCM used in the present study was irradiated in the
frozen state and, thereafter, stored frozen or under
refrigeration to mimic the previous situations described.
Numerous studies have shown that gamma irradia-

tion provokes alterations in the lipid components of
fresh and frozen chicken meat (Gruiz & Kiss, 1987;
Hansen, Chen, & Shieh, 1987; Kanatt, Paul, Souza, &
Thomas, 1997; Lakritz & Schwartz, 1995). In addition,
the process of irradiating meats has been associated
with the production of TBA-reactive substances, not
only malonaldehyde, at both 532 nm and other wave-
lengths (Janicek, Haseltine, & Henner, 1985; Raharjo &
Sofos, 1993; Tarladgis, Watts, & Younathan, 1960).
Different types of sample and procedures for the

determination of malonaldeyde recovery would also
result in different values for the recovery and conversion
factors used to calculate the TBA number. However, the
same conversion factors obtained in previous studies by
different workers have been used to calculate the TBA
numbers. This could certainly lead to erroneous results
(Raharjo & Sofos, 1993; Tarladgis et al., 1960). Thus
this study aimed at evaluating the measurement of
TBARS by the 2-thiobarbituric acid method in
mechanically deboned gamma irradiated chicken meat.

2. Materials and methods

2.1. Experimental design

For the analyses, samples were taken from MDCM
produced from the back, without skin, in a commercial
chicken slaughterhouse. Each 200 g sample unit was
removed from a 60 kg batch and heat sealed in a trans-
parent low density polyethylene bag (Andrews & Read,
1984; Lee, Sebranek, Olson, & Dickson, 1996). The
samples were then frozen in a tunnel to �18�1 �C and
maintained in this state until irradiated. The samples
irradiated with doses of 4.0 and 5.0 kGy and the non-
irradiated samples were thawed under refrigeration
(+2�1 �C) for one night and evaluated by the TBA
method for the measurement of lipid oxidation, aiming
at determining the standard curves, absorption spectra,
percent of recovery and K value. In addition, the K
value was also determined for samples of MDCM irra-
diated with the dose of 4.0 kGy and non-irradiated
samples stored under refrigeration (+2�1 �C) after 2
days frozen storage, stored refrigerated (+2�1 �C)
after 90 days frozen storage and stored frozen
(�18�1 �C). The average proximate analysis for the
meat samples was 66.6% moisture (Horwitz, 1980),

19.1% fat (Horwitz, 1980), 13.2% protein (Horwitz,
1980), and 1.0% ash (Horwitz, 1980). The proximate
analyses were perfomed in triplicate.

2.2. Irradiation

The gamma radiation source was a 60Co gammacell
with an activity of 10,300 Ci, producing a dosage rate of
7.32 kGy/h. Routine dosimetry was conducted using
Far West Technology dosimeters. The samples were
placed in the uniform portion of the radiation field and
arranged to minimize any differences in the radiation
dose. The mean standard deviations of the absorbed
doses from the target doses were�0.28 and�0.35 for
the doses of 4.0 and 5.0 kGy, respectively.

2.3. TBA method analysis

The TBA distillation method was performed on the
MDCM samples, using a modified version of the
method of Tarladgis et al. (1960). The modification of
this procedure was the addition of butylated hydro-
xytoluene before the blending step, to prevent auto-
xidation (Pikul, Leszczynski, & Kummerow, 1983). One
hundred grammes of each MDCM sample were blended
with 10 ml BHT (1g l�1). Aliquots of MDCM (10 g)
were transferred to a flat-bottomed flask and one drop
of silicone anti-foaming agent (Merck, Germany) added
plus 2.5 ml HCl (4N) and 97.5 ml distilled water. This
sample was then distilled and the first 50 ml of distillate
collected. Next 5 ml of the distillate were added to 5 ml
0.02 M thiobarbituric acid (Merck, Germany) and
heated in a boiling water bath for 35 minutes for colour
development. Malonaldehyde was distilled in triplicate
from the MDCM and its absorbance was determined at
532 nm in a 1 cm glass cell. The results were reported as
mg ml�1 of distilled malonaldehyde. The standard
curves were prepared by making appropriate dilutions
of the 1�10�4 mol l�1 1,1,3,3-tetraethoxy-propane(TEP)
(Sigma Corporation, USA) standard solutions, to give
amounts ranging from 1�10�8 to 8�10�8 moles of
malonaldehyde per 5 ml, using a UV/VIS-911A GBC
spectrophotometer. Absorption spectra were prepared
for samples in the range from 475 to 565 nm. The per-
cent recovery of TEP was calculated from the standard
as follows:

P %ð Þ ¼ A3 � A1ð Þ�100=A2

where P is the percent recovery, A3 is the absorbance of
the distilled sample containing TEP, A1 is the absor-
bance of the sample, and A2 is the absorbance of TEP.
The K value was calculated from the standard curves
and known dilutions as follows (Tarladgis et al., 1960):

Kdistillation ¼ S=A� 72:063� 107=C� 100=P
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where S is the moles of the standard concentration of
TEP in 5 ml of distillate, A is the absorbance of the
standard, 72.063 is the molecular weight of mal-
onaldehyde, C is the weight of the sample in grammes,
and P is the percent recovery of TEP.
The equations for the standard curves were obtained

from the linear regression of the absorbance results
against the concentration of the standard.

2.4. Statistics

Each study was replicated three times. Statistical cal-
culations were performed using the SAS statistical
package, SAS Institute. The analyses of variance and
regressions were carried out using the minimum squares
method. The means were compared using the Student
t-test.

3. Results and discussion

According to Fig. 1, it can be seen that the MDCM
samples, irradiated or otherwise, presented similar
spectral curves, no singular TBARS being detected in
the irradiated samples, presenting a maximum absorp-
tion peak at a wavelength different from that observed
for the non-irradiated samples, within the range eval-
uated in this study, that is, 475–565 nm. Maximum
absorbance was shown at 531 nm for the MDCM sam-
ples irradiated with doses of 4.0 and 5.0 kGy and the
non-irradiated samples. According to Hoyland and
Taylor (1991), the distillation method eliminates the
greater part of the interfering substances in the TBA
test. According to Tarladgis et al. (1960), TBA reacts
with other substances apart from malonaldehyde, such
as glyoxal, in distillates from rancid foods, forming
coloured complexes which absorb at 525 and 550 nm.
This compound may be present in irradiated meats. In
this study, no absorbance peak was detected in the
irradiated samples, at the above cited wavelengths.

Fig. 1 shows that the samples irradiated with doses of
4.0 kGy presented the greatest absorbance at 531 nm,
followed by the sample irradiated with a dose of 5.0
kGy and the non-irradiated samples. Since the objective
of this study was to evaluate the applicability of the
2-thiobarbituric acid method in the measurement of lipid
oxidation in mechanically deboned gamma-irradiated
chicken meat, no attempt was made to compare the
TBA numbers within the samples submitted to different
doses of gamma radiation.
The mean percent recuperations of TEP for the

MDCM irradiated with doses of 4.0 and 5.0 kGy and
for the non-irradiated samples were, respectively,
88.6�1.9, 90�1.6 and 88.6�2.5%, showing there was
no significant difference (P>0.05) in the recuperation of
TEP between irradiated and non-irradiated samples.
Similarly the values for K were: 4.98�0.1, 4.91�0.14,
4.98�0.11 for the samples irradiated with 4.0 and 5.0
kGy and for the non-irradiated samples respectively,
also showing no significant difference (P> 0.05). How-
ever it has been reported in the literature that, even with
the same recovery, the conversion factor may be differ-
ent (Pikul, Leszczynski, & Kummerow 1989; Salih,
Smith, Price, & Dawson, 1987). This difference is likely
to be due to differences in the molar absorptivity of
malonaldehyde in each procedure or extraction med-
ium, as reported in several studies (Raharjo & Sofos,
1993).
Wang, Zhu, and Brewer (1997) showed that, in terms

of recovery, the results obtained from various methods
for the determination of 2-thiobarbituric acid reactive
substances (TBARS) were different from each other, as
well as from other published data. According to these
authors, the recovery rate, based on the method of
Tarladgis et al. (1960), used for three distillation meth-
ods, was slightly lower (59%) than other published
values (66–70%). These same authors argued that these
differences in recovery rate could subsequently affect the
conversion factors that are used in calculating TBARS
in terms of their mg kg�1 concentration.
The results for recuperation and the K values

obtained in this study are slightly inferior to those
obtained by Pollonio (1994), who also used the TBA
distillation method under conditions similar to those
used in the present study, and detected a K value of 5.93
and a percent recuperation of 96% for MDCM samples.
On the other hand, the results obtained in this study do
not agree with those obtained by Moerck and Ball
(1974), who used the distillation method and a standard
of TEP to determine a K value of 8.6 for MDCM.
Numerous studies have used a K value of 7.8, as deter-
mined by Tarladgis et al. (1960) in bovine meat, to
determine the TBARS number in studies on lipid oxi-
dation in MDCM and mechanically deboned turkey
meat (Johnson, Cunningham, & Bowers, 1974; Ueber-
sax, Dawson, & Uebersax, 1977, 1978). This value for K

Fig. 1. Absorbance scans of the red pigment produced by the reaction

of thiobarbituric acid (TBA) with the TBA-reactive substances in dis-

tilled MDCM.
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(7.8) is considerably different from the values found for
MDCM in this study and in other studies described in
the literature (Moerck & Ball, 1974; Pollonio, 1994),
confirming that, in order to obtain accurate results, it is
necessary to run both standard curves to determine the
recovery rate and K values for each method, type of
food and work condition, rather than using those from
the literature (Wang et al., 1997).
The linear equations of the standard curves for the

distillation of malonaldehyde from the MDCM samples
irradiated with doses of 4.0 and 5.0 kGy and non-irra-
diated samples were, respectively: y4.0 kGy=0.00305+
0.59128x and y5.0 kGy=0.0045+0.5961x and y0.0 kGy=
0.00079+0.59668x, where y=absorbance of sample
and x=malonaldehyde (mg.ml�1 distillate). Comparing
these equations with each other, it can be seen that the
relative mean deviation encountered was 0.5%. For the
calculation in question, a value of x=1.3 was deter-
mined, this being the greatest value in mg mal-
onaldehyde per ml�1 of distillate encountered during the
evaluation of these samples. Thus it can be considered
that there was no significant difference in the recupera-
tion curves of the standard when comparing the irra-
diated with the non-irradiated samples.
Studies have shown increases in the TBARS number

up to a certain point during the storage period, followed
by a decrease in these values (Babji, Chin, Chempaka, &
Alina, 1998; Gokalp, Ockerman, Flimpton, & Harper,
1983). Igene and Pearson (1979) stated that, during the
evaluation of lipid oxidation in stored foods, decreases
in TBA values are probably due to interactions between
malonaldehyde and proteins. Shahidi (1997) stated that
this type of interaction also appears to occur during the
storage of cooked meat, leading to a reduction in the
TBARS values. Thus, in this study, K values were
determined throughout the refrigerated (+2�1 �C) and
frozen (�18�1 �C) storage of the MDCM samples,
aimed at testing whether the alterations produced in the
meat during storage could interfere with the recupera-
tion of the standard, and consequently effect the con-
version factor K of this raw material.
Since the previously determined K values did not pre-

sent significant differences (P>0.05), a single point on
the standard curve was chosen (addition of standard to
obtain 2�10�8 moles of malonaldehyde) to follow the
behaviour of the K value during the storage of MDCM
in samples irradiated with 4.0 kGy and in non-irra-
diated samples. Fig. 2 shows the values of K for samples
of MDCM during refrigerated and frozen storage. The
statistical analysis showed there was no significant dif-
ference (P> 0.05) between the values for K obtained
during the period of storage under the three storage
conditions evaluated. The non-irradiated MDCM sam-
ples and those irradiated with a dose of 4.0 kGy pre-
sented the same pattern of the behaviour under the
storage conditions analyzed. In addition, there was also

no significant difference (P>0.05) between the values
for K and the percent recuperation obtained for samples
of MDCM stored under refrigeration (+2�1 �C) after
being 2 days frozen, stored refrigerated (+2�1 �C)
after 90 days frozen and stored frozen (�18�1 �C). The
mean values for K in MDCM samples irradiated with a
dose of 4.0 kGy and in non-irradiated samples, stored
under refrigeration (+2�1 �C), after 2 days frozen,
stored refrigerated (+2�1 �C) after 90 days frozen and
stored frozen (�18�1 �C), were, respectively, 5.19�0.48
and 5.47�0.40, 5.13�0.86 and 5.54�0.51, 5.29�0.69
and 5.45�0.47.
According to the results, the values for K remained

constant for the three storage conditions evaluated in
this study, showing that alterations produced in the
constituents of the MDCM during refrigerated and fro-
zen storage, did not interfere with the recuperation of
the standard. Thus the values for K, determined at the
beginning of the storage period for the MDCM samples
irradiated with doses of 4.0 kGy and for the non-irra-
diated samples, can be used for the conversion of sam-
ple absorbance into the TBARS number throughout the
period of refrigerated or frozen storage under the con-
ditions of the present study.

4. Conclusions

A comparison of the results obtained for the MDCM
samples irradiated with doses of 4.0 and 5.0 kGy and
the non-irradiated samples, as evaluated by the TBA
distillation method, showed that the results for the per-
cent recuperation of TEP, K values and spectral curves,
as well as the standard absorption curve, were all simi-
lar, no particular interference being detected as a result

Fig. 2. K values for the MDCM samples (a) MDCM stored under

refrigeration (+2�1 �C) after 2 days frozen storage (b) MDCM

stored refrigerated (+2�1 �C) after 90 days frozen storage (c)

MDCM stored frozen (�18�1 �C). 0.0 kGy (*), 4.0 kGy (*). Ver-
tical lines indicate standard deviation.
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of the process of irradiation of the MDCM in the TBA
test. The values of K determined at the beginning of the
storage period in the non-irradiated MDCM samples
and in those irradiated with doses of 4.0 kGy, can be
used for the conversion of sample absorbance into the
TBARS number throughout the period of refrigerated
and frozen storage of this raw material.
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