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Abstract: Thawed meat is usually of lower quality and less expensive than chilled meat, which some dishonest people
may exploit by fraudulently marketing it as chilled. This study focused on methods for detecting and distinguishing
frozen meat from chilled meat. The activity of the enzyme aconitase in the eluate was determined, and the mineral
cations (Na*, K*, Mg?*) as well as the concentrations of organic acids (acetic, citric, and lactic) were analysed in chilled
and thawed meat stored for 7, 14, and 150 days at —18 °C. After 150 days of storage, aconitase activity increased
from 47.2 + 7.2 U-L™ to 395.3 + 59.2 U-L™! in pork, from 45.8 + 11.5 U-L™! to 133.3 + 31.8 U-L™! in beef, and from
17.2 + 8.6 UL to 143.6 + 41.5 U-L™! in chicken. The mineral content decreased during storage in meat samples, es-
pecially Na* and K* cations (P < 0.05). The results for organic acids were less conclusive. Principal component analysis
(PCA) of the data confirmed a clear separation between chilled and thawed meat for all species, with a high variability

of nearly 72%.
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Although freezing is one of the most effective meth-
ods of preservation, the processes of freezing and
thawing cause damage to the microstructure and de-
terioration of the organoleptic properties of meat.
Differences between fresh and frozen meat are also
evident in the physical and chemical stability of mus-
cle tissue (Rahman et al. 2014), with freezing altering
the total water content. Fresh meat binds water more
effectively and retains juiciness thanks to intact cell
membranes. In contrast, freezing leads to fluid loss and
ultrastructural damage, including disruption of the
sarcolemma, fragmentation of sarcomeres, and release
of myofibrils (Stafford et al. 2024). After thawing, the
loss of juice is greater than in unfrozen meat, resulting
in a drier texture after cooking, reduced palatability,

and the loss of nutritionally valuable compounds with
the eluate (Leygonie et al. 2012). Although frozen meat
generally has a longer shelf life, thawed meat is more
susceptible to spoilage. Freezing does not directly elim-
inate microorganisms but only prevents their growth
(Dang et al. 2021). Defrosting causes the disruption
of muscle structures, releasing water and nutrients
to the surface, which can contribute to faster spoilage
(Miller et al. 2012; Singha and Muthukumarappan
2015). In addition to reduced meat quality, there is also
clear consumer deception. At the turn of the 21% cen-
tury, studies in European countries found that 8—-15%
of meat samples were incorrectly labelled as chilled
(Ballin and Lametsch 2008). According to Regula-
tion (EC) No. 853/2004, fresh meat is defined as meat
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preserved solely by chilling or freezing, meaning that
frozen meat is also classified as fresh. However, Regu-
lation (EC) No. 1169/2011 requires that food which has
been frozen prior to sale and is marketed in a thawed
state be labelled as 'defrosted, particularly where thaw-
ing may affect its quality or safety.

Enzymatic methods for detecting frozen meat mon-
itor the activity of intracellular enzymes such as ac-
onitase released from cells damaged by ice crystals
(Skorpilova et al. 2019). Aconitase is an iron-sulphur
enzyme of the Krebs cycle with a [4Fe—4S] cluster
that catalyses the conversion of citrate to isocitrate
via cis-aconitate. In chilled meat, the activity is low
because, unlike thawed meat, there has been no dis-
ruption of cell structures and no release of the en-
zyme into the eluate (the naturally released fluid
from the meat) (Pipek et al. 2014; Ranjan and Dubey
2023). This was confirmed, for example, in a study
by Skorpilové et al. (2014), where aconitase activity
gradually increased in thawed chicken meat stored
at —22 °C for 45 days.

Tissue destruction and the release of eluates during
freezing may lead to changes in their mineral con-
tent, with the extent of these changes increasing over
prolonged freezer storage. As ice crystal formation
progresses, individual meat components, including min-
erals, become more concentrated (Leygonie et al. 2012).
Although freezing can alter the mineral composition,
short-term storage at temperatures just above the freez-
ing point generally results in negligible losses (Fennema
2019). During long-term or frozen storage, the con-
tent of certain organic acids also changes. For example,
Seckin et al. (2011) found that the acetic acid content
increased in goat cheese during frozen storage. In con-
trast, the study by Shu et al. (2024) mentions a decrease
in citric acid content during long-term (250 days) stor-
age of apples. Similarly, Mezey and Mezeyova (2018)
confirmed a decrease in citrate in apples stored at 1-2 °C
for 140 days, but no significant decrease. It is neces-
sary to note that these are different matrices compared
to meat tissue. There is a lack of scientific publications
addressing the content of organic acids and their chang-
es during frozen storage.

This study focused on verifying and comparing
three different methods for detecting frozen and
subsequently thawed meat (beef, pork, and chicken).
The first method involved determining aconitase en-
zyme activity, the second was the analysis of selected
mineral cations (Na*, K*, Mg*), and the third pa-
rameter examined was the content of organic acids
(citric, lactic, and acetic), whose concentrations may
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be influenced by cellular changes, microbial activi-
ty, or degradation processes. For the purpose of de-
tecting/distinguishing thawed meat, a PCA analysis
incorporating all obtained qualitative variables was
ultimately employed.

MATERIAL AND METHODS

Meat samples and storage conditions. For the
purposes of this experiment, three types of meat were
purchased: beef musculus biceps femoris (3 days post
mortem) (Maso Uzeniny Policka, Plc., Czech Repub-
lic), pork caro humeri (3 days post mortem) (Masné
Kramy Ltd., Czech Republic) and chicken musculus
pectoralis major (2 days post mortem) (Vodnanskd
drtibez, Plc, Czech Republic). Before freezing, piec-
es of meat weighing approximately 150-200 g were
prepared, packaged, and vacuum-sealed (95%) (S-
100 BET; Technovac Ltd., Italy) in a polyamide bag.
The meat was stored in a DK-9500 freezer (ELCOLD,
Denmark) at a temperature of -18 + 1°C. This
temperature was selected in accordance with several
previous studies that applied comparable freezing
conditions, including —20 °C (Cheng et al. 2015; Park
etal. 2023), -18 °C (Ouyang et al. 2022; Yu et al. 2024),
and -22°C (Skorpilovd et al. 2014). Although not
all of these studies focused specifically on aconitase
activity or mineral cations and organic acids con-
tent, freezing at approximately -18 °C represents
a common experimental and practical approach.
It is acknowledged that lower temperatures (below
-40°C) are considered optimal for minimising ice
crystal formation, as only a very small fraction of wa-
ter remains unfrozen at this point (Estévez 2011). Be-
fore determining the selected parameters, the meat
was removed from the freezer 24 h in advance and
left in a thermostat ST2B40 basic (POL-LAB, Poland)
at a temperature of 4.0 + 0.5 °C to be thawed. Mea-
surements were performed on fresh (= chilled) sam-
ples at day 0 and on thawed samples after 7, 14, and
150 days of frozen storage.

Aconitase activity assay. For the aconitase enzyme
activity, the Aconitase Activity Assay Kit (Merck Ltd.,
Czech Republic) was used in accordance with the
manufacturer's technical bulletin, with minor modifi-
cations. The aconitase test kit measures the resulting
isocitrate, which reacts with nicotinamide adenine di-
nucleotide phosphate (NADP) and 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT).
Isocitrate is oxidised to a product, producing NADPH.
NADPHreducesMTT topurpleformazan. A calibration
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curve was generated using isocitrate standards at con-
centrations of 0, 1 500, 3 000, and 5 000 uM. The reaction
mixture consisted of the following components (volumes
per single assay): 8 uL NADP/MTT, 1 uL enzyme A,
1 pL enzyme B, 5 pL substrate, and 70 pL assay buffer.

All exudates were collected and filtered through
a 0.45 pum nylon filter. The reaction was conducted
in narrow-path microcuvette at laboratory tempera-
ture. A volume of 20 pL of either standard or diluted
sample was pipetted into the cuvette, followed by 80 pL
of the reaction mixture. The cuvette contents were
gently agitated to ensure proper mixing. Absorbance
was measured spectrophotometrically using GENESYS
150 (Thermo Scientific, USA) at 565 nm after 10 min
and again after 30 min of reaction. Standard curve val-
ues were expressed as the difference in absorbance be-
tween 30 min and 10 min, plotted against the isocitrate
concentration. The slope of the resulting regression
line was determined. Aconitase activity (U-L™1) was
calculated using Equation 1:

(A565 )30 - (A565 )10 (1)
T x slope

Aconitase acitivity =

where: (A4);, — the absorbance of the sample after
30 min; (Ag4;);, — the absorbance of the sample after
10 min; T — the reaction time (20 min); slope — the value
obtained from the calibration curve (uM™).

Unit definition. 1 unit (IU) of aconitase catalyses
the conversion of 1 umole of citrate to isocitrate per
min at pH 7.4.

Mineral content. The contents of sodium, potas-
sium, and magnesium cations were determined us-
ing an AAS Agilent 200 AA (Agilent Technologies,
USA). Sodium determination was performed ac-
cording to Bartdkova et al. (2024) with slight mod-
ifications, while potassium and magnesium were
analysed using the same analytical principle. Ap-
proximately 1 g of sample was transferred directly
to a ceramic dish and then subjected to dry decom-
position. The combustion process took place in four
stages (Labotherm, Naberthem GmbH, Germany):
(/) heating to 200 °C and holding for 8 h, (ii) heating
to 300 °C and holding for 6 h, (iii) heating to 400 °C
and holding for 6 h, and (iv) heating to 500 °C and
holding for 28 h. After combustion, the sample con-
tainer was left to cool to laboratory temperature.
3mL of 1 M hydrochloric acid (Penta Ltd., Czech
Republic) were pipetted into the obtained ash, and
the solution was mixed and transferred to a 100 mL
volumetric flask and filled with distilled water to the
mark. To analyse the concentrations of Na* and K*
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cations, the appropriate volumes of solutions were
taken and transferred to a 10 mL volumetric flask.
Subsequently, 2 mL of caesium chloride (CsCl) (Pen-
ta Ltd., Czech Republic) solution was added, and the
volume was filled to the mark with distilled water.
Absorbance was recorded at a wavelength of 589 nm
for Na* and 766.5 nm for K* cations. The Mg?* cation
content was determined in a similar way to Na and
K, with the difference that instead of 2 mL of CsCl,
a mixture of 1 mL of CsCl + 1 mL of LaCl; was
used, and the absorbance was measured at a wave-
length of 285.2 nm. Concentrations of Na*/K*/Mg>*
(mgkg™') cations were calculated using Equation 2:

W=Vxf,xplm (2)

where: W — the content (mg-kg™!) of mineral; V — the
extract volume (L); f, — the dilution factor; p — the con-
centration of Na*/K*/Mg?* cations (mg-kg™'); m — the
weight of the sample (g).

Organic acid content. The content of citric, lactic,
and acetic acids was determined in the meat as an in-
dicator of its quality (Kvasni¢ka 2006). The deter-
mination was performed using an isotachophoresis
(ITP) analyser EA 101 (Villa Labeco, Slovakia). Meat
samples were cut into small pieces, and then 25 g was
weighed into an A1l basic IKA (IKA-Werke GmbH
& Co. KG, Germany). Approximately 100 mL of dis-
tilled water was added, and the mixture was blended
for 30 s. The contents of the blender were then quan-
titatively transferred to a 250 mL measuring flask,
which was filled with distilled water to the mark. A di-
luted filtrate was used for analysis. Standard solutions
(20 mg-L™!) of sodium citrate (Penta Ltd., Czech Re-
public), lithium lactate (Merck Ltd., Czech Republic),
and sodium acetate were used (Penta Ltd., Czech Re-
public) to determine the content of acids based on the
length (time) of the individual ion zones and using the
molar concentrations and molar masses of the given
substances. The limits of detection were as follows:
citric acid, 20 mg-L™!; lactic acid, 15 mgL™}; acetic
acid, 12 mg-L™%.

Statistical analysis. Before statistical process-
ing, the obtained data were subjected to the Dean—
Dixon test to exclude outliers. This was followed
by statistical processing in Statistica 14.0 software
(StatSoft Inc., USA) to compare individual qualita-
tive parameters (aconitase activity, mineral content,
and organic acid content). First, the data were sub-
jected to one-way ANOVA nonparametric analysis
followed by a post hoc HSD Tukey test (P = 0.05).
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For principal component analysis (PCA), all individ-
ual measurements (n = 3 per sample) were included
in the dataset, rather than group means, to preserve
within-group variability. Prior to analysis, the vari-
ables were auto scaled (z-score standardisation)
to eliminate the influence of different measurement
units. PCA was performed on the correlation ma-
trix, and the first two principal components were
retained according to eigenvalues > 1 and the pro-
portion of explained variance. The resulting score
and loading plots were used to visualise the distri-
bution of samples and the contribution of individual
variables to their discrimination.

RESULTS AND DISCUSSION

Aconitase activity. Slow freezing produces larger
crystals, which more severely disrupt sarcolemma
and mitochondrial membranes, releasing enzymes
such as aconitase into the eluate. Studies confirm that
freezing induces structural damage to muscle cells and
organelles, leading to mitochondrial enzyme leakage
and elevated concentrations in the eluate of thawed
meat (Tippala et al. 2021; Biswas et al. 2023). The re-
sults of aconitase activity measurements in this study
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are presented in Figure 1. It is evident that the low-
est activities were recorded for all types of meat
in the chilled condition, and the activity increased
with prolonged frozen storage at —18 °C. The highest
aconitase activity was observed in the eluate of pork
meat after 150 days of frozen storage, showing an al-
most eightfold increase (P < 0.05) compared to chilled
meat. In beef and chicken, such a pronounced in-
crease was not detected. However, the activity was
still significantly higher, with chicken meat showing
a detectable increase as early as 14 days of frozen
storage (P < 0.05). These results are consistent with
Skorpilové et al. (2014) in monitoring the increas-
ing activity of aconitase in chicken meat after frozen
storage for 2 to 45 days. The authors explain this fact
by saying that frozen meat can undergo the formation
of new ice crystals, which damage cells and intracellu-
lar membranes and release enzymes into the exudate.
A significantly higher increase in pork, similar to this
study, was also confirmed by Biswas et al. (2023),
where after thawing after 45 days at -10°C, the
value almost doubled. The study also tested the effect
of storage temperature (—10, —20, and -40 °C), but
these results do not clearly indicate that lower storage
temperatures caused higher enzyme activity.

b
b
b
a
a
a
Pork Chicken

14 days 150 days

Figure 1. Aconitase activity in fresh and thawed meat samples after storage at =18 °C

a-bdifferent letters indicate significant difference (P < 0.05) within a single meat species
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Figure 2. Sodium, potassium, and magnesium content in fresh and thawed meat stored at =18 °C

a~“different letters indicate significant difference (P < 0.05) within a single meat species

It is also necessary to take into account the type
of animal and the anatomical part in question,
as the structure of the meat itself is directly affected
by freezing (Simoniova et al. 2013). In summary, the
results of this study and previous studies suggest that
determining the activity of aconitase in meat eluate
is a suitable method for detecting frozen and subse-
quently thawed meat.

Minerals. The concentrations of mineral cations
in thawed meat undergo significant changes during
storage (Figure 2). Prolonged frozen storage sig-
nificantly affects the cationic composition of meat.
While Na cation concentration remained relatively
stable during the first week, they declined after 14
and 150 days (P < 0.05), likely due to cation and wa-
ter loss via drip during thawing. K* cations exhibit
the most pronounced decrease, particularly in pork,
where levels drop sharply after extended storage
(approximately 85% loss). Mg concentrations also
decrease progressively across all meat types, pos-
sibly due to protein breakdown and cellular dis-
ruption. These findings are confirmed by Leygonie
et al. (2012), who reported that meat eluate is rich
in nutrients such as minerals, proteins, and vitamins.
In addition, long-term frozen storage promotes ice
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crystal formation, leading to increased water exuda-
tion and subsequent significant nutrient loss (Wang
et al. 2020). Overall, these results suggest that the de-
termination of mineral cations may serve as a useful
tool for the identification of thawed meat. However,
it should be considered that cation concentrations
may also vary depending on the anatomical part,
and there are a number of other factors, such as the
method of freezing (especially the speed) and thaw-
ing, or the initial mineral content, which may already
be affected during the growth of the animal.

Future studies could also consider the simultaneous
determination of meat sample dry matter and select-
ed mineral cations in the eluate, which may further
improve the interpretation of mineral losses associat-
ed with thawing.

Organic acids. Figure 3 illustrates the impact
of freezing-thawing on the concentrations of citric,
lactic, and acetic acids in beef, pork, and chicken.
Citric acid shows the highest initial concentration
in fresh beef (about 3 000 mgkg™), but declines sig-
nificantly with longer freezing durations, especially
after 150 days (P < 0.05). Pork follows a similar trend,
while chicken maintains relatively stable citric acid lev-
els. Lactic acid is most abundant in fresh beef (almost
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Figure 3. Organic acids content in fresh and thawed meat samples stored at —18 °C

a-bdifferent letters indicate significant difference (P < 0.05) within a single meat species

8 000 mg-kg™'), decreasing slightly over time. Pork mir-
rors this pattern at lower levels, whereas chicken starts
with the lowest lactic acid content and slightly increas-
es after extended freezing. Acetic acid is initially high-
est in chicken and decreases across all meat samples
with time (P < 0.05). Park et al. (2004) tested the organ-
ic acid content in plain soft goat milk cheese and found
that there was a decrease in acetic acid content at low
temperatures (4 °C for 28 days). However, this could
have been due to the natural microflora in the cheese.
Similarly, Gonzalez-Castro et al. (1997) confirmed, for
example, a significant reduction in citric acid in green
beans and peppers during storage for 30 days at —22 °C.
It can be hypothesised that acids are eliminated from
the matrix together with the substrate eluate.
Principal component analyses. The PCA score
plot (Figure 4) shows a clear separation of fresh and
thawed meat samples depending on storage dura-
tion. Fresh samples (®) are grouped on the negative
side of Factor 1, whereas thawed samples are pro-
gressively shifted towards the positive axis accord-
ing to the length of storage (m — 1 week, ¢ — 2 weeks,
A — 150 days). This distribution indicates that the
measured variables were able to discriminate between
fresh and frozen-thawed meat. The most pronounced
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differentiation was observed for samples thawed after
long-term storage (150 days), which formed a distinct
cluster separated from both fresh and shortly frozen
samples. The loading plot (Figure 5) provides insights
into the variables contributing to this discrimination.
Among the measured parameters, aconitase activity
showed the strongest positive correlation with Factor 1,
suggesting that this enzyme is a key indicator of meat
subjected to freezing and thawing. In contrast, citric
acid and acetic acid contributed negatively to Factor 1,
reflecting their association with fresh meat. Lactic acid
and the mineral cations (Na*, K*, Mg**) clustered close-
ly near the origin, indicating only minor contributions
to the discrimination along the first two factors. Over-
all, the PCA demonstrates that the combination of ac-
onitase activity, organic acid profile, and mineral cation
concentration can be effectively applied to differentiate
fresh from thawed meat. The strong loading of aco-
nitase suggests that enzymatic activity is particularly
sensitive to freeze-thaw processes, whereas changes
in citric and acetic acid contents also contribute to the
separation. These findings highlight the potential
of multivariate statistical approaches to authenticate
meat freshness and to detect fraudulent substitution
of thawed meat for fresh products.
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Figure 4. PCA
of meat samples

® — fresh;

m - thawed after
1 week;

4 — thawed after
2 weeks;

A —thawed after
150 days

Figure 5. PCA of variables deter-
mined in fresh and thawed samples

AA — acetic acid; LA - lactic acid;
CA — citric acid

Aconitase

1.0
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CONCLUSION Kvasnicka F. (2006): (Stanoveni vybranych kyselin v mase).

The results demonstrated that freezing and thawing
significantly affect the biochemical and mineral param-
eters of meat, with the most reliable indicators being
increased aconitase activity and changes in sodium and
potassium concentrations. These parameters enabled
clear differentiation between fresh and thawed meat
across species, although the extent of changes was spe-
cies-specific. Their potential can be applied in develop-
ing rapid and reliable methods for detecting meat fraud
in practice. Future research should focus on validating
these indicators under industrial conditions and ex-
ploring their combination with advanced chemometric
approaches for improved detection accuracy.

REFERENCES

Ballin N.Z., Lametsch R. (2008): Analytical methods for
authentication of fresh vs. thawed meat — A review. Meat
Science, 80: 151-158.

Bartdkova K., Machardckova B., Krédlova M., Kamenik J., Ha-
rustiakova D. (2024): Actual salt content in salted minced
pork and beef as determined by AAS and NIR methods.
Acta Veterinaria Brno, 93: 461-466.

Biswas A K., Arsalan A., Valecha S., Jangir A., Swami S., Rah-
man F, Talukder S., Agrawal R.K., Chand S., Mendiratta
S.K. (2023): Development of a simple method of unravelling
catalytic activity of some mitochondrial and cytosolic en-
zymes in meat express juice and it's application in differen-
tiation of fresh and frozen-thawed meat for authentication.
Food Control, 150: 109784.

Cheng J-H., Sun D-W., Pu H-B., Chen X,, Liu Y., Zhang H.,
Li J-L. (2015): Integration of classifiers analysis and hy-
perspectral imaging for rapid discrimination of fresh from
cold-stored and frozen-thawed fish fillets. Journal of Food
Engineering, 161: 33-39.

Dang D.S., Bastarrachea L.J.,, Martini S., Matarneh S.K.
(2021): Crystalizallization behaviour and quality of frozen
meat. Foods, 10: 2707.

Estévez M. (2011): Protein carbonyls in meat systems: A re-
view. Meat Science, 89: 259-279.

Fennema O. (2019): Effect of processing on nutritive value
of food: Freezing. In: Rechcigl M. (ed.): Handbook of Nu-
tritive Value of Processed Food. Volume 1: Food for Human
Use. Boca Raton, CRC Press: 31-43.

Gonzélez-Castro M.]., Oruna-Concha M.]., Lépez-Hernan-
dez J., Simal-Lozano J. (1997): Effects of freezing on the
organic acid content of frozen green beans and Padrén
peppers. European Food Research and Technology,
204: 365-368.

148

Aplika¢ni list ¢. 46. (in Czech)

Leygonie C., Britz T.J., Hoffman L.C. (2012): Impact of freez-
ing and thawing on the quality of meat: Review. Meat
Science, 91: 93-98.

Mezey J., Mezeyova I. (2018): Changes in the levels of selected
organic acids and sugars in apple juice after cold storage.
Czech Journal of Food Sciences, 36: 175-180.

Miiller K., Aabo S., Birk T., Mordhorst H., Bjarnadéttir B.,
Agersg Y. (2012): Survival and growth of epidemically
successful and nonsuccessful Salmonella enterica clones
after freezing and dehydration. Journal of Food Protection,
75: 456—464.

Ouyang Q., Liu L., Zareef M., Wang L., Chen Q. (2022): Ap-
plication of portable visible and near-infrared spectroscopy
for rapid detection of cooking loss rate in pork: Comparing
spectra from frozen and thawed pork. LWT — Food Science
and Technology, 160: 113304.

Pipek P, Simoniova A., Skorpilové T. (2014): Detection
of meat freezing using mitochondrial enzymes and changes
during storage. In: 60" International Congress of Meat Sci-
ence and Technology. Punta del Este, Uruguay, Aug 17-22,
2014 494-497.

Park Y.W., Lee J.H., Arora K.L. (2004): Effect of six months
prolonged frozen-storage on changes in organic acid
composition of plain soft goat milk cheese. South African
Journal of Animal Science, 34: 181-183.

Park S., Hong S-J., Kim S., Ryu J., Roh S., Kim G. (2023):
Classification of fresh and frozen-thawed beef using
a hyperspectral imaging sensor and machine learning.
Agriculture, 13: 918.

Rahman M.H., Hossain M.M., Rahman S.M.E., Hashem M. A,
Oh D.-H. (2014): Effect of repeated freeze-thaw cycles
on beef quality and safety. Korean Journal for Food Science
of Animal Resources, 34: 482—495.

Ranjan P, Dubey V.K. (2023): Krebs cycle enzymes for target-
ed therapeutics and immunotherapy for anti-leishmanial
drug development using: Pathways, potential targets, and
future perspectives. Life Science, 322: 121314.

Seckin A K., Esmer O.K., Balkir P., Erg6niil P.G. (2011): Effect
of curd freezing and packaging methods on the organic
acid contents of goat cheeses during storage. Mljekarstvo,
61: 234-243.

Shu C., Liu B., Zhao H., Cui K., Jiang W. (2024): Effect
of near-freezing temperature storage on the quality and or-
ganic acid metabolism of apple fruit. Agriculture, 14: 1057.

Singha P., Muthukumarappan K. (2015): Quality changes
and freezing time prediction during freezing and thawing
of ginger. Food Science & Nutrition, 4: 521-533.

Stafford C.D., Taylor M.J., Spurling R.A., Crump Z.C., Alber-
to A.F, Alruzzi M.A., Ali L.A., Okamoto L.L., Bird T.R,,


https://cjfs.agriculturejournals.cz/

Original Paper

Czech Journal of Food Sciences, 44, 2026 (2): 141-149

Page C.M., Thornton K.J., Dai X., Matarneh S.K. (2024):
The influence of different freezing and thawing conditions
on the quality of beef rib primals. LW T — Food Science and
Technology, 209: 116771.

Simoniov4 A., Rohlik B-A., Skorpilova T. Petrova M., Pipek P.
(2013): differentiation between fresh and thawed chicken
meats. Czech Journal of Food Science, 31: 108—115.

Skorpilova T., Simoniova A., Rohlik B-A., Pipek P. (2014):
Differentiation between fresh and thawed chicken meat
by the measurement of aconitase activity. Czech Journal
of Food Sciences, 32: 509-513.

Skorpilova T., Sistkova L., Adamcova M., Pohtinek V., Kruzik V.,
Sevéik R. (2019): Measuring citrate synthase activity
as an enzymatic approach to the differentiation of chilled
and frozen/thawed meat. Meat Science, 158: 107856.

149

https://doi.org/10.17221/139/2025-CJES

Tippala T., Koomkrong N., Kayan A. (2021): Influence
of freeze-thawed cycles on pork quality. Animal Bioscience,
34: 1375-1381.

Wang Y., Liang H., Yu R., Lu B., Song X., Liu B. (2020): Ef-
fects of temperature fluctuations on the meat quality and
muscle microstructure of frozen beef. International Journal
of Refrigeration. 116: 1-8.

YuY., Chen W., Zhang H., Liu R., Li C. (2024): Discrimination
among fresh, frozen—stored and frozen—thawed beef cuts
by hyperspectral imaging. Foods, 13: 973.

Received: August 25, 2025
Accepted: February 9, 2026
Published online: March 23, 2026


https://cjfs.agriculturejournals.cz/

	_Hlk218353108

