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ABSTRACT The objective of this study was to inves-
tigate the oxidation activity and lipid oxidation changes
in breast (BM) and leg (LM) muscles from 17-wk-old
female White Ko»uda geese packaged in a vacuum, and
stored in freezing conditions at �20°C. The geese were
fed ad libitum during the experimental period (up to 17
wk) on the same complete feed. The samples of LM
(n = 18) and BM (n = 18) from the right carcass were
stored for 30, 90, 80, 270, and 365 d. Lipid oxidation was
described by determining changes in: TBARS value
expressing the amount of malondialdehyde (MDA),
total antioxidant capacity (TAC) measured by DPPH
and ABTS methods and total reduction potential
(TRP) measured by FRAP method. Moreover, total
heam pigments pigment (THP), relative concentration
of myoglobin (Mb), oxymyoglobin (MbO2), and met-
myoglobin (MMb) were determined in this study. Time
of storage affected the TAC, TRP, TBARS, and the
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color stability of BM and LM. The THP concentration
and Mb proportion decrease gradually during the 365 d of
frozen storage, while the relative concentration of MMb
increase in BM and LM. It was noted that the shares of
MMb in both analyzed types of muscles stored for 365 d
did not exceed 0.4. This value is considered to be the limit,
after which the meat takes on an intense gray-brown color
not accepted by the consumer. The oxidation processes
occurring during frozen storage caused an increase of
TBARS and a decrease of DPPH�, ABTS�+, FRAP val-
ues in both kinds of muscles. The amounts of TBARS dur-
ing frozen storage of muscles did not exceed 2.0 mg MDA/
kg of meat. A higher value of TBARS than 2.0 causes a
lack of acceptance by consumers of the flavor profile.
Based on the results concerning changes in the heam pig-
ments, as well as changes related to the oxidation of lipids,
we cannot unequivocally state in which types of muscles
the changes had a more intense course.
Key words: goose, frozen storage, heam pigments, TBARS, antioxidant potential

2022 Poultry Science 101:101517
https://doi.org/10.1016/j.psj.2021.101517
INTRODUCTION

After years of development, Poland’s goose industry
ranks high in terms of importance among the countries
of Central and Eastern Europe with regard to raising
geese and market output, and plays an indispensable
role in the domestic and European waterfowl industry.
According to statistics, the total goose production in
Poland was 1.026 thousand carcasses and it was about
20,000 tons of geese meat (GUS, 2020). For many years,
the main species used to produce goose meat in Poland
has been the White Ko»uda goose, which comprises up
to 95% of the total commercial production; the remain-
ing 5% of the domestic geese population are regional,
native varieties, which are valuable material, especially
for home farming (ºagowska and Bombik, 2016;
Haraf et al., 2018). About 95% of the goose meat pro-
duced in Poland is exported, mainly to European Union
countries, of which Germany is its largest recipient
(Adamski et al., 2016). In Poland and many other coun-
tries in Europe, geese have been slaughtered seasonally
from early spring to late autumn. In order to ensure the
supply of goose meat outside the goose slaughter season,
the meat is subjected to freezing and storage in freezing
conditions. The purpose of storing meat in freezing con-
ditions is primarily to inhibit catabolic processes that
negatively affect its quality characteristics. Lipids con-
tained in goose meat are one of the least stable ingre-
dients. During meat storage, including freezing, they are
exposed to a number of physicochemical and biochemi-
cal changes (Soyer et al., 2010; Arshad et al., 2013;
Muela et al., 2015). Changes occurring in meat during
freezing storage may also be caused by exogenous fac-
tors, among others: oxygen contained in atmospheric
air, temperature and storage time, as well as the
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presence of some heavy metals (Min et al., 2008;
Soyer et al., 2010; Utrera and Estevez, 2013). Lipids con-
tained in meat also undergo oxidative processes due to
the activity of endogenous factors, that is, tissue
enzymes and microbial origin. During frozen storage of
meat, hydrolysis of ester bonds between the glycerol
molecule and fatty acids occurs, as well as oxidation of
fatty acids. These processes take place through chemical
reactions or as a result of the action of endogenous
enzymes contained in muscle tissue (Leygonie et al.,
2012; Contini et al., 2014). Reactions that occur in lipids
without enzymes are referred to as oxidation. Oxidation
processes of meat lipids during freezing storage are diffi-
cult to inhibit because even a small amount of their
products easily reacts with other components, which
results in the formation of chemically unstable primary
products, that is, peroxides. In turn, as a result of sec-
ondary oxidative transformations, reactive hydroperox-
ides and other oxidation products, among others,
aldehydes (including malondialdehyde, 4-hydroxy-
trans-nonenal, hepta-2,4-dienal, hydroxyketanal) and
hydrocarbons − ethane and pentane as well as ketones
are formed (Nowak et al., 2015; Schaur et al., 2015).
These processes often limit or even prevent further stor-
age of raw meat, and consequently its technological and
culinary use. The secondary products of lipid oxidation
contribute to the occurrence of an unpleasant, rancid
taste and smell of meat, as well as the deterioration of its
color, including an increase in the proportion of metmyo-
globin (Faustman et al., 2010; Ayala et al., 2014;
Amaral et al., 2018).

The aim of the study was to define: the color changes
by determining the concentration of THP, and the share
of Mb, MbO2, MMb; indicators of oxidative changes
such as DPPH�, ABTS�+, FRAP, and 2-thiobarbituric
acid reactive substances (TBARS) in BM and LM of
Ko»uda white geese depending on the freezing storage
time (30, 90, 180, 270, and 365 d at �20°C).
MATERIALS AND METHODS

Meat Samples

The experimental material consisted of breast muscle
(BM) (n = 108) and leg (thigh) muscles (LM)
(n = 108) from 17-wk-old female White Ko»uda geese
(W 31), which are called “Polish oat geese”. The geese
were reared in the same industrial farm and fed on the
same complete concentrated diet (Wo»oszyn et al.,
2020). The birds were slaughtered in a poultry slaugh-
ter plant according to Polish poultry industry regula-
tions. The carcasses were bled, scalded (approximately
1 min, at approximately 63°C), plucked, and eviscer-
ated. The eviscerated carcasses were placed immedi-
ately inside a refrigerator at 4°C for 24 h. After that,
the breast and leg muscles were cut out from the right
side of the carcass, and then individually packed in a
head shrink bag Supravis SHRINK BAG P. The aver-
age weight for BM (with skin and subcutaneous fat)
was 495 g § 20 g, and for LM, it was (with skin and
subcutaneous fat) 425 g § 18 g. The packed muscles
were frozen in an air tunnel at �20°C, measured at
their geometric center. Then, the muscles were placed
in a freezer cabinet (HSA29530N, Beko, Warszawa,
Poland) and stored for 30, 90, 180, 270, and 365 d at a
temperature of �20°C (§1°C). Each time, 18 BM and
18 LM were investigated. Thirty-six (18 breasts + 18
legs) fresh muscles (24 h after slaughter at +4°C) were
used for the control (C) group, and the results obtained
for this group were taken as initial values.
Sample Preparation

In order to determine the concentration of THP, the
share of myo-, oxy-, and metmyoglobin from the frozen
breast and legs muscles on their cross-section, 5 g of the
sample were cut out in lobes 1-mm thick.
To analyze TBARS, DPPH�, ABTS�+ FRAP, the BM

and LM were thawed in a refrigerated cabinet for 24 h at
+4°C (LG,M600, Seoul, South Korea). Next, the skin and
subcutaneous fat from the muscles were separated. Each
breast and leg muscle (from the right side) was chopped
(mesh diameter of 2 mm) in an electric bowl chopper
(modelMM/1000/887, Zelmer, Rzesz�ow, Poland).
To determinate the DPPH�, ABTS�+ and FRAP

(QUENCHER method), the chopped muscles were
lyophilized in a laboratory lyophilizer (Alpha 1-2 LD
plus, Martin Christ GmbH, Osterode am Harz, Ger-
many). The freeze-drying process was conducted by
treating goose meat at �80°C for 24 h, followed by dry-
ing at a pressure of 0.02 mbar for 48 h.
Heam Pigment Analysis

The total heam pigments (THP) were determined
according to the method described by Warris in Pikul’s
modified (Pikul, 1993). The absorbance of the pigment
in phosphate buffer solution was measured at 572, 565,
545, and 525 nm in a spectrophotometer Specord 210
(Analytic Jena AG, Jena, Germany). The THP concen-
tration and relative concentration of: myoglobin (Mb),
oxymyoglobin (MbO2), and metmyoglobin (MMb),
were calculated according to the equations given by
(Krzywicki, 1982).
Total Antioxidant Capacity

The total antioxidant capacity (TAC) of geese mus-
cle was determined based on the QUENCHER method
(Serpen et al., 2012). The method consisted of measuring
the absorbance of the sample with the addition of
DPPH� free radical solutions (DPPH method) and with
ABTS�+ radical cation (ABTS method). It was weighed
into a centrifuge tube: 10 mg of meat powder (lyophili-
zate) diluted at a ratio of 1:5 (w/w) with cellulose. The
reaction was started after the addition of 10 mL of
ABTS�+ and DPPH� working solution. The tubes were
shaken vigorously for 1 min and placed on an orbital
shaker in the dark. The mixture was shaken at 400 rpm
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at room temperature on the orbital shaker model SW 22
(Julabo GmbH, Seelbach, Germany).

The DPPH� free radical solution was prepared accord-
ing to the procedure described by (Williams-Brand
et al., 1995). The stock solution of DPPH� was prepared
before work by dissolving 40 mg of DPPH� in 100 mL of
ethanol. The solution of DPPH� had an absorbance of
0.750 (§0.02) at 525 nm.

The ABTS�+ cation radical solution was prepared
based on the method described by (Re et al., 1999).
ABTS�+ was produced by reacting the ABTS stock solu-
tion with 2.45mmol potassium persulfate and kept in
the dark at room temperature (18 § 1°C) for 16 h
before use. Before analysis, the ABTS�+ solution was
diluted with redistilled water to an absorbance of 0.700
(§0.02) at 734 nm.

The results of TAC were expressed in mmol trolox
((§)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carbox-
ylic acid) equivalent (TE)/1 kg of dm (drymass) of meat.
Total Reduction Potential

The total reduction potential (TRP) of geese muscle
was determined by the QUENCHER method given by
Serpen et al. (2012). The FRAP stock solution was pre-
pared before work according to the procedure given by
(Benzie and Strain, 1996). The results of the TRP were
expressed in mmol trolox ((§)-6-hydroxy-2,5,7,8-tetra-
methylchromane-2-carboxylic acid) equivalent (TE)/
1 kg of dm of meat.
TBARS Assay

The TBARS include lipid hydroperoxides and alde-
hydes. The TBARS procedure was performed as
described by Salih et al. (1987) with Pikul’s modification
(Pikul, 1993). Ten grams of ground sample (breast and
leg muscles) were homogenized in 35 mL of perchloric
acid in a homogenizer (T 25, Ika Ultra-Turrax Corp.,
Staufen, Germany) at 4,000 rpm for 10 min. The reagent
BHT (2,6-bis (1,1-dimethylethyl)-4-methylphenol) was
added prior to homogenization. The BHT had been pre-
viously dissolved in ethanol. The homogenized sample
was filtered through Whatman number 1 filter paper
into a 50 mL volumetric flask. The filtrate (5 mL) was
Table 1. THP (mg/g of muscle tissue) content and share of Mb, MbO

Parameters Typeof muscle
30

Control group C

Total heam pigment
THP

BM x3.45a§ 0.25 x3.43a § 0.24
LM y2.93a § 0.21 y2.59b § 0.33

Myoglobin
Mb

BM 0.31 § 0.03 0.32 § 0.03
LM 0.34 § 0.03 0.34 § 0.03

Oxymyoglobin
MbO2

BM 0.38a § 0.03 0.37a § 0.03
LM 0.38a § 0.05 0.36ab § 0.03

Metmyoglobin
MMb

BM 0.27c § 0.02 0.26c § 0.03
LM 0.24d § 0.04 0.25cd § 0.03

a-eDifferent letters in row mean statistically significant differences between g
x-yDifferent letters in columns mean statistically significant differences betwe
mixed with 0.02 M 2-thiobarbituric acid (5 mL) in
capped test tubes. The tubes were incubated in boiling
water for 1 h and then chilled at room temperature. The
absorbance was measured at 532 nm with the use of a
spectrophotometer (Specord 210, Analytic Jena AG,
Jena, Germany) against a blank containing 5 mL of
perchloric acid and 5 mL of 0.02 M TBA solution. The
constant 6.2 was used to calculate the TBARS value as
recommended by Krzywicki (1982). The TBARS was
expressed as milligrams MDA/kg of meat.
Statistical Analysis

The data were analyzed as a completely randomized
design using a two-way ANOVA concerning the kind
of muscles (breast and leg) and time its frozen storage
(30, 90, 180, 270, and 360 d) as a factorial design
(2 £ 5), according to the following linear model:
Yij = m + Ai + Bj + (AB)ij + eij, where Yij = value of
trait (the dependent variable); m = overall mean;
Aj = effect of kind of muscle; Bj = effect of time frozen
storage of muscles; (AB) = interaction and
eij = random observation error, using Statistica 13.3
software (StatSoft Inc.). The statistical significance of
the differences between the averages of the groups was
calculated using Tukey’s test and was at a level of
P ≤ 0.05. The Tables present the average values and
their standard deviations.
RESULTS AND DISCUSSION

The freezing storage time affected the changes of
heam pigments in both types of muscles. It was shown
that the breast muscles stored for 180 d and the leg
muscles stored for 270 d were characterized by signifi-
cantly lower (P ≤ 0.05) THP (0.26 and 0.14 mg/g mus-
cle tissue respectively) compared to the 30th and 90th d
(for breast muscles) and to the 30th, 90th, 180th d (for
leg muscles) (Table 1). The decrease in the THP content
in meat with the extension of its freezing storage time
probably may be related to the progressive degradation
processes of myoglobin and its derivatives.
Renerre (1999), also suggested the reaction of their
breakdown products with secondary lipid oxidation
products, including MDA. Significant differences (P ≤
2, MMb in BM and LM of White Koluda� geese.

Time of freezing storage (d)

90 180 270 365
n = 18

x3.29ab § 0.16 x3.10b § 0.35 x3.06b § 0.19 x3.01b § 0.15
y2.33bc § 0.28 y2.31bc § 0.16 y2.27c § 0.26 y2.24c § 0.17

0.31 § 0.03 0.32 § 0.03 0.33 § 0.03 0.33 § 0.03
0.35 § 0.04 0.33 § 0.03 0.33 § 0.03 0.35 § 0.03
0.36a § 0.03 0.32b § 0.03 0.27c § 0.02 0.26c § 0.03
0.33bc § 0.03 0.31cd § 0.03 0.27de § 0.03 0.25e § 0.03
0.28c § 0.03 0.32b § 0.03 0.35a § 0.04 x0.38a § 0.03
0.28bc § 0.03 0.31b § 0.03 0.35a § 0.03 y0.35a § 0.03

roup average, including storage time (P ≤ 0.05).
en the group average, including type of muscle (P ≤ 0.05).
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0.05) in THP were also confirmed between the types of
muscles in each of the analyzed periods of their freeze
storage. It was shown that THP in BM was higher by
0.96 and 0.84 mg/g of muscle tissue on the 90th and
30th d, respectively, by 0.79 mg/g of muscle tissue on
the 180th and 270th d, and by 0.77 mg/g of muscle tissue
on the 365th d of their freeze storage than in LM (Table 1).
The differences in THP in the analyzed muscle types may
result from the different activity of the respiratory
enzymes contained in the muscles and from the different
ability of oxygen diffusion into the muscle tissue, which
has a direct impact on the rate and intensity of color
change during storage in freezing conditions
(Ramanathan and Mancini, 2018). Moreover, higher THP
in BM, compared to LM, may be associated with, among
others, the in vivo activity of these muscles and the share
of white and red muscle fibers (Purohit et al., 2015;
Listrat et al., 2016). Except for the THP content, the mus-
cle color of slaughter animals is also influenced by the
mutual participation of their components, that is, myoglo-
bin, oxymyoglobin and metmyoglobin (Wu et al., 2020).

The proportions of Mb, MbO2, and MMb in the THP
determined in the C group (BM and LM) were similar,
and the differences between the average groups were not
significant (Table 1). The Mb share in the control group
(0.31-BM; stated in our study) was similar to data pre-
sented previously by (Haraf et al., 2009) for duck breast
meat. In turn, the MbO2 proportions obtained by
(Haraf et al., 2009) in the examined raw material were
higher in breast and leg muscles, and MMb lower in breast
and leg muscles than their proportion in the analyzed
muscles (Table 1). It was shown that the Mb content in
the BM and LM was similar during their freezing storage,
and the differences between the average groups were not
confirmed statistically. It was also found that the MbO2
share in both analyzed types of muscles decreased, and
MMb increased, along with the extension of their storage
time in freezing conditions (Table 1). The significant (P ≤
0.05) decreases of MbO2 and increase of the MMb relative
concentration occurred on the 180th d (BM) and on the
90th d of freezing storage (LM). In subsequent analyzed
periods of storage of both types of muscles (i.e., the 270th
and 365th d), the changes in the shares of MbO2 and
MMb were much smaller, and the differences were not sig-
nificant (Table 1). It should be noted that the shares of
MMb in both analyzed types of muscles stored in freezing
conditions for 270 and 365 d did not exceed 0.4. This value
Table 2. DPPH� ABTS�+ and FRAP value (mmol TE/ kg dm) of BM

Parameters Type of muscle
30

Control group C

DPPH� BM 23.74a § 2.68 20.57b § 1.81
LM 24.54a § 2.33 21.86b § 1.38

ABTS�+ BM 40.12a § 0.53 37.98b § 1.87
LM 39.31a § 0.58 38.50a § 0.63

FRAP BM 23.68a § 1.26 x23.19ab § 2.12
LM 22.39a § 1.07 y20.36b § 1.36

a-eDifferent letters in row mean statistically significant differences between g
x-yDifferent letters in columns mean statistically significant differences betwe
is considered to be the limit, above which the meat takes
on an intense gray-brown color not accepted by the con-
sumer (Kim et al., 2011; Jeantet et al., 2016). An increase
of the MMb content in the muscles of slaughter animals
during their storage may be related to the progressive pro-
cesses of lipid oxidation, which may be directly linked to
the oxidation of heam pigments contained in them
(Fern�andez-L�opez et al., 2008; Wideman et al., 2016). It
should be noted that this causal relationship has not been
fully clarified. It is not known whether lipid oxidation
affects the oxidation of heam pigments or vice versa
because the meat has an endogenous enzymatic reduction
system that contributes to the reduction of MMb to MbO2
(Faustman et al., 2010a; Alonso et al., 2016;
Neethling et al., 2017). The changes of the Mb proportion
in both types of muscles determined in our own research
differ from the results published by other authors.
Alonso et al. (2016) found a significant increase in the
share of Mb in chicken breast muscles and in pig meat
stored for 8 wk and 24 mo at �18°C and �20°C. However,
Brewer and Wu (1993) indicated a significant decrease in
the Mb proportion in beef meat stored for 52 wk at�18°C.
Brewer and Wu (1993) and Alonso et al. (2016) stated a
decrease of MbO2 and an increase in the MMb share in
beef and pork stored for 52 and 104 wk under freezing con-
ditions. The relative changes in the share of MbO2 and
MMb in THP in goose muscles during their freezing stor-
age are consistent with the data presented by these
authors. The MMb proportion in BM and LM in the ana-
lyzed periods of freezing storage was similar and the differ-
ences were not statistically significant. In our work, there
was no effect of the muscle type on changes in Mb and
MbO2 share during storage in freezing conditions. How-
ever, a higher (P ≤ 0.05) proportion of MMb in BM was
noted on the 365th d of storage (0.38) compared to LM
(0.35) (Table 1).
The different mechanisms of activity of antioxidant

compounds contained in raw meat causes, that several
analytical methods are usually used to measure their
activity. These methods are based on a variety of chemi-
cal reactions and quantify the ability of different sub-
stances to neutralize free radicals and other compounds
involved in oxidative processes (Elias et al., 2008;
Serpen et al., 2012; Ortu~no et al., 2016).
It was found that the TAC and TRP determined in C

(BM and LM) were similar, and the differences between
their average values were not significant (Table 2). The
and leg LM of White Ko»uda� geese.

Time of storage (d)

90 180 270 365
n = 18

20.50b § 1.39 19.29b § 1.08 18.57bc § 1.11 y17.11c § 0.46
20.71bc § 0.85 19.55c § 0.32 19.05c § 1.22 x18.48c § 0.91

y37.53bc § 0.73 y36.64c § 0.51 y35.51d § 0.98 y34.19e § 0.20
x39.06a § 1.12 x38.40ab § 0.81 x37.53b § 1.02 x37.33b § 0.86
x21.97b § 0.78 19.50c § 1.16 13.28d § 0.83 11.78e § 0.54
y20.20b § 1.05 18.85c § 0.50 14.32d § 1.38 12.36e § 0.35

roup average, including storage time (P ≤ 0.05).
en the group average, including muscle type (P ≤ 0.05).
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TAC in both types of muscles was similar, and the TRP
was lower than the results obtained by
Serpen et al. (2012) for chicken, beef, and pork meat.
This study showed that the TAC and TRP in both types
of muscles decreased along with the extension of their
storage time in freezing conditions (Table 2). In the case
of BM, statistically significant (P ≤ 0.05) differences in
the DPPH values occurred only between the 180th and
365th d (1.46 mmol TE/kg dm), and in the case of the
LM, between the 30th and 180th d of freezing storage
(2.31 mmol TE/kg dm) (Table 2). The analysis of the
TAC of muscles performed using the ABTS method
showed that BM stored for 30 and 90 d and LM for 30,
90, and 180 d in freezing conditions were characterized
by a significantly greater ability to quench the ABTS+�

compared to other analyzed storage periods (Table 2).
It was also shown that the TAC determining the

degree of reduction of Fe3+ to Fe2+ (FRAP test) in both
types of muscles, as well as their antioxidant properties
determined using the DPPH and ABTS methods,
decreased with longer freezing storage time. This means
that, despite the use of freezing temperature, oxidation
processes occurring in the meat raw material were not
inhibited but only slowed down. The BM and LM stored
for 30 and 90 d were characterized by a significantly
higher ability to reduce Fe3+ to Fe2+, compared to other
studied storage periods (Table 2). The results obtained in
our own research, showing changes in the extinction of
DPPH� radicals by the autogenous muscle antioxidant
system during freezing storage, are consistent with the
results presented by (Fasseas et al., 2008; Min et al.,
2008; Jung et al., 2010; Singh et al., 2014). These authors
also found a significant decrease in the TAC (determined
using the DPPH method) of chicken meat as well as beef
and pork during their refrigerated and freezing storage.
Min et al. (2008) stated that it is closely related to the
progressive catabolic processes of antioxidant compounds
contained in meat, especially carnosine and anserine. The
results of the total antioxidant activity of BM and LM
investigated geese determined by the ABTS method are
similar to those obtained by Jung et al. (2010) for
chicken meat stored in freezer and by Jang et al. (2008),
and Singh et al. (2014) for chicken muscles, storage in a
refrigerator at 4°C. These authors stated a decrease in
the antioxidant potential of broiler chicken muscles along
with the extension of their time of storage. According to
Tabart et al. (2009), this may be the result of progressive
changes in the activity of chemical compounds contained
in raw meat material. Qwele et al. (2013),
Pradhan et al. (2000), Sreelatha and Padma (2009) sug-
gested that the key factors that influence meat antioxi-
dant potential during storage under refrigeration and
freezing conditions are: the degree of degradation of
organic compounds from the group of retinoids and toco-
pherols and tocotrienols, as well as enzymes, mainly
superoxide dismutase, glutathione peroxidase and cata-
lase and thioalcohols, forming the so-called endogenous
meat antioxidant system. In the case of TRP (FRAP
test), the obtained results are similar to those presented
by Min et al. (2008) for chicken meat, pork tenderloin
and beef stored in refrigerated conditions. The TAC anal-
ysis of muscles using the DPPH method showed that the
biologically active ingredients contained in the BM were
characterized by a lower ability to quench DPPH� radi-
cals compared to the LM throughout the entire freezing
storage period. However, a statistically significant differ-
ence was confirmed only on the 365th d of storage −
17.11 and 18.48 mmol TE/kg dm, respectively (Table 2).
It was established that the ability to quench the ABTS+�

cation-radical was dependent on the type of muscle, and
LM were significantly higher antioxidant potentials on
the 90th, 180th, 270th, and 365th day of storage in freez-
ing conditions, compared to for BM (1.53; 1.76; 2.02, and
3.14 mmol TE/kg dm, respectively). The analysis of
changes in the TAC values, determined using the FRAP
method, showed that the BM were characterized by a
higher reduction potential than the LM. The significant
(P ≤ 0.05) differences between the average values of
TAC were confirmed on the 30th and 90th d of freezing
storage (2.83 and 1.77 mmol TE/kg dm, respectively;
Table 2).
Oxidation processes occurring in raw meat during

refrigerated and frozen storage have an impact on its dete-
rioration and shorten the shelf life for culinary and techno-
logical use. The consequence of the oxidation of meat
ingredients is, among others, a change in its aroma and
taste, particularly due to the formation of malondialde-
hyde (Faustman et al., 2010; Fereidoon and Ying, 2010;
Soyer et al., 2010). The average contents of malondialde-
hyde determined in fresh (control C) BM and LM (24 h
stored at +4°C) were similar and amounted to 0.36 and
0.44 mg MDA/kg of meat, respectively (Figure 1). These
values were higher than the results obtained by
Ali et al. (2007), Min et al. (2008), Selani et al. (2011),
Freitas et al. (2015), �Smieci�nska et al. (2015),
Wei et al. (2017) in chicken and turkey meat. Whereas,
the TBARS calculated by Leygonie et al. (2012) and
Karwowska et al. (2017) for White Ko»uda goose muscles
and refrigerated ostrich meat was higher (by 0.71
−0.86 mg MDA/kg meat and 1.36 mg MDA/kg meat,
respectively) than the values obtained in our research.
The amounts of malondialdehyde determined in both
types of goose muscles increased with the extension of the
freezing storage time. The BM and LM stored for 270 and
365 d were characterized by higher TBARS than the ones
stored for 180, 90, and 30 d. It can be stated that in the
final storage period (i.e., on the 270th and 365th d) of both
types of muscles, the rate of formation of secondary lipid
oxidation products slowed down. It is worth emphasizing
that the amount of lipid oxidation products that reacted
with 2-thiobarbituric acid during frozen storage ofmuscles
did not exceed 2.0 mg MDA/kg meat (Figure 1). This
value is considered borderline, and its increase above 2.0
causes a lack of acceptance by consumers of the flavor pro-
file of stored raw meat (Campo et al., 2006; ºopacka and
Lipi�nska, 2015; Ska»ecki et al., 2015). As in our research,
Karwowska et al. (2017) found a significantly higher con-
tent of malondialdehyde in the breast and leg muscles of
theWhite Ko»uda goose (by 0.52 and 0.16 mgMDA/kg of
meat) on the 180th day of their freezing storage, compared



Figure 1. Mean values of malondialdehyde (mg MDA/kg of muscle) in BM and LM of White Ko»uda� geese. a-e − Different letters mean statis-
tically significant differences between group average, including storage time (P ≤ 0.05); x-y − Different letters mean statistically significant differen-
ces between the group average, including muscle type (P ≤ 0.05).
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to the control sample(muscles 3 d chilled storage - at 4°C).
Coetzee and Hoffman (2001), Tang et al. (2002),
Soyer et al. (2010), and Selani et al. (2011) showed that
the content of secondary lipid oxidation products,
expressed as TBARS, increased in broiler chicken meat
during frozen storage. Coetzee and Hoffman (2001) and
Karwowska et al. (2017) suggest that this relationship
could be caused by the different rates of formation of sec-
ondary lipid oxidation products in the rawmeat, resulting
from chemical reactions between MDA and its proteins.
The products of these reactions include protein-lipid com-
plexes that are involved in themechanisms of the degrada-
tion of exogenous amino acids, thus contributing to the
reduction of the nutritional value of meat.

The type of muscle had a significant effect on the value
of the TBARS, too (Figure 1). The LM, compared to
BM, were characterized by a higher (P ≤ 0.05) content of
malondialdehyde on the 90th and 180th d of storage (by:
0.17 and 0.38 mg MDA/kg of meat, respectively). During
the remaining periods, the differences in the TBARS
value in BM and LM were lower and not significant
(Figure 1). Likewise, Karwowska et al. (2017) stated the
effect of the types of muscles of White Ko»uda geese on
changes in the TBARS value during freezing storage. In
contrast to our study, these authors showed that breast
muscles were characterized by a higher content of MDA
(by 0.43 mg/kg of meat) than the leg muscles on the
180th d of freezing storage time. According to them, this
may be explained, among others, by a higher fat content
and endogenous prooxidants as well as heam iron content
in breast muscles.
CONCLUSIONS

The THP content and the MbO2 share decreased
whereas MMb increased in both types of muscles during
frozen storage time. The obtained data indicate the pro-
gressing oxidation processes of MbO2, which leads to an
increase in the relative content of MMb. The proportion
of MMb was below 0.4 in both types of muscles during
all storage time, which means that the color of the tested
material can be accepted by the consumer. Storage of
meat in freezing conditions decreased the TAC and
TRP and increased the TBARS of both types of muscles.
The antioxidant stability measured using the DPPH
method decreased on the 180th (LM) and on the 365th
day of storage (BM), too. However, antioxidant stability
measured using the ABTS method decreased in the case
of BM from the 180th, and in the case of LM from the
270th d of storage.
The highest increase in the content of MDA in BM

occurred between 180 and 270 d of freezer storage (by
163.9%), while the content of MDA in LM increased (by
53.8% on average) in subsequent storage periods, that
is, from the 30th to the 270th d. The formation of sec-
ondary oxidation products of lipids reactive with 2-thio-
barbituric acid in goose meat varied depending on the
kinds of muscle and time of freezing storage.
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w czasie przechowywania mięsa wo»owego w modyfikowanej
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