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ABSTRACT:

The article presents factors influencing the quality of the final product in the baking industry. The prod-
uct in question is mainly bread, comprising 80 to 90 per cent of bakeries’ output. The author listed all
the factors that impact the product’s final quality, ordered them in a systematic fashion and described
them. The factors were divided into three groups that function within a manufacturing system, and
these were split into sub-groups.

The groups of fundamental factors that influence product quality are related to the materials, technol-
ogy, techniques and organisation. The summary of this paper contains a functional model of the impact
of individual factors on the quality of a bakery product.

Model funkcjonalny wptywu czynnikdw na jakos¢ produktu
w branzy piekarniczej

Stowa kluczowe: jako$¢ produktu, model funkcjonalny, branza piekarnicza

STRESZCZENIE:

W artykule zostaty przedstawione czynniki, ktdre majg wptyw na jakos¢ produktu w branzy piekarni-
czej. Tym produktem jest pieczywo, a w szczegdlnosci chleb, ktdry stanowi od 80% do 90% jego ogdlnej
produkcji. Autor wyodrebnit czynniki wptywajace na jako$¢ produktu i usystematyzowat je, a nastepnie
opisat. Podzielone one zostaty na 3 grupy funkcjonujgce w procesie produkcyjnym, a nastepnie na pod-
grupy.

Podstawowe grupy czynnikéw, ktére majg wptyw na jako$é produktu to: czynniki surowcowe, czynniki
technologiczne i czynniki organizacyjno — techniczne. Podsumowaniem catosci opracowania jest opiso-
wy model funkcjonalny wptywu czynnikdw na jakos¢ produktu w branzy piekarniczej.
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1. INTRODUCTION

Bread is a basic component of every Pole’s diet,
which, with a rational approach, can play an in-
valuable role in regulating the human digestive
tract and constitute a significant source of the
body’s daily energy requirements (approx. 25 —
30%) [1]. Bread was, is, and will probably for
a long time remain a product of key nutritional
importance in Poland.

Many new bakeries were opened following the
economic transformation. Simultaneously, a sig-
nificant increase in bread prices and a change in
eating habits, among other factors, have led to a
partial reduction in its consumption. Fierce com-
petition has become a problem for the contem-
porary bakery industry, which has in this article
been defined as bakery companies offering bread
[2].

Due to its mainly local nature, the bakery indus-
try constitutes an integral part of a region’s assets
determining its development. The regional mar-
ket is the main source of raw materials for bakery
companies, as well as the main target market for
their products. The bakery industry in Poland is
one of the most fragmented, as it is mostly com-
posed of medium, small and even micro enter-
prises [3].

Increased requirements for bread quality from
society have engendered a need for new system-
based solutions, in which quality becomes a stra-
tegic objective. The term quality is difficult to un-
ambiguously define due to its subjective nature
[4]. Customer requirements determine the level
of product quality, making quality also a multidi-
mensional and interdisciplinary idea [5]. The PN-
EN 2842 standard defines quality as a general set
of a product’s features and properties that shape
its ability to meet identified or anticipated needs.
The following features determine the quality of
bread and other food products:

a) nutritional value — based on the general chemi-
cal composition,

b) taste — depending mainly on the composition
and quality of the raw materials,

c) health — defined as a lack of risks to consumer
health,

d) attractiveness — determined by the shape, co-
lour and packaging,

e) shelf life — ensuring shelf life without quality
changes,
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f) freshness — equated with the bread’s supple-
ness, aroma and taste [6, 7].

The author, working as a robotisation advisor and
subsequently R&D project manager in a bakery,
noticed that virtually all operations related to the
bread production process impact quality, from
the moment raw materials are chosen to when
the product reaches a shop. From literature on
the subject one can also learn that quality is
linked to virtually every aspect of a company’s
operations and is defined by the tasks performed
by its individual parts [8]. Furthermore, the Act
on food and nutrition safety stipulates that ap-
propriate quality-centred measures need to be
implemented at all stages of food production and
trade [9]. Given this situation, the author’s fo-
cus in this paper was on factors that affect bread
quality and compiling them into a descriptive
functional model.

2. GROUP OF RAW MATERIAL-RELATED FAC-
TORS

Contemporary factors influencing bread quality
stem from changes in the lifestyle of consumers
who prefer high-quality products made of high-
quality raw materials. The principal raw material
factors related to the quality of a bakery industry
product are as follows: the quality of the raw ma-
terials used in production, correctly established
standards for bread production efficiency and the
recipe (raw material composition).

Basic raw materials and additives accepted into
a production facility warehouse should be of high
health and nutritional quality, and demonstrate
fitting process suitability. Long-term, proven sup-
pliers are preferred. Furthermore, all raw materi-
als accepted into the bakery’s warehouse need to
have an appropriate use-by date.

The baking industry has practically no influence
on the quality of flour, i.e., the primary raw ma-
terial. Apart from agricultural and climate condi-
tions, the genetic properties of the cultivated ce-
real varieties, the correct selection in collection
centres, as well as the milling technology, also
play a crucial role [7]. The bakery industry does
have, however, an influence on the selection of
other raw materials of appropriate quality, e.g.
yeast, potato flakes, malt or bran, as well as on
their storage. The storage conditions determine
whether the process suitability and health quality
of raw materials improve or worsen.
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Flour, mainly wheat flour, is stored in silos. Bak-
eries have several silos equipped to varying de-
grees, e.g. with a control system with scales
and strain gauges. Such a system gives bakeries
full control over the delivery, as well as the use
of flour in the process. In addition, a system of
screens and sieves installed in the silos, and their
hermetic nature guarantee that the raw material
is of high quality and clean. The internal silo con-
tainers ensure good flour maturation thanks to
cyclic aeration.

Another factor affecting the bread quality and,
simultaneously, shaping the raw material costs
in the bakery industry, are correctly established
standards for bread production efficiency, which
allow high quality to be maintained. The standard
for average bread production yield, i.e. the effi-
ciency, is a quantity that determines the number
of kilograms of bread obtained from 100 kg of
flour. Every bread producer is obliged to establish
a standard average yield for a given type of bread
based on a trial bake. Facility standards for aver-
age bread production yield include:

a) average flour baking values,

b) average production losses,

c) standard weights of dough pieces,

d) average technical conditions at the bakery.
The above standards should be periodically veri-
fied and corrected. For example, in the first half
of the year, the biological maturity of grain is
better and the flour has a higher baking value —
therefore, the standards for bread production
yield should be increased for this period. A facil-
ity’s internal standards of average bread produc-
tion yield serve as the basis for controlling the
consumption of raw materials, also by external
inspection bodies.

Therightingredient composition, i.e. the recipe, is
the fundamental factor in producing good bread.
The recipe should ensure the bread achieves its
intended nutritional value and good taste proper-
ties when appropriate technology is used. In or-
der to obtain this, basic raw materials and nutri-
tional enhancers, as well as other substances that
enrich and improve the finished product, need to
be correctly selected.

3. FACTORS RELATED TO THE PROCESS

The group of factors that improves bread quality
is primarily process-related. Good bread quality
can be ensured through the optimal selection of
the manufactured product’s process parameters
and maintaining the stability of the said param-
eters.

From the perspective of health-oriented safety,
baking is the key stage in the entire bread pro-
duction process and should, therefore, be per-
formed with great care. This process destroys
bacteria, moulds and yeasts from raw materials,
fermentation, the environment etc. present in
the bread — provided that the appropriate time
and temperature were implemented.

Controlled efficiency is essential in every process,
especially in the case of food products. This en-
tails regular checks and analyses of all process
stages, as well as inter-operational quality con-
trol of intermediate products. Control and as-
sessment of temperature, stage efficiency, sour-
ing degree and fermentation time have a decisive
influence over process efficiency, as well as the
quality of the produced bread.

The temperature depends on baking efficiency
and duration. At lower temperatures, souring is
slower to occur and a significant amount of acetic
acid is produced. The quantitative ratio of acetic
and lactic acid to a large extent dictates the smell
and taste of the bread. Large bakeries, following
the example of some European Union countries,
adopt an additional criterion for correct baking
— the temperature inside the product when it
leaves the oven.

The stage efficiency, i.e. the quantitative ratio of
water to flour, affects microflora development
and activity. It determines the moisture and tex-
ture of the intermediate product. It can be as-
sumed that the more water is added, the greater
the efficiency and the looser the texture. How-
ever, the looser texture stimulates enzyme re-
actions, leading to a greater amount of soluble
substances that feed microorganisms. However,
if too little water is used in preparing the dough,
starch pasting will be poor during baking.

The acidification level is the ratio of the flour
weight in the prepared stage to the fermented
flour weight introduced in the preceding phase.
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The levels used in baking depend on the fermen-
tation time for the stage, the quality of the raw
material and the production process scheme. For
yeasts, a greater degree of acidification is benefi-
cial, while the opposite is true for bacteria.

The fermentation time depends on the stage
yield, temperature and acidification level. It is
associated with a change in acidity. The starting
point for developing a fermentation scheme is
the assumed fermentation time. The other pa-
rameters are adjusted appropriately.

In summary, it can be said that bakery compa-
nies can, even must, regulate the temperature,
the degree of acidification and fermentation time
for the phases, as these treatments improve the
product quality.

The manner in which the process of obtaining
a final product of appropriate quality is managed,
is also based on the inter-operational control of
intermediate product quality. Such control is nec-
essary because, once process irregularities are
discovered, it is possible to prevent poor-quality
bread by changing the conditions, for example
of fermentation (changing the process duration,
temperature, stage yield). Therefore, testing of
intermediate products is needed both for trial
baking, as well as for continuous bread produc-
tion. Inter-operational control of intermediate
product quality is performed mainly by in-house
laboratories, usually located in the vicinity of pro-
duction halls. Most often these laboratories use
the organoleptic and physico-chemical methods
to evaluate intermediate bakery products. Re-
searchers working on new and more accurate
quality evaluation methods prefer microbiologi-
cal methods, but these are expensive and more
time-consuming [10].

The organoleptic method includes such qualita-
tive characteristics as: external appearance, aro-
ma, structure and maturity of the fermentation
phases. Depending on its maturity, each of the
intermediate products has an appropriate aroma.
For example, mature leaven /pre-ferment/ has
an alcohol-yeast fragrance, aromatic and pleas-
ant. Meanwhile, the structure of intermediate
/fermentation/ products is assessed after gently
removing the top layer of the tested intermedi-
ate product. For example, mature pre-ferment
has a spongy structure with almost uniform
pores, while in the initial stage it should have
a loose consistency and a more porous structure,
with thin-walled pores. The dough’s maturity is
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checked by pressing lightly with fingers on the
surface. If the dough immediately returns to its
previous position once the pressure is released,
it is not yet mature. If the surface sags slightly
where pressure is applied, the dough is already
mature.

The physical-chemical method of checking inter-
mediate products includes: temperature, humid-
ity, acidity and consistency. It is recommended to
check the temperature with an electronic gauge
equipped with a sensor adapted for baking. The
moisture of intermediate products is determined
by drying them in a dryer (tray or cabinet), while
the water content is calculated on the basis of the
sample’s weight difference, before and after dry-
ing. The potential acidity of intermediate prod-
ucts is expressed in degrees and determined by
titrating an aqueous suspension of a dough sam-
ple with a sodium hydroxide solution, and check-
ing with a phenolphthalein indicator. The active
acidity /ph/ is determined using a pH meter and
its result read off its scale. Acidity control is espe-
cially important for rye bread intermediates, as it
enables proper fermentation. The consistency of
the dough is determined using a consistograph or
a farinograph. Large deviations in the consistency
doughs may cause: disruptions in the production
schedule, difficulties in dough processing, inad-
equate bread quality and loss of raw materials.

4. ORGANISATIONAL AND TECHNICAL FAC-
TORS

Bread quality is a complex system and comprises
a set of features, of which the customers most
appreciates freshness. Commercial bakery prod-
ucts are delivered every day, so bread production
machines should be kept in fully operational con-
dition at all times. No studies regarding machine
reliability in the bakery industry have appeared
so far in Polish and foreign scientific literature.
The author has, based on literature and his own
research, undertaken to analyse the reliabil-
ity of machines in the bread production process
through adopting a probabilistic approach [11].
The following distributions were helpful in this
work: exponential, Weibull, Gamma, normal and
log-normal [12, 13]. Research on the reliability of
baking industry machinery, from a probabilistic
perspective, has not been performed in Poland so
far. Given the fact robots were being introduced
to the production line in the studied bakery in-
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dustry company, the author had the opportunity
to analyse machine reliability in the 2016-2019
period, both in a traditional bread production
system and after robotisation. The results of the
above empirical analysis were measurable: in
a traditional configuration of machine assemblies
the reliability was 78.54%, while after robotisa-
tion it was 89.21%.

Based on the presented results, it can be conclud-
ed that robotisation, which is the next stage of
automation, had a significant impact on machine
reliability [14, 15]. Robots replace human labour
and improve hygiene standards, which reduces
the risk of poisoning among customers. Further-
more, robots do not experience tiredness or frus-
tration when performing monotonous activities
at the production line, they do not get sick and do
not pose a disease risk in the production process.
Their scope for error is also limited, for example
in the raw material mixing process. In bakeries,
robots reduce the level of flour dust in rooms,
which creates conditions for the development of
microorganisms and mould when combined with
humidity and high air temperatures. Robotisation
in bakeries also entails repeatability, accuracy, as
well as significantly increased process efficiency,
which all greatly affect the quality of bread deliv-
ered to the market [16, 17].

In the bakery covered by the study, an x-ray detec-
tor was installed along with two robots. It detects
contaminants in bread, such as metal, stones,
glass or plastic and, therefore, allowed defective
bread to be completely eliminated.

Increasing automation is the main goal of Indus-
try 4.0, which is based on the integration of new
technical solutions. The integration of intelligent,
networked and autonomous digital and physical
technologies, of which robotics is a part, brings
with it new opportunities for innovation and de-
velopment of production lines. The fourth indus-
trial revolution is a development opportunity,
especially for small and medium-sized manufac-
turing enterprises, which forms a group most
bakeries belong to. It is also a fact that the barrier
to access the latest production technologies is
increasingly easier to overcome, and companies
react in a faster and more flexible way to market
needs [18-21].

The quality of bread is greatly affected by the hy-
gienic and sanitary conditions in bakeries, mainly
within the scope of ensuring health safety. The
hygienic and sanitary conditions apply in partic-

ular to machines, bread storage, packaging and
transport.

The hygiene requirements for machines are in-
cluded in the standard: PN - EN 1672 - 2:1999
“Food processing machinery. Basic concepts. Hy-
giene requirements”. According to them, the sur-
faces of machines and devices should be easy to
clean and disinfect. Additionally, the locations for
machines need to be chosen so as to allow con-
venient cleaning and cleanliness in the machine’s
surroundings to be maintained.

Bread quality is also affected by the storage con-
ditions after baking. First of all, the bread should
be chilled in conditions preventing secondary
contamination (with raw materials, equipment,
people, the environment, etc. as factors) — in
clean rooms with limited personnel movement.
Bread cannot be placed in corridors, on ramps,
etc. The trolleys used for bread need to be clean;
with the lowest shelf at least 30 cm above the
floor.

Bread packaging includes slicing and packaging.
Individual bread packaging is used for hygienic
reasons and to extend shelf life. Packaged bread
is subjected to thermal stabilisation or a modified
atmosphere is employed. Some bread is delivered
to the market without packaging, therefore main-
taining hygienic conditions and personal hygiene
among employees is of particular importance.
Bread should be transported to shops by person-
nel not posing a risk to health. Means of trans-
port should be clean, free of other aromas and
used only for this purpose. They should also be
washed every day and disinfected periodically.

A comprehensive check of the quality of all bread
types after baking is conducted through scoring.
It includes an organoleptic assessment with con-
sideration for physical and chemical indicators.
The points obtained in the assessment serve as
the basis for classifying bread quality. Bread that
fails to receive the minimum number of points is
disqualified.

However, testing the final product alone is not
sufficient to determine its quality. Only employ-
ing an appropriate system of planned quality-
-oriented activities over the entire production
chain, starting with raw materials and ending
with the distribution of bread to shops, guar-
antees that the goal can be achieved, i.e. good-
-quality bread produced, with the safety of the
bread for consumption guaranteed.
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5. FUNCTIONAL MODEL OF THE IMPACT OF
FACTORS ON PRODUCT QUALITY IN THE BAK-
ERY INDUSTRY

The division of factors performed and their de-
scription, as well as the functional relationships
between them in the production process, served
as the basis for the development of a descrip-
tive model of the functional impact of the factors
on the product quality in the bakery industry, as
shown in Figure 1.

The model features visible direct and indirect
dependencies. The quality of the raw materials
used and the ingredient composition, i.e. the rec-
ipe, are examples of a direct impact on product
quality. These factors directly influence the bread
quality, but they enter the process through the
managing body, which is responsible for selecting
optimal process parameters, as well as ensuring
their stability. Each process requires control over
process efficiency. This entails regular checks and
analysis of:

a) efficiency standards set for individual types of
bread,

b) production process stages,

c)quality of intermediate products.

Raw material factors Process factors

6. CONCLUSIONS

Virtually all operations in the bread production
process, from the selection of raw materials to
its arrival at a shop, influence the bread quality.
For this reason, the author has identified factors
affecting bread quality, organised and discussed
them in this document. These factors have been
divided into 3 groups comprising the production
process, and further into subgroups, as shown in
this list:

I. Group of raw material factors, including:

1. Quality of the raw materials used for produc-
tion.

2. Correctly established bread efficiency stan-
dards.

3. Recipes /raw material composition/.

Il. Factors related to the process, i.e.:

1. Selection and stability of optimal process pa-
rameters.

2. Controlled process efficiency, including:

a) control of individual production process stages,
b) inter-operational control of the quality of in-
termediate products.

lll. Organisational and technical factors, includ-

ing:

Organisational and technical factors

composition (recipe)

Functionality and
reliability of
Quality of raw [ production
J :naterla;ls . Selection and Process efficiency machines
used for production stability of optimal control
\> process parameters
j Technological
progress
Correctly established Control of individual | Inter-operational .
bread efficiency J production process | control of the quality (automation)
standards stages of intermediate
nroducts
# '
Raw material Bread quality Hygienic and

sanitary conditions

Bread quality assessment

Figure 1 Functional model of the influence of factors on product quality in the bakery industry# (source: own study)
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1. Functionality and reliability of production ma-
chines.

2. Technological progress.

3. Hygienic and sanitary conditions.

The method, scope and influence on the proper
use of the indicated quality factors depends on
each producer in the bakery industry. The de-
scriptive functional model of the impact factors
have on product quality in the bakery industry
prepared here, consists in a summary of all the
discussed factors, as well as their direct and indi-
rect connections in the production process.

In this study, the author endeavoured to demon-
strate that in the bakery industry the only guar-
antee of good quality bread is to implement ap-
propriate quality-oriented actions over the entire
production chain, from the selection of raw ma-
terials to the distribution of bread to shops.

As the author’s probabilistic tests show, the re-
liability of machines is closely related to techni-
cal progress. The study mentioned robotisation,
whose appearance in bakeries had tangible re-
sults. In the traditional configuration of a ma-
chine set, the reliability was 78.54%, while after
robotisation it rose to 89.21%. Such studies have
not been performed in Poland so far.

The presented research results have great prac-
tical implications within the scope of the con-
stantly growing interest in robotisation. They can
be implemented by potential recipients from the
baking industry as examples of increasing the op-
erational availability and efficiency of production
machines, as well as increasing product quality.
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