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Abstract

Theoretical background: The present research is founded on three motives: (1) an analysis of the Polish
meat industry from 2014 to 2022 considering development barriers in that period; (2) an analysis and as-
sessment of the financial standing of selected enterprises in the meat industry from the WIG Food index;
(3) verification of the effectiveness of the employed discriminant analysis models to predict bankruptcy

of the companies of interest.

Purpose of the article: The research objective was to assess the financial standing and the risk of bankruptcy

of selected meat enterprises from the WIG Food index from 2014 to 2022.
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Research methods: Four multiple discriminant analysis models were employed to assess the potential
risk of bankruptcy of the companies and verify their financial standing: Hadasik’s model, Model Z6 by the
Institute of Economics of the Polish Academy of Sciences (INE PAN), Model Z7 by the INE PAN, and
the so-called Poznan model. In an attempt to expand the analysis, we calculated the current ratio, which
reflects the company’s ability to make payments with its current assets. The sample consists of Polish meat
companies listed in the WIG Food index in all quarters of 2014-2022. Data for the analyses come from
the annual accounts of the investigated organisations. The methods were supplemented with a literature
search on multiple discriminant analysis.

Main findings: The results demonstrate that the number of variables included in a discriminant analysis
model does not determine its performance. The models can warn of potential financial problems in the
companies somewhat in advance. However, none of the models exhibited any substantial sensitivity to the
risk of bankruptcy for the analysed organisations. Two of the models (Z6 by the INE PAN and Z7 by the
INE PAN) give very similar results because of significant design similarities. The research advances the
state of the art regarding the application of multiple discriminant analysis to assess the risk of bankruptcy
and financial standing of meat enterprises in Poland.

Introduction

The meat industry is the main component of the food economy in Poland. More
than one-third of the agricultural market output in Poland is the production of an-
imals for slaughter. The meat industry is, in turn, the largest part of the food pro-
cessing industry. One of the socioeconomic impacts of COVID-19 restrictions was
short-lasting, large-scale purchasing of food with longer use-by dates. Beef exports
declined by 3-5% in the first half of 2020. Similarly, exports of pork dropped by
28% compared to the first half of 2019 (Mroczek, 2020).

The Polish meat industry is very fragmented. It can be to both advantage and
disadvantage. A bankruptcy, failure, or a shutdown in one facility should not throw
the entire market off balance even on a local scale. On the other hand, small and
medium enterprises are less economically resilient and may be the first to face prob-
lems with liquidity and maintaining their market position in times of crisis such as
the COVID-19 pandemic (Szczepaniak et al., 2020).

When Poland joined the European Union (EU) in 2004, its meat industry was the
national food economy growth leader (Wysocki & Kozera, 2012). Both consumption
of meat and domestic demand grew at the time. Meat and meat product exports grew,
which forced Polish meat enterprises to adapt their production to EU requirements so
they could sell to other member states. This entailed substantial investments, leading
to the modernisation of production and an increase in volumes, but also greater debt
levels in many Polish companies (Szymanska & Lukoszova, 2021). Meat producers in
Poland have to tackle both economic and climate factors. The latter substantially affect
the volume and quality of crops. Harvest output depends on the effectiveness of animal
production, the quantity and prices of animal raw materials (Wysocki & Kozera, 2012).

An industry is an economic system of organisations with actual and regulatory
relationships. Features of companies in a specific industry include earning capacity,
liquidity, performance, and structure (Jankowska, 2002). Polish food and agricultural
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producers fared very well even in times of COVID-19 restrictions and lockdowns. This
is evident from the increase in export income in 2022. The export of agrifood products
to the EU and third countries is a way of allocating excess food production in Poland. It
is a vital source of income for the Polish agrifood industry, especially enterprises from
this branch of the economy (Gov.pl, 2023). The year 2022 set new records for agrifood
products exports with EUR 47.6 billion (PLN 223 billion), 26.7% more than in the pre-
vious year. Figure 1 shows the value of agrifood exports in Poland from 2014 to 2022.
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Figure 1. International trade of agrifood in Poland from 2014 to 2022 (in EUR billion)

Source: (Gov.pl, 2023).

As shown in Figure 1, the value of Polish exports of agrifood products grew
regularly between 2014 and 2022 (EUR 21.9 billion and EUR 47.6 billion, respec-
tively), which translates into an increase of over 217%. The same applies to imports
over this period. Agrifood imports grew by 212.5% from EUR 15.1 billion in 2014
to EUR 32.1 billion in 2022. Good export results in 2022 stemmed from the recovery
of the European and global economies after the 2020 lockdown crisis.

In 2022, the European Union was the main market for Polish exporters of agrifood
products. Supply to the European Union (EU-27) amounted to EUR 35.3 billion in
2022 (up 29% YoY). It was an increase of 74% in the total agrifood export income.
Germany remained the main international trade partner for Poland (Gov.pl, 2023).

Note that the meat industry is the main component of Polish exports. The com-
modity structure of Polish agrifood exports was dominated by meat and meat products
in 2022. The export value for this group of commodities grew by 37% compared
to 2021 to reach EUR 9.6 billion, or 20% of the value of entire agrifood exports in
Poland. The group was dominated by poultry, 44% (EUR 4.3 billion). Meat products
and beef reached 23% (EUR 2.2 billion) and 22% (EUR 2.1 billion), respectively.
Pork amounted to 8% (EUR 812 million). Live export and other types of meat were
negligible with 2% and 1%, respectively (Gov.pl, 2023).
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The Polish food industry is affected also by some external factors that may
hinder its operations. Recent years have been difficult for the Polish meat industry
due to the spread of ASF, avian flu, 2020 Brexit, and the COVID-19 pandemic. The
main constant for the industry seems to be ongoing uncertainty. The industry was
hit hard in 2014 by increasing global supply, declining outputs to net exports, and
the first cases of African swine fever (ASF) in the country (Kondrakiewicz, 2014).
As a result, many states embargoed Polish pork. It led to a complete halt of exports
to Russia, Belarus, Kazakhstan, China, Japan, and South Korea and an increase in
biosecurity costs (Szymanska & Lukoszova, 2021).

According to Szczepaniak et al., the COVID-19 pandemic could impact the meat
industry through the bankruptcy of the economically weakest companies (micro
and macro), loss of financial liquidity due to labour shortages, increased demand
for tinned and packaged food (change of product range), increased M&A activity of
stronger players (leading to the consolidation of the industry), and restricted exports
resulting in greater domestic supply (Szczepaniak et al., 2020).

The COVID-19 pandemic situation was the worst in the HoReCa industry. Tem-
porary lockdowns of hotels and restaurants meant that meat producers were unable
to sell their products to returning clients. It was a significant problem and a barrier
for the meat industry to grow, especially considering the imminent recession and
declining purchasing power. Moreover, after 2.5 years, the poultry market was once
again hit by avian influenza (31 December 2019, Wielkopolskie Voivodeship). Po-
land regained the status of a country free from avian influenza on 13 August 2020
(Mroczek, 2020).

The respondents in a survey by Pawlonka considered low earning capacity, poor
vertical and horizontal integration, buyer pressure, volatile raw material prices, price
pressure, dispersed production, and trouble accessing external capital as key barriers
to growth (Pawlonka, 2019).

Therefore, it is necessary to continue research on the identification of barriers for
the functioning of the meat industry considering numerous criteria, such as the size
of the enterprise, its liquidity, or financial standing. Such an analysis is consistent
with global research trends (Gill & Bigger, 2012).

Literature review

Company bankruptcy is a natural and inevitable part of the free market econo-
my with consequences that are both beneficial and adverse (Krzeczewska, 2021).
A declaration of bankruptcy affects (positively or negatively) the market value of
industry competitors. The domino effect and competition effect mediate the outcomes
of the declaration of bankruptcy (Lang & Stulz, 1992). According to Szymanski,
company bankruptcy theoretically is “part of market self-regulation and can condition
market growth. Still, it is disadvantageous from the point of view of the interests of
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the enterprise” (Szymanski, 2005). Bankruptcy can be considered from legal and
economic points of view. In terms of economy, bankruptcy means that the organ-
isation cannot continue operations without external aid. The aid is determined by
relationships between the company and its creditors (Sotoma & Plesiewicz, 2011).
Company bankruptcy is defined as a loss of capability to pay debts and asset shortage
(Hotda, 2006).

Bankruptcy factors come in two flavours, endogenous (internal) and exogenous
(external). Endogenous factors include irregular internal trade, improper capital and
asset mix, or defective sales. Such factors as volatile business regulations and state
fiscal policy are exogenous in nature (Zielinska-Chmielewska, 2015).

Kowalczyk listed the following potential bankruptcy factors for meat enterprises
in Poland: foreign exchange rates (very impactful on international trade), changes
in regulations, low level of concentration and production scale, dependency on
natural conditions, seasonal production and sale, short sale window due to “use by”
dates, and low level of product innovation (Kowalczyk, 2009). Identification of the
risk of bankruptcy is important for potential stakeholders. It allows them to analyse
and assess the company’s ability to pay debts and stay afloat. Business bankruptcy
forecasts can be verified with discriminant analysis models. They present a single
synthetic index composed of a small number of indicators and weights conveying
the characters of the indicators to reflect the condition of the business (Antonowicz,
2007, 2010).

Edward I. Altman is considered to have pioneered multiple discriminant analysis
with his original corporate bankruptcy risk assessment Z-score in 1968 (Altman,
1968; Mentel, 2013; Pitera, 2018). His model is used to this day by both theoreticians
and practitioners around the world. One should consider that the research proposed
by Altman involved a sample of 66 enterprises (33 solvent and 33 insolvent) with
five financial ratios (Altman, 1968; Kisielinska & Waszkowski, 2010). Neverthe-
less, Altman’s model remains an important step in the evolution of the research on
multidimensional analysis to build bankruptcy early warning systems (Antonowicz
& Antonowicz, 2022). Since it was first proposed by Altman, the performance and
applicability of the Z-score model have been investigated in many countries, such
as: Indonesia (Puspitasari et al., 2020; Muzani & Yuliana, 2021), Italy (Altman et
al., 2013; Bussoli et al., 2019), Romania (Sickelova et al., 2019), Slovakia (Bod’a &
Uradni&ek, 2016; Vavrek et al., 2021), the United Kingdom (Almamy et al., 2016),
Poland (Antonowicz, 2008), Serbia (Milasinovi¢ et al., 2019), Turkey (Apan et al.,
2018; Cindik & Armutlulu, 2021), Ghana (Mahama, 2015), Oman (Mohammed,
2016), Vietnam (Tung & Phung, 2019). However, Altman’s model is not a universal
model because it can be employed to analyse companies that operate under different
economic conditions (Mosionek-Schweda, 2014). This was pointed out by Kitowski,
who reported that Altman’s model is “mechanically” applied to analyse enterprises
from various sectors of the economy, disregarding its applicability and diagnostic
reliability. Kitowski noted that the model can be found in the opinions and reports
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of independent expert auditors on financial statements of construction or industrial
companies, universities, hospitals, mortgage funds, or accounting and bookkeeping
companies (Kitowski, 2015).

Moreover, many other authors reported that international discriminant analysis
models were ineffective when employed to predict the bankruptcy of Polish enter-
prises. These include Stasiewski (1996), Gasza (1997), and Koralun-Bereznicka
(2006). These researchers pointed out the need to build models with data from the
Polish economy. It is linked directly to financial reporting standards in place in
Poland, which vary from those employed in other countries. Financial statement
nomenclature is critical when building a model and may even hinder comparison
due to diverse financial ratios (Kisielinska & Waszkowski, 2010).

Note further that discriminant analysis models are successfully employed in
investigations of enterprises in different sectors of the economy. Magdalena Mo-
sionek-Schweda investigated and evaluated the usefulness of discriminant models for
predicting the bankruptcy of companies listed on NewConnect (Mosionek-Schweda,
2014). Mihalovi¢ analysed 236 companies from Slovakia categorised into two groups:
those that went bankrupt and those that did not with discriminant analysis and logistic
regression (Mihalovi¢, 2016). Kliestik et al. aimed to devise a model to identify the
unhealthy development of enterprises in the Visegrad Group through discriminant
analysis (Kliestik et al., 2018). Sfakianakis intended to build a model with a novel
set of predictor variables to ensure significant discrimination among listed Greek
production companies with multiple discriminant analysis (Sfakianakis, 2021).

Some Polish authors consider selected discriminant analysis models to be univer-
sal for multiple sectors of the economy. The methodological framework of the models
is often criticised in this regard. Therefore, it is necessary to consider the industry
profile and factors that affect it (Kitowski, 2015, 2018). Hence an analysis of Polish
firms must utilise models founded on research on companies operating under distinct
conditions and considering industry-specific factors (Juszczyk, 2010). Discriminant
functions should be limited to the country where the data for the model have been
collected. It is directly relevant to different functional business environments and
different accounting systems.

There are many tools for assessing and predicting corporate financial risk related
to corporate failure or bankruptcy: logit and probit analyses, classical ratio analysis,
neural networks, and unidimensional and multidimensional discriminative models
(Leszezynski & Skowronek-Mielczarek, 2008).

The literature on discriminant analysis offers numerous cases where researchers
employed selected discriminant analysis models to verify enterprises in the food
industry in general and companies listed on the Warsaw Stock Exchange under the
WIG Food index. Some of them were Zdunek (2010), Dabrowski and Boratynska
(2011), Smiglak-Krajewska and Just (2013), Firlej et al. (2014), Zielinska-Sitkiewicz
(2016), Kopczynski (2017), Zdunek-Rosa and Huterska (2018), and Firlej (2022).
The models were selected due to their performance demonstrated in the literature.
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According to Dabrowski and Boratynska (2011), the performance of Hadasik’s model
18 95.08%, Z7 model — 94.82%, Z6 model — 94.20%, and Poznan model — 93.78%.
Another important argument for these models is that all four have a threshold value
(0 in each case), with which one can unambiguously assess a company’s financial
standing as good or poor (Zdunek-Rosa & Huterska, 2018). Additionally, each model
was developed by Polish researchers using the Polish economic framework, which
is relevant because the study concerns Polish enterprises operating in various eco-

nomic conditions.

Table 1. Research where discriminant analysis models are used to assess meat companies in Poland

Author Year Analysed period Multiple discriminant analysis models
— Altman Z-score
— Springate
Solomaand 1,011 10062008, 2011 |- J. Gajdka and D. Stos
Plesiewicz .
— D. Hadasik
—A. Hotda
— D. Hadasik
Wysocki and 2012 2006-2009 — Poznan (M. Hamrol, B. Czajka, and M. Piechocki)
Kozera — B. Prusak
— original model
—D. Wierzba
Zielins- — Z6 by the INE PAN
ka-Chmiclewska | 201> [2005-2011 — 77 by the INE PAN
— D. Hadasik

Source: Authors” own study based on the literature review.

Sotoma and Plesiewicz (2011) employed discriminant analysis models to verify
four meat companies in 2011. Their analysis focused on 20062008 and 2011. The
authors founded their research on five selected models of multiple discriminant
analysis. Their results indicate ambiguous directions and likelihoods in bankruptcy
predictions due to the diverse values of individual discriminant analysis models.

Wysocki and Kozera (2012) assessed the financial standing and risk of bankrupt-
cy in meat companies from 2006 to 2009. They employed three discriminant analysis
models. Their sample consisted of 14 businesses. The analysis clearly demonstrated
the poor performance of these discriminant analysis models regarding predicting

bankruptcy of meat companies in Poland.

In 2015, Zielinska-Chmielewska investigated five meat enterprises in Poland
over the period from 2005 to 2011. She used four discriminant analysis models
and concluded the companies were in good financial standing. Note two firms with
poor financial standing in 2008 and 2009. A risk of bankruptcy was identified for
them. Importantly, Zielinska-Chmielewska considered the financial liquidity of the

companies in her research.
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Research methods

The research objective is to assess the financial standing and the risk of bankruptcy
of selected WIG Food meat enterprises from 2014 to 2022. The meat sector was selected
for the study because it is the core of the Polish food industry (also regarding interna-
tional food trade). The particular period (2014-2022) was chosen because of critical
global developments that directly affected the Polish meat industry and companies
(ASF, avian flu, Brexit, the COVID-19 pandemic). The study poses a research problem
in the form of a question: are the selected discriminant analysis models valuable tools
for assessing the financial standing of selected WIG Food meat companies in Poland?
The objective is pursued with four discriminant analysis models. Data for the analyses
come from the annual accounts of the investigated organisations.

As data on all meat facilities in Poland is hardly available, we decided to select
the sample purposefully. The analysed companies were WIG Food index meat en-
terprises from 2014 to 2022. Their legal form was a Polish Commercial Companies
Code joint-stock company (spotka akcyjna). The sample consisted of three companies,
Gobarto SA, Pamapol SA, and Tarczynski SA. Table 2 characterizes the investigated
organisations.

Table 2. Characteristics of the sample for 2014-2022

Business name | Lecal form Employees | Employees Total sales revenue Total sales revenue
g in 2014 in 2022 | (PLN thousand) in 2014 | (PLN thousand) in 2022

Gobarto SA  [JOint-stock 830 1,358 1,688,424 2,641,062
company

Pamapol SA | 10int-stock 559 463 379,964 1,115,366
company

Tarczyhiski SA |[10EStOk |y o) 1,134 494,401 1,613,780
company

Source: Authors’ own study based on accounts for 2014-2022.

As shown in Table 2, even though staffing increased only in Gobarto SA from 2014
to 2022, all the investigated organisations enjoyed greater total sales revenues, some
even doubled (in Pamapol SA and Tarczynski SA). In Gobarto SA, total sales revenue
grew by PLN 952,638 thousand from 2014 to 2022. Note that one of the companies
was included on the “List of 500” by the Rzeczpospolita daily in 2022. The list follows
the model of Fortune and contains the 500 largest Polish enterprises by revenue. In
2022, Gobarto SA was ranked 304 (down from 230 in 2021) (Rankingi.rp.pl, 2023).

Limited data availability restricted the analysed period to 2014-2022. The present
research investigates the current ratio (CR) over the period of interest. The research
assesses the liquidity of the companies based on the most common indicators with
obvious methodological backgrounds. The companies’ ability to pay current liabilities
was investigated with the current ratio. It reflects the capability to pay obligations based
on current assets according to the following equation (Szymanska & Lukoszova, 2021):
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current assets

Current ratio =
short term liabilities

The finance literature fails to propose a clear-cut “right” value of the current
ratio. One can find various intervals of the measure. The most common include
1.5-2.0 (Nowak, 2017) and 1.2-2.0 (Sierpinska & Jachna, 2004). This means that
liquidity is ensured when current assets are 1.2 to 2 times larger than current liabili-
ties (Kucinski, 2023). We adopted the current ratio interval proposed by Sierpinska
and Jachna of 1.2-2.0.

We employed four discriminant analysis models in the present research: Ha-
dasik’s model, model Z6 by the INE PAN (Institute of Economics of the Polish
Academy of Sciences), model Z7 by the INE PAN, and the so-called Poznan model.
One of the key criteria for model selection was their high performance and popularity
with other researchers. According to Dabrowski and Boratynska (2011), the perfor-
mance of Hadasik’s model is 95.08%, Z7 model — 94.82%, Z6 model — 94.20%, and
Poznan model — 93.78%.

Hadasik’s model from 1998 is described with the equation (Wierzba, 2000):

Zyap = 2.362 + 0.365X; — 0.765X, — 2.404X5 + 1.590X, + 0.002X5 — 0.012X,

where:

X, is current assets / current liabilities,

X, (is current assets — stock) / current liabilities,

X5 is total liabilities / total assets,

X, (is current assets — short-term liabilities) / total liabilities,
X is receivables / sales revenue,

X, inventory/ sales revenue.

The Z6 model by the INE PAN is expressed with the following equation
(Maczynska, 1994):

Zoing pay = 9.478X; + 3.613X, + 3.246X5 + 0.455X, + 0.802X5 — 2.478

where:

X is the operating result / asset value,

X, is the equity capital value / asset value,

X3 (is the net income + depreciation) / total liabilities,
X, 1s non-fixed assets / short-term liabilities,

X5 is sales revenue / asset value.

The Z7 model by the INE PAN is expressed with the following equation
(Maczynska, 1994):

Zyivg pan = 9.498X; + 3.566X, + 2.903X; + 0.452X, — 1.4987

where:

X, is the operating result / asset value,
X, is the equity capital value / asset value,
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X3 (is the net income + depreciation) / total liabilities,
X, is non-fixed assets / short-term liabilities.

The fourth model is the Poznan model with the following formula (Hamrol et
al., 2004):

Zpoz = 3.562X, + 1.588X, + 4.288X; + 6.719X, — 2.368

where:

X,is the net income / total assets,

X, is (current assets — stock) / short-term liabilities,
X3is the constant capital / total assets,

X, is sales income / sales revenue.

The threshold value for all the models is set to zero. It means that Z < 0 reflects
difficult financial standing and Z > 0 means good financial standing in each model.

Results

Table 3 contains the final current ratio values and the discriminant analysis models
used to verify the companies from 2014 to 2022. The colour coding for the table is the
following white: company safe from bankruptcy, grey: company at risk of bankruptcy.
Grey in “Current ratio” means short-term liabilities exceeded current assets.

Table 3. Current ratio and results of the selected discriminant analysis models for the companies in

2014-2022

Gobarto SA
Value 2014 2015 2016 2017 2018 2019 2020 2021 2022
Current ratio 1.05 1.06 1.10 0.69 0.85 0.74 0.67 0.81 0.88
Hadasik’s model 0.94 0.90 0.92 0.49 0.62 0.48 0.76 0.67 0.62
Model Z6 2.78 2.18 2.28 1.25 1.16 1.47 1.50 1.08 0.70
Model Z7 1.71 1.47 1.67 0.84 0.44 0.78 0.70 0.30 1.50
Poznan model 2.28 2.03 2.15 0.79 0.93 0.96 1.40 1.20 1.52

Pamapol SA
Value 2014 2015 2016 2017 2018 2019 2020 2021 2022
Current ratio 0.00 1.05 0.93 1.26 1.15 0.88 0.98 0.88 1.04
Hadasik’s model 0.64 0.77 0.67 0.90 0.76 0.49 0.58 0.47 0.65
Model Z6 0.30 0.67 0.70 0.85 0.73 2.66 1.26 0.87 0.52
Model Z7 0.34 0.57 0.56 0.55 0.46 3.47 0.71 0.48 2.58
Poznan model 2.16 2.15 1.60 2.38 2.22 -0.09 0.44 0.17 0.95

Tarczynski SA

Value 2014 2015 2016 2017 2018 2019 2020 2021 2022
Current ratio 0.80 0.99 0.89 0.92 1.04 1.03 1.09 0.99 0.83
Hadasik’s model 0.49 0.48 0.46 0.49 0.47 0.53 0.71 0.97 0.60
Model Z6 1.00 1.50 0.87 1.35 1.19 1.16 2.86 2.06 1.95
Model 27 0.90 1.37 0.71 1.14 1.12 1.08 2.68 2.04 2.18
Poznan model 1.63 2.32 1.55 2.05 2.34 2.34 3.35 2.67 4.78

Source: Authors’own study based on accounts for 2014-2022.
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The analysis of the current ratio of Gobarto SA demonstrated that the company
failed to reach the required interval of 1.2-2.0 in any year and the selected discrimi-
nant analysis models did not identify the poor financial standing of the company. Note
that the values from individual models were declining over the investigated period,
approaching the threshold value, which may be a warning sign. The same is true for
Pamapol SA. In 2014, Pamapol SA reached a current ratio of 0.00, which may reflect
its poor financial standing regarding its ability to pay short-term debts with current
assets. Consecutive years saw an improvement of up to 1.26 in 2017, which conforms
to the required interval. The current ratio of Tarczynski SA remained relatively constant
from 2014 to 2017 but failed to reach the required level at any point over the analysed
period. Its current ratio oscillated from 0.80 in 2014 to 0.83 in 2022.

The analysis with Hadasik’s model unambiguously identified the financial stand-
ing of all the meat companies as good from 2014 to 2022. They all exceeded the
threshold (0), with Tarczynski SA reaching the highest value of 0.97 in 2021.

Results of models Z6 and Z7 unequivocally demonstrate the good financial
standing of all the meat companies over the period of interest with Z above zero.

Note especially the Poznan model. It warned of a potential bankruptcy only in
the case of Pamapol SA’s performance in 2019. The Z value at the time was —0.09.
The situation improved for Pamapol SA in consecutive years to exceed the threshold
from 2020 to 2022. In 2019, Pamapol SA was considered at risk of bankruptcy by
the model because the return on assets (indicator X 1) was negative. Pamapol SA was
still listed on the Warsaw Stock Exchange under the WIG Food index in 2014-2022.

The discriminant analysis models developed in Poland successfully predicted
no risk of bankruptcy for all the companies because all of them continue operations
and thrive.

Discussion

Research by Firlej et al. (2014) with Wierzba’s model, model Z7 by the INE PAN,
Poznan model, and the NBP Industry model did not signal a risk of bankruptcy of
Pampol SA or Tarczynski SA and assessed their financial standing as good. Zielins-
ka-Chmielewska (2015) analysed meat companies between 2005 and 2011 with five
discriminant analysis models. Two of the models (Z7 by the INE PAN and Poznan)
demonstrated the good financial standing of Pamapol SA over the entire period.
Model Z7 indicated problems in 2008 when it reached -0.20. Wierzba’s model and
Hadasik’s model were particularly sensitive to the declining standing of Pamapol
SA (-1.26 in 2008 and -0.63 in 2009 for the former and -2.12 in 2008 and -2.01 in
2009 for the latter). In her research on WIG Food companies from 2007 to 2009,
Zdunek (2010) demonstrated that Pamapol SA was at risk of bankruptcy using
a logit model and a linear discriminant function (-0.6820 (2007), -1.5974 (2008),
and -0.9549 (2009)). Pamapol SA was investigated by other researchers as well.
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Zielinska-Sitkiewicz (2016) analysed selected companies in 2008—2014 with model
Z7 by the INE PAN, among other methods. Pamapol SA scores were -0.556 (2008)
and -0.370 (2013) due to such factors as negative return on sales and assets and a net
loss of PLN 40.40 million and PLN 1.88 million in these years. The Poznan model
demonstrated the good financial standing of Pamapol SA. Firlej (2022) analysed WIG
Food companies with four discriminant analysis models. The analysis covered the
period from 2014 to 2018. All the investigated companies reached discriminant model
values above the threshold value in the period of interest, which may be indicative

of their good financial standing.

Conclusions

Results of the present research are consistent with results by other authors and
demonstrate that the multiple discriminant analysis employed here is a valuable tool
(concerning the selected models). It also supports decision-making regarding ex ante
prediction of the risk of insolvency and bankruptcy of the investigated companies.

If results of discriminant analysis fail to yield an unambiguous picture of the
financial standing, it is reasonable to include a traditional ex post financial analysis
(for instance, regarding ratio analysis), which was not necessary in this case.

The present discriminant model analysis of selected Polish meat companies
explicitly indicated their good financial standing and no risk of bankruptcy. The
investigated enterprises are in good health and sound financial standing. They are
building competitive advantages and improving their market positions. Only the
Poznan model in 2019 was particularly sensitive to the degrading financial standing
of Pamapol SA. Note that the discriminant analysis models selected here are not
flawless. One issue can be the choice and selection of indicators characteristic for
the model and the determination of their weights to reflect the specific conditions and
environment for the company or industry. Another consideration is that any given
model was estimated during a specific period of a business cycle and can erroneously

indicate a risk of bankruptcy during a recession or financial crisis.

The Polish meat industry faced numerous challenges in 2014-2022, such as Afri-
can swine fever in 2014, Brexit in 2020, and the COVID-19 pandemic in 2019-2021.
One more factor detrimental to the financial standing of the investigated organisations
was the EUR to PLN exchange rate. Most meat exporters conduct business in euros.
The results of the selected multiple discriminant analysis models show that one needs
to remain cautious regarding the outcomes. It is a daunting task to find a universal
model that could be applied to any company (regardless of the legal form or industry).
The results may be indicative of the limited usefulness of some multiple discriminant
analysis models for predicting failures of meat companies. One must not, however,
generalise this conclusion because the research involved three meat companies and

four models from among over a dozen available in the literature.
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The study answered the research question and demonstrated that the selected
discriminant analysis models are valuable tools for assessing the financial standing
of selected WIG Food meat companies in Poland. The discriminant analysis models
employed here are undoubtedly valuable and effective tools for assessing the risk of
corporate bankruptcy and verifying the financial standing of companies. Their diver-
sified sensitivity determines the need for auxiliary methods (such as ratio analysis of
earning capacity, indebtedness, or profitability). The present study is a continuation
of research on the application of multiple discriminant analysis and its characteris-
tics regarding the discrimination of the financial standing of Polish meat processing
companies. The results justify the need for verification of the existing discriminant
analysis models and new discriminant analysis models adapted to the characteristics

of the Polish food processing industry.

The present study calls for broader future research. The analysis focuses on Polish
meat companies in 2014-2022 and four selected methods of multiple discriminant
analysis. Future research can focus on the assessment of bankruptcy risk in these
companies using different methods over a longer interval. We hope this article will
further the theory and practice in its relevant research domain and will also affect

public policy.

References

Almamy, J., Aston, J., & Ngwa, L.N. (2016). An evaluation of Altman’s Z-Score using cash flow ratio to
predict corporate failure amid the recent financial crisis: Evidence from the UK. Journal of Corporate

Finance, 36, 278-285. https://doi.org/10.1016/j.jcorpfin.2015.12.009

Altman, E.I. (1968). Financial ratios, discriminant analysis and the prediction of corporate bankruptcy.
Journal of Finance, 23(4), 589—609. https://doi.org/10.1111/j.1540-6261.1968.tb00843.x

Altman, E.I., Danovi, A., & Falini, A. (2013). Z-Score models’ application to Italian companies subject
to extraordinary administration. Journal of Applied Finance (Formerly Financial Practice and Edu-

cation), 23(1).

Antonowicz, P. (2007). Metody oceny i prognozowania kondycji ekonomiczno-finansowej przedsigbiorstw.

ODDK.

Antonowicz, P. (2008). Adaptacja modelu Z-Score E.I. Altmana (1968) do szacowania ryzyka upadtosci
polskich przedsigbiorstw: badania empiryczne. In J. Bielinski & M. Czerwinska (Eds.), Zarzgdzanie
wartosciq przedsigbiorstwa w warunkach zaktocen na rynkach finansowych (pp. 402—412). Fundacja

Rozwoju UG.

Antonowicz, P. (2010). Teoria i praktyczne aspekty wykorzystania analizy dyskryminacyjnej w prognozo-
waniu niewyplacalno$ci (upadlosci) przedsigbiorstw. Zeszyty Naukowe Uniwersytetu Szczecinskiego.
Ekonomiczne Problemy Ustug, 50, ,,Strategie zarzadzania mikro i matymi przedsigbiorstwami”.

Antonowicz, P., & Antonowicz, A. (2022). The capacity to forecast enterprise insolvency on the Polish
market using the precursory Altman Z-Score model (1968). Annales Universitatis Mariae Curie-Skto-

dowska, Sectio H Oeconomia, 56(5), 7-26. https://doi.org/10.17951/h.2022.56.5.7-26

Apan, M., Oztel, A., & Islamoglu, M. (2018). Comparative empirical analysis of financial failures of
enterprises with Altman Z-Score and VIKOR methods: BIST food sector application. Australasian

Accounting, Business and Finance Journal, 12(1), 77-101.



Pobrane z czasopisma Annales H - Oeconomia http://oeconomia.annales.umcs.pl
Data: 13/03/2026 20:36:01

92 CHRYSTIAN FIRLEJ, KRZYSZTOF ADAM FIRLEJ

Bod’a, M., & Uradnicek, V. (2016). The portability of Altman’s Z-score model to predicting corporate fi-
nancial distress of Slovak companies. Technological and Economic Development of Economy, 22(4),

532-553. https://doi.org/10.3846/20294913.2016.1197165

Bussoli, C., Cuoccio, M., & Giannotti, C. (2019). Discriminant Analysis and Firms’ Bankruptcy: Evidence

from European SMEs. International Journal of Business and Management.

Cindik, Z., &Armutlulu, I.H. (2021). A revision of Altman Z-Score model and a comparative analysis of
Turkish companies’ financial distress prediction. National Accounting Review, 3(2), 237-255.

Dabrowski, B.J., & Boratynska, K. (2011). Zastosowanie modeli dyskryminacyjnych do prognozowania
upadtosci spotek gietdowych indeksu WIG-Spozywezy. Zeszyty Naukowe SGGW w Warszawie. Eko-

nomika i Organizacja Gospodarki Zywnosciowej, 89.

Firlej, Ch. (2022). Wybrane wskazniki jakosci ekonomicznej w ocenie rozwoju przedsiebiorstw nalezgcych

do indeksu WIG Spozywczy. Homini. Wydawnictwo Benedyktynow.

Firlej, K., Bargiel, A., & Szymanski, M. (2014). Zagrozenie upadtoscig przedsi¢gbiorstw przemyshu spo-
zywczego w Polsce na przyktadzie spotek z indeksu WIG-spozywczy. Folia Pomeranae Universitatis

Technologiae Stetinensis, Oeconomica, 74(1).

Gasza, R. (1997). Zwiazek migdzy wynikami analizy typu Altmana a ksztaltowaniem si¢ kursow akcji
wybranych spotek gietdowych w Polsce. Rezultaty badan najstarszych spotek gietdowych w latach

1991-1995. Bank i Kredyt, 3.

Gill, A., & Bigger, N. (2012). Barriers to small business growth in Canada. Journal of Small Business and

Enterprise Development, 19(4).

Hamrol, M., Czajka, B., & Piechocki, M. (2004). Upadtosci przedsigbiorstwa — model analizy dyskrymi-

nacyjnej. Przeglgd Organizacyi, 6.

Gov.pl. (2023). Handel zagraniczny produktami rolno-spozywczymi. www.gov.pl/web/kowr/handel-zagra-

niczny-produktami-rolno-spozywczymi

Holda, A. (2006). Zasada kontynuacji dziatalnosci i prognozowanie upadtosci w polskich realiach gospo-

darczych. AE.

Jankowska, B. (2002). Branza jako mezosystem gospodarczy. Ruch Prawniczy, Ekonomiczny i Socjolo-

giczny, 64.
Juszezyk, S. (2010). Prognozowanie upadtosci przedsigbiorstw. Ekonomista, 5.

Kisielinska, J., & Waszkowski, A. (2010). Polskie modele do prognozowania bankructwa przedsigbiorstw
iich weryfikacja. Zeszyty Naukowe Szkoly Gtownej Gospodarstwa Wiejskiego: Ekonomika i Organi-

zacja Gospodarki Zywnosciowej, 82, 17-31

Kitowski, J. (2015). Metody dyskryminacyjne w badaniu sprawozdan finansowych. Zeszyty Naukowe

Uniwersytetu Szczecinskiego. Finanse, Rynki Finansowe, Ubezpieczenia, 74.

Kitowski, J. (2018). Metody dyskryminacyjne oceny kondycji finansowej przedsigbiorstw — bariery wia-
rygodnego stosowania. Annales Universitatis Mariae Curie-Sktodowska, sectio H — Oeconomia,

52(3), 51-59.

Kliestik, T., Vrbka, J., & Rowland, Z. (2018). Bankruptcy prediction in Visegrad Group countries using
multiple discriminant analysis. Equilibrium. Quarterly Journal of Economics and Economic Policy,

13(3), 569-593.

Kondrakiewicz, T. (2014). Grupy kapitalowe w przemysle migsnym notowane na Gietdzie Papierow War-
tosciowych w Warszawie. Annales Universitatis Mariae Curie-Skiodowska, sectio H — Oeconomia,

48(4), 71-82.

Kopczynski, P. (2017). Ocena zdolno$ci do kontynuowania dziatalnosci polskich spotek gietdowych
w czasie kryzysu z wykorzystaniem modeli wielowymiarowej analizy dyskryminacyjnej. Zeszyty

Teoretyczne Rachunkowosci, 91(147).

Koralun-Bereznicka, J. (2006). Ocena mozliwosci wykorzystania wybranych funkcji dyskryminacyjnych
w analizie polskich spotek gietdowych. Studia i Prace Kolegium Zarzgdzania i Finansow Szkoly

Glownej Handlowej, 69.



Pobrane z czasopisma Annales H - Oeconomia http://oeconomia.annales.umcs.pl
Data: 13/03/2026 20:36:01

FINANCIAL STANDING OF SELECTED ENTERPRISES IN THE POLISH MEAT INDUSTRY ... 93

Kowalczyk, K. (2009). Przyczyny upadtosci firm agrobiznesu. In E. Maczynska (Ed.), Meandry upadtosci
przedsiebiorstw. Kleska czy druga szansa? (pp. 108-112). Oficyna Wyd. SGH.

Krzeczewska, O. (2021). The competitors’ response to a bankruptcy filing announcement made by
a stock-listed company depending on sector characteristics. Annales Universitatis Mariae Curie-
-Sktodowska, sectio H— Oeconomia, 55(1).

Kucinski, A. (2023). Analiza i ocean ptynnosci finansowej spotek o niskiej wartosci rynkowej notowanych na
GPW w Warszawie. Finanse i Prawo Finansowe, 1(37). https://doi.org/10.18778/2391-6478.1.37.03

Lang, L.H.P., & Stulz, R.M. (1992). Contagion and competitive intra-industry effects of bankruptcy an-
nouncements. An empirical analysis. Journal of Financial Economics, 32(1), 45-60.
https://doi.org/10.1016/0304-405X(92)90024-R

Leszczynski, Z., & Skowronek-Mielczarek A. (2008). Controlling, analiza i monitoring w zarzqdzaniu
przedsigbiorstwem. Difin.

Mahama, M. (2015). Assessing the state of financial distress in listed companies in Ghana: Signs, sources,
detection and elimination — a test of Altman’s Z-Score. European Journal of Business and Manage-
ment, 7(3), 1-10.

Maczynska, E. (1994). Ocena kondycji przedsiebiorstwa. Uproszczone metody. Zycie Gospodarcze, 38.

Mentel, G. (2013). Analiza dyskryminacyjna ryzyka upadtosci. Annales Universitatis Mariae Curie-Skto-
dowska, sectio H— Oeconomia, 47(3), 409—419.

Mihalovi¢, M. (2016). Performance comparison of multiple discriminant analysis and logit models in
bankruptcy prediction. Economics & Sociology, 9(4), 101.

Milasinovi¢, M., Knezevi¢, S., & Mitrovi¢, A. (2019). Bankruptcy forecasting of hotel companies in the
Republic of Serbia using Altman’s Z-Score model. Hotel and Tourism Management, 7(2), 87-95.

Mohammed, S. (2016). Bankruptcy prediction by using the Altman Z-score model in Oman: A case study of
Raysut cement company SAOG and its subsidiaries. Australasian Accounting, Business and Finance
Journal, 10(4), 70-80.

Mosionek-Schweda, M. (2014). The use of discriminant analysis to predict the bankruptcy of companies
listed on the NewConnect Market. Equilibrium. Quarterly Journal of Economics and Economic Policy,
9(3). https://doi.org/10.12775/EQUIL.2014.019

Mroczek, R. (2020). Rynek migsa w Polsce w dobie koronawirusa SARS-Cov-2. Zeszyty Naukowe SGGW
w Warszawie — Problemy Rolnictwa Swiatowego, 20(35/3). https://doi.org/10.22630/prs.2020.20.3.17

Muzani, M., & Yuliana, I. (2021). Comparative analysis of Altman, Springate and Zmijewski models in
predicting the bankruptcy of retail companies in Indonesia and Singapore. T1JAB (The International
Journal of Applied Business), 5(1), 81-93.

Nowak, E. (2017). Analiza sprawozdan finansowych. PWE.

Pawlonka, T. (2019). Bariery rozwoju przedsigbiorstw na przyktadzie jednostek z branzy migsnej — wyniki
badania ankietowego. Prace Naukowe Uniwersytetu Ekonomicznego we Wroctawiu, 63(11).
https://doi.org/10.15611/pn.2019.11.08

Pitera, R. (2018). Evaluation of the reliability of selected discriminatory methods in assessing the financial
condition of an enterprise. Annales Universitatis Mariae Curie-Sktodowska, sectio H— Oeconomia,
52(5), 57-65. https://doi.org/10.17951/h.2018.52.5.57-65

Puspitasari, D.M., Roespinoedji, D., & Napitupulu, S. (2020). Applicability of Altman Model in predicting
financial distress: Evidence from Rural Bank in Indonesia. Solid State Technology, 63(3), 3064-3069.

Rankingi.rp.pl. (2023). Lista 500 XXIV edycja. https://rankingi.rp.pl/lista500/2022#four

Sfakianakis, E. (2021). Bankruptcy prediction model for listed companies in Greece. Investment Manage-
ment and Financial Innovations, 18(2), 166—180.

Siekelova, A., Kovalova, E., & Ciurlau, F.C. (2019). Prediction financial stability of Romanian production
companies through Altman Z-score. Ekonomicko-manazerske spektrum, 13(2), 89-97.
https://doi.org/10.26552/ems.2019.2.89-97

Sierpinska, M., & Jachna, T. (2004). Ocena przedsigbiorstwa wedlug standardow swiatowych. PWN.



Pobrane z czasopisma Annales H - Oeconomia http://oeconomia.annales.umcs.pl
Data: 13/03/2026 20:36:01

94 CHRYSTIAN FIRLEJ, KRZYSZTOF ADAM FIRLEJ

Sotoma, A., & Plesiewicz, J. (2011). Wykorzystanie wielowymiarowych modeli analizy dyskryminacyjne;j
do oceny ryzyka upadto$ci przedsigbiorstw przemystu migsnego. Zeszyty Naukowe SGGW w Warsza-

wie. Ekonomika i Organizacja Gospodarki Zywnosciowej, 90.

Stasiewski, T. (1996). Z-score — indeks przewidywanego upadku przedsigbiorstwa. Rachunkowosé, 12.
Szczepaniak, I., Ambroziak, L., Drozdz, J., & Mroczek, R. (2020). Przemyst spozywczy w obliczu pandemii

COVID-19. Przemyst Spozywczy, 5.

Szymanska, E., & Lukoszova, X. (2021). Liquidity and profitability of meat processing enterprises in Poland.

Problems of Agricultural Economics, 369(4). https://doi.org/10.30858/zer/142768

Szymanski, W. (2005). Globalizacja a proces kreacji i destrukeji przedsigbiorstw. Materialy i Prace Instytutu

Funkcjonowania Gospodarki Narodowej, 93, 17-24.

Smiglak-Krajewska, M., & Just, M. (2013). Zastosowanie wybranych modeli analizy dyskryminacyjnej do
prognozowania zagrozenia upadtoscig przedsiebiorstw produkujacych pasze. Zarzqdzanie i Finanse,

11(1/3).

Tung, D.T., & Phung, V.T.H. (2019). An application of Altman Z-score model to analyze the bankruptcy
risk: Cases of multidisciplinary enterprises in Vietnam. /nvestment Management & Financial Inno-

vations, 16(4), 181

Vavrek, R., Gundova, P., Kravéakova Vozarova, ., & Kotuli¢, R. (2021). Altman model verification using
a multi-criteria approach for Slovakian agricultural enterprises. E&M Economics and Management,

24(1).

Wierzba, D. (2000). Wczesne wykrywanie przedsigbiorstw zagrozonych upadtoscig na podstawie analizy
wskaznikow finansowych — teoria i badania empiryczne. Zeszyty Naukowe Wyzszej Szkoty Ekono-

miczno-Informatycznej w Warszawie, 9.

Wysocki, F., & Kozera, A. (2012). Wykorzystanie analizy dyskryminacyjnej w ocenie ryzyka upadtosci
przedsigbiorstw przemyshu migsnego. Journal of Agribusiness and Rural Development, 4(26).
Zdunek, E. (2010). Ocena kondycji ekonomiczno-finansowej spotek wchodzacych w sktad indeksu giet-

dowego WIG-spozywczy. Roczniki Naukowe Stowarzyszenia Rolnictwa i Agrobiznesu, 1.

Zdunek-Rosa, E., & Huterska, A. (2018). Zastosowanie modeli upadtosci przedsigbiorstw do oceny kon-
dycji ekonomiczno-finansowej wybranych przedsi¢biorstw z indeksu WIG-spozywczy. Studia i Prace

WNEiZ US, 54(3). https://doi.org/10.18276/sip.2018.54/3-29

Zielinska-Chmielewska, A. (2015). Zastosowanie analizy dyskryminacyjnej do oceny zagrozenia upadtoscia
polskich przedsigbiorstw przetworstwa migsnego. Studia Oeconomica Posnaniensia, 3(4).

Zielinska-Sitkiewicz, M. (2016). Zastosowanie metod wielowymiarowej analizy dyskryminacyjnej do
prognozowania upadtosci wybranych spotek sektora spozywcezego. Zeszyty Naukowe Szkoly Glownej

Gospodarstwa Wiejskiego. Ekonomika i Organizacja Gospodarki Zywnosciowej, 113.


http://www.tcpdf.org

