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Original scientific paper

Evaluation of 3D laser imaging as a method for
determination of different geometrical parameters of
fermented sausages
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Stefan Simunovi¢'", Sara Simunovié!, Jelena Babi¢-Milijasevié!, Caba Siladi', Sasa Jankovié!, Ilija Dekié¢
and Igor Tomasevié>?

1 Institute of Meat Hygiene and Technology, Ka¢anskog 13, 11000 Belgrade, Serbia

2 Institute of Food Technology and Biochemistry, Faculty of Agriculture, University of Belgrade, 11080 Belgrade, Serbia
3 Department of Animal Source Food Technology, University of Belgrade, Nemanjina 6, 11080 Belgrade, Serbia

*DIL German Institute of Food Technology, Quakenbrueck, 49610 Germany

ARTICLE INFO ABSTRACT

The aim of this study was to investigate the possibility of using 3D laser imaging in
the analysis of geometrical parameters of fermented sausages during different stages
of drying. Three samples of izletnicka sausage ware taken for the analyses immedi-

Keywords:
3D laser imaging
3D scanning

Volume ately after stuffing into casings and after 9, 18, 27 and 35 days of ripening. Volume
Surface of the sausage reduced significantly (P < 0.05) from the initial value of 377.93 cm?
Shrinkage to 254.58 cm?, while surface area reduced from 33.43 cm? to 27.06 cm?. Weight loss

showed strong negative correlations (P < 0.01) with both volume (r =—0.99) and sur-
face area (r = —0.82), indicating the possibility of using 3D laser imaging in the estima-
tion of weight loss. The relative error of volume estimation was between 1.9 % and
4.5 %. During the entire ripening period, a constant decrease in the volume to surface
area ratio of izletni¢ka sausage was observed. This decrease showed a strong nega-
tive correlation (P < 0.01; r=—0.81) with scores for wrinkly appearance obtained by
a trained sensory panel. 3D laser imaging demonstrated a possibility for application in
estimating the volume and surface area of fermented sausages.

accurate and automated methods for determination
of sensory parameters is of interest to different par-
ties involved, like producers, inspection bodies and

1. Introduction

Food quality is specified by different regula-

tions, and they mostly refer to chemical parameters
that are determined using routine laboratory analyses
(Official Gazette of RS, 2015). Apart from regulat-
ing chemical parameters of food, food quality regula-
tions also refer to product color, texture and appear-
ance, which are determined by sensory experts.
However, this type of quality determination
depends on the subjective assessment of the senso-
ry panellists, which could lead to a number of errors
and false results. In addition, sensory analysis is
laborious, time-consuming and limited by human
factors. Therefore, development of fast, precise,

laboratories.

In recent years, a great demand has arisen
for additive free/clear label food (Simunovic et al.,
2020). In most cases, these products, often being
of superior quality to those produced industrial-
ly, are produced by craft manufacturers. However,
when using nothing but natural ingredients, it is dif-
ficult to achieve and maintain standardized produc-
tion. Therefore, these products are usually more sus-
ceptible to quality defects, like rancidity, changes
in color, texture and flavour and shorter shelf life.
European regulations recognize some traditional

*Corresponding author: Simunovic Stefan: stefan.simunovic@inmes.rs
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food products and allow some exceptions in terms of
compliance with hygienic requirements. According
to European Commission (2004), food can be pro-
duced by traditional methods that have proven their
safety, even if they do not comply with different
food safety regulations. This is particularly impor-
tant for small manufacturers of traditional products
in Europe who cannot meet hygiene requirements
for different reasons. These producers usually have
financial difficulties meeting strict hygiene require-
ments. Additionally, full hygiene criteria compli-
ance and abandoning the use of traditional materials
could possibly affect specific sensory characteristics
of the product.

In fermented sausage production, quality is
usually determined by the use of higher quality
ingredients, longer ripening period and higher meat
to fat ratio in the sausage formulation. During the
last decade, there has been a number of recommen-
dations about dietary fat intake as a result of the
negative health effects when such fat is consumed
excessively (Liu et al., 2017). This influenced the
trend in consumption of low fat products and led to a
number of fat-reduced products in the market. When
it comes to fermented sausages, fat content was, in
most cases, reduced by replacing part of the pork
back fat with meat (Gomez and Lorenzo, 2013; Lor-
enzo and Franco, 2012). In addition to the increase
in production price, fat reduction led to the forma-
tion of a wrinkly appearance or uneven surface of
the sausage. The reason for this is to be found in the
higher moisture content in meat compared to pork
back fat, which consequently causes higher weight
loss during drying than in the normal-fat sausages
(Mora-Gallego et al., 2014). However, there is no
study focusing on the sensory acceptability of fer-
mented sausages with different levels of wrinkly
appearance.

Recentadvancements in the field of three-dimen-
sional (3D) laser imaging have created new possibil-
ities in the analysis of various food products. The
study of Vaskoska et al. (2020) showed that 3D laser
imaging could be used to estimate the volume of
pork cuboids. In addition, those authors showed the
possibility of predicting cooking loss by using the
volume reduction obtained by the 3D imaging before
and after cooking. Traditionally, the volume of irreg-
ularly shaped objects is measured by the water dis-
placement method. When it comes to food, the main
disadvantage of this method is its destructiveness
due to water absorption by the sample. However, this
method is reliable, accurate and fast and can be used

to determine the relative error of new methods for
volume estimation (Zhang et al., 2019). The study of
Uyar and Erdogdu (2009) showed the possibility of
estimating volume and surface area of pears, straw-
berries, bananas, apples and eggs. In addition, in the
study of Zhang et al. (2019), the volume of potatoes,
carrots and ginger root was measured by both the 3D
scanner and water displacement methods. The rela-
tive error of 3D estimated volume ranged between
2.6% and 5.4%. In the study of Goni et al. (2007), the
relative error of volume estimation by 3D scanner for
Granny Smith apple, red delicious apple and fresh
meat was —1.25%, —1.01% and —0.95%, respective-
ly. On the other hand, the surface area of irregularly
shaped objects is traditionally measured by the tape
method (Banks, 1985). This method involves cover-
ing the entire surface of an object using tape cut into
small strips. Afterwards, the strips are removed and
the surface area of all strips is measured manually
or by an area meter. This method is prone to human
error and is time-consuming (Zhang et al., 2016).
However, Zhang et al. (2016) proposed a method for
measuring the surface area of an egg based on 3D
laser imaging. The authors found that the method had
high accuracy when they compared the results of 3D
estimated surface area with results obtained by man-
ual measurement of small pieces of broken egg shell.

Non-destructiveness is an important character-
istic of analytical methods, perhaps especially for
those that tend to be used for product analysis dur-
ing different stages of production. 3D laser imaging
is capable of measuring different geometrical char-
acteristics of objects without destruction of prod-
uct structure (Uyar and Erdogdu, 2009). In recent
years, numerous research studies aimed at 3D scan-
ning applications in different industries. The reasons
for the recent increase in the popularity of 3D tech-
nology are in the more competitive price of com-
mercial scanners and the advancements in the field
of 3D processing software. In addition, these scan-
ners do not require staff to be trained to a high lev-
el, while processing of 3D data is facilitated by the
multiple software products available.

The aim of this study was to investigate the pos-
sibility of using 3D laser imaging in the analysis of the
geometrical parameters of fermented sausages dur-
ing different stages of ripening. In addition, volume
to surface ratio, as a possible indicator of sausages’
wrinkly appearance, was compared to sensory panel
estimation of wrinkly appearance in order to evalu-
ate the correlation between these two parameters. The
authors identified a knowledge gap in the determina-
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tion of fermented sausages’ geometrical characteris-
tics during ripening as a consequence of the destruc-
tiveness of methods we have used in the past.

2. Materials and Methods

2.1 Sausage preparation and sampling

One batch of approximately 20 kg of izletnicka
sausage was produced using fresh pork ham (85%) and
pork back fat (15%). One part of the pork ham was
ground through an 8 mm plate, while frozen (=18 °C)
pork back fat and the rest of the pork ham were cut
in a bowl cutter KU 130 AC (Laska, Traun, Austria)
and then mixed with the ground ham and spices. The
spices were the following: salt, white pepper, corian-
der, nutmeg; starter cultures were also added at this
stage. Meat batter was stuffed into collagen casings
(@ 55 mm) in units of approximately 20 mm in length
using a filling machine VF616 (Handtmann, Biberach
an der Riss, Germany). Sausages were transferred to
a traditional smoking chamber where they were cold
smoked during four days using commercial beech
chips as previously described by Simunovic et al.
(2020). Afterwards, sausages were transferred to a rip-
ening chamber with controlled conditions where they
were kept for 36 days. Three sausages for analysis were
taken immediately after stuffing into casings, and after
9, 18, 27 and 36 days of ripening. Before each stage
of the analysis, the weight of the sausages was firstly
measured in order to calculate weight loss, which was
expressed as a percentage of the sample initial weight.
The sausages were then used for 3D laser imaging and
sensory analysis, and then after each stage of the anal-
ysis, the same sausages were immediately returned to
the ripening chamber for further drying.

2.2 3D laser imaging

The 3D shape of the sausages (Figure 1) was
obtained using an EinScan-SP (Shining 3D Tech.,
Hangzhou, China) scanner. Sausages were placed
on a rotation table and scanned in a dark room as
recommended by the manufacturer. In order to
obtain 3D data of the downwards facing surface on
which the sausage was laid, sausages were rotat-
ed by 90 degrees and scanned again. All sausag-
es were scanned using texture mode while adjust-
ing the brightness depending on the color of each
sample. The duration of one scan was approximately
40 min. Meshing of 3D scans was performed using
EXScan S v3.0.0.1 (Shining 3D Tech., Hangzhou,

China) software as described by Simunovic et al.
(2022). Relative error (%) of 3D estimated volume
was measured during each stage using the water dis-
placement method.

Figure 1. 3D model of izletnicka sausage

2.3 Sensory analysis

The sensory panel for descriptive sensory anal-
ysis consisted of four women and four men. Pan-
ellists were trained during a one-month period
according to ISO 8586:2012 (ISO, 2012). Analy-
sis was performed at the start and at each ripening
stage, when panellists were asked to rate the wrinkly
appearance of the sausages using a 5-point Likert
scale (i.e. 1 — no wrinkly appearance, 5 — very wrin-
kly appearance). Before analysis, fermented sausag-
es with different levels of wrinkly appearance were
presented to panellists.

2.4 Statistical analysis

Pearson correlation coefficients, mean val-
ues and standard deviations were all obtained using
SPSS package (SPSS 23.0, Chicago, IL, USA). For
statistical analysis of the obtained data, one-way
analysis of variance (ANOVA) was performed. Tuk-
ey’s post hoc test was used for comparison of mean
values of the analyzed parameters, with statistical
significance being set at p<0.05.

3. Results and Discussion

The relative error of 3D volume measurements
ranged from 1.9 % to 4.5 %, depending on the pro-
cessing stage. These values are similar to those
found by Zhang et al. (2019) and Simunovic et al.
(2022), but higher than those reported by Goni et
al. (2007). Generally, there are four main groups of
characteristics that have been analyzed in ferment-
ed sausages: physico-chemical, textural, sensory
and microbiological. All of these were extensive-
ly analyzed in many types of sausages in the past.
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However, there is a lack of scientific data regard-
ing geometrical parameters of sausages. Ferment-
ed sausages undergo relatively long ripening and
drying processes. During this period, they can lose
from 20 % to 55% of their initial weight (Brankovic
Lazic et al., 2019; Wen et al., 2019), depending on
temperature and relative humidity conditions, dry-
ing time and formulation. The decrease of sausage
moisture content results in volume reduction and
affects sausage appearance. At the moment, there
are no peer-reviewed, published data regarding vol-
ume determination of fermented sausages.

During ripening, the volume of izletni¢ka sau-
sage reduced significantly (P < 0.05) from the initial
value of 377.93 cm?® to 254.58 cm? (Table 1). Vol-
ume reduction showed a very strong negative corre-
lation (P < 0.01) with weight loss (r = 0.99).

From this it can be concluded that moisture
evaporation, which naturally occurs during the dry-
ing process, influenced the reduction in volume of
the sausages. To support this statement, the most
intense reduction in both volume and weight loss
was observed between days 9 and 18 of ripening.
The strong correlation between weight loss and vol-
ume indicates that volume measurements by 3D laser
imaging could be used to estimate the weight loss of
the sausage, which is often used as an indicator for
the end of the drying process. In addition, weight loss
is an important economic parameter since it direct-
ly affects production yield. Simunovic et al. (2020)
reported the strong negative correlation between
weight loss and moisture content of Njeguska sau-
sage, which leads to an assumption that 3D laser
imaging could also be used to estimate sausage mois-
ture content. As moisture content is considered a
quality parameter of dry fermented sausages accord-
ing to Serbian regulation on the quality of ground
meat, meat preparations and meat products (Official

Gazette of RS, 2015), application of 3D laser imag-
ing could be used as a tool in the analysis of mois-
ture content. Traditionally, moisture content is deter-
mined by drying the sample for several hours at
temperatures around 105 °C. The analytical method
involves homogenization of the sample, drying and
cooling until the sample reaches constant mass. This
means that the sample can be dried several times, pri-
marily depending on its moisture content but also on
nutritional value, texture and other factors. Because
of that, the method is very time-consuming and it
requires use of an oven and an analytical balance.
On the contrary, analysis by means of 3D laser imag-
ing usually lasts from 20 to 80 minutes depending on
the required quality of the scan. In the study of Uyar
and Erdogdu (2009), the reported scanning time for
peach samples was around 2 hours. The reasons for
the lower scanning duration in our study could be in
our use of a different scanner and the more advanced
PC configuration nowadays. However, during the 3D
scanning procedure, the presence of an operator is
only needed for the rotation of the sample by 90°, as
already explained in the previous section.
Application of 3D scanning technology in the
food sector could be particularly important for the
meat industry where 3D imaging could be used as a
tool to determine the end of drying processes. Cur-
rently, food business operators are responsible for
determining the end of a drying process, so this pro-
posed method could potentially prevent the occur-
rence of human error. However, in order to apply
this method in industry, it is necessary to develop
mathematical models for different types of ferment-
ed sausages. Different sausage formulations, cas-
ings and ripening conditions affect different drying
dynamics, which would consequently require differ-
ent models, not only for different types of sausages
but also for different processing plants and ripening

Table 1. Change in geometrical and sensory parameters of izletnicka sausage during ripening

Processing time (days)

0 9

18 27 36

Volume (cm?) 377.93£2.50°

334.2542.02°

289.43+1.58° 273.294+0.94¢ 254.58+2.29¢

Surface (cm?) 33.43+0.56°  30.64+1.51°  28.94+0.47° 28.34+0.61%¢ 27.06+1.36%
Weight loss (%) 9.66+0.00 21.11+0.00 26.51+0.00 31.36+0.00
Volume/Surface ratio 11.31£0.15*  10.93+£0.60*  10.00+0.20% 9.65+0.24¢ 9.42+0.54¢
Wrinkly appearance score  1.67+0.50° 2.1240.64° 3.62+0.52° 3.88+0.35° 4.1240.35°

*¢ Values in the same row followed by different letters are significantly different (P<0.05).

Data represent the mean + standard deviation (n = 3)
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chambers. Furthermore, these models could poten-
tially be used to control the temperature and relative
humidity conditions in ripening chambers, while
on-line analysis could also be possible by installa-
tion of scanners directly in drying chambers.

The surface area of izletnicka sausage reduced
significantly during drying from the initial value of
33.43 cm? to 27.06 cm?. As was the case with vol-
ume, surface area reduction showed a negative cor-
relation (P < 0.01) with weight loss (r = —0.82). As
we previously explained, manual surface area meas-
urements of irregular objects are time-consuming
and prone to human error. Because of that, these
measurements are not performed routinely in labo-
ratories in spite of the fact that surface area could
potentially be used in evaluation of different quality
parameters of food. However, because of the uneven
surface of the sausages it was not possible to meas-
ure the surface area by the tape method. In the study
of Zhang et al. (2016), the relative error for surface
area estimation of an egg by 3D laser imaging was
between 0.38 % and 0.95 %. In our study, at the end
of the ripening, the weight loss of izletnicka sausage
was 31.36 %, and this was similar to the weight loss
found in sausages with reduced salt content (Corral
et al., 2016), but lower than weight losses found in
Cinta Senese and Harbin dry sausages (Aqualini et
al.,2018; Wen et al., 2019). Generally, sausages with
high weight loss tend to acquire a wrinkly appear-
ance, as is usually the case with sausages produced
by traditional means. On the other hand, industrial
sausages are usually produced with the addition of
different plant proteins that have a role of binding
the water molecules. This means that relatively few
water molecules are capable of evaporating during
drying, which results in less weight loss than in tra-
ditional sausages, and this is of great importance for
the cost-effectiveness of production.

Fermented sausages are produced using two
main ingredients, meat and back fat. In order to pre-
pare the batter, these ingredients are comminuted
or ground, mixed and filled into casings. Because
of the higher moisture content of meat compared to
back fat, in the parts where meat is on the surface
of the sausage, small depressions are formed. In
other words, more moisture evaporates from meat
parts, which results in the formation of these depres-
sions. The result is the formation of an uneven sur-
face on the sausage. This is more obvious the long-
er the drying period. In the study of Mora-Gallego et
al. (2014), three different types of fermented sausag-
es were produced, each containing different amounts

of pork back fat. Those authors concluded that the
batch produced with the highest amount of back fat
was rounder than other batches. In other words, the
lower the content of fat in the sausage, the more une-
ven is the sausage surface. High fat content slows the
drying rate during ripening, which results in a lower
amount of wrinkles compared to those produced with
lower fat content (Wirth, 1988). The longer the rip-
ening period, the higher the weight loss, and conse-
quently, the wrinklier the sausage appearance. In this
study, our sensory panel rated the wrinkly appear-
ance of izletniCka sausage as highest at the end of the
drying. Izletnicka sausage is characterized by a low
fat content, so high scores for wrinkly appearance at
the end of the ripening were expected. Our results
showed a strong correlation between surface area
and volume during ripening (P <0.0; r = 0.92). How-
ever, a strong correlation between these two param-
eters was expected. The total reduction in volume of
izletnicka sausage was 32.64 % and was higher than
the reduction of sausage surface area, which was
19.05 % of its initial value. Results showed a con-
stant decrease in volume to surface ratio during the
entire ripening period. This reduction was strong-
ly related to scores for wrinkly appearance obtained
by sensory panel. More precisely, these two param-
eters showed a strong negative correlation (P < 0.0;
r =—0.81), which indicates that volume to surface
area ratio could potentially be used to estimate the
wrinkly appearance of sausages. The volume to sur-
face area ratio of izletnicka sausage reduced from the
initial value of 11.31 to 9.42 at the end of the ripen-
ing period. The lower this ratio is, the wrinklier is
the appearance of the sausage. However, there is a
need for more detailed research about the possibility
of using volume to surface ratio for the estimation of
wrinkly appearance of fermented sausage.

4. Conclusion

Relative errors of volume and surface area esti-
mation gave promising results for the application of
3D laser imaging in the analysis of fermented sau-
sages. Apart from being affordable and easy to use,
this method is non-destructive, and because of that,
it can be fully applicable in analysis during differ-
ent stages of the fermented sausage production pro-
cess. The strong correlation between sensory scores
for wrinkly appearance and volume to surface ratio
indicate that this ratio could be used in the future for
determination of wrinkly appearance. However, fur-
ther research regarding the application of 3D laser
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imaging in food analysis should be conducted. More
precisely, future research should be focused on char-
acterization of geometrical parameters of other fer-
mented sausages and development of mathematical
models for determination of different quality param-
eters. In addition, it is necessary to conduct a study

on the sensory acceptability of fermented sausages
with different levels of wrinkly appearance and to
determine the optimal level for each type of the sau-
sage. A limitation of this research is that surface area
was not able to be measured experimentally due to
the uneven surface of the sausage.

Procena metode 3D laserskog snimanja za potrebe
odredivanje razliCitih geometrijskih parametara

fermentisanih kobasica

Stefan Simunovi¢, Sara Simunovic¢, Jelena Babi¢-Milijasevié, Caba Siladi, Sasa Jankovié, 1lija Pekic i

Igor Tomasevié

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:

3d lasersko skeniranje
Zapremina

Povrsina

Naboranost

Cilj rada bio je da se istrazi moguénost primene 3D laserskog skeniranja u analzi geo-
metrijskih parametara fermentisanih kobasica tokom razli¢itih faza procesa susenja. Tri
uzorka izletnicke kobasice su ispitivana odmah nakon punjenja u omotace, nakon 9, 18, 27
i35 dana zrenja. Zapremina kobasice se statisticki znacajno (P < 0,05) smanjila sa pocetne
vrednosti od 377,93 cm® na 254,58 cm?. Sa druge strane, povrSina izletnicke kobasice se
statisti¢ki znacajno (P < 0,05) smanjila sa 33,43 cm? to 27,06 cm?. Kalo suSenja pokazalo
je jaku negativnu korelaciju (P < 0,01) sa zampreminom (r = —0,99) i povrsinom kobasice
(r=-0,82), ukazujuci na moguénost primene 3D laserskog skeniranja u proceni kala suse-
nja. Relativna greska procene zapremine bila je od 2,1 do 8,1 %. Tokom susenja, primecen
je konstantan pad odnosa zapremine i mase sa poc¢etne vrednosti od 11,31 do 9,42 na kraju
procesa. Ovaj pad je pokazao jaku negativnu korelaciju sa ocenama za naboranost povrsine
dobijenih od strane obucenog senzornog panela. 3D lasersko skeniranje pokazalo je mo-
guénost primene u proceni zapremine i povrsine fermentisanih kobasica.
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ARTICLE INFO ABSTRACT

Keywords: Poultry meat is appreciated by consumers for its nutritional value, low fat content, versatil-
Chicken meat safety ity of use in various cuisines and affordable prices. However, its susceptibility to spoilage
Plant extracts due to multiple pre-slaughter and processing factors poses challenges for the meat industry,
Shelf-life especially in developing countries. To improve the safety of poultry products, synthetic
Natural preservatives preservatives like nitrites, butylated hydroxytoluene and sulphites are used. Currently, these
Bioactive compounds additives/preservatives have, however, raised concerns about their impact on human health,
Meat preservation prompting a shift from consumers toward natural alternatives, such as medicinal and aro-

matic plants. Therefore, this paper delves into the potential of plant extracts as natural pre-
servatives for improving the quality and shelf-life of chicken meat and processed products.
It provides an overview of the various plant extracts and essential oils that have demon-
strated antimicrobial, antioxidant and enzyme inhibitory properties, without compromising
the sensory attributes of the products. Different incorporation methods are discussed, in-
cluding direct incorporation or marination in aqueous and/or alcoholic extracts, and the use
of essential oils, including for in vivo animal feed supplementation. Overall, each method
influences the final product quality differently. We further summarised the current knowl-
edge about the mechanisms of action of the plant extracts tested, even though they are not
fully elucidated. Despite the benefits of these compounds, some challenges have to be ad-
dressed, including standardising the composition of the extracts, harmonising the sensitivity
of the bioactive compounds with the processing conditions, ensuring cost effectiveness and
obtaining regulatory approvals for their use. The scaling up of production to meet industry
demands also presents some technical challenges. Overall, the application of natural plant
preservatives not only enhances chicken meat quality, but also could support the meat in-
dustry to align with the evolving consumer expectations for sustainable food products.

1. Introduction fact, meat is rich in essential nutrients, it provides
proteins, vitamins and minerals, which all are cru-
. Meat', the pro@uct of convgrting anirpal muscle cial for human health (Shah et al., 2014; Geldenhuys
into a culinary delight, holds immense importance et al,, 2015). Among the various types of meat, poul-

in human diets and cultures worldwide. The trans- ) o
formation of muscle into meat through sophisticated try stands out for its advantageous nufritional com-

post-mortem physical and biochemical changes that position that makes it highly valued for healthy die-
occur in early post-mortem and during ageing, con- tary practices (Jilo & Hasan, 2022). It has a lower
fers the expected sensory qualities by consumers. In fat content in contrast to red meat, and is predomi-
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nantly composed of unsaturated fatty acids (Saleh et
al., 2020, Hailemariam et al., 2022). Overall, chick-
en meat and derived products are affordable, exempt
of religious constraints, and have valuable techno-
logical characteristics, making them widely con-
sumed sources of animal proteins (Liu et al., 2012;
Vranié¢ et al., 2014).

Despite these numerous advantages, industry
is challenged with the fragile character of chicken
meat that can alter in 4 to 8 days, owing to the white
muscle structure, the overall health state of the ani-
mal and slaughter conditions (4bdel-Salam et al.,
2017, Alessandroni et al., 2021). The rate of spoil-
age is furthermore exacerbated by the post-slaughter
handling at the retail phase due to cold chain breaks
during transport and inappropriate storage tempera-
tures (Rani et al., 2017).

To reduce the economic losses induced by this
deterioration and to satisfy the growing demand of the
consumers, preservatives like sodium and potassium
nitrites, butylated hydroxytoluene (BHT), sulphites
and other chemical products are used to stabilise the
biochemical and enzymatic processes, inhibit bacte-
rial growth, prevent lipid oxidation reactions and to
enhance the colour, flavour and tenderness proper-
ties (Mani-Lopez et al., 2016; Gutiérrez-Del-rio et
al., 2021; Atwaa et al., 2022). Although these chem-
ical (synthetic) compounds are effective in extend-
ing the shelf-life of chicken meat with technological
benefits and cost conveniences, they are highly ques-
tionable and controversial concerning their poten-
tial impact on human health (Thakur et al., 2019; Yu
et al., 2021). For example, some of them have been
deemed allergenic, like sulphites, carcinogenic like
butylated hydroxyanisole (BHA) and BHT, or as
precursors to carcinogenic components like nitrates
and nitrites that react with certain amino acids dur-
ing high-heat cooking to form nitrosamines (Drab-
ik-Markiewicz et al., 2010; Muthukumar et al., 2020;
Xie et al., 2023). Thus, these compounds are no long-
er desirable due to the growing concerns by con-
sumers over their intake of chemical ingredients in
food. In fact, consumers are becoming more proac-
tive about their health and they have place empha-
sis on products with transparent labelling, reduced
or absent synthetic ingredients and minimally pro-
cessed products, while having more expectations that
products are locally sourced and/or of natural origin
(Fox et al., 2018, Mesias et al., 2021).

Considering the above concerns, incorpo-
rating natural preservatives from plants in chick-
en meat preservation would then offer a multi-

tude of benefits. For the industry, it provides an
eco-friendly alternative to synthetic additives, align-
ing with the growing demand for more sustainable
food production. Using plant-derived preservatives
can also reduce production costs and improve sup-
ply chain efficiency, ultimately boosting profitabil-
ity. Moreover, it enhances product quality, reduc-
ing food waste, while still ensuring safe and healthy
products (Seidavi et al., 2021). For consumers, the
impact is profound, as they enjoy chicken products
that are free from potentially harmful synthetic addi-
tives, resulting in improved food safety and over-
all well-being. This approach supports a healthier,
more sustainable food industry, satisfying both pro-
ducers and consumers (Vinci et al., 2022; Pinto et
al., 2023). These aspects constitute the objectives of
this review, which aims to provide an overview of
the main plants and their compounds that have been
identified to have antioxidant, antimicrobial and
enzyme inhibitory properties, used to improve the
quality and extend the shelf-life of chicken meat and
its derived products. We also discuss the different
processes of their incorporation, the mechanisms of
action, and the challenges encountered when using
natural extracts on muscle food products.

2. An overview of the main plants used for
chicken meat preservation

Medicinal and aromatic plants have long been
part of the cultural heritage of different ethnicities.
They find their place in ancestral medicine, cosmet-
ics and culinary recipes (Miara et al., 2019a; Miara
et al, 2019b). In the context of traditional (eth-
nic) methods of meat preservation, different herbs
are used to mask unpleasant or improve the odour
and taste, along with increasing the shelf-life of the
products (Gagaoua & Boudechicha, 2018; Ez zou-
bi et al., 2022). Broiler meat from battery-farmed
chicken presents a mild flavour and subtle taste,
sometimes described as bland and insipid by con-
sumers, who prefer local, traditional pasture-raised
chicken (Gnakari et al., 2007). However, it has the
advantage of easily adapting to different seasonings
and absorbing their aroma. This versatility facili-
tates the incorporation of plants, plant extracts and
essential oils as preservatives, thereby enhancing the
taste of chicken meat products and prolonging their
shelf-life without negative influences on the inher-
ent organoleptic characteristics (7ian et al., 2014 ;
Qietal., 2022).
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Table 1. Summary table of key studies and findings regarding plant extract use in chicken meat preservation.

Chicken Experimental
Plant name Concentrations meat storage Research output References
product parameters
* Significant effect on normal
flora
o * Reduction of artificially
Basil Raw and 72? ~#Cand inoculated Salmonella . ., .,
(Ocimum 2.5 and 5 mg/ml autoclaved 18°C—-EO - enteritidis (Stojanovié-Radic et
L (solution) Sterile petri . . al., 2018)
basilicum) meat dishes * Physicochemical parameters
(pH, colour, texture, TBARS,
cooking loss) beneficially
affected for most of them
* Strong in vitro antimicrobial
15 days — 4°C - activity against L.
. . monocytogenes and P.
Cll‘mamon 0.25, 1 and 2% Chicken meoemulswn deceptionensis
(Cinnamomum with Lo (Wang et al., 2021)
. (w/v) EO breast fillets . . * EO nanoemulsion improved
verum / cassia) chitosan-pectin S o
solution the pH, oxidative stability,
and colour properties of
chicken breasts
* Better coating characteristics
16 days — 4°C — * Stronger antimicrobial
X . activity
Cinnamon 0.5 % of oil Ready-to-eat Saizt_:l;;};gfan * Lowest TVC, pH, TVBN and
(Cinnamomum  macerate (1g/100ml  chicken L TBARS (Qiu et al., 2022)
coating infused
verum / cassia)  oil) patties with EO + sterile Dramatically reduced
polyethylene bags m"lsm?e loss .
* Shelf-life extension by more
than 4 days
* Reduction of peroxide, Total
carbonyls, metmyoglobin
Coriander Chicken 9 days —4°C— ﬁﬁiﬁfﬁ growth (TPC)
: [
gzz::ln’zlmm 1% patties Aqueous extract inhibited and low TBARS (4hmad et al., 2023)
rates
* No colour or odour changes
after cooking
* Extension of the
microbiological shelf-life by
1-2 days (extract alone) and
14 days — 4°C — 3—4 days when combined
. LDPE and LDPE/ with an O, absorber
(Cc‘:t’r‘;ss - ?ﬁiaatnd 0.2ml/100g f ;‘i’csllzeimund EVOH/LDPE « No significant changes (Mexis et al., 2012)
PP films — Citrox® in colour, but positively
extract significant in odour and taste
* Physicochemical parameters
slightly affected by the
different treatments
Clove * Highly effective against (Zhang et al., 2016);
(Syzygium microbial growth: TVC, (Radha Krishnan et
aromaticum) LAB, Enterobacteriaceae and  al., 2014)
Pseudomonas spp. count
_ 49
0.5 and 1% Raw chicken 15L<11)a]z/]s3 b:gsc * Prevention of lipid oxidation
. 0 - -
Rosemary meat Ethanolic extract (TBARS) .
(Rosmarinus * Good extraction yield, overall
officinalis)) acceptability and antioxidant

potential: DPPH, FICA
Meat colour preservation
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Chicken Experimental
Plant name Concentrations meat storage Research output References
product parameters
* Antibacterial action of
volatile components of
R. officinalis extracted by
hydrodistillation
— 9 —
Rosemary EO/.EtOH 30770 Fresch sliced 7.days #C * BA production inhibition after
. at different : directly sprayed . . .
(Rosmarinus . chicken just 2 days of storage (Sirocchi et al., 2013)
L concentrations from on meat — PET . .
officinalis) 0.1% 10 4% w/w breast meat ackawin * The antibacterial and
e ’ packaging anti-BA action was due to
the formulation of a new
active packaging system with
essential oil of R. officinalis
* EO films showed antioxidant
and inhibition of lipid
A0, H 3 .
Rosemary EO/tween 80 1% Fresh 21 dgys 4°C peroxidation effects: DPPH
(Rosmarinus and 2% (W/v) minced B chltosan/ . and TBARS (Fiore et al., 2021)
officinalis) solutions chicken meat sodium caseinate  * EO film coated meat reported v
—PLA film lower concentrations of
heptanal, butanoic acid and
ethanol
Curry * No significant difference
(Murraya in the cooking yield and (Najeeb et al., 2015)
kaeenigii) proximate composition
Drumstick Restructured 20 days — 7+1°C ) 5(1)%1:1{[fsicantly lower microbial
(Moringa 1% chicken — Leaf powders — detection of
leifera) slices LDPE bags * No detection of yeast or
otet mould
Mint * No significant changes in the
A}n " sensory parameters, with a
(Mentha spp.) good overall acceptability
Fennel seeds e,
(Feeniculum 16 days » TVC reduction for glézlzcamova etal,
vulgare) . o Enterobacteriaceae, 9)
il 0.2% v/iw Chicken 4:0.5°C— Pseudomonas spp, LAB
. 0 . )
Savory ] thighs E;zl;lvié;cuum * Prolongation of the shelf-life
(Satureja packaging of chicken thighs
hortensis)
* Delay of lipid oxidation
B (TBA)
Fresh garlic: 20, 30, 2(1 days * No changes in the
3°C — Fresh 2
. 50 g/kg) . . . compositional content
Garlic Ground powder: 6 Raw chicken  garlic / garlic * Reduction of the microbial
(Allium 9,15¢ /kpg ) " sausage powder / garlic count (Sallam et al., 2004)
sativum) Garlic EO: 0.06, (thigh meat) Eil:avifuliﬁn * Sensory results showed a
0.09, 0.15 g/kg) pol ei lgene bags good overall acceptability
polyethy & even though fresh garlic
sausages had stronger flavour
* Significant decrease of TPC
_ 40,
Ginger Chicken EzE(g}(Iiani)C » Non-significant TBARs effect
(Zingiber 3 and 6 % breast fillets  emulsion edible * Better colour preservation (Noori et al., 2018)
officinale) coatin * Lower cooking loss and good
g overall acceptability
%;;tlt;;; 0.5 % . * Pro-oxidative effect (Jongberg et al.,
sinensis) = 200 minutes - * Less antioxidant than mate 2019)
Minced Hydroethanolic
chicken extrlilct —Vacuum . N reaction with protein
Mate o breast packaging — thiols in chicken meat
(llex 8(5)10/& »0.05,0.1 and Fr@eglng then * Direct dose-dependent
paraguariensis) ' mincing response: protection of the

protein thiols
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Chicken Experimental
Plant name Concentrations meat storage Research output References
product parameters
 Mitigation of HAA formation,
Hawthorn Cooked 150, 200 and especially at high cooking
(Crataegus 0.5 and 1% chicken 250°C then temperatures (Tengilimoglu-Metin
innatij('gtr da) ' ’ breast meat overnight storage  * No negative changes in etal, 2017)
p at4°C structure, appearance, colour
and odour
* Significant decrease in
chemical parameters (pH,
TBVN, TBA)
. :E 0, b
Laurel bay Fresh raw 1615?}?;/;01; e, Marked decrease in bacterial
(Laurus 1% chicken extract — Sterile counts (aerobic plate, (Youssef et al., 2021)
nobilis) breast slices lastic bags total coliform, and total
p £ Staphylococci count)
 Extension of the chicken meat
shelf-life
* Reduction of microbial
growth (TABC, TPC, TEC,
TSC and Total Mould and
. 15 days — 4+1°C Yeast Count)
S;Zetllee?; (Olea 0.25, 0.5 and 1% Elzzpoultry — Plastic bags — * Preservation of chemical (pH, (Saleh et al., 2020)
P Ethanolic extract TVBN, TBARS) and senso
ry
attributes
* Good antioxidant effect and
overall acceptability
* EO and N,O-carboxymethyl
Glveerol. EO chitosan used individually,
N é-cart;ox I’neth | showed a significant
Oregano 0. Y Y . antibacterial and preservative .
(Origanum chitosan and EO/ Chicken 14 davs — 4°C effect (Khanjari et al.,
8 N,O-carboxymethyl ~ breast fillets Y 2013)
vulgare) chitosan water * EO/ N,O-carboxymethyl
solutions chitosan combination resulted
to a 6 day shelf-life extension
of chicken fillets
;Sal(ligz:/rsm_ﬂsion * Good antimicrobial growth:
. low values of MIC and MBC
Oregano encapsulation on E. coli and S. aureus
. 5g EO/100g . .., Pasteurisation in L . . (Moraes-Lovison et
(Origanum . Chicken paté * No significant change in
nanoemulsion hot water bath . . . al., 2017)
vulgare) . physicochemical properties of
and ambient
meat (moisture, protein, ash,
temperature fat, pH)
storage P
14 days — 100°C * Retarded lipid oxidation
for 30mn then (lower TBARS values)
Pepper seeds 1 % powder and Chicken 4°C+1°C - ) Sen§qry attributes and .
, . . nutritional value favourably (Kim, 2020)
(Piper annuum) 7% oil sausages Cellulose casing affected
and PVDC bags — .
* No textural properties change,
Powder and EO
except for hardness decrease
Pomegranate juice * Better protection against
phenolics 8ml /100g 15 days — 4°C oxidative rancidity (TBARs)
Pomesranate meat Cooked — Rind powder than BHT used as positive
(Pum'fa chicken and aqueous control (Naveena et al.,
granatum) Powder extract patties extract — Aerobic  * Total phenolic compounds 2008)
phenolics 1ml / packaging in increased in the final product
100g meat LDPE pouches * No negative effect on the

sensory attributes
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Chicken Experimental
Plant name Concentrations meat storage Research output References
product parameters
Cooked 96h — 4°C - » Lower TBARS values =
Sage . Protection from oxidation .
. o chicken Polyester film (Sampaio et al.,
(Salvia 0.2% w/w . . processes
A thigh and — Marinade and U . 2012)
officinalis) . * Increasing in moisture content
breast heating .
* Great consumer acceptability
Fresh raw
marinated 12 days — +4°C
chicken meat Marinade with « High lipid oxidation
Thvme (Breastand  EO blend prevention potential (TBARS)

y 0.05 wt/vol of EO wings) + No pH, colour, shear force, o
(Thymus blend . e ield (Rimini et al., 2014)
vulgaris) en Frozen raw moisture, cooking yield,

marinated 90 days — -18°C purge loss or marinade uptake

chicken meat — Marinade with changes

(Breastand ~ EO blend

wings)

* Dose-dependent inhibition

Cooked 4h at 4°C then of the heterocyclic aromatic
Turmeric chicken 18mn cooking amines (HAA) formation
(Curcuma 0.5 and 1% breast at 150, 200 and * Reduction of the cooking loss  (Kilic et al., 2021)
longa) meatballs 250°C — Turmeric and the lipid oxidation

powder

* Preservation of colour
properties

BA: Biogenic Amine — BHT : Butylated Hydroxytoluene — DPPH: 2,2-Diphenyl 1-picrylhydrazyle — EO: Essential Oil - EVOH: Ethylene Vi-
nyl Alcohol — FICA: Ferrous lon Chelating Activity — HAA: Heterocyclic Aromatic Amines — LAB: Lactic Acid Bacteria — LDPE: Low Densi-
ty Polyethylene — MBC: Minimum Bactericidal Concentration — MIC: Minimum Inhibitory Concentration — PET: Polyethylene Terephthalate
—PLA: Polylactic Acid — PVDC: Poly Vinylidene Chloride — TBA: Thiobarbituric Acid — TBARS: Thiobarbituric Acid Reactive Substances —
TEC: Total Enterobacteriaceae Count — TPC: Total Psychrophilic Count — TSC: Total Staphylococcal Count — TVBN: Total Volatile Basic Ni-

trogen — TVC: Total Viable Count.

Table 1 offers a comprehensive overview of the
plant extracts tested and added in different forms to
improve and preserve the quality of chicken meat
products and details their impacts on the products.
The studies reported significant antimicrobial and
antioxidant potential of the plants used. Further-
more, most of the studies evidenced positive impacts
on the physicochemical, sensorial and nutritional
properties of chicken meat products. It is notewor-
thy that the recovery of the extracts depends on the
targeted bioactive compounds and the type or part of
the plant. Furthermore, the aerial plant parts, encom-
passing fruits, leaves, flowers, and bark, serve as pri-
mary sources (Kicel et al., 2019; Polka & Podsedek,
2019). In some bulbs and rhizomes like turmeric and
ginger, the emphasis lies in their underground parts
(Elmowalid et al., 2019; Kilic et al., 2021). Seeds
and roots can be also used (Melloul et al., 2022;
Sharma et al., 2023). A relatively new way to extract
plant phytochemicals, significant due to reduced
costs and less waste generation, is the valorisation
of industry by-products rather than non-by-product
plant materials. By-products include pomaces from
the processing of tomato (seeds and peels), grape
(seeds, skins and stems) and olive (skin, pulp, ker-

nels and oil residue), which showed interesting bio-
logical activities and promising preservation abil-
ities for meat products (Gutiérrez-Del-rio et al.,
2021). Overall, it has been observed that the inclu-
sion of plant extracts in the formulation and prep-
aration of chicken meat products do not compro-
mise the sensory properties or overall acceptability
as assessed by sensory panellists (Mohd Subakir et
al., 2022; Zhu et al., 2022). The following sections
delve into these details and discuss some examples
of the different plant extracts that have been incor-
porated as natural chicken meat preservatives.

3. Plant extracts and incorporation strategies

Several techniques for incorporating plant-based
components into chicken meat and its derived products
have been evaluated, which taken all together aimed to
extend product shelf-life while improving or preserv-
ing product quality. These approaches encompass the
utilisation of raw plant material and various forms of
extracts as natural food additives in meat preparations
during processing, as well as in the form of dietary sup-
plements in animal feed during breeding.
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3.1. Direct incorporation

Direct incorporation is a simple application,
low cost, and does not require specific equipment or
reagents. The plant material can be spread fresh or
powdered onto chicken meat products. For instance,
Sallam et al. (2004) added fresh or dried garlic
cloves to raw chicken sausages, Kilic et al. (2021)
incorporated powdered turmeric into chicken meat-
balls, Najeeb et al. (2015) tested powders of drum-
stick leaves, curry, and mint on restructured chicken
slices, and Kim (2020) formulated chicken sausages
enriched with pepper seed powder.

To strengthen the efficacy of phytochemicals,
marination encompasses immersing chicken meat in
a solution infused with aromatic plants, spices and
other ingredients (/ncili et al., 2020). This approach
solubilises the plant compounds, thereby increas-
ing their availability to preserve meat, enhances the
organoleptic properties, likely tenderness and juici-
ness, and reduces the cooking loss (Sampaio et al.,
2012; Rimini et al., 2014; Lytou et al., 2018; Wu et
al., 2019). Aqueous extracts can be further used.
For example, the application of aqueous extracts of
coriander and pomegranate rind powder has been
reported by Ahmad et al. (2023) and Naveena et al.
(2008). Aqueous extraction consists of soaking dif-
ferent parts of the plant in hot or cold water for a
specified time, filtrating to discard the solid reten-
tate and eventually reduce the liquid through evap-
oration and/or lyophilisation. Water has the ability
to dissolve a wide range of compounds, and differ-
ent biocomponents can be recovered depending on
the adopted heating method: decoction, infusion or
maceration (Rahim et al., 2022).

3.2. Alcoholic and hydroethanolic extracts

Ethanol is less harmful than most other organ-
ic solvents and is the most recommended for food
applications. The combination of water and alco-
hol allows the extraction of a larger group of com-
pounds compared to using the solvents individual-
ly (Alzeer & Abou Hadeed, 2016; Tobiszewski &
Namiesnik, 2017). Rosemary and clove hydroetha-
nolic extracts, along with olive leaf ethanolic extract
have been used as additives and revealed better pre-
servative properties (increased shelf-life) of raw poul-
try meat stored at 4°C for 15 days (Zhang et al., 2016;
Saleh et al., 2020). Laurel bay leaf ethanolic extract
allowed 16 days of preservation for the same product
and under the same conditions (Youssef et al., 2021).

It is noteworthy that the extraction yield and composi-
tion of the plant extracts depend on the chosen meth-
od and the variations in the time-temperature regime
used. Conventional extraction methods such as mac-
eration, digestion, percolation and Soxhlet, are effec-
tive in extracting most secondary metabolites of plants
and are simple to replicate. However, these extraction
methods are only adapted to small-scale batch produc-
tion and involve several time and solvent-consuming
steps (Bitwell et al., 2023). Thus, developing environ-
mentally friendly innovative methods that are adapt-
ed to large-scale production and that are economi-
cally viable are keystones in modern phytochemistry
research. Newer methods have emerged, like acceler-
ated solvent extraction, microwave assisted extraction,
ultrasound assisted extraction (sonication) (Nayak et
al., 2015), supercritical fluid extraction (Caredda et
al., 2002), enzyme assisted extraction (Rafinska et al.,
2022), pressurised hot water extraction and deep eutec-
tic solvents ( Loarce et al., 2021; Liao et al., 2022).

3.3. Essential oils

Essential oils are obtained by hydro-distilla-
tion and are added directly as ingredients in chick-
en meat preparations; for this purpose, essential oils
of fennel seeds, pepper seeds, garlic, basil, and rose-
mary are used (Sallam et al., 2004; Stojanovi¢-Radic¢
et al., 2018; Kacaniova et al., 2019; Kim, 2020). The
oils can also be encapsulated to preserve their odours
and flavours, protect them from degradation and
likely improve their stability. In fact, encapsulation
seemed to increase the bioavailability of essential
oils by preserving them from degradation, especially
by gastric acids (Zhang et al., 2022; Zhang & Piao,
2023). Innovative techniques, such as nanoemul-
sions of essential oils and synergistic incorporation
into packaging and edible coatings, is another way of
improving their preservative properties (Sirocchi et
al., 2013; Moraes-Lovison et al., 2017; Noori et al.,
2018; Gagaoua et al., 2021; Qiu et al., 2022).

3.4. Indirect incorporation

Innovative techniques such as nano-emulsions
of essential oils and synergistic incorporation of plant
extracts into packaging and edible coatings represent
green approaches to improve chicken meat quality
preservation while reducing or eliminating the strong
odours and flavours of some aromatic plants (Siroc-
chietal., 2013; Moraes-Lovison et al., 2017; Noori et
al., 2018; Gagaoua et al., 2021; Qiu et al., 2022). In
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this context, several approaches have been explored.
For example, a coating made of a synergistic blend
of propolis extract and chitosan, enriched with
Zataria multiflora essential oil revealed substantial
antimicrobial and antioxidant effect, while enhanc-
ing chemical characteristics and sensory acceptabili-
ty of chicken breast meat (Mehdizadeh & Mojaddar
Langroodi, 2019). Phenolic extracts of petioles from
betel leaf have been also used to develop a sustaina-
ble, biodegradable, functional antioxidant film, suc-
cessfully maintaining raw chicken meat quality for
up to 12 days at refrigeration temperature (Nandi &
Guha, 2024). In another study, lower values of pH,
thiobarbituric acid reactive substances (TBARS) and
total microbe counts after five days of storage were
observed in chicken samples packed in carrageen-
an-based films fortified with medicinal plant extracts
(Seol et al., 2013). Jacob Rani & Venkatachalam
(2023) conducted a study on poultry meat packaging
with a chitosan-based active coating, synergised with
nanoparticles synthesised from cellulose, hemicellu-
lose and lignin from leaves of the abundant invasive
plant, cattail (Typha latifolia). The coating exhibit-
ed good antioxidant and antimicrobial activities due
to the phenolic properties of the plant extracts, and
so subsequently extended the shelf-life of the prod-
uct. These few studies exemplified the potential for
incorporating plant extracts with the aim of reduc-
ing wastage and improving the freshness and sensory
qualities of chicken products.

3.5. In vivo feed supplementation

An alternative strategy regarding the use of
plants to enhance the quality of chicken meat and
increase its nutritional value is the inclusion of specif-
ic medicinal and aromatic plants in the animal diet as
feed supplements (Giannenas et al., 2020; Jin et al.,
2020; Mohebodini et al., 2021). Phenolic compounds
can be adopted to combat infectious agents as alterna-
tives to antibiotics that can lead to resistance phenom-
ena in animals with possible transmission to humans
(Mahfuz et al., 2021). The growth performance of
battery and ground-raised broilers, evaluated by the
measurement of the body weight gain and the con-
sumption index, was significantly ameliorated after
broilers were fed with green oak acorns (Berkane et
al., 2021). Dietary addition of oregano and german-
der for instance, decreased lipid oxidation, monitored
by TBARS assay and total carbonyl values, lead-
ing to a storage duration of seven days (4/-Hijazeen
et al., 2022). Feed supplementation with thyme oil

decreased the saturated fatty acid content of poultry
meat and increased the unsaturated fatty acids, with
unchanged TBARS values for 42 days at refrigeration
temperature (Canan Boliikbast & Erhan, 2006).

4. Effects and mechanisms of action of plant
extracts in chicken meat and processed
products

4.1. Antimicrobial potential

Plant extracts have been proven to be valuable
in reducing microbial growth in chicken meat. For
instance, pomegranate juice marinades were able to
delay the microbial growth of Pseudomonas spp.,
Enterobacteriaceae, Brochothrix  thermosphac-
ta and lactic acid bacteria (LAB) for 6 to 9 days at
4°C and 10°C on chicken breast fillets (Lytou et al.,
2018). The synergistic action of oregano essential
oil and chitosan coating diminished Pseudomonas
deceptionensis CM2 and bacteria total viable count
(TVC) in chicken breast fillets stored in refrigerated
conditions for 12 days (Zheng et al., 2023). Citrox®,
a commercial citrus extract also showed a positive
effect on the reduction of the TVC, Pseudomonas,
Enterobacteriaceae, LAB, and Clostridium spp.,
and prolonged the shelf-life of fresh ground chicken
refrigerated at 4°C (Mexis et al., 2012).

The mechanisms of action of plant extracts and
essential oils against bacteria are intricate and mul-
tifaceted. They vary depending on the diverse plant
constituents, type of microorganisms, and strains.
These mechanisms are not completely elucidated
yet, but the commonly known ones that can be enu-
merated as follows:

» Cell membrane disruption: Cell wall thick-
ening is a significant pathway to antibiot-
ic resistance in bacteria. Polyphenols, fla-
vonoids and other bioactive compounds
counteract it by compromising the mem-
brane fluidity, rendering it permeable, and
cell death occurs by leakage of the cytoplas-
mic content (Weng et al., 2023). Flavonoids
for instance, can interfere with lipid bilayers
by inducing bacterial membrane disruption,
which inhibits processes such as biofilm for-
mation, cell envelope synthesis, and nucleic
acid synthesis (Gorniak et al., 2019).

= Efflux pumps inhibitors (EPIs): Efflux pumps
are membrane proteins maintaining cell
homeostasis through active efflux. In bacte-
ria, they are involved in (multi)drug resistance
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mechanisms (Kumawat et al., 2023). Numer-
ous plant species have demonstrated their
potential to inhibit these pumps and disturb
the inner metabolism of Gram-positive and
Gram-negative strains (Seukep et al., 2020;
Brown et al., 2021; Mehta et al., 2022).

* Quorum sensing interference: Quorum sens-
ing is a paracrine cellular signalling system
by which bacteria interact with each oth-
er and with their environment (7hompson
et al., 2023). Perturbing this process alters
the genetic expression of virulence determi-
nants and reduces the formation of biofilms
(Ivanov et al., 2022; Kumawat et al., 2023).

These control modes not only reduce bacte-
rial count and inhibit multiplication, but also rein-
state antibiotic efficacy (/vanov et al., 2022). Other
mechanisms such as oxygen quenching, the inhibi-
tion of enzyme activity, damage to DNA, ribosomes
or mitochondria, protein denaturation, and induction
of oxidative stress by reactive oxygen species (ROS)
are other pathways that have been described in the
literature (Rout et al., 2022).

4.2. Antioxidant potential

Oxidation is the second most important deg-
radation form after microbial spoilage of chicken
meat, and of meat products in general (Dominguez
et al., 2019). In fact, oxidation leads to changes in
several meat quality traits, like colour, taste and fla-
vour. In fact, development of lipid rancidity leads to
undesirable taste and flavour. The colour change is
more noticeable on chicken thigh meat cuts, due to
the physiological specifications of poultry, as pH and
myoglobin content are higher in this cut and differ-
ent from in the breast (Wideman et al., 2016). Oxi-
dative deterioration also alters the nutritional value
by the loss of proteins and vitamins, along with the
generation of toxic compounds (Dominguez et al.,
2019; Dursun & Giiler, 2023). In this context, sev-
eral plant extracts, which exhibited a strong antiox-
idant activity, were tested on chicken meat with the
aim to increase its shelf-life and improve its nutri-
tional quality. Rosemary, oregano, pomegranate,
olive leaf and clove showed effectiveness in drasti-
cally reducing TBARS values, interpreted as a supe-
rior protection against oxidative rancidity of chicken
meat lipids, even better than some synthetic preserv-
atives like BHT (Al-Hijazeen, 2022; Naveena et al.,
2008; Saleh et al., 2020; Zhang et al., 2016).

Aromatic plants are rich in polyphenols and
flavonoids that prevent oxidative damage in meat
by forming multiple coordinate bonds with pro-oxi-
dative compounds (Gutiérrez-Del-rio et al., 2021,
Pateiro et al., 2021). These bioactive compounds
act as hydrogen atom donators, metallic ions chela-
tors, ferrous reducing agents or radical scavengers
by decomposing ROS species like hydrogen perox-
ide H,0," and superoxide anion O,". These various
mechanisms of action impede the oxidation reac-
tions, neutralise free radicals and reduce lipid oxi-
dation by lowering the production of peroxide mole-
cules (Kéksal et al., 2017; Yan et al., 2020).

4.3. Enzyme regulatory potential

When the animal is slaughtered oxygen and
glucose delivery to cells are no longer active, there-
fore leading to dysregulated muscle homeosta-
sis (Ouali et al., 2013). The complex processes of
post-mortem transformation of muscle into meat are
initiated, and sophisticated biochemical reactions in
the carcass are triggered (7erlouw et al., 2021; Lam-
rietal., 2023). Such pathways lead to the production
of ROS. In this matter, polyphenols would act on the
regulation of certain pathways and enzymes, such as
NADH oxidase, by inhibiting ROS formation, there-
by breaking the oxidation chain reaction (Yan et al.,
2020). They can also upregulate endogenous antiox-
idant enzymes like superoxide dismutase, catalase
and glutathione peroxidase.

4.4. Preservation of physicochemical and
sensory properties of meat

The correlation between the underlying mecha-
nisms of action of plant extracts and the preservation
of the physicochemical properties of chicken meat
has been established from the foregoing discussed
research results:

= The regulation of enzymes in the tenderisa-
tion process and scavenging ROS formation
seemed to have a direct impact on the meat
texture. For instance, meat from chicken fed
with oregano essential oil has lower Warn-
er-Bratzler (WB) shear force values (Mah-
fuz et al., 2021). Improvements in the water
holding capacity of the meat increases the
cooking yield and decreases the purge loss,
leading to a better meat tenderness and juici-
ness (Zheng et al., 2023).
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= Inhibiting lipid oxidation prevents the devel-
opment of a rancid taste in meat. Further-
more, essential oils and aromatic compounds
in the extracts allow the development of new
aromas and flavours in chicken meat prod-
ucts, resulting generally in good overall
acceptability by consumers (Munekata et al.,
2015; Hadidi et al., 2022).

= Colour is influenced, among other factors,
by exposure to oxygen, storage temperatures,
and anatomical location of the meat cuts that
affects the pH balance and the concentration
of myoglobin (Wideman et al., 2016). Packed
chicken meat in edible coatings enriched with
essential oils or sprayed on the surface with
phenolic extracts promoted the oxygenation
of myoglobin to form oxymyoglobin, which
gives the bright, vivid, light pink hue to chick-
en meat, and inhibits myoglobin’s oxidation
to metmyoglobin, thus preserving the visual
appeal of the meat (Figure 1) (Gagaoua et al.,
2021; Zhou et al., 2021; Wu et al., 2022).

4.5. Nutritional value enhancement

Even though the primary objective for which
plant extracts and essential oils are used in food as
natural preservatives is for their antioxidant and anti-
microbial effects, they still contribute indirectly to

the preservation and enhancement of the nutritional
content of the food. The antioxidant effects of poly-
phenols and terpenoids, along with iron sequestra-
tion by flavonoids preserve for instance, polyunsat-
urated fatty acids (PUFA), like omega-3 fatty acids
(Tang et al., 2002; Gutiérrez-Del-rio et al., 2021).
Consuming food products enriched with aromat-
ic plants increases the daily intake of polyphenols,
known for their beneficial effects on health (Fraga
et al., 2010; Vauzour et al., 2010; Tresserra-Rimbau
et al., 2018). Figure 1 depicts a few of the preserva-
tion effects of plant extracts on chicken meat.

5. Plant compounds involved in chicken meat
quality preservation and/or improvement

Secondary metabolites, which originate main-
ly from defence reactions against environmental
threats, exhibit unique and specific activities through
distinct mechanisms, contributing to their impor-
tance in a variety of applications (Gutiérrez-Del-rio
et al., 2021). The secondary metabolites that derive
from primary metabolites during plant development
have been the subject of much attention in the lit-
erature due to their structural diversity and prop-
erties, highlighting their importance in medicinal
and culinary applications (7iaij & Hasan, 2022).
Owing to the wide range of compounds that exist
in the vegetal realm, all their differences, and in the
absence of a universal classification, each author
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Figure 1. Visual illustration highlighting the positive impacts of chicken meat preservation that can be
achieved with plant extracts.
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sorts them according to their own study aims. For
instance, Arvind (2016) used a classification based
on the chemical composition: alkaloids, glyco-
sides, polyphenols (flavonoids, phenolics and tan-
nins), saponins, terpenes (carotenoids and steroids)
and anthraquinones. Ahmed et al. (2017) referred to
the British Nutrition Foundation that divides them
into four categories: terpenoids, phenolics, nitro-
gen containing compounds and sulphur containing
compounds, while Kabera et al. (2014) used a more
generic classification system of three major groups:
terpenoids, alkaloids and phenolics. Some of these
various plant metabolites are particularly appreciat-
ed in the preservation of muscle foods according to
Biswas et al. (2023) and are described in-depth in
the following sections.

5.1. Polyphenols

Polyphenols are abundant in fruits, vegetables
and herbs. They act as powerful antioxidants and
antimicrobials when incorporated into meat prod-
ucts (Wu & Zhou, 2021; Biswas et al., 2023). The
ability of phenolic compounds to act as antioxi-
dants relies on the quantity and location of hydrox-
ylic groups within their structure, as these factors
determine their effectiveness in neutralising reac-
tive radicals. Consequently, polymers with an ele-
vated concentration of hydroxylic groups exhibit a
greater antioxidant capacity (Oliveira et al., 2018).
For example, pepper fruits (Capsicum spp.), one of
the most widely used and appreciated spices in the
world for their spiciness and unique flavours, are
rich in phenolic compounds such as capsaicinoids,
luteolin and quercetin (Batiha et al., 2020a). An ear-
lier study has shown that capsiate, dihydrocapsiate
and their analogues possess very high antioxidant
activity (Rosa et al., 2002). Clove (Syzygium aro-
maticum) is another traditional spice used for food
preservation, particularly in meat processing where
it can replace chemical preservatives due to its anti-
oxidant and antibacterial properties (Cortés-Rojas
et al., 2014; Batiha et al., 2020b). Clove has been
documented as a significant source of phenolic com-
pounds, as it contains hydroxybenzoic, ferulic, caf-
feic, ellagic and salicylic acids (Cortés-Rojas et al.,
2014). Garlic (Allium sativum L.) is a well-known
bulb in traditional medicine and culinary prepara-
tions, including traditional meat products (Gagaoua
& Boudechicha, 2018). It is rich in phenols and var-
ious sulphur phytoconstituents such as alliin, allicin,
ajoenes, vinyldithiins. It has been successfully eval-

uated for its various biological activities, including
antibacterial, antiviral, antifungal, antiprotozoal and
antioxidant (Batiha et al., 2020b).

5.2. Flavonoids

Flavonoids are another class of plant com-
pounds known for their antioxidant and antibacterial
activities (Dias et al., 2021). In fact, more than 6000
different flavonoids have been identified in plants
so far (Hichri et al., 2011). They are abundant in
green plants, and are present mainly as glycosides in
leaves, flowers, stems and roots (Chen et al., 2023).
Flavonoids’ antioxidant capacities are modulated
by the location of the catechol B-ring on the pyran
C-ring, along with the quantity and arrangement of
hydroxylic groups present on the catechol group
within the B-ring (Dias et al., 2021). Cloves for
instance, contain quercetin and kaempferol (Thom-
as et al., 2022). Moreover, multiple studies indicate
that garlic, rich in flavonoids, phenols and various
sulphur compounds, exhibits strong radical-scav-
enging activity (Jang et al., 2017), and the antibac-
terial activity of these phytochemicals is linked to
different pathways (Gorniak et al., 2019).

5.3. Terpenes

Terpenes are the main compounds of essen-
tial oils and are biologically generated by the meva-
lonate pathway (Dhifi et al., 2016). From the molec-
ular level viewpoint, they are constituted from
2-methylbuta-1,3-diene carbon structures, also
known as isoprene units. These units are capable of
being reordered into cyclic structures, thus explain-
ing the important structural diversity of this group
(Hyldgaard et al., 2012; Masyita et al., 2022). Ter-
penes are easily identified and classified by the num-
ber of isoprene units in their carbon skeleton (Twaij
& Hasan, 2022). Terpenes play an important role
in food safety without affecting food quality (Fall-
eh et al., 2020). Terpenes such as thymol, carvac-
rol and eugenol are found in essential oil of thyme,
oregano, rosemary, and clove. They have been prov-
en to possess antimicrobial properties ( Mendonca
et al., 2018; Bellés et al., 2019). Clove flower buds
contain up to 18% essential oil composed of euge-
nol, eugenol acetate and P-cariofilene (Jirovetz et
al., 2006). An earlier study demonstrated the antimi-
crobial efficacy of essential oils from several spic-
es: cinnamon, thyme, rosemary, garlic, sage, orega-
no, basil, marjoram, savory and clove (Mendonca et
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al., 2018). Other studies further tested successful-
ly the antibacterial efficacy of thyme and rosemary
essential oils at very low concentrations against a
mix of three strains of Listeria monocytogenes (Gia-
rratana et al., 2016). Moreover, others have shown
that thyme, bay leaf, oregano and clove essential oils
exhibit varying degrees of inhibition against Esche-
richia coli (Thielmann et al., 2019).

6. Practical considerations for implementing
plant extracts as meat preservatives

Natural bioactive compounds have clear-
ly proven their effectiveness in reducing microbi-
al growth, preventing oxidation, and enhancing the
organoleptic properties of meat, including poultry.
Nevertheless, some factors hinder their successful
utilisation and pose challenges to their widespread
industrial application for reducing chicken meat
deterioration and for prolonging the shelf-life. In the
following, we discuss some of the practical consid-
erations that are worthy of consideration in order to
avoid drawbacks associated with their use.

6.1. Determination of the composition and
concentration of plant extracts

The composition and concentration of the bio-
active compounds of plant extracts are not consis-
tent across all sources and batches, and vary even
for the same plant species according to growing
conditions, harvest time and season, extraction set-
tings, storage conditions and packaging methods
(Oluyemisi Folashade et al., 2012; Tajik et al., 2014;
Pferschy-Wenzig & Bauer, 2015). These result in
unpredictable synergistic and antagonistic interac-
tions between the extract compounds themselves,
or between the extract compounds and the chicken
meat matrix. These interactions can affect the sta-
bility of the extracts and their antioxidant and anti-
microbial activity (Lu et al., 2017; Woron & Siwek,
2018; Nguyen & Karboune, 2023). Therefore, the
standardisation and determination of the effective
concentration are even more challenging: under-
dosage reduces the potency of the extract while too
high concentrations may lead to unpleasant senso-
ry changes and formulation issues, introducing unfa-
miliar textures or flavours, thus affecting the con-
sumer acceptability of the final product. In the meat
matrix, the presence of fatty acids, proteins and oth-
er components can favour these changes when react-
ing with the compounds of the plant extracts. Find-

ing the right balance between preservation efficacy
and sensory acceptability is crucial and a key chal-
lenge (Lu et al., 2017; Skochko et al., 2018; Barbieri
et al.,, 2019; Sajad et al., 2020). Moreover, during
the preparation of these additives, other interfering
molecules or compounds can be extracted from the
plant, making a purification step necessary. Purifi-
cation techniques have made significant advance-
ments in recent years and appear to address these
issues effectively on an experimental level. How-
ever, the feasibility for industrial-scale implementa-
tion remains limited due to the associated high costs
and the substantial equipment it necessitates (Weil &
Veraitch, 2014; Folim, 2015).

6.2. Regulatory and safety aspects

Due to the complex composition of plant
extracts, their use as food preservatives is condi-
tioned by strict national and/or international stand-
ards and is under regulatory compliance. This is even
more important when it comes to the determination
of the concentration to be used in meat products, due
to the nature of meat constituents and how they react
with phytochemicals (Alirezalu et al., 2020; Biswas
et al., 2023). As depicted in Figure 2, plant extracts
are susceptible to diverse environmental contami-
nants, including pesticides, waterborne chemicals,
synthetic drugs and heavy metals (Han et al., 2016;
Kostic et al., 2019). Moreover, the native bacterial
microbiota of plants can pose risks to human health,
like mycotoxins from fungi or thermoresistant tox-
ins from sporulating bacteria (Omotayo et al., 2019;
Alirezalu et al., 2020). Genetic cross contamina-
tion within plant species is an inevitable occurrence,
whether it involves organic or heirloom plants inter-
mingling, or crossing paths with genetically modi-
fied crops. Such interactions can yield unexpected
outcomes or the introduction of undisclosed com-
pounds, such as allergens, toxins and even opioids,
thereby complicating the contamination landscape
(Geller et al., 2015; Cau et al., 2021). This intri-
cate web of cross-contamination highlights the need
for meticulous monitoring and regulation within the
agricultural industry to ensure the safety and integri-
ty of food supply (Steier, 2016).

Even though legal frameworks and directives
can vary between countries, the safety and efficacy
of the natural preservatives must be demonstrated in
order to obtain regulatory acceptance. For instance,
in the United States, the Food and Drug Administra-
tion (FDA) maintains a list of generally recognised as
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Figure 2. Safety hazards that can be associated with plant extract usage.

safe (GRAS) essential oils that can be used in meat
products (Khaneghah et al., 2017). In the European
Union, the Regulation 1129/2011 prescribes permissi-
ble compounds and their limited doses in various food
products, considering the composition of the product,
and whether or not it will undergo thermal treatment
(Alirezalu et al., 2020). Regulation EU 1169/2011 also
sets out the legal obligation to declare known aller-
gens, like celery, sesame or soy (Cau et al., 2021).

6.3. Bioavailability and intestinal absorption

When added to chicken meat, extracts from
medicinal and aromatic plants have roles in the pres-
ervation of the product before consumption and the
improvement of the product’s sensory attributes
(Mubhialdin et al., 2020; Hassan et al., 2022). Poly-
phenols, the main secondary metabolites of plants,
have seen greater consumption popularity in recent
decades, causing a significant increase in the demand
for polyphenol-enriched products. Selling argu-
ments advocating the beneficial effects on the human
body after ingestion, and even describing the prod-
ucts enriched with polyphenols as “superfood” con-

tributed greatly to the development of this new die-
tary trend (Fernandez-Rios et al., 2022). While plant
components have shown their antioxidant, antimi-
crobial and enzyme regulatory efficacy as well as
their contribution to reduce several diseases, scien-
tists describe it as a marketing gimmick and are more
sceptical about the real impact of polyphenols on the
human body when ingested in food. This scepticism
comes from the fact that the bioavailability and effi-
cacy of consuming polyphenols in food are hard-
ly predictable, and are influenced by a wide range of
variables (7resserra-Rimbau et al., 2018). We believe
that much work in this area is needed in the future.

6.4. Cost considerations

The cost of plant extract production and com-
mercialisation is higher than for synthetic preserv-
atives. The latter are cheaper due to their longer
shelf-life, stability and mass-production adaptabil-
ity. Therefore, scaling up the production of plant
extracts to meet the demands of the food industry
can present logistical challenges (Surekha & Reddy,
2014; Vara et al., 2019). As a matter of fact, sourc-
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ing ingredients for natural preservative production
is conditioned by the seasonality of plants and their
geographical availability, causing supply chain com-
plexations. Furthermore, import/export taxes, cer-
tification and labelling costs inflate the bill (Bal-
asubramaniam et al., 2022). The production plans
have to be studied in depth and adapted to the cur-
rent regulations and recommendations (Lee & Paik,
2016). For instance, the EU REACH Regulation
(EU, 2006) on registration, evaluation, authorisa-
tion and restriction of chemicals strongly encourag-
es the adoption of eco-friendly “green” solvents as
alternatives to conventional organic ones. The selec-
tion of one solvent over another is a strategic deci-
sion, since it affects the extraction method, com-
pound selectivity, production yield, costs and safety
(Pateiro et al., 2021). While multiple environmen-
tally friendly extraction techniques have emerged at
experimental level in scientific literature, the acqui-
sition of avant-garde technologies has a cost. More-
over, the type of extract can present another draw-
back. A typical case in point would be the use of
essential oils in food preservation. Otherwise indis-
putably effective as antioxidants and antimicrobi-
als, essential oils are hydrophobic, rendering their
solubilisation very technical; they are highly con-
centrated in volatile compounds, resulting in strong
off-odours and aromas; and have a considerably low
extractability and extraction yield (4/-Refaie et al.,
2023). Given these conditions, the production cost
of using essential oils in chicken meat production is
thus elevated (Bouarab Chibane et al., 2019).

7. Conclusion

From this review, we can conclude that inves-
tigations of the utilisation of plant extracts to pre-
serve chicken meat and its processed meat prod-
ucts have yielded a promising avenue for prolonging
the shelf-life duration. This review highlighted the
plant extracts that have rich composition in diverse
groups of bioactive compounds, which confer strong
microbial growth mitigation and enzyme inhibition,
and prevent lipid and protein oxidation. They also
can enhance the organoleptic and sensory proper-
ties of chicken meat products. However, the use of
plant-based preservatives at an industrial scale faces
some challenges, including standardisation, regulato-
ry approval, sensory acceptability, and cost-effective-

ness. Moreover, in the scientific literature, we have
noticed a gap regarding chicken meat quality pres-
ervation in comparison to other meat species (main-
ly red meat products), and most existing studies only
pulverise the surface, focusing on the antioxidant
and antimicrobial effects using manual, conventional
methods, without delving deeper into a better under-
standing of the underlying mechanisms or identifying
the specific compounds involved in the preservation
process. To overcome these challenges, it is necessary
to initiate further interdisciplinary research efforts
that combine principles from food science, biochem-
istry and biotechnology. For instance, omic approach-
es unravel complex molecular factors influencing
chicken meat quality and could offer a holistic view
to understand and predict quality changes during stor-
age (Wang et al., 2023). Furthermore, high-through-
put screening through appropriate design of experi-
ments can efficiently identify the potential extract/
compound candidates, while microbiome analy-
sis can clarify interactions of the compounds with
chicken meat-associated microorganisms. Addition-
ally, nanotechnology is another promising discipline
that contributes to the optimisation of encapsulation
and emulsion, with prominent uses in meat research
(Lamri et al, 2021). Nano-techniques protect the
extracts from degradation during storage and guaran-
tee suitable meat quality preservation without intro-
ducing the strong aromas of certain plant extracts
into the meat products. In addition, nanotechnology
can enable controlled release of the extracts, which
in turn, increases the bioavailability and intestinal
absorption of high value compounds like polyphenols
and flavonoids from chicken meat-enriched products.
Cutting-edge green processes for recovering natu-
ral compounds from plants are also highly regarded
in the scientific community. For example, approach-
es such as supercritical fluid extraction, ultrasound
extraction or microwave assisted extraction, cou-
pled with the use of eco-friendly solvents like deep
eutectic and ionic solvents demonstrate environmen-
tal responsibility and offer promising alternatives
to the traditional extraction methods that use organ-
ic solvents, known to be toxic and polluting. Over-
all, the adoption of plant-based natural preservatives
not only aligns with the clean label and health-con-
scious preferences of consumers, but also contributes
to the sustainability of the meat industry by reducing
its environmental impacts.
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Ocuvanje kvaliteta mesa zivine biljnim ekstraktima:

pregledni rad

Ines Feknous, Djamal Ait Saada, Cerine Yasmine Boulahlib, Laura Alessandroni, Sendous Wadjila Souidi,
Ouiza Ait Chabane i Mohammed Gagaoua

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:

Bezbednost pileceg mesa
Biljni ekstrakti

Rok upotrebe

Prirodni konzervansi
Bioaktivna jedinjenja
Konzervisanje mesa

Potrosaci cene meso zivine zbog njegove nutritivne vrednosti, niskog sadrzaja masti, raz-
novrsnosti upotrebe u raznim kuhinjama i pristupacnih cena. Medutim, njegova podloznost
kvarenju kao posledice vise faktora pre klanja i prerade predstavlja izazov za industriju
mesa, posebno u zemljama u razvoju. Da bi se poboljsala bezbednost Zivinskih proizvo-
da, koriste se sinteticki konzervansi kao $to su nitriti, butilovani hidroksitoluen i sulfiti.
Trenutno, ovi aditivi/konzervansi, medutim, izazvaju zabrinutost zbog njihovog uticaja na
zdravlje ljudi, $to je dovelo do pomeranja kod potrosaca na prirodne alternative, kao $to
su lekovite i aromati¢ne biljke. Stoga se ovaj rad bavi potencijalom biljnih ekstrakata kao
prirodnih konzervansa za poboljsanje kvaliteta i roka trajanja pileCeg mesa i preradevi-
na. Ovaj rad pruza pregled razlicitih biljnih ekstrakata i etericnih ulja koja su pokazala
antimikrobna, antioksidativna i inhibitorna svojstva enzima, bez ugrozavanja senzornih
atributa proizvoda. Razmatraju se razlicite metode inkorporacije, ukljucujuéi direktnu
inkorporaciju ili mariniranje u vodene 1/ili alkoholne ekstrakte, i upotrebu eteri¢nih ulja,
ukljucujuéi in vivo suplementaciju sto¢nom hranom. Sve u svemu, svaka metoda razli¢ito
utice na kvalitet finalnog proizvoda. Dalje smo sumirali sadasnja saznanja o mehanizmima
delovanja testiranih biljnih ekstrakata, iako nisu u potpunosti razjasnjeni. Uprkos pred-
nostima ovih jedinjenja, potrebno je resiti neke izazove, ukljucujuéi standardizaciju sas-
tava ekstrakata, uskladivanje osetljivosti bioaktivnih jedinjenja sa uslovima obrade, obez-
bedivanje isplativosti i dobijanje regulatornih odobrenja za njihovu upotrebu. Povecanje
proizvodnje u cilju zadovoljavanja potreba industrije takode predstavlja neke tehnicke iza-
zove. Sve u svemu, primena prirodnih biljnih konzervansa ne samo da poboljsava kvalitet
pileéeg mesa, vec bi takode mogla da podrzi mesnu industriju u smislu uskladjivanja sa
ocekivanjima potro$aca u razvoju za odrzive prehrambene proizvode.
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ARTICLE INFO ABSTRACT

Keywords: Current estimates predict that due to population growth by 2050, the world will need
Proteins about 70% more food than is currently being produced. With the growth of the popula-
Insects tion whose diet also requires protein intake, livestock production will continue to grow,

Proteins of unicellular organisms and proteins of animal origin will remain an important part of the population’s diet. The

Algae production of proteins of animal origin will increase in the future mainly due to the in-
creased production of pork and poultry meat. Therefore, the demand for protein in feed
will increase, as pigs and poultry have a greater need for protein in feed compared to
ruminants. Therefore, the needs and challenges for nowadays are to find those sources
of protein that will satisfy the nutritional needs of the largest part of the population
and animals, and for which production will be cheaper and more accessible than for
the sources of protein that are currently used in human and animal nutrition. To date,
several new sources of protein for human and animal nutrition are already in use, and
their importance will be even greater in the future. Insects, proteins from single-celled
organisms and algae are increasingly used as alternative protein supplements. In addi-
tion, microbial technology and biological fermentation can improve the digestibility
and, thus, the utility value of protein supplements.

lion people in the world are malnourished, and pre-
dictions are that by 2030, that number will reach 840
million. The areas most affected by hunger are Afti-
ca, Asia and partly Latin America (WHO, 2020). That
is why the needs and challenges in today’s time are to
find those types of food that will meet the nutritional
needs of the majority of the population, and for which
production will be cheaper and more accessible than
for production of food of animal origin.

Another problem we face is the lack of variety
of foods used in people’s diets. The population uses
a small number of foods in their diet, so 75% of the
world’s food production is obtained from only 12

1. Introduction

By 2050, the world population is expected to
reach 10 billion. Current estimates predict that the
world will, therefore, need about 70% more food
than is currently being produced (Liu et al., 2022).
The structure of the world’s population is changing as
the consumption power of a large number of people
increases, primarily in Asia. Namely, the world has
already reached a turning point where more than half
of the population is now considered middle class or
richer and where the majority lives in cities. Regard-
less of the increase in the number of people belong-
ing to the middle class, stratification among the pop-

ulation will exist also in the future, so a large part of
the world’s population will not have enough food,
especially that of high value, which is food of animal
origin. The latest data indicate that almost 690 mil-

*Corresponding author: Marija StarCevi¢, marijadok@gmail.com

types of plants and 5 types of animals (FAO, 1999).
Almost 60% of the total calories obtained from
plants come from just three types of plants, rice,
corn and wheat. A lack of variety in human diet can
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have a negative impact on health. Although middle-
and upper-class people may consume enough calo-
ries, energy-dense diets lead to obesity (Rouhani et
al., 2016). In addition, a monotonous diet cannot
provide enough vitamins and minerals, resulting in
health problems (Aiking and de Boer, 2020). There
is an array of untapped food species that can provide
diverse nutrients while also providing unique tastes
and textures for discerning consumers (Colgrave et
al., 2021). One of the ways to offer the population
diversity in diet, and on the other hand to meet the
nutritional needs of a large part of the poor popula-
tion, is to use in the diet more proteins obtained from
plants and other sources (A4iking and de Boer, 2020).

2. Sources of protein in human and animal
nutrition

Proteins are important macronutrients in human
and animal nutrition, because they play a key role in
growth and physiological processes in the body (Boye
et al., 2012). All amino acids are important in the syn-
thesis and functioning of muscles and organs, as well
as enzymes, hormones and the immune system (Wi,
2009). Amino acids are classified as essential and non-
essential, based on whether the body can synthesize
a particular amino acid. Non-essential amino acids
can be synthesized de novo by the human body, while
essential amino acids cannot be synthesized, so the
only source of essential amino acids is protein in food.
Therefore, it is important to ensure their adequate die-
tary intake (F40, 2013). The amount of protein that
the population over the age of 18 should consume
every day (recommended daily food intake) has been
determined and amounts to 0.83 g of protein per kg
of body weight. Protein intake for children, pregnant
women, lactating women and the elderly population
is higher than recommended for adults (EF'S4, 2012).

Dietary proteins differ in chemical, biological,
functional and nutritional characteristics depend-
ing on their source and molecular structure (Day
et al., 2022). It is generally known that animal pro-
teins have a higher nutritional value than plant pro-
teins due to their amino acid composition, digestibil-
ity and ability to transport other important nutrients,
such as calcium and iron. In addition, their techno-
logical properties, such as gelling, emulsifying and
foaming, give food an attractive texture and sen-
sory properties, so they are considered more valu-
able than plant-based proteins (Kim et al., 2020).
Although proteins of plant origin are being increas-
ingly represented in the human diet due to their sus-

tainability, as well as health and ethical reasons,
their nutritional value is lower compared to pro-
teins of animal origin. Namely, proteins of plant
origin have an unbalanced amino acid composi-
tion and reduced or slower digestibility due to their
molecular structure (Day et al., 2022). Additionally,
there are a number of arguments why an exclusive-
ly plant-based diet can lead to nutrient deficiencies,
as some essential nutrients are absent or present in
small amounts in plant-based foods, such as vitamin
B12 or iodine. Other essential micronutrients may
be present in sufficient quantities in plant foods,
such as calcium (Ca) or zinc (Zn), but the low avail-
ability of these minerals in many plants due to the
presence of phytates or oxalates may lead to their
deficiencies in humans (Adhikari et al., 2022).

3. Proteins of animal origin

The use of food of animal origin in human
nutrition has a long history. There are assumptions
that meat was used during human evolution 5—7 mil-
lion years ago. The use of meat went through four
periods during evolution: 1) random hunting and eat-
ing the remains of dead animals, 2) real hunting that
began about 2 million years ago, 3) then the domes-
tication and breeding of animals, as well as the cul-
tivation of agricultural crops that occurred before
10,000 years ago, 4) and, nowadays, the use of food
of animal origin with an unfavourable composi-
tion of fatty acids that are harmful to human health
(Larsen, 2003). About 2.5 million years ago, human
ancestors used stone tools to remove meat from ani-
mals. Although human ancestors used meat in their
diet, it was not a significant part of their nutrition
until organized hunting began about 2 million years
ago (Shipman, 1986). At that time, groups of hunters
joined together and caught large prey, which allowed
a greater amount of food of animal origin to be eat-
en. It is very possible that hunting contributed to the
improvement of the health of human ancestors, so
about 2.0-1.7 million years ago there was a signif-
icant size increase (by 33% in men and by 37% in
women) and an increase in body weight (by 44% in
men and by 55% in women) (McHenry and Coff-
ing, 2000). The development of agriculture approx-
imately 10,000 years ago was a great improvement
for humans, because life then changed from surviv-
ing day to day by hunting and gathering to organized
and safer food production. However, with the devel-
opment of agriculture, a change in human nutrition
occurred, so the consumption of meat decreased,

103



Marija Starcevic et al.

Protein sources in human and animal diet

and the intake of cereals increased. Archaeological
evidence confirms that during this period, there was
a deterioration in human health, as the frequency of
caries, anaemia due to iron deficiency, infections
and the development of osteoporosis increased.
With the development of agriculture, people began
to gather around arable land, and this created ideal
conditions for disease transmission (Larsen, 2003).
Nowadays, the consumption of meat has increased,
and with it the frequency of cardiovascular diseases.
Although the diet of modern man is in many ways
similar to the diet of people more than 10,000 years
ago who were hunter gatherers, the deterioration of
human health today can be explained by the lower
intake of monounsaturated and polyunsaturated fat-
ty acids, as well as lack of physical activity (Cord-
ain et al., 2002).

Meat, eggs and dairy products have exception-
al nutritional value, as they contain high-value pro-
teins, fats (n-3 fatty acids), carbohydrates and micro-
nutrients, such as various minerals (calcium, iron
and zinc) and vitamins. Food of animal origin pro-
duces 18% of the total calories and 25% of the total
protein produced in the world. Malnutrition, which
occurs due to insufficient intake of protein of animal
origin, is a constant problem in poor countries. Add-
ing animal protein to the diet of people who do not
consume enough high-quality protein could prevent
the development of sarcopenia, osteoporosis and
anaemia (Colgrave et al., 2021). With the growth
of the population whose diet also requires protein
intake, livestock production will continue to grow,
and animal protein will remain an important part of
the population’s diet (7ilman and Clark, 2014). Pre-
dictions are that from 2005 to 2050, meat production
will increase by 57%, and milk by 48%. Therefore,
livestock production will increase by 21% from
2010 to 2025 (Kim et al., 2019). Of the total pro-
duced food of animal origin, cattle make up 45%,
poultry 31%, and pigs 20% (Mottet et al., 2017).
The production of protein of animal origin will
grow in the future, mostly thanks to the increased
production of pork and poultry meat. Therefore, the
demand for protein in feed will increase, as pigs and
poultry have a greater need for protein in feed com-
pared to ruminants (Kim et al., 2019). In addition,
the use of fish in the human diet provides high-value
proteins, but also various necessary micronutrients,
including vitamins (A, B and D), minerals (calci-
um, iodine, zingc, iron and selenium) and polyunsat-
urated n-3 fatty acids, such as docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA). With pop-

ulation growth and increased consumer awareness
of the health benefits of using fish in the human diet,
the average world fish consumption has increased to
20 kg per year per capita. This demand for fish now
far exceeds the sustainable yield from the ocean,
with aquaculture supplying more than half of total
fish production. However, in order to increase the
production of fish from aquaculture, several chal-
lenges need to be overcome, primarily insufficient
quantity of feed for fish nutrition, environmental
pollution, poor water quality, fish diseases, as well
as a lack of regulations regarding this branch of agri-
culture (Colgrave et al., 2021).

In pigs, the need for protein in the diet differs
according to the age and physiological state of the
animal (pregnancy, lactation), and is often deter-
mined according to the weight of the animal. Daily
requirements for lysine in pigs increase with growth
from 4.0 g/day to 18.3 g/day when animals reach
100 kg of body weight. So far, several essential ami-
no acids are added to pig diets, such as lysine, thre-
onine, methionine, tryptophan, valine, arginine and
isoleucine. Adding these essential amino acids to pig
diets can reduce the amount of legume and animal
protein required in pig nutrition (Kim et al., 2019).
Proteins of animal origin, such as blood cells, blood
meal, blood plasma, milk powder, fish meal, meat
and bone meal, poultry by-products, dried eggs and
whey protein concentrate are used as feed for pig-
lets. These feeds of animal origin have high nutri-
ent digestibility and contain functional proteins that
improve the health of weaned piglets (Weaver et al.,
2014).

Protein and amino acid requirements in poul-
try nutrition depend on their productivity. Turkeys
and broilers require high levels of protein and amino
acids in their diets to meet their rapid growth needs
(National Research Council, 1994). Breed, hous-
ing (cage or floor system, stocking density), egg
yield, environmental temperature and diseases affect
the protein needs of laying hens and ducks (Kim et
al., 2019). Dietary protein requirements of poultry
are often met by providing 17-22% vegetable pro-
tein feed, 1-2% animal protein feed and 0.2-0.5%
synthetic amino acids (National Research Coun-
cil, 1994). Young, fast-growing, heavy-line tur-
keys require 28% crude protein in their diet, so tur-
key meal contains more than 50% protein nutrients
(soybean meal and fish meal). For feeding geese and
ducks, cottonseed meal and rapeseed meal can be
used as substitutes for soybean meal, while fishmeal
is rarely used (Kim et al., 2019).
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In the past, feed for carnivorous fish was large-
ly produced from fishmeal and fish oil derived from
fish caught in the open sea. Therefore, fishmeal, as an
excellent source of protein and essential nutrients for
fish, is a limited natural resource and its annual pro-
duction is about 5 million tons. Fish oil is also a high-
ly sought product due to its richness in n-3 fatty acids.
Over the years, aquaculture has redistributed the use
of these limited resources, so today instead of fish-
meal and fish oil, some plants (soybean, corn, oilseed
rape and wheat flour) and by-products of animal ori-
gin (poultry meal, blood flour, feather meal and meat
and bone meal) are used (Naylor et al., 2000). How-
ever, one of the biggest challenges today is the current
restrictions placed by many countries on the use of ani-
mal by-products as a source of protein in feed. More-
over, the availability and price of plant nutrients often
vary, so proteins from algae and insects are increasing-
ly used for fish nutrition (Colgrave et al., 2021).

4. Proteins of vegetable origin

Plants in human nutrition are important, because
they are a source of carbohydrates, fats, proteins,
fibre, as well as short-chain n-3 fatty acids. Soybeans,
beans and to a lesser extent peas are the main sources
of protein of vegetable origin. In the near future, soy-
bean is likely to become a main source of plant-based
protein because of its desirable processing properties
(e.g. texture, taste, and appearance) and nutritional
quality. Compared to other types of plants, soybean
is very similar to beef and dairy products in terms
of amino acid composition and protein digestibility
(Colgrave et al., 2021). Today, new sources of plant-
based protein that can be used in human nutrition are
being researched, while ensuring that consumers get
all the necessary essential amino acids through their
diet, because many plants lack certain essential ami-
no acids. Additional research should include improv-
ing the quality and quantity of protein in grains (e.g.
buckwheat and quinoa) and legumes (e.g. chickpeas,
fava beans and lentils) that are underutilized in our
diet. There will also be a need to develop new plant
varieties that could accommodate different climate
regions and/or soils. In addition, technological inno-
vation will lead to the development of new products
rich in plant-based proteins, such as bakery products,
pasta, breakfast cereals and snacks, or substitutes for
meat or dairy products (Colgrave et al., 2021).

In animal nutrition, the main sources of plant
protein are proteins obtained from oilseeds. Of the
total oilseeds produced, soybean meal is in first place

with 226 million tons (70%), followed by rapeseed
meal with 39 million tons (12%) (American Soybean
Association, 2017). Animals have a unique ability to
incorporate inedible or low-value plants for humans
into high-value proteins, increasing the amount of
protein available for human consumption (Mottet et
al., 2017). Protein supplements are one of the most
expensive and limiting food ingredients. Until now,
soybean meal, as a by-product of soybean oil extrac-
tion, was the main source of high-quality protein for
animal nutrition. Namely, 85% of the world’s soy-
bean production is annually processed into soybean
cake and oil, of which approximately 97% is used
as animal feed (Kim et al., 2019). However, due to
the large number of hungry people in the world, the
justification of feeding animals with soy protein,
as well as the use of other oilseeds and cereals in
the diet of animals that are also food for humans, is
increasingly being considered. Therefore, there is an
increasing need to find new nutrients and new sourc-
es of protein for animals and to replace the existing
ones (FAOSTAT, 2016). The supply of nutrients in
the future will be affected by many factors, includ-
ing the availability of arable land and water, climate
change, energy costs and the possibility of improved
yields (Kim et al., 2019). In addition, the need for
protein in feed can be reduced by improving the effi-
ciency of animal nutrition and the nutritional value
of feed ingredients (Mottet et al., 2017).

Although leguminous products are most often
added to the meal for pigs as the main source of pro-
tein, by-products of the milling and brewing indus-
try can also be used as protein feeds of vegetable ori-
gin (up to 30%). Anti-nutritional substances found
in protein feeds, including trypsin inhibitors, aller-
gens (such as glycinin and B-conglycinin) and flatu-
lence-producing compounds (oligosaccharides such
as raffinose), limit their use in diet for piglets. With
certain processing procedures, e.g. fermentation or
the use of enzymes, the anti-nutritive substances in
these nutrients can be inactivated, so legumes can
also be used in the diet for piglets (Kim et al., 2019).
Since antimicrobial growth promoters are not desir-
able in piglet diet, it should be formulated to be low
in crude protein to reduce the incidence of diarrhoea
(Heo et al., 2009). In addition, decreasing the crude
protein content by adding synthetic amino acids to
diet for piglets can reduce faecal nitrogen excretion
and ammonia emissions (Kim et al., 2019).

Adding larger amounts of protein nutrients of
plant origin to poultry meals is not possible due to
the presence of indigestible ingredients and/or due
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to the presence of anti-nutritive or toxic substanc-
es (Kim et al., 2019). Similar to pigs, adding syn-
thetic amino acids to poultry feed can reduce the use
of animal protein sources in these feeds, and reduce
nitrogen pollution of the environment (Bregendah!
et al., 2008). In order to produce sufficient quantities
of poultry feed in the future, it is important to pre-
dict the increase in poultry meat consumption in the
coming decades. New protein feeds, such as insects,
proteins from single-celled organisms and algae will
be of great importance in the future as protein sup-
plements in poultry nutrition (Makkar, 2017). In
addition, microbial technology and biological fer-
mentation can be used to improve the digestibility
and, therefore, the use of protein supplements (Ver-
straete and De Vrieze, 2017).

Unlike pigs and poultry, ruminants meet their
needs for amino acids through two different sourc-
es: proteins from feed that pass through the rumen
undegraded and proteins synthesized by microor-
ganisms in the rumen (microbial protein). These
protein sources are then digested and absorbed
in the lower parts of the digestive tract, where the
absorbed amino acids are defined as metabolic pro-
tein. Microbial protein is an essential protein source
for cattle and sheep and can provide approximately
70% of total metabolic protein requirements (Sok et
al., 2017). In addition, microbial protein is an excel-
lent source of essential amino acids, and its optimal
production requires the simultaneous use of protein
nutrients with degradable proteins, as well as fer-
mentable carbohydrate nutrients that provide the
necessary energy for protein synthesis in the rumen
(Schwab and Broderick, 2017). More than 60% of
crude protein can be broken down in the rumen to
provide ammonia for the growth of microorganisms.
While a large amount of ammonia can be used by
microorganisms in the rumen for protein synthesis,
excess ammonia can be absorbed into the animal’s
bloodstream and excreted through urine and faeces
(Kim et al., 2019). However, ruminants have a low-
er utilization of nitrogen taken through feed, so in
dairy cows 72%, beef cattle 78% and sheep 81% of
the nitrogen taken in is excreted through faces and
urine. For now, the most acceptable approach is to
feed ruminants with lower protein rations to reduce
nitrogen excretion. One study found that feeding
dairy cows with diets containing 169 g/kg dry mat-
ter of crude protein instead of 183 g/kg of dry matter
had no adverse effect on milk production, but nitro-
gen excretion in faeces and urine decreased by 11%
(Hynes et al., 2016).

Because an insufficient quantity of protein feed
is being produced, researchers and the feed industry
have taken various approaches to improve the sup-
ply of protein feed. Firstly, alternative protein sourc-
es, such as insect protein and algal protein, have been
developed to replace conventional protein feeds for
poultry, pigs and fish. Then, genetic selection has
reduced the content of anti-nutritional substanc-
es (soy with lower oligosaccharide content and corn
with lower phytate content) or improved the content
of desirable nutrients (soy with higher methionine
content, corn with higher lysine content and higher
phytase activity). Furthermore, the processing and
treatment of protein supplements, such as the remov-
al of oligosaccharides or trypsin inhibitors from soy,
has improved their usability. Finally, synthetic amino
acids as well as enzymes are added to animal feed to
improve protein digestibility and reduce the amount
of added crude protein (Kim et al., 2019).

5. Sources of protein from the sea: algae and
seaweed

Algae can be divided into microalgae and
macroalgae (seaweed). Algae have been part of the
human diet for thousands of years and provide a vari-
ety of nutrients essential to human health, includ-
ing vitamins, minerals, fibre and protein. Microalgae
and seaweed consume carbon dioxide in their metab-
olism by absorbing it directly from the sea togeth-
er with nitrogen and phosphorus. The importance of
algae in human nutrition is reflected in the fact that
their large-scale production will be possible in closed
production systems or bioreactors that use recycled
water and carbon dioxide produced by other industri-
al activities (Caporgno and Mathys, 2018).

The majority of algal protein production is
expected to come from two freshwater algae species,
the filamentous cyanobacterium Arthrospira platen-
sis (spirulina) and the unicellular green alga Chlo-
rella. These two algae are recognized as sources of
high-value proteins, as they contain up to 70% pro-
tein in dry matter, as well as all essential amino acids
(although smaller amounts of cysteine and lysine). In
addition, algae are rich in minerals, such as calcium,
iron and copper, and n-3 fatty acids, but they are also
one of the few non-animal sources of vitamin B12
(Caporgno and Mathys, 2018). However, the pos-
sibilities of their use in human nutrition are limited
by intense pigment and taste (Colgrave et al., 2021).
One of the disadvantages of algal proteins is that the
proteins are often bound to carbohydrates in the cell
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wall, thus limiting the availability of the protein to
digestive enzymes. Phenolic compounds, found in
various types of algae, bind amino acids, forming
insoluble compounds and reducing the digestibility
of proteins. However, improved digestibility of algae
proteins is possible after the application of enzymes,
temperature or pressure in order to break the bonds
between proteins and other compounds (Kadam et
al., 2013). Pigments (e.g. carotenes, chlorophylls
and phycobiliproteins) and flavours of algae current-
ly limit the amounts that can be added to many food
products. As mentioned earlier, processing technolo-
gies can isolate proteins or remove unwanted colour
or taste and thus allow for wider application of algal
proteins (Colgrave et al., 2021).

Although the nutritional value of microalgae was
investigated in the fifties of the last century, recent
research has established their potential as a third-
generation raw material for the production of biofu-
els, whereby the produced biomass can be used as
the main ingredient of animal feed (Lum et al., 2013).
Defatted microalgae contain approximately 20-45%
crude protein with a desirable amino acid composi-
tion. In addition, defatted microalgae had a positive
effect on protein synthesis in the liver and muscles.
Defatted microalgae are not only an excellent source
of protein, but are a source of n-3 polyunsaturated fat-
ty acids (PUFA) and iron to enrich their content in
meat and eggs. However, although the addition of
microalgae to beef diet increased the PUFA content of
beef, their addition negatively affected the taste and
colour of the meat (Kim et al., 2019).

6. Insects as a source of protein

Entomophagy, or the practice of using insects
as food, has been part of human history for thou-
sands of years, during which it has played an impor-
tant role in some cultural and religious rituals around
the world. During the past, the ancestors of Homo
sapiens and early human communities used insects
in their diet as a source of nutrients. Before humans
invented tools for hunting and gathering food,
insects played a significant role in human nutrition,
which was confirmed by analysing the composi-
tion of coprolites — the fossilized remains of ancient
human faeces (Hardy et al., 2017). According to Yi
et al. (2010), insects were part of the diet in China
as early as 3200 years ago. The earliest written evi-
dence of the use of insects in human food in Europe
is described in the work of Aristotle (384-322 BC),
Historia Animalium, in which he described how

female crickets tasted best after mating due to the
presence of ripe eggs. In the holy books of the Chris-
tian, Jewish and Islamic religions, there are sections
related to entomophagy (Govorushko, 2019).

Insects have a high nutritional value, because
they are rich in proteins that contain essential ami-
no acids, and their digestibility is similar or slightly
lower compared to egg or beef proteins (van Huis,
2013). Insects are a good source of proteins, miner-
als, vitamins and energy, they can cost less than ani-
mal protein, and their use can prevent many cases of
malnutrition in the poor population. The advantages
of raising insects for human and animal consumption
are that they can provide or supplement the increas-
ing demand for protein (Alexander et al., 2017).
Compared to other food sources, the advantage of
growing insects are that they require less space and
water, have a short life cycle and better feed con-
version, are more nutritious for humans compared
to many types of food, the products obtained from
them can be used in diet for people and animals, they
are easily transported, and as far as insect breeding
is concerned, the return on invested funds is quick,
the earnings are high and no extensive training is
required (Govorushko, 2019).

Edible insects have a higher protein content
than other sources of protein, such as beef, chick-
en, fish and soybeans (7effo et al., 2007). The nutri-
tional value of insects can vary significantly depend-
ing on the type of insect, growth stage and feeding
method. Thus, adult mealworms are an excellent
source of iron, iodine, manganese, magnesium and
zinc, while their larvae are rich in B group vitamins.
Edible crickets are a rich source of macronutrients,
proteins (about 70%), lipids (7-25%) and carbohy-
drates, as well as micronutrients (vitamins). Due to
their nutritional value, insects are suitable as food
for both humans and animals (/mathiu, 2020).

A large number of different species of insects
(over 2000) are consumed by about 2 billion people
every day in more than 100 countries. Despite the
long history of their use in food in some parts of the
world, insects have not found their place in the cui-
sine of Western civilization. In developed countries,
consumers hardly accept insects as a source of pro-
tein, so by processing insects and extracting high-
value protein in the form of powder, this reluctance
can be overcome (Colgrave et al., 2021). The accept-
ance of insects in human nutrition can be boosted
for three reasons, namely the positive impacts on
human health and environmental protection and for
economic reasons. The advantage for human health
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is reflected in the fact that insects are a good sub-
stitute for proteins of animal origin, many types
of insects have a high protein content and enough
calcium, iron and zinc, and in addition, insects are
already part of the diet of many peoples. The advan-
tages for the environment are that insects release
much smaller amounts of harmful greenhouse gases
compared to other animals, raising insects requires
far less land and water than raising livestock and
insects are cold-blooded animals, so their efficien-
cy of converting feed into protein is very high. The
economic and social reasons that make the breeding
of insects more desirable than the breeding of live-
stock are that their breeding does not require high
technology and large investment, and the breeding
of insects provides opportunities for both urban and
rural populations (Govorushko, 2019).

For animal nutrition, insects that use food waste
in their diet can provide a significant amount of pro-
tein for feeding fish and livestock. By the way, insects
are natural feed for fish and poultry. Five main insect
species have been investigated for the production
of protein feeds and they are: the common house-
fly (Musca domestica), the black soldier fly (Herme-
tia illucens), the large yellow mealworm (7enebrio
molitor), grasshoppers (Locusta migratoria, Schis-
tocerca gregaria, Okia specesis) and silkworm (Bom-
byx mori) (Makkar et al., 2014). The use of insects
as a source of protein for animal feed is considered
promising and sustainable (A4llegretti et al., 2018).

While the benefits of entomophagy are many,
one of the biggest obstacles to using insects in
human and animal nutrition is food and feed safe-
ty. Eating insects carries the risk of chemical, phys-
ical and biological hazards or the occurrence of
allergies. Cases of histamine poisoning have been
described after eating fried insects that have a high-
er histidine content (Govorushko, 2019). Possible
risks of disease occurrence after the use of insects
in human and animal nutrition can be overcome by
introducing hygienic practices in the entire chain of
production of insects as food. Further research is
needed to determine the possible presence of tox-
ins or allergens in insects used in human and ani-
mal diets (Colgrave et al., 2021). In addition, there
are legal obstacles that will have to be overcome
in the future in order to enable a wider application
of insects in human and animal nutrition. Recent-
ly, EFSA approved the use of mealworms for human
consumption, so this insect could be found in a
snack, as an ingredient of certain feeds or served as
a main dish (Colgrave et al., 2021).

7. Single-cell protein

For more than four decades single-cell protein
has been recognized as a possible protein source for
livestock, especially for monogastric animals (7ay-
lor and Senior, 1978). Single-cell proteins are iso-
lated from the cells of microorganisms, as dried
cells and/or as purified proteins. Single-cell proteins
have a high protein content (60-82% of dry mat-
ter weight), desirable amino acid composition, low
fat content, and a higher protein content than car-
bohydrates (Srividya et al., 2013; Bajpai, 2017). In
addition, single-cell proteins contain vitamins (e.g.
thiamin, riboflavin, pyridoxine, nicotinic acid, pan-
tothenic acid, folic acid, biotin, cyanocobalamin,
ascorbic acid, pf-carotene and a-tocopherol), essen-
tial amino acids, minerals, nucleic acids and lipids
(Suman et al., 2015). So far, single-cell protein has
been widely used in human food as a carrier of fla-
vours and vitamins, in animal feeds (for pigs, poul-
try, cattle, fish), and in paper and lead industries
(Bratosin et al., 2021). Although single-cell proteins
can be produced by many microorganisms, includ-
ing bacteria, yeasts and fungi, only a small number of
organisms are used commercially. Yeasts are proba-
bly the most widely accepted and used source of sin-
gle-cell protein. The most commonly used yeast spe-
cies are Candida, Hansenula, Pichia, Torulopsis and
Saccharomyces. In addition, microorganisms can use
as a substrate for fermentation agricultural waste,
such as rice straw, rice husks, manure and starch res-
idue, converting them into high value protein (Osho-
ma and Eguakun-Owie, 2018). There are two main
advantages of using waste for the production of sin-
gle-cell protein, namely the conversion of cheap
organic waste into a useful product and the reduc-
tion of environmental pollution. Cellulose, hemicel-
lulose and lignin are natural wastes from wood and
can be a substrate for microorganisms, but they must
first be chemically (acidic hydrolysis) or enzymati-
cally (cellulases) broken down into sugars that can
be fermented by microorganisms. Agricultural waste
can be an excellent substrate for the economic pro-
duction of single-cell protein, resulting in a product
rich in good quality protein and suitable for animal
feed. After processing, single-cell protein can also be
used by humans in food (Yunus et al., 2015).

Currently, single-cell protein is commercially
used as a feed supplement for feeding laying hens,
fattening poultry, beef, pigs and fish, then as a food
additive (carriers of vitamins and aromas and emul-
sifiers), to improve the nutritional value of food
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(ready-to-eat meals, soups), as cultures for fermenta-
tion (baker’s, brewer’s and wine yeast) and in indus-
trial processes, as a foam stabilizer and in paper and
leather processing. Single-cell protein is primarily
used as a protein supplement in the diet of humans
and animals and a substitute for high-value proteins
of animal origin, due to its low production cost, easy
production methods and high nutritional value (Bra-
tosin et al., 2021).

Various substrates can be used for the produc-
tion of microorganisms, such as energy-rich raw
materials (gas oil, natural gas, ethanol, methanol,
n-alkanes and acetic acid), raw materials of plant
origin (starch, sugar and cellulose), waste of differ-
ent origins (sulphite waste, molasses, whey, milk
and fruit waste) and carbon dioxide (Bratosin et al.,
2021). The choice of substrate depends on its price,
availability, oxygen required for fermentation, the
amount of heat produced and the possibility of cool-
ing the fermenter, but also the costs related to post-
treatment processing (Suman et al., 2015). Selected
substrates are used for the growth of microorgan-
isms in order to increase their mass. Fermentation
is the main process responsible for single-cell pro-
tein production. The available biomass is harvest-
ed when the fermentation process is complete and
the biomass is further processed by purification, cell
disruption, washing and protein extraction to ensure
high protein content (John et al., 2011).

The nutritional and dietary values of single-cell
protein depend on the microorganisms used. The ami-
no acid composition of bacteria-derived proteins is
similar to fish proteins, and yeast proteins are similar
to soy proteins. Microorganisms used for single-cell
protein production must not be pathogenic, must not
synthesize toxins, must be fast-growing and produce
a large amount of biomass, easy to handle and easily
separated from the substrate (Bratosin et al., 2021).

Although single-cell proteins have very desira-
ble properties, there are limitations to their applica-
tion because some microbes can produce toxic com-
pounds, their cell wall is indigestible, and/or they
have a high concentration of nucleic acids that cause
certain health problems (Kim et al., 2019). Single-
cell protein contains up to 16% nucleic acids, which

can be a problem if it is intended for human con-
sumption, as the recommended content of nucleic
acids in human nutrition is up to 2% (Nangul and
Bhatia, 2013). Purines produced by the breakdown
of nucleic acids during metabolic processes are
responsible for increasing the level of uric acid in
the blood, which can lead to the formation of gout
and kidney stones (Nasseri et al., 2011). The process
of preparing a single-cell protein for human con-
sumption also involves developing the desired aro-
ma and taste of the product, which makes the pro-
cess less profitable. In addition, single-cell protein
can cause allergic reactions in some people with
sensitive digestive systems. Waste materials used
as a substrate for single-cell protein production can
contain unknown substances that could cause other
health problems (Spalvins et al., 2018). In addition,
single-cell proteins are deficient in sulphur-con-
taining amino acids (methionine and cysteine), so
supplementation of these amino acids is necessary.
However, if attention is paid to these shortcomings
and they are removed, single-cell proteins represent
an excellent protein supplement for human and ani-
mal nutrition due to their nutritional value, and their
use will be greater in the future.

8. Conclusion

Insufficient protein production for human and
animal nutrition is already a problem. With the
increase in the population in the future, the need for
protein in human and animal nutrition will increase
significantly. Current academic research is aimed at
finding as many new sources of protein for human
and animal nutrition as possible, such as algae,
insects and single-cell proteins. However, find-
ing new sources of protein will not satisfy the pro-
tein needs of humans and animals unless new ways
of processing these proteins are applied to increase
their digestibility and safety. In addition, new pro-
tein production technologies should enable the use
of by-products from various industries in order to
reduce the amount of waste and environmental pol-
lution, and make the products cheap and affordable
for everyone.

109



Marija Starcevic et al.

Protein sources in human and animal diet

Izvori proteina u ishrani ljudi i Zivotinja
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APSTRAKT

Kljucne reci:

Proteini

Insekti

Proteini jednocelijskih organizama
Alge

Trenutne procene predvidaju da ¢e zbog rasta stanovnistva do 2050. godine svetu biti
potrebno oko 70% viSe hrane nego §to se trenutno proizvodi. Sa rastom stanovniStva
¢ija ishrana zahteva i unos proteina, stocarska proizvodnja ¢e nastaviti da raste, a prote-
ini Zivotinjskog porekla ¢e ostati vazan deo ishrane stanovnistva. Proizvodnja proteina
zivotinjskog porekla ¢e se u buducnosti povecati uglavnom zbog povecane proizvodnje
svinjskog i zivinskog mesa. Shodno tome, potraznja za proteinima u sto¢noj hrani ¢e se
povecati, jer svinje i zivina imaju vecu potrebu za proteinima u hrani u odnosu na pre-
zivare. Stoga su potrebe i izazovi danasnjice da se pronadu oni izvori proteina koji ¢e
zadovoljiti nutritivne potrebe najveceg dela populacije i Zivotinja, a ¢ija ¢e proizvodnja
biti jeftinija i pristupacnija nego za izvore proteina koji su trenutno dostupni i koristi se
u ishrani ljudi i zivotinja. Do danas se u upotrebi pojavilo nekoliko novih izvora pro-
teina za ishranu ljudi i Zivotinja, a njihov znacaj ¢e u buducénosti biti jo§ veci. Insekti,
proteini iz jednocelijskih organizama i alge se sve vise koriste kao alternativni protein-
ski dodaci. Pored toga, mikrobna tehnologija i bioloska fermentacija mogu pobolj3ati

svarljivost i, samim tim, upotrebnu vrednost proteinskih suplemenata.
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ARTICLE INFO ABSTRACT

Keywords: Salting is considered to be one of the oldest food preservation techniques. In the past, salt
Fermented sausage that was used in meat product formulations always contained different types of impuri-
Low-fat ties, among which were sodium nitrite and potassium nitrite. Today, nitrite salts are con-

Nitrite-free
Fat reduction
Nitrite reduced

sidered to be one of the most important additives in processed meat production. Due to
their negative impact on human health, however, the industry has a challenge to find suit-
able ways to reduce nitrite content in meat products or to remove nitrites altogether from
meat product formulations. Another challenge facing the meat industry is the formula-
tion of low-fat products or products containing vegetable oils, which have more favour-
able n-3/n-6 fatty acid ratios than animal fats. Next, since excessive intake of sodium
chloride was found to have negative effects on human health, the industry has to find a
way to reduce the amount of this salt in meat products or to replace sodium chloride with
different salts in order to meet consumer demands. In this paper, we review different ap-
proaches to reducing nitrites, fatty tissue and sodium chloride in dry fermented sausages.

The amount of fatty tissue used in sausage pro-
duction depends on the traditional formulation of each
specific type of sausage. In addition, cutting methods
for both meat and fatty tissue have an impact on the
sausage’s specific technological and sensory parame-
ters, especially on drying kinetics and taste. Fatty tis-
sue has an great influence on the flavour and texture
of sausages. Fat also acts as a medium for the dis-
solution of liposoluble substances, like vitamins and
aromatic compounds. From the human health point

1. Introduction

Fermented sausage production originated aro-
und the Mediterranean, where ancient Egyptians
and Greeks stuffed salted meat and fat into casings
of slaughtered animals (Zanardi & Novelli, 2021).
The Romans inherited these production methods,
but they also introduced the use of spices, which led
to fermented sausages becoming a group of prod-
ucts with very differentiated flavours. The popular-
ity of fermented sausages can be attributed to their

high nutritional value and long shelf life, which
were especially important in the past. Despite tech-
nological development in the 20" century, methods
for producing fermented sausages have not changed
much. Generally, they are produced from meat, fatty
tissue, salt and spices. Meat and fatty tissue are cut
into small cubes, to which salt and spices are added.
The mixture is stuffed into casings and subjected to
fermentation and drying, and sometimes smoking.

of view, fat is very important as it provides a high
amount of energy, and it is also good source of essen-
tial fatty acids. However, the modern human diet
often involves excessive consumption of fat. That is
why, in the last few decades, many health initiatives
from food companies have been directed towards the
reduction of fat content in their products or replace-
ment of fats high in saturated fatty acids with those
rich in unsaturated fatty acids (Rajic et al., 2022).
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According to the World Health Organisation (WHO),
consumption of saturated fatty acids, which occur in
large amounts in animal fat, should not exceed 10%
of daily total energy consumption (WHO, 2023).
Excessive fat intake leads to a number of cardiovas-
cular diseases, like elevated blood pressure, coronary
heart disease, obesity and others (WHO, 2013).

Salting is considered to be one of the oldest
food preservation techniques. The first written evi-
dence of salted food trading dates back to the 12
century BCE, when salted fish was sold in the East-
ern Mediterranean (Binkerd & Kolari, 1975). In the
9™ century, salting, together with smoking of meat,
was already considered to be an old practice (Bink-
erd & Kolari, 1975). Back then, the origin of salt
consumed in a specific region was determined by
its natural availability. Hence, in the Mediterrane-
an area, salt usually originated from the sea, while
in regions distant from the sea, salt was obtained
from minerals that are naturally rich in sodium chlo-
ride. Technological procedures at that time were not
advanced enough to ensure production of high puri-
ty sodium chloride. Hence, the salt that was used
in the past contained different types of impurities,
among which was potassium nitrite.

Nitrite salts are one of the most commonly used
additives in processed meat production. These salts
have positive effects on numerous quality character-
istics of meat products. The most important effect of
nitrites is development of the characteristic bright pink
colour of cured meat. In addition, nitrites act as strong
antioxidants by slowing down fatty acid oxidation,
which is the main reason for the development of ran-
cidity in processed meat. Some studies also point out
the great importance of nitrites in the flavour devel-
opment of meat products (Simunovic et al., 2023) and
in antimicrobial effects against specific types of bacte-
ria (Christiansen et al., 1973). Despite the advantages
of using nitrite with respect to many quality parame-
ters, the International Agency for Research on Cancer
(IARC) classified nitrites in group 2A as probably
cancerogenic substances. More precisely, it is believed
that changes to which nitrites are subjected during pro-
duction of meat products can lead to the formation of
carcinogenic nitrosamines (Simunovic et al., 2022a).
In recent years, consumers have become more open
to concept of “clean label” food, due to the increase in
health concerns regarding processed food.

The aim of this manuscript was to summarize
achievements regarding strategies for the reformu-
lation of dry fermented sausages. These include: 1)
nitrite reduction or use of nitrite replacers; ii) fatty

tissue reduction or replacement with vegetable oils
and; iii) sodium chloride reduction or replacement,
or application of saltiness-enhancing compounds.

2. Nitrites

In 1925, the United States Department of Agri-
culture permitted the use of sodium nitrite in the pro-
duction of processed meats (Binkerd & Kolari, 1975).
Levels of nitrites that can be added to meat prod-
ucts remained more or less the same to this day. Back
then, sodium nitrite could be added up to 200 mg/kg
of the product. Today, the European Regulation on
food additives No 1333/2008 prescribes limits for
the use of sodium or potassium nitrite that depend on
the type of product, but generally range from 100 to
175 mg/kg of the product (EC, 2008). These limits are
the same in Serbia, as in 2018, the local regulation on
food additives was harmonised with the European law
(Official Gazette of the Republic of Serbia, 2018).

As fermented sausages are usually low pH and
low water activity (a,,) products, they are considered
to be an undesirable environment for the growth of
many pathogenic bacteria. It seems that the main
problem in obtaining a long shelf life in traditional
dry fermented sausages is lipid oxidation, i.e., oxida-
tion of fatty acids that results in development of a ran-
cid flavour. It is believed that this is the result of the
formation of compounds such as aldehydes, ketones,
alcohols, esters and others. When oxygen is present, it
is only possible to slow down oxidation of fatty acids,
but not to stop the process. This is where nitrites play
a crucial role, by biding with haem that acts as a cata-
lyst for lipid oxidation (Karwowska et al., 2019).

Besides of their irreplaceable effect on the col-
our of cured meat products, some justification for
the use of nitrites in processed meat production is
found in their antimicrobial activity. However, some
studies have questioned whether the use of nitrites
in some types of meat products is justified regard-
ing the control of botulinum toxin production. In the
study of Hospital et al. (2016), spores of Clostridi-
um botulinum were inoculated into the meat batter of
fuet, a traditional Spanish fermented sausage, but C.
botulinum was not capable of surviving the low pH
and a,, found in this specific study’s conditions. On
the other hand, in the case of dry meat products, the
use of nitrites has been banned in the production of
traditional Parma ham for more than 30 years. Dur-
ing that period, there have been no cases of botulism
connected with Parma ham, while at the same time,
the characteristic red colour of the product is main-

113



Stefan Simunovi¢ et al.

Different approaches in reformulation of dry fermented sausages

tained thanks to the exchange of ions in the porphy-
rin ring of myoglobin (Honikel, 2008).

There have been numerous attempts to reduce
the use of nitrites in meat products using a few dif-
ferent approaches. The first approach includes direct
reduction of the nitrite level in product formulation,
while still taking care that nitrite salts are added in
amounts that are sufficient to ensure their positive
effects on product quality. The second approach is by
application of various compounds that act as nitrite
alternatives. Since nitrites have multiple effects on a
number of quality traits in meat products, separate
compounds are usually used for colour enhancement,
flavour development, stabilisation of lipids and anti-
microbial activity. The third approach is the applica-
tion of nitrate-rich ingredients. The main idea of this
approach is that the activity of bacteria present in the
meat batter of fermented sausages reduces nitrate to
nitrite. Thus, there is indirect production of nitrite
which can exert its influence on product quality.

2.1. Nitrite reduction

In a recent study, Simunovic et al. (2022a) pro-
duced traditionally fermented kulen sausage with 50%
nitrite reduction and without nitrite. The goal of the
study was to evaluate the influence of sodium nitrite
on various quality parameters of the product. Kulen is
traditionally produced using high levels of red paprika
powder, which has an important influence on the sau-
sage colour. The study revealed that colour parameters
remained the same, regardless of the level of nitrite
used in kulen formulation. With respect to oxidative
stability, nitrite proved to be powerful antioxidant,
as kulen produced without sodium nitrite had signif-
icantly higher thiobarbituric acid reactive substance
(TBARS) levels, which were used as a measure of the
development of secondary lipid oxidation products
(Simunovic et al., 2023). On the other hand, TBARS
levels were similar when the sodium nitrite content
in kulen formulation was reduced from 110 mg/kg
to 55 mg/kg. Since fatty acids can be oxidised, it is
very important to determine levels of free fatty acids.
Levels of free fatty acids were the highest in sausag-
es formulated without nitrites, but similar between
sausages formulated with 110 mg/kg or 55 mg/kg of
sodium nitrite, which is in accordance with the lev-
els of TBARS. The study of Simunovic et al. (2022a)
revealed that oral processing parameters differed,
depending on the level of nitrite. More precisely, the
consumption time for one bite(s) and the number of
chewing strokes were significantly lower in sausages

formulated without nitrites. These results are consist-
ent with the results obtained by texture profile analysis,
by which it was found that values of hardness, gummi-
ness and chewiness of nitrite-free kulen were signifi-
cantly lower than those of nitrite-formulated sausages.
The cohesiveness of nitrite-free sausages was numer-
ically lower than for nitrite-formulated kulen, but was
not statistically significantly different. Simunovic et
al. (2023) showed that sensory panel scores for aro-
ma, taste, consistency and sensory acceptability of
nitrite-free kulen were significantly lower than those
of kulen formulated with sodium nitrite, regardless of
concentration. In general, the results of these two stud-
ies showed there is no negative effect from reducing
sodium nitrite in kulen from 110 mg/kg to 55 mg/kg,
according to all analysed quality parameters. On the
other hand, complete removal of nitrite from the for-
mulation resulted in reduced oxidative stability, differ-
ent texture and lower sensory acceptability of kulen
compared with nitrite-formulated kulen.

2.2. Nitrate alternatives

In fermented sausages, the main idea of utilis-
ing vegetables that are rich in nitrates is their con-
version to nitrites during sausage ripening. Since an
important effect of nitrites is the formation of a char-
acteristic pink, cured meat colour, most of the studies
regarding nitrite substitutes focused in the first place
on colour. Ozaki et al. (2021a) evaluated the possi-
bility of using beetroot and radish powders as nitrite
alternatives. The idea of using beetroot and radish
lies in their high levels of nitrates, which according
to authors are around 16,000 and 14,000 mg/kg in dry
powder form. Beetroot and radish powders were sep-
arately added to fermented sausages at concentrations
of 0.5% and 1%. The most promising results in terms
of product colour were obtained using 0.5% radish
powder. The study showed that during drying of sau-
sage with added beetroot and radish powders, nitrite
was formed after seven days. At the end of process-
ing, sausages formulated without nitrites but added
beetroot and radish powders, regardless of concen-
tration, had significantly lower TBARS values, indi-
cating less oxidative stability, than nitrite-formulated
sausages. However, at the end of the storage period
that lasted for 60 days, TBARS values of all batch-
es were similar with the exception of the control no. 2
that was produced without nitrites, beetroot or radish
powder. Ozaki et al. (2021a) evaluated nitrite replace-
ment with a combination of radish powder and oreg-
ano essential oil in cooked fermented sausages. They
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produced two combinations, one that contained 0.5%
radish powder and 100 mg/kg of oregano essential
oil, and a second that was formulated with 1% rad-
ish powder and 100 mg/kg of oregano essential oil.
Sensory analysis showed no difference between con-
trol sausages and those formulated with radish pow-
der and oregano essential oil. In addition, sausages
produced with the combination of 1% radish pow-
der and 100 mg/kg of oregano essential oil showed
similar TBARS values as the control that was formu-
lated with 150 mg/kg of sodium nitrite. Similarly to
their previous study (Ozaki et al., 2021a), nitrite was
formed after eight days of drying, probably as a result
of nitrate reduction to nitrite (Ozaki et al., 2021b).
Sucu & Turp (2018) added beetroot powder into
the traditional Turkish fermented sausage, sucuk.
Four batches were made in total. The first was pro-
duced as a control and contained 150 mg/kg of sodi-
um nitrite, the second was produced using the com-
bination of 100 mg/kg of sodium nitrite and 0.12%
beetroot powder, the third was formulated using
50 mg/kg of sodium nitrite and 0.24% beetroot pow-
der, while the fourth contained only 0.35% beetroot
powder. Residual nitrite content was similar during
the entirety of the ripening, regardless of the initial
nitrite levels in sausage formulation (Sucu & Turp,
2018). On the other hand, nitrite addition showed a
significant effect on lactic acid bacteria, as the high-
est number of these bacteria was found in nitrite-free
sausages, i.e., sausages formulated with the addition
of 0.35% beetroot powder. In terms of colour, all
batches of sucuk produced with beetroot powder had
a significantly higher a* value, while neither nitrite
reduction nor beetroot application effected changes
in L* or b*values. From the consumer point of view,
beetroot use in the sausages did not compromise the
overall acceptability of sucuk, since all analysed
batches had similar scores for outside appearance,
inside appearance, outside colour, inside colour, tex-
ture and overall acceptability (Sucu & Turp, 2018).

3. Fat

In the production of pork fermented sausag-
es, firm fatty tissue, which is naturally located on M.
longissimus dorsi, is used. Firm fatty tissue has high-
er levels of saturated fatty acids and consequently a
higher melting point than other animal fats. Because
of this, cutting and achieving the desired granulation
of fat in the meat batter is easier. Granulation and the
distribution of fatty tissue in the sausage affects dry-
ing kinetics of the product (Lorenzo & Franco, 2012).

In the study of Simunovic et al. (2022b), tradi-
tional Serbian tea sausage was produced with three
different levels of pork fatty tissue. The first batch was
used as a control and contained 25% pork firm fat-
ty tissue. The second batch contained around 17.5%
of this tissue, while the third batch was produced
using 10% fat. At the beginning of production, sau-
sage formulated with only 10% fat had a significant-
ly higher moisture content than other sausage types,
as was expected, since meat contains more moisture
than does fatty tissue. However, at the end of drying,
more precisely after 35 days of ripening, sausage for-
mulated with 10% fatty tissue had the lowest mois-
ture content among the sausage types. These results
indicate the great importance of fat level on the dry-
ing kinetics of fermented sausages. The higher lev-
el of fat used in the tea sausage was found to slow
down the ripening process, which helps in achieving
the characteristic speed of drying. Simunovic et al.
(2022b) indicated that fat level does not affect col-
our parameters of the sausages, as had been indicat-
ed by other authors. This disagreement is because in
most of the studies in the past, the colour of fat on the
sausage cross section was not independently meas-
ured (Lorenzo & Franco, 2012). In terms of texture,
Simunovic et al. (2022b) showed that by decreasing
the level of fat in the sausage formulation, the sau-
sage became harder, as measured using a texture ana-
lyser. Similarly, values of chewiness and gummi-
ness increased with the increasing level of meat in
the formulation. The numbers of total viable bacte-
ria and lactic acid bacteria were similar in all ana-
lysed batches of tea sausage. TBARS value, which
was used as a measure of the level of lipid oxidation,
was not affected by fat reduction. On the other hand,
sensory parameters, which were evaluated by senso-
ry panel, were significantly different among the sau-
sage types. The reduced-fat tea sausage was assessed
by the method of oral processing, which is relative-
ly new in sensory analysis. The results showed sig-
nificant differences among the batches in terms of
values obtained for consumption time of one bite(s),
chewing rate (chew/s), eating rate (g/s) and fat intake
rate (fat/s). Sausages produced with 10% fatty tis-
sue obtained significantly lower scores than the other
sausage types for overall acceptability after both 28
and 35 days of ripening. On the other hand, sausag-
es produced with 10% and with 17.5% fat had sim-
ilar values for overall acceptability after 28 days of
ripening. The results showed that if drying the 17.5%
fat sausages continued until 35 days, overall accepta-
bility scores significantly decreased.
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Lorenzo & Franco (2012) evaluated fat’s effect
on various quality properties of dry foal sausage. In
total, three batches were made, each containing differ-
ent levels of firm fatty tissue. The first was formulat-
ed with 20%, the second with 10% and the third with
5% pork back fat. In terms of bacterial counts, lactic
acid bacteria, Micrococcaceae and total viable count,
fat reduction showed no significant effect. However,
sausages formulated with the lowest level of fat had
significantly higher pH than the other sausages. This
is in accordance with the results of Simunovic et al.
(2022b), who reported that with a decreasing con-
tent of fatty tissue in tea sausage formulation, the pH
increased. Lorenzo & Franco (2012) conducted a sen-
sory study in which thirteen sensory traits of reduced
fat foal sausages were assessed. Sausages formulat-
ed with 5% pork fatty tissue had significantly lower
scores for juiciness, fat distribution and fat/lean ratio
than higher fat sausages. On the other hand, scores for
hardness, taste intensity, black pepper odour and cohe-
siveness were higher for low-fat sausage. With regard
to texture, the results of Lorenzo & Franco (2012)
were in accordance with those later reported by Simu-
novic et al. (2022b), who found that reducing fat in
fermented sausage results in increasing hardness.

The second approach in formulating low-fat
products is to replace pork fat with various types of
vegetable oils (Bolumar et al., 2015; Staji¢ et al.,
2018). Since oils are mostly liquid at the room tem-

perature, it is crucial to stabilize them. One of the
most common ways to do that is to form oleogels
(Zampouni et al., 2022). Staji¢ et al. (2018) added
flaxseed oil into the formulation of fermented sau-
sages. Sausages enriched with flaxseed oil contained
a more favourable n-3/n-6 fatty acid ratio. However,
sensory scores for colour, odour, aroma, taste, texture
and overall acceptability were significantly lower in
sausages enriched with flaxseed oil than those scores
for control sausages. Importantly, encapsulation of oil
resulted in significantly higher (more acceptable) sen-
sory scores in comparison with scores obtained for
sausages in which the liquid form of flaxseed oil was
added (Staji¢ et al., 2018). This finding supported
Bolumar et al. (2015), as those authors reported that
sausages enriched with olive oil were unable to keep
oil within the meat batter.

4. Salt

Salt is an essential part of the human diet, as
it is necessary for maintenance of normal functions
of the human body. On the other hand, if consumed
in excessive amounts, salt is dangerous to human
health. High intake of salt can lead to various health
conditions, such as high blood pressure, different
types of cardiovascular diseases, cancer, obesity
and osteoporosis (WHO, 2023). According to WHO
(WHO, 2023), the recommended daily adult intake
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Figure 1. Minimum a,, values for growth of different bacteria and a,, values of popular meat products
(Grau et al., 2014).
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of salt (measured as sodium equivalent) is less than
less than 2 g of sodium/day; this corresponds to less
than 5 g of sodium nitrite/day.

In recent decades, there have been numer-
ous attempts to formulate foods with lower sodium
levels. These include different approaches, among
which two were the most common. The first is
reducing sodium chloride in product formulations,
while the second is replacing sodium chloride with
other types of salt. In addition, a recent study has
used saltiness-enhancing peptides in low-sodium
meat products (Chen et al., 2023). In the production
of dry fermented sausages, salt is of great impor-
tance for drying and maintaining low a,. Figure 1

presents the lowest a,, values at which the specified
bacteria can grow and typical a,, values of popular
meat products.

Simsek et al. (2023) partly replaced sodium
chloride in sucuk with potassium chloride, mag-
nesium chloride and calcium chloride, and they
reported the most promising alternative was the
combination of 50% sodium chloride, 30% potas-
sium chloride and 20% magnesium chloride. Gen-
erally, potassium chloride causes a bitter taste to
develop, which is why it is crucial to determine the
extent to which this no-sodium salt can be added to
a meat product formulation but not affect consum-
er acceptability.

Razliciti pristupi u optimizaciji procesa proizvodnje

fermentisanih kobasica

Stefan Simunovi¢, Tamara Geri¢, Tatjana Balti¢, Ivana Brankovié Lazi¢, Milan Milijasevié, Srdan Stefanovié

i Sara Z. Simunovic

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:
Fermentisane kobasice
Nitriti

Cvrsto masno tkivo
Smanjenje sadrzaja masti

Soljenje se smatra jednom od najstarijih tehnika konzervisanja. U proslosti, so koja se
koristila u proizvodnji proizvoda od mesa sadrzala je razli¢ite vrste necistoca, od kojih
su neke bili natrijum i kalijum nitrit. Danas se nitritne soli smatraju jednim od najva-
znijih aditiva u proizvodnji proizvoda od mesa. Zbog njihovog negativnog uticaja na
zdravlje ljudi, industrija ima izazov da pronade odgovarajuci nac¢in da smanji sadrzaj
nitrita ili pak da potpuno prestane sa njihovom upotrebom Drugi izazov sa kojim se
suocava industrija mesa je formulisanje proizvoda sa niskim sadrZajem masti ili proi-
zvoda sa dodatim biljnim uljima koja imaju povoljniji odnos n-3/n-6 masnih kiselina.
Dalje, posto je utvrdeno da prekomereni unos natrijum-hlorida negativno uti¢e na zdra-
vlje ljudi, industrija se suocava sa potraznjom proizvoda sa smanjenim sadrzajem natri-
jum-hlorida i proizvodima u kojima se koriste zamene za natrijum-hlorid. U ovom radu
dajemo pregled razli¢itih pristupa u smanjenju nitrita, masnog tkiva i natrijum-hlorida
u proizvodnji suvih fermentisanih kobasica.
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ARTICLE INFO ABSTRACT

Keywords: This study aimed to comprehensively examine the research on cultured meat in devel-
Cultured meat oping countries over the past decade, focusing on its opportunities and challenges for
Developing countries sustainable meat systems. The research method included a combination of literature
Meat alternatives review and text mining. The study found that research on cultured meat in devel-
Sustainable meat oping countries has focused on consumer attitudes and acceptance, cultural factors,

and policy and regulation. Consumer purchase intentions, attitudes, and knowledge
levels significantly impact the promotion and adoption of cultured meat. At the same
time, cultural factors, religious regulations, and sustainability challenges are also im-
portant factors affecting the development of cultured meat in developing countries.
Furthermore, developing and implementing policy and regulatory frameworks are
critical to fostering the development of sustainable meat systems. Through the com-
bination of literature review and text analysis, this study provides an in-depth look at
research on cultured meat in developing countries over the past decade. The findings
suggest that consumer attitudes, cultural factors, and sustainability challenges are
central topics in cultured meat research in developing countries. However, relatively
little research has been done on social acceptance, economic feasibility, and technol-
ogy adoption. These findings provide important insights for policymakers, research-
ers, and relevant stakeholders in formulating policies and strategies to advance sus-
tainable food systems.

1. Introduction and eliminate animal welfare issues associated with
farming (Gerhardt et al., 2020).

With a growing global population and increasing
demand for animal protein, conventional farming fac-
es challenges, including resource consumption, envi-
ronmental impact, and animal welfare issues. In this
context, cultured meat as a sustainable way of food
production is considered to have great potential to pro-
vide new solutions for global food safety and sustaina-
ble development challenges (Guan et al., 2021).

Research on cultured meat has made remark-
able progress over the past decade. Extensive
research has been conducted on cell meat tech-

Cultured or cellular meat has attracted exten-
sive attention and research as an innovative food
production technology (Ye et al., 2022). Cultured
meat is an emerging food technology that produces
meat products in the laboratory through cell culture.
It involves harvesting and multiplying muscle tis-
sue from animal cells (7reich, 2021). This approach
helps reduce reliance on traditional farming and
slaughter, reduces environmental impact, and pro-
vides sustainable meat options to meet growing food
demand. Cultured meat can also reduce animal harm
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nology (Kashim et al., 2022), consumer accept-
ance (Mancini & Antonioli, 2020), market potential
(Hopkins, 2015), and environmental impact relative
to meat products (Hadi & Brightwell, 2021). These
studies provide valuable insights into the potential
and challenges of growing meat.

Previous studies have found that consumer
acceptance of cultured meat is one of the critical fac-
tors driving its marketing (Guerrero et al., 2013). Stud-
ies have shown that consumers’ acceptance of cultured
meat varies across countries and regions, influenced
by culture, religion, traditional eating habits, and food
safety. For example, cultural and religious beliefs,
particularly concerning vegetarianism and rever-
ence for animals, influenced consumers’ acceptance
of cultured meat (Chriki & Hocquette, 2020). Simi-
larly, research conducted in Muslim-majority coun-
tries, such as Malaysia, has highlighted the importance
of halal certification and religious considerations in
determining consumer acceptance of cultured meat
products (Hamdan et al., 2021).

Furthermore, traditional eating habits and culi-
nary preferences significantly shape consumers’ atti-
tudes toward cultured meat. A study conducted in
Brazil, a country known for its rich meat-eating tra-
dition, found that consumers’ familiarity with and
preference for traditional meat-based dishes influ-
enced their acceptance of cultured meat (Heidemann
et al., 2020). Similarly, research conducted in South
Africa revealed that cultural norms and preferences
for specific types of meat, such as game meat, influ-
enced consumers’ willingness to adopt cultured meat
(Domingo & Nadal, 2017; Tsvakirar et al., 2023).

Food safety is another important factor influ-
encing consumer acceptance of cultured meat.
Research conducted in various countries has shown
that concerns about the safety and quality of cul-
tured meat products impact consumers’ willingness
to consume them (Kamalapuram et al., 2021). For
instance, a study conducted in China found that con-
sumers expressed concerns about the potential pres-
ence of harmful substances and the overall safety of
cultured meat (Zhang et al., 2020). Addressing these
food safety concerns through transparent communi-
cation and regulatory measures is crucial for gaining
consumer trust and acceptance.

However, despite the enormous interest in cul-
tured meat in the scientific and industrial communi-
ties, research on cultured meat in some developing
countries has been relatively sparse. In the research
literature of the past decade, limited research on cul-
tured meat comes from these countries. This lim-

its our ability to recognize and assess engagement
and research priorities in cultured meat research in
developing countries.

Therefore, this study aims to fill this research
gap by exploring the level of engagement and focus
of research on cultured meat in developing coun-
tries. This study will review and comprehensively
analyze the scientific research literature on cultured
meat in the past ten years to obtain relevant informa-
tion, i.e., the research status and trends in the area of
cultured meat in developing countries.

Through the conduct of this study, the sum-
marized research on projected cultured meat and
consumer preferences provides a comprehensive
perspective on a global scale, providing relevant
stakeholders, policymakers, and anxious manufac-
turers with information about the sustainability, con-
sumer acceptance, and market of projected growth
for cultured meat. There is a need for this important
information on the potential of cultured meat to drive
its further development and the technologies required
to achieve the goal of a sustainable food system.

2. Materials and Methods

This study aimed to gather relevant scientific
literature on cultured meat-related research. A com-
prehensive search was conducted using the Web of
Science and Scopus databases to achieve the objec-
tives. These databases were chosen for their exten-
sive coverage of scientific, technical, medical, and
social sciences literature.

The selection of keywords for this study was based
on previous research conducted in the field (Table 1).
An extensive literature review was conducted to iden-
tify relevant topics and themes related to meat con-
sumption, safety, processing, sustainability, and alterna-
tive meat production. The keywords used for the search

99 (13 2 [13

included “meat safety”, “meat consumption”, “meat
processing”, “sustainable meat production”, “cell-based
meat”, “plant-based meat”, “meat alternatives”, “meat
nutrition”, “meat history”, and “environmental impact
of meat production”. (Gomez-Luciano, Vriesekoop &
Urbano, 2019; Mancini & Antonioli, 2020; Kashim et
al., 2022). These keywords were selected to encompass
a wide range of relevant topics.

The inclusion criteria for article selection were
as follows: articles published within the past ten
years (from 2013 to now), articles written in Eng-
lish, and peer-reviewed research articles, reviews,
and meta-analyses. Articles that did not meet these

criteria were excluded from the study.
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Table 1. Literature collection strategy

Document Collection Strategy

1 | Choose Scopus and Web of Science databases.

2 | Search for keywords, such as “meat alternatives

text above), to further narrow the search.

EE T3

plant-based protein” and related terms (see in the

3 | Read the title, abstract and keywords of each article to screen articles related to meat substitutes.

4 | For the selected articles, check the impact factor and journal information for the publishing journals

to determine whether the articles meet the inclusion criteria.

5 | Record information such as title, author, journal name, and DOI of eligible articles, and create a

literature collection list.

6 | Further expand or narrow the search and add or adjust keywords as needed to get more

7 | Organize the collected articles into text.

comprehensive or specific meat substitute related articles.

The initial search results were evaluated based
on their titles and abstracts during the screening pro-
cess. Full-text articles were obtained for potentially
relevant studies that met the inclusion criteria. Two
independent reviewers conducted the study selec-
tion process, and any disagreements were resolved
through discussion and consensus.

Data extraction involved analyzing the selected
articles to gather relevant information on meat-relat-

ed topics such as safety, consumption patterns, pro-
cessing techniques, sustainable production methods,
nutritional aspects, historical perspectives, and envi-
ronmental impacts.

In summary, this study utilized a systematic
approach to search and select relevant articles from
central databases, ensuring a comprehensive liter-
ature review on meat-related research. The inclu-
sion and exclusion criteria were applied to ensure

Table 2. Thematic analysis steps

Description

1 | Collect literature text.

2 | Data preprocessing: Clean and preprocess text data, including removing stop words, punctuation

marks, and numbers, performing stemming or lemmatization, etc.

3 | Build a bag-of-words model or term frequency-inverse document frequency (TF-IDF) matrix:

importance of each word in a document.

Transform text data into a bag-of-words model or TF-IDF matrix to represent the frequency or

4 | Run the topic modeling algorithm: Use the topic modeling algorithm, Latent Dirichlet Allocation.

5 | Determine the number of topics: Determine the appropriate number of topics by model evaluation

metrics (such as perplexity or consistency), domain knowledge, or actual needs.

6 | Interpreting and identifying topics: Based on the topic modeling results, extract the keywords for each

topic, and manually analyze and explain the meaning and relevance of the topics. Identify the topics.

7 | Topic Validation and Tuning: Validate and tune topic models for accuracy and consistency based on

domain expert feedback or further analysis.

8 | Result Presentation: Present the results of topic analysis in the form of charts, tables or descriptions,

trend between topics.

showing the keywords, weights, and related documents of each topic, as well as the relationship and

9 | Discussion and Interpretation: An in-depth discussion and interpretation of thematic analysis results,

field of study.

exploring the insights, trends, and connections found, as well as their significance and application to the
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the selection of high-quality studies aligned with the
research objectives. The gathered data was then fur-
ther analyzed and synthesized to provide valuable
insights into the selected topics.

To comprehensively understand the research
topic, the researchers employed three complemen-
tary analytical techniques: thematic analysis, word
cloud analysis, and topic network graph analysis.
The choice between these techniques is based on
their ability to provide multidimensional subject
understanding and capture different aspects of the
data complementary to each other.

The thematic analysis identified and catego-
rized critical themes in the scientific research liter-
ature related to cultured meat. The study included

a systematic review of the finally selected arti-
cles, a diverse body of published research conduct-
ed between 2013 and now. Articles were carefully
reviewed using text mining software to form com-
mon themes, and sub-themes were identified and
recorded in a topic coding matrix. These themes
were extracted from the articles’ contents and repre-
sent the main areas of concern and discussion with-
in the research field.

Word cloud analysis visualizes the frequency
and importance of specific keywords using software
tools to highlight the most frequently occurring key-
words in the selected articles (Philip, 2020). Word
clouds determine the size and prominence of each
word in the cloud based on its frequency of occur-

Table 3. Word cloud analysis steps

Description

Collect literature text.

Data preprocessing.

A W N =

Construct word frequency matrix: Calculate the occurrence frequency of each word.

Calculate word frequency/TF-IDF: Perform word frequency statistics or calculate TF-IDF value for
each word, which is used for the size and weight of word cloud.

5 | Build a word cloud: According to the word frequency or TF-IDF value, generate a word cloud

image, wherein words that occur with higher frequency are displayed larger in the image.

Table 4. Thematic Network Analysis Steps

Description

1 | Collect literature.

2 | Data preprocessing.

3 | Build a bag-of-words model: Convert text data into a bag-of-words model, which represents the

frequency of occurrence of each word in the document.

4 | Run the Latent Dirichlet Allocation algorithm (LDA):

topic distribution in each document.

Use the LDA algorithm to perform topic modeling on the bag-of-words model, and infer the hidden

5 | Extract topic keywords: According to the LDA model, extract the keywords of each topic.

Construct a topic network: According to the co-occurrence relationship of topic keywords, construct
a topic network, where each topic represents a node, and the co-occurrence relationship represents an

Analyzing the topic network: Analyze the topic network, such as calculating the degree of nodes,
betweenness centrality and other indicators, and exploring the relationship between topics.

Visual topic network: Use visualization tools to visualize the topic network to help understand the

6
edge.
7
8
structure and relationship between topics.
9

Interpret and evaluate results: Interpret the structure and relationships of topic networks and evaluate the
validity and feasibility of topic network analysis.
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Figure 1. Number of scientific literature publications on cultured meat from different developing countries
between 2013 and 2023

rence in the text. This analysis helped to identify
central concepts, themes, and terms related to cul-
tured meat, providing an overview of the research
field. Table 3 shows the word cloud analysis steps.

The thematic network graph analysis explored
the relationships and connections between research
topics in selected articles (Attride-Stirling, 2001).
This technique builds a thematic network map by
using network analysis software. Each node in the
graph represents a specific research topic, and edg-
es represent relationships between issues based
on co-occurrence patterns. Such analysis helps to
reveal the interdependencies and linkages between
different research areas within a research field, pro-
viding further insight into the complex relationships
and dynamics within a domain. Table 4 shows the
topic network analysis steps.

The integrated use of topic analysis, word cloud
analysis, and topic network graph analysis allowed
us to analyze and interpret the research literature on
cultured meat comprehensively. By applying these
three techniques, we were able to identify major
themes, key concepts, and their interrelationships,
providing a holistic view of the field of study. This

integrated approach enhances the understanding of
the research domain, generates valuable insights, and
informs subsequent discussions and conclusions.

3. Results and Discussion

As shown in Table 5, the literature covers con-
sumer perceptions of sustainable food technolo-
gies, neophobia of cultured meat, acceptance of cul-
tured meat among consumers in different countries,
the environmental impact of meat products, Muslim
perceptions of cultured meat and its halal status, per-
spectives for cultured meat, etc.

Regarding developing country distribution,
China was the most frequent country from which
research originated in this literature review, and
Chinese researchers covered multiple research top-
ics. Other developing countries that have conduct-
ed studies include Brazil, South Africa, Indonesia,
Malaysia, Pakistan, Thailand, and others (Figure 1).

Regarding the time distribution, the publica-
tion years of these studies were mainly concentrat-
ed between 2021 and 2023 (Figure 1). Among them,
2022 was the year with the highest number of publi-
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Table 5. Scientific literature analyzed in the present study

Article Topics Country Reference
Perception and acceptance Nigeria Owokoniran et al. (2024)
Consumer acceptance of sustainable food India Giacalone & Jaeger (2023)
technologies
Cell culture media optimization and cost China Gomez Romero & Boyle
reduction (2023)
Challenges of bringing cultured meat to the China Xiang & Zhang (2023)
market
Neophobia scale South Africa Tsvakirai et al. (2023)
Consumer segmentation and motives China Wang & Scrimgeour (2023)
Role of environmental messages on food China Zheng et al. (2023)
technology acceptance
Consumer perceptions Africa Ngah et al. (2023)
Consumer attitudes and intentions China Lietal. (2023)
Appraisal from Muslim scholars’ perspectives | Malaysia Burhanuddin et al. (2023)
Consumer acceptance Thailand Siripat & Srivardhana (2023)
Consumer acceptance and production of in India China Kantono et al. (2022)
vitro meat
Perspectives of meat eaters on cultured beef South Africa Falowo et al. (2022)

Commercialization of cultured meat products

Consumer willingness to pay

Porcine muscle stem cells for cultured meat
production

Proliferation of porcine muscle stem cells for
cultured meat production

Regulating the commercialization of
cell-cultured meat

Cost of large-scale production of cell-cultured
meat

Indonesian Muslim communities’ prospects

Quality evaluation of cultured meat with plant
protein scaffold

Identity labels
Halal status
Trends and public acceptance

Trends and ideas in technology, regulation and
public acceptance of cultured meat

Food attributes
Consumer adoption
Consumers’ valuation of cultured meat

Cultural concepts of meat and future
predictions

Asia-Pacific region

China, Brazil and

Dominican Republic

China
China
China
China India

Indonesia
China

China
Malaysia
India
China

Brazil
South Africa
China

China, India and
Colombia

Ye et al. (2022)
Rombach et al. (2022)

Lietal. (2022)
Fang et al. (2022)
Li, Fu & Li (2022)

Garrison, Biermacher &
Brorsen (2022)

Qotadah et al. (2022)
Zheng et al. (2022)

Ortega et al. (2022)
Kashim et al. (2022)
Kamalapuram et al. (2021)
Guan et al. (2021)

de Oliveir et al. (2021)
Szejda et al. (2021)
Rao et al. (2021)
Hansen et al. (2021)
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Article Topics Country Reference
Attitudes and perceptions Pakistan Ahsan, Khan & Ahmad (2021)
Attitudes and perceptions Brazil Munz Fernandes et al. (2021)
Effect of smooth muscle cells on cultured meat | China Zheng et al. (2021)
quality
Muslim consumers’ attitudes Malaysia Hamdan et al. (2021a)
Muslim consumers and the replacement of Malaysia Hamdan et al. (2021Db)
livestock slaughter with cultured meat
Preferences and willingness to pay for meat India Arora, Brent & Jaenicke
alternatives (2020)
Technology landscaping in the Indian meat India Sen et al. (2021)
sector
Undergraduate students’ perceptions Indonesia Virginia et al. (2021)
Consumers’ attitudes Brazil Chriki et al. (2021)
Chinese consumers and their appetite China Dempsey & Bryant (2020)
Consumer acceptance of cultured meat Brazil Bryant & Barnett (2020)

Naturalness, disgust, trust, and food neophobia

Dominican Republic
China, Mexico, South

Siegrist & Hartmann (2020)

Africa
Consumer acceptance China Zhang et al. (2020)
Animal production Brazil Heidenmann et al. (2020)

Consumer perceptions

Food security of alternative dietary proteins

India, China

Dominican Republic

Bryant et al. (2020)

Gomez-Luciano, Vriesekoop
& Urban (2019)

Consumer willingness to pay Brazil Gomez-Luciano et al. (2019)
Highly educated consumers’ attitudes Brazil Valente et al. (2019)

Clean cultured meat for today’s future Russia Hoogenkamp (2018)

The cross-cultural perspective China Bekker et al. (2017)

The environmental prospects China Sun et al. (2015)

cations, indicating that research in this field is con-
tinuing to develop.

The literature provides findings on consum-
er acceptance of new sustainable food technologies
and cultured meat, research perspectives from dif-
ferent countries, and the influences of religion and
culture on food choices (Table 5).

3.1 Thematic Analysis Results

According to the themes, research on consum-
er purchase intentions, attitudes, beliefs, and cog-
nition occupied a large proportion of the collect-
ed literature (Table 5). This suggests that consumer
acceptance and attitudes toward cultured meat are
essential concerns in the study. Studies in multiple

countries and regions, including India, South Africa,
China, and Africa, have investigated and analyzed
consumers’ acceptance of cultured meat. These stud-
ies explored consumers’ knowledge level, willing-
ness to purchase, attitudes, and perceptions toward
plant-based meat products.

Second, research on culture and religion has
been deserving of attention. Consumer purchase
intentions, attitudes, beliefs, and perceptions proved
to be essential concerns in cultured meat research.
Research shows differences in consumer acceptance
of new sustainable food technologies. These differ-
ences could be related to consumers’ desire for natu-
ralness, disgust, trust in food, awareness, and under-
standing of alternative meat products. Individual
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Table 4. Thematic analysis results from the analyzed scientific literature

Theme

Sub-themes

Consumer Acceptance

Market Promotion and
Commercialization

Environmental, Ethical, and
Health Factors

Cultural and Religious
Factors

Technology and Production
Factors

Public Acceptance and
Trends

Consumer acceptance of sustainable food technologies
Consumer attitudes and intentions

Perception and acceptability

Consumer perceptions

Highly educated consumers’ attitudes

Consumer willingness to purchase

Commercialization of cultured meat products
Regulating the commercialization of cell-cultured meat

Ethical, ecological, and health factors influencing the acceptance of
cultured meat

Environmental prospects of cultured meat

Food security of alternative dietary proteins

Neophobia Scale
Muslim communities’ perspectives
Perspectives of meat eaters

Cell culture cost

Porcine muscle stem cells
Quality evaluation
Smooth muscle cells

Trends and public acceptance
Trends and ideas in technology, regulation, and public acceptance

Cultural concepts
Future predictions

values, cultural background, and social factors also
impacted consumer attitudes toward cultured meat
products.

Second, cultural and religious factors played
different roles in cultured meat research in different
countries and regions. In some countries, especially
those with strict religious regulations on food prep-
aration, religious factors play a significant role in
the acceptance of cultured meat. For example, Sha-
riah and Sufi scholars’ assessment of halal cultured
meat was given attention in the Malaysian study.
This suggests that the influence of religious factors
on the acceptance of sophisticated meat products by
local consumers is significant in this country. How-
ever, studies in other developing countries did not
specifically emphasize religious factors, possibly
because religion would have little influence on the
local acceptance of cultured meat.

These findings provide important insights into
research into cultured meat in developing countries.
Understanding consumer purchase intentions and
attitudes and the influence of culture and religion on

the acceptance of cultured meat will help us better
understand the promotion and adoption of cultured
meat in these countries and regions. These findings
have significant reference value for developing the
cultured meat industry and formulating promotion-
al strategies.

3.2 Word cloud analysis results

In the cultured meat studies, words that
appeared more frequently included “Cultured”,
“Meat”, “Consumer”, “Research”, “Product”, and
“Animal cell.” These words highlight the core
themes of the studies, namely consumer accept-
ance of cultured meat products, the development of
research, and the characteristics of related products
(Figure 2).

“China” occurred frequently, reflecting the
importance of China in cultured meat research and
development. China’s investment and innovation in
cultured meat have significantly impacted the devel-
opment of the global cultured meat industry. Relat-
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Figure 2. Word cloud analysis results concerning scientific literature originating from developing countries
and focusing on cultured meat

ed words included “Technology”, “Alternative”, and
“Plant-based”, reflecting China’s aggressive efforts
to promote cultured meat technology, find alterna-
tives, and develop plant-based meat products.

“South Africa” was another country that stood
out in the research on cultured meat, demonstrating
the importance of South Africa in this area and con-
sumer acceptance. The South African studies cov-
ered consumer acceptance of cultured meat prod-
ucts, purchase intentions, and marketing strategies.
Associated words were “Neophobia” (fear of new
things), “Quality”, and “Welfare” (animal welfare),
highlighting South Africa’s focus on the quality of
cultivated meat products and animal welfare (Fig-
ure 2).

Other terms such as “India”, “Brazil”, “Halal”,
“Education”, and “Safety” also reflected the impor-
tance of these countries and fields in cultured meat
research (Figure 2). These countries play an impor-
tant role in consumer acceptance of cultured meat,
related regulations and standards, religious factors,
and education and safety.

3.3 Word Network Analysis Results

Based on the text analysis and thematic lex-
ical network map analysis of research on cultured
meat in developing countries, we found strong links
between these themes. The following professional
explanations can illustrate this result (Figure 3).

The strong connection between consumers and
meat reflects the importance of consumers in the
meat product sector. Consumer attitudes significant-
ly impact the acceptance and market performance of
cultured meat. Consumer attitudes and preferences
towards meat products influence their willingness
and purchase decisions for cultured meat.

The declassified connection between Chi-
na and meat can be attributed to China’s important
position in the meat industry and consumer market.
As one of the world’s largest meat consumers, Chi-
na is vital in researching and developing cultured
meat. The deciphering of this link may indicate that
China’s investment and innovation in cultured meat
technology have achieved remarkable results.
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Figure 3. Word Network Analysis Results concerning the scientific literature originating from developing
countries and focusing on cultured meat

The substantial tie between attitudes and per-
ceptions, and perspectives suggests that consumers’
attitudes toward cultured meat are closely related to
their awareness and understanding of the technolo-
gy (Figure 3). Consumer attitudes are influenced by
their awareness and knowledge horizons about cul-
tured meat, which could be affected by education,
information access, and scientific research dissem-
ination.

The strong link between attitude and socie-
ty reflects the critical role of social factors in shap-
ing consumer attitudes toward cultured meat (Fig-
ure 3). Social values, cultural traditions, and social
identity can affect consumers’ acceptance and atti-
tude toward cultured meat.

The intense relationship between attitude and
acceptance suggests that consumers’ attitudes sig-
nificantly impact their acceptance of cultured meat
products (Figure 3). Positive consumer attitudes
toward cultured meat tend to drive them to be more
willing to try and purchase the product, while nega-
tive attitudes can hinder acceptance.

Finally, the vital link between attitude and tradi-
tion suggests that traditional culture influences con-
sumers’ attitudes and acceptance of new meat prod-
ucts (Figure 3). Traditional factors, such as cultural
background, religious beliefs, and food habits, likely
can shape consumer attitudes towards cultured meat,
and so these factors need to be considered in strate-
gies for promoting and adopting cultured meat.
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It should be noted that different developing
countries have differing research priorities. Taking
China, Brazil, and South Africa as examples, their
frequent support of or involvement in cultured meat
research is closely related to the importance of these
countries in meat production and consumption (Bry-
ant & Barnett, 2020; Heidemann et al., 2020). These
countries have large populations and significant
meat markets, so research on meat production, con-
sumption, and alternatives is of great economic and
social importance.

3.4 Challenges and Opportunities for Cultured
Meat in Developing Countries

The deployment of cultured meat technologies
in developing countries presents several challeng-
es and opportunities. First, one of the challenges is
the cost and feasibility of cultured meat technology.
The cultured meat production process requires a lot
of capital, technical facilities, and expertise, which
could be a considerable challenge for some develop-
ing countries (Bhat, Kumar & Fayaz, 2015). Find-
ing innovative methods and technologies to reduce
production costs and introducing locally adapt-
ed cultured meat production models will be vital in
addressing this issue (Chriki & Hocquette, 2020).

Second, cultural and religious factors are also a
significant challenge. Consumers’ cultural and reli-
gious background influences the acceptance of cul-
tured meat technology. Cultural and religious factors
present a potential challenge to the acceptance of cul-
tured meat technology in developing countries. Con-
sumers’ cultural and religious backgrounds deep-
ly influence their attitudes and beliefs toward food
choices, including their acceptance of new technol-
ogies. Research conducted in Malaysia highlighted
the importance of cultural and religious beliefs, par-
ticularly among Muslim populations, in determin-
ing the acceptance of cultured meat (Burhanuddin
et al., 2023). Halal certification, aligning with Mus-
lims’ religious dietary requirements, played a crucial
role in cultured meat gaining acceptance in Malay-
sia. Similarly, in Indonesia, a study emphasized the
influence of religious perspectives on the percep-
tion of cultured meat. The research focused on the
opinions of Muslim communities and revealed that
the views of Islamic scholars on the permissibil-
ity of cultured meat affected consumer acceptance
(Hamdan et al., 2021b). Moreover, traditional food
practices and cultural attachments to specific meat
products also pose challenges. Research conducted

in India demonstrated that consumers’ deep-rooted
connection to traditional meat-based dishes limit-
ed their willingness to adopt alternative options like
cultured meat (Kamalapuram et al., 2021).

Additionally, food safety and regulatory over-
sight is a significant challenge. Developing coun-
tries could have weak links in food safety and legal
supervision, and there are difficulties in supervising
and controlling new food technologies.

In developing countries, cultured meat technol-
ogy has multiple opportunities and strong links with
the Sustainable Development Goals. First, cultured
meat can create opportunities for gender equality.
While traditional livestock farming is often dom-
inated by men, cultured meat technology offers a
gender-independent means of producing meat, pro-
moting gender equality and opportunities for wom-
en to participate in the agricultural sector. The new
food pathway contributes to achieving gender equal-
ity in the Sustainable Development Goals.

Second, cultured meat technology can help
address the environmental and sustainability chal-
lenges faced by traditional livestock farming (Kumar
et al., 2021). Developing countries face problems
such as limited land resources, water shortages, and
climate change. Compared with livestock farm-
ing, cultured meat technology can provide a more
environmentally friendly and sustainable method of
meat production, reducing dependence on natural
resources.

Third, cultured meat technology can contrib-
ute to food safety and the stability of the food supply
(Bryant & Barnett, 2020). Developing countries often
face challenges such as unstable food supply chains,
food safety issues, and the spread of infectious dis-
eases. Compared with livestock production, cultured
meat technology can provide a more controllable and
predictable production process, reduce the risk of
food contamination and animal diseases, and improve
food supply security, reliability, and safety.

In addition, cultured meat technology can
also create decent jobs and economic growth
(Dupont-Inglis & Borg, 2018). Developing the cul-
tivated meat industry requires various professional
and technical personnel, bringing new employment
opportunities and investment to the local econo-
my. The promotion of cultured meat technology can
also promote the development of related industrial
chains, including cell culture technology, food pro-
cessing, and supply chain management, and is like-
ly to bring opportunities for economic growth and
technology transfer to developing countries.
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The combination of tradition and modernity
may be a promising direction when exploring sus-
tainable meat-eating patterns in developing coun-
tries. Developing countries have rich traditional meat
diet cultures as part of their unique cultural herit-
age. Preserving and passing on the value of tradition-
al meat-based diets helps maintain cultural diversity
and fosters community cohesion. At the same time,
modern technology has played an important role in
meat production and is now poised to provide more
sustainable solutions in this area. Combining tradi-
tion and modernity, developing countries can explore
the application of modern technology in the produc-
tion and supply chain of traditional meat diets to
improve efficiency and to reduce resource consump-
tion and environmental impacts. Such a combination
can meet the needs of local consumers for a tradi-
tional meat diet while keeping in mind the goal of
sustainable development. In this process, attention to
community participation, policy support, and scien-
tific and technological innovation is vital to ensuring
the successful implementation of sustainable meat
diets and providing healthy, diverse, and sustainable
meat choices for people in developing countries.

4. Conclusion

Through comprehensive analysis, including
thematic analysis, word cloud visualization, and
word network matrix, essential insights into cultured
meat and its impact on developing countries were
derived.

Thematic analysis reveals in the overall picture
of cultured meat the importance of farming, consum-
er attitudes and acceptance, technological advance-

ments, and environmental impacts. These themes
highlight the multidimensional nature of the culti-
vated meat industry and its importance in address-
ing pressing challenges in the food sector. The word
cloud further emphasizes the prominence of topics
such as consumer behavior, research and develop-
ment, and the production and consumption of meat
substitutes.

The word network matrix visualizes the inter-
connections and frequencies between different
keywords. It demonstrates the close relationship
between words such as “farmed”, “meat”, “consum-
er,” “research” and “product”, indicating the inter-
connectedness and focus of our research. Further-
more, the word network highlights the importance
of technology, market analysis, environmental con-
cerns, and cultural factors in shaping the discussion
about cultured meat.

The analysis also reveals the specific focus of
research in different developing countries. Research
in China, Brazil, and South Africa focuses on par-
ticular areas specific to each country, which reflects
the research priorities and development directions of
each country in the field of cultured meat.

Overall, this study provides important insights
into and understanding of cultured meat and its
development in developing countries. The findings
of this study provide valuable information for rel-
evant stakeholders, policymakers, and academia to
advance the sustainable development and applica-
tion of the cultured meat industry. This study pro-
vides a basis for further exploring the potential and
development path of the cultivated meat industry
and will help guide future research and policy for-
mulation.
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Odrzivo okruzenje za vestacko/kultivisano meso u
zemljama u razvoju: mogucnosti, izazovi i odrzivi izgledi
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Alternative mesu

Odrzivo meso

Ova studija je imala za cilj da sveobuhvatno ispita istrazivanja koja su bila usmerena na
dobijanje vestackog/kultivisanog mesa u zemljama u razvoju tokom protekle decenije,
fokusiraju¢i se na njegove mogucnosti i izazove za odrzive sisteme proizvodnje mesa.
Metod istrazivanja uklju¢ivao je kombinaciju pregleda literature i analize tekstova. Studija
je otkrila da se istrazivanje kultivisanog mesa u zemljama u razvoju fokusiralo na stavove
i prihvatanje potrosaca, kulturne faktore, kao i politiku i regulativu. Kupovne namere, sta-
vovi i nivo znanja potro$aca znacajno uticu na promociju i usvajanje kultivisanog mesa.
Istovremeno, kulturni faktori, verski propisi i izazovi odrzivosti su takode vazni faktori koji
utiu na razvoj kultivisanog mesa u zemljama u razvoju. Stavide, razvoj i implementaci-
ja politike i regulatornih okvira su kriti¢ni za podsticanje razvoja odrzivih sistema mesa.
Kombinacijom pregleda literature i analize tekstova, ova studija pruza dubinski pogled
na istrazivanje kultivisanog mesa u zemljama u razvoju tokom protekle decenije. Nalazi
sugeriSu da su stavovi potrosaca, kulturni faktori i izazovi odrzivosti centralne teme u
istrazivanju kultivisanog mesa u zemljama u razvoju. Medutim, uradeno je relativno malo
istrazivanja o drustvenoj prihvatljivosti, ekonomskoj izvodljivosti i usvajanju tehnologije.
Ovi nalazi pruzaju vazan uvid kreatorima politike, istraziva¢ima i relevantnim zaintereso-
vanim stranama u formulisanju politika i strategija za unapredenje odrzivih sistema ishrane.
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ARTICLE INFO ABSTRACT

Keywords: Honey is source of energy for bees and natural sweet substance with many benefits in hu-
Honey man consumption. It is also used as a part of apitherapy, because it is rich in carbohydrates
Microelements enzymes, trace elements, organic acids, dextrins, phytochemicals (flavonoids, phenolic
Toxic elements acids, essential oils), vitamins and even prebiotics oligosaccharides. The stated use of
Legislative honey demands high quality and safety of honey and honey products. Criteria for quality

of honey is precise and regulated in Codex Alimentarius, where are defined honey, types
of honey and parameters for quality of honey. For European Union (EU) members Council
Directive 2001/110/EC is in effect, for United States of America (USA) it is United States
Standards for Grades of Extracted Honey Effective date May 23, 1985, for China it is
National Standards of the People’s Republic of China, GB 14963-2011, National Food
Safety Standard, for Serbia Rulebook on quality and other requirements for honey, other
bee products, preparations based on honey and other bee products (Pravilnik o kvalitetu
meda i drugih proizvoda péela (,,SI. glasnik RS 101/2015). Regarding microelements
and toxic elements there are criteria for EU countries, similar to USA and China, defining
criteria only for content of Pb in honey set to 1 mg/kg maximum residue level (MRL).
National criteria for several microelements and toxic elements were present in our legisla-
tive, but over the time national criteria has been synchronized with EU criteria.

ber of certain microelements above naturally present
concentrations in their bodies. In the case of resi-
due monitoring in bee bodies, these organisms are

1. Introduction

Honey is complex natural product that is creat-

ed by the collection of nectar by insects, mainly Apis
mellifera. Honey bees are interacting with environ-
ment while collecting nectar, pollen and water, for-
aging up to 6 km from their hives. They are con-
sidered to be bioindicators, due their capacity to
deposit microelements, contaminants and residues
of pollutants in their bodies. They also bring nec-
tar, pollen and water that contain diverse substanc-
es, including hazardous components, and store it
in the hives. Honeybees are considered as cumula-
tive bioindicators regarding deposition of minerals
in their bodies. They have capacity to retain num-

*Corresponding author: Danka Spiric, danka.spiric@inmes.rs

observed as effective bioindicators. Pesticide con-
centration in dead bees samples and mortality of
honeybees are monitored during blooming season
for misapplication detection of pesticides during
plant production (Calatayud-Vernich et al., 2019).
The presence and amount of microelements in hon-
ey can indicate the type of honey and its geograph-
ical origin. Microelements are stable and character-
istic of the soil and melliferous flora. Honey bees
have large area of habitat compared to their body
size and they are reflecting nature with their min-
eral composition and composition of their products
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around hives up to 6 km during good weather (4tan-
assova et al., Bilandzi¢ 2016; et al., 2019; Bogdanov
et al., 2007). From flower nectar as raw material to
the final product, honey undergoes a complex pro-
cess of sugar conversion by bee enzymes and matu-
ration in combs. Presence and quantity of microele-
ments in nectar depends on the mineral composition
of the vegetation. There are metabolic processes of
plants resulting in avoidance or tolerance of certain
elements, including toxic elements. Plants have sev-
eral evolution mechanisms for surviving in pollut-
ed environment, or to control the level of toxic ele-
ments intake.

2. Mineral composition of honey

From flower nectar as raw material to the final
product, honey undergoes a complex process of sug-
ar conversion by bee enzymes and maturation in
combs. The mineral composition of nectar depends
on the mineral composition of the vegetation. There
are metabolic processes of plants resulting in avoid-
ance or tolerance of certain microelements, including
toxic elements. Plants have several evolution mech-
anisms for surviving in polluted environment, or to
control the level of toxic elements intake. The major
minerals in honey have nectar-producing plants ori-
gin. Mineral composition of honey indicates type of
honey. Honeydew, dark and forest honey is richer in
minerals comparing to monofloral honey. The pres-
ence of heavy metals (Pb and Cd) and toxic elements
(Cr and As) in honeydew honey has been reported in
some studies suggesting its origin from environmen-
tal, soil contamination, pest treatment, and unsuit-
able procedures in the processing and conservation
of honey (Atanassova et al., 2016). Range of miner-
als in honey can be from 0,04% in pale honey, e.g.,
black locust to 0,20% in darker, forest honey (Bog-
danov et al., 2007). Likewise, content of minerals in
honey is reflection of environment, mineral content
of soil, water, pollen and nectar of plants. Serbian
Regulative is synchronized with (EU) 2023/915, set-
ting maximum residue level (MRL) for Pb in hon-
ey, 0,1 mg/kg. Regarding data from different stud-
ies (Table 1), average values of Pb are considerably
below MRL, except for higly contaminated mining
areas from Kosovo* (Kastrati et al., 2023). Micro-
elements are distributed in honey in sense that Zn
is the most abundant compared to other elements,
as potassium is the most abundant macroelement.
Average content of minerals and toxic elements in
honey from some studies is presented in Table 1.

3. Mechanisms of toxic element intake
control

“Avoidance” is the first line of defence to
restrain uptake of toxic elements and limit their dis-
tribution into plant tissues through root system. It
consists of extracellular mechanisms, such as met-
al ion precipitation, and metal exclusion (Dalvi and
Bhalerao, 2013). Exposure to heavy metals, can
cause excretion of organic acids and amino acids by
root system that make stable complexes that stay in
soil and can’t enter the plant, or change the pH of
soil and precipitations of heavy metals occurs. Exist-
ence of mycorrhizas can obstruct absorption of toxic
elements into the plant, leaving them in rhizosphere
by absorption, adsorption, or chelation. (Dalvi and
Bhalerao, 2013). Embedding the heavy metals in
the plant cell walls is another mechanism of heavy
metal avoidance (Memon and Schréder, 2009). Cell
wall has carboxylic groups of polygalacturonic acid
are negatively charged and can bind heavy metals.
In this way, the uptake of toxic elements into plant
tissue is prevents thanks to the cell wall. Once the
toxic element ions entry the cytosol, tolerance strat-
egy is adopted by the plants to cope with the toxici-
ty of accumulated metal ions. It is the second line of
defence at intracellular level through various mech-
anisms such as inactivation, chelation, and compart-
mentalization of toxic element ions.

4. Potential health hazards resulting from
honey consumption

Besides environmental concerns regarding hon-
ey element composition, quality control of honey is
also important given the increase in total honey pro-
duction and demands of the largest honey market of
EU (Bilandzic et al., 2012). Parameters for honey
quality are defined in Codex Alimentarius and trans-
ferred into national regulations. In that manner essen-
tial composition and quality factors are (moisture con-
tent, fructose and glucose content (and ratio), sucrose
content, water insoluble solids content, free acidi-
ty, diastase activity, hydroxymethylfurfural, electri-
cal conductivity), toxic elements, residues of pesti-
cides and veterinary drugs, hygiene, declaring (CXS
12-1981). There are no specific national regulations
regarding the presence of toxic elements, whose ori-
gin in honey is usually anthropogenic. A Codex Ali-
mentarius statement is that honey shall be free from
metals in amounts which may result in a hazard to
human health and this statement is included in the
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Codex Alimentarius (Codex Alimentarius, 2001) and
incorporated as well, in Regulation of countries. The
Codex maximum level (ML) for a contaminant in a
food or feed commodity is the maximum concentra-
tion of that substance recommended by the Codex
Alimentarius Commission to be legally permitted in
that commodity. For toxic elements considered by
the Directive 96/23/EC, no limits have apparently
been established (EC, 1996) in honey. The Directive
2001/110/EC of the EU Commission relating to hon-
ey includes some general and specific properties of
honey composition but no guidelines with respect to
the content of toxic elements (European Commission,
2001). The regulation EC 1881/2006, which set the
maximum levels for certain contaminants in foodstuff,
does not address honey bee products (European Com-
mission, 2006), except for the ML of Pb (0.10 mg/
kg). Consequently, there are currently no legal crite-
ria to compare the results obtained in presented stud-
ies (Table 1). A recommendation from the Joint Food
and Agriculture Organization of the United Nations
and Worl Health Organization (FAO/WHO) Expert
Committee on Food Additives (JECFA) concerning
the maximum tolerable or allowable intake, based
on a full evaluation of an proper toxicological data-
base, should be the main basis for decisions by Codex
member. However, to have a frame for comparison,
the maximum limits of Pb and Cd permitted by EC
Regulation 1881/06 in bivalve mollusks (1,5 ppm for
Pb and 1 ppm for Cd) were taken as reference consid-
ering the characteristics of bioaccumulation in bees
and annual per capita consumption of honey. For-
mer legislation of Serbia had prescribed MRL values
for certain elements in honey. According to the Rule-
book (Official Gazette of the FRY 5/92, 11/92, 32/02,
25/10 and 28/11), the criteria for the MRL quantities
were prescribed in honey, respectively for Pb, Cd, Zn,
As, Cu and Fe are 0,5; 0,03; 10; 0,5, 1 and 20 mg/kg.
These criteria are withdrawn due to alignment pro-
cess of Serbian and EU regulative. Before EU reg-
ulative criteria, each country had its own MRLs for
toxic elements in honey, e.g., Polish standards were
0,4-0,5 mg/kg for Pb, 0,1 mg/kg for Cd, and 10 mg/
kg for Cu in pollen and honey. In Finland, criteria for
toxic elements in honey as category of “other food”
were 0,3 mg/kg for Pb, 0,1 mg/kg of Cd, 10 mg/kg of
Cu, 0,5 mg/kg of Hg and 50 mg/kg of Zn (Fakhimza-
deh and Lodenius, 2000).

China has established MRL value for lead in
honey 1 mg/kg (CH18025), and Vietnam etsablished
MRL for As to 1,0 mg/kg, for Cd to 1,0 mg/kg, for
Pb to 2,0 mg/kg and for Hg to 0,05 mg/kg. Russian

regulative regarding toxic elements is not revised
since SSSR period, and does not have criteria for
toxic elements in honey (Dudarev et al.,2019). USA
Food and Drug Administration (FDA) has set gener-
al criteria for toxic elements in food: toxic elements
as lead (as Pb), not more than 10 parts per million;
arsenic (as As), not more than 3 parts per million,
mercury (as Hg), not more than 1 part per million
(CFR FDA, 2023). The reason for lack of MRLs
in honey for toxic elements could be explained in
several manners. Honey is nutritious and precious
food used as sugar source, and minor component
of meals. It is more important for major ingredients
to have set and met MRL values. Honey as well as
other foodstuff is rather studied in sense of intake
per kg of body mass, that includes multielement
approach and nutritive aspect. Studies and forming
of different food databases enabled risk manage-
ment and knowledge of what contaminants can be
expected in certain food, including toxic elements.
Though, it is expected to detect mercury in fish-
ery products, so the limits are set for this group of
foods, and probably honey is proven over the years
that is not common grocery to accumulate mercu-
ry. Studies showed that mercury was not detected in
any sample of bees or apiary products tested (Spir-
ic et.al, 2019, Ciric et al., 2020). It is also important
to consider that honey is source of energy in hive,
and bees as well as other living creatures have ten-
dency to decontaminate source of energy and life to
enhance survival and wellbeing of next generations.

FDA organized Total Diet Study (TDS) to mon-
itor toxic elements in the USA food supply from trad-
ers from all states. From testing 3,241 samples of
305 foods during 2018 through 2020, cadmium was
reported in 61% of samples from the TDS survey,
including 98% of vegetable samples and 28% of fruit
samples. Predominant highest mean concentrations of
cadmium were detected in sunflower seeds, spinach,
potato chips, leaf lettuce, and French fries. Lead and
arsenic were detected in 15% and 43% of the food
samples. Arsenic was detected at higher levels than
Cd. The highest concentrations of inorganic arsenic
were reported for certain foods, including crisped
rice cereal, white rice, and baby foods such as puffed
snacks, dry rice cereal and multi-grain cereal (USDA,
2017). The Joint FAO/WHO Expert Committee on
Food Additives has designed for Ni a Provisional Tol-
erable Weekly Intake (PTWI) of 2,45 mg (JECFA,
20006). For inorganic As, a PTWI of 1,05 mg. Value of
0,3 mg Hg was indicated as PTWI for a 70 kg person
(FAO/WHO, 2010a). A Provisional Tolerable Month-

137



Danka Spiric et al.

Comparative overview of microelements and toxic elements in honey regarding the international criteria

ly Intake (PTMI) of 1,75 mg was outlined for Cd
(FAO/WHO, 2010b) and for Pb a PTWI of 1,75 mg
was created. Therefore, although the honey samples
are not completely pollution free, toxic element intake
from honey is considerably bellow the recommend-
ed dose and, from this point of view, the consump-
tion of these honey products is not considered danger-
ous for human health. (Meli et al., 2018). According
to the standard values determined by Codex Alimen-
tartus Commission, the maximum Fe value that can
be found in sweet nutrients such as sugar and honey
is reported as 15 pg/g. The maximum Pb value that
must be found in sweet substances such as sugar and
honey is determined as 0,3 pug/g by Codex Alimenta-
rius Commission. According to the standards deter-
mined by the Codex Alimentarius Commission, the
maximum Zn value that must be found in sweet nutri-
ents such as sugar and honey is 5 ug/g.

5. Conclusion

Haevy metals and other toxic elements in hon-
ey are naturally occurring. They are found in small-
er amount than in other bee products, because hon-
ey is the main source of energy for hive, so there is
trend in minimizing exposure of beehive comunity
to toxic elements through energy source. That sort of
decontamination provides clean source of food for
bees and healthy swarm of bees. Honey produced
in that manner by bees is very desirable food prod-
uct and ingredient, acceptable for pharmacy indus-
try as well for nutrition of sensitive part of popu-
lation, with the exception of children up to the age
of one. Existing data from studies of toxic elements
and haevy metals in honey show that their content
is lower than ML values by Codex Alimentarius
(Table 1).

Uporedna analiza medunarodnih Kriterijuma u pogledu
mikroelemenata i toksi¢nih elemenata u medu

Danka Spirié, Jelena Cirié, Silvana Stajkovié, Mirjana Dimitrijevié, Caba Siladi, Srdan Stefanovié i

Vesna Pordevic

INFORMACIJE O RADU

APSTRAKT

Kljucne reci:

Med je osnovni izvor energije za pcele i prirodni zasladivac za ljudsku ishranu. Koristi se

Med iu apiterapiji, jer je bogat ugljenim hidratima, mikronutrijentima, vitaminima i prebiotici-

Mikroelementi
Toksi¢ni elementi
Zakonska regulativa

ma. Ovakva specifi¢na upotreba zahteva visok kvalitet i bezbednost meda i proizvoda od
meda. Kriterijumi za kvalitet meda su standardizovani i regulisani Codex Alimentariusom,
gde su definisani med, vrste meda i granice kvaliteta meda. Za Clanice Evropske unije

(EU) na snazi je Direktiva Veca 2001/110/EC, za Sjedinjene americke drzeve (SAD) to
su americki standardi za klasifikovanje meda koji su stupili na snagu 23. maja 1985,
za Kinu su nacionalni standardi Narodne Republike Kine, GB 14963-2011, Nacionalni
standard o bezbednosti hrane, za Srbiju Pravilnik o kvalitetu i drugim zahtevima za med,
druge pcelinje proizvode, preparate na bazi meda i druge péelinje proizvode (Pravilnik o
kvalitetu meda i drugih proizvoda péela (,,S1. glasnik RS” 101/2015). Sto se tice toksiénih
elemenata, postoje kriterijumi za zemlje EU, slicni SAD i Kini, koji definiSu kriterijume
samo za sadrzaj Pb u medu postavljen na 1 mg/kg maksimalni rezidualni nivo (MRL).
Nacionalni kriterijumi za nekoliko toksi¢nih elemenata bili su prisutni u zakonodavstvu,
ali su tokom vremena nacionalni kriterijumi sinhronizovani sa kriterijumima EU.
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All corrections were made in the Meat technology 64/1 2023 issue.










DIMLIEN,
PECENICA

Kompanija Zlatiborac je osnovana s idejom da se kroz neprekidnu modernizaciju i primenu savremenih tehnologija zadrii tradicionalni koncept
proizvodnje zlatiborskih suvomesnatih proizvoda. Specificnost regije i klimatskih uslova sela Mackat, prirodan proces susenja mesa na ruii
vetrova i dimljenja na bukavom drvetu, uz primenu jedinstvene recepture, doprineli su da se izdvojimo ne samo na domacem, vec i na inostranim
triistima.

Poslovni proces se odvija u okviru savremenih kapaciteta i opreme, na 40.000 m* proizvodnog prostora, uz ispunjavanje najvaznijih standarda
i sertifikata za kvalitet i bezbednost hrane: HACCP, IFS, EAC. Proizvadni portfolio se neprekidno unapreduje, a sadrzan je u dve kategorije, trajnih
i polutrajninh suvomesnatih proizvoda. Proizvodi su dostupni u tri vrste pakovanja, vakuumu, rinfuzu i zastitnoj atmosferi,

Llatiborac brend se posebno izdvaja po komparativnim prednostima u odnosu na konkurenciju, te u segmentu ,slajs-pakovanja®, o cijim

funkcionalnim benefitima neprekidno edukuje svoje potrosace, zauzima lidersku poziciju na trzistu. Kao proizvodac, ,Zlatiborac je jedini koji
svoje suvomesnate proizvode sece tanko i koso, pod uglom od 38 stepeni.

Sveobuhvatnu painju poklanjamo Cistoci i higijeni, a u prostoru , bela soba™ u kome nastaju upravo ovi slajs-proizvodi viada apsolutni princip
kontrolisanja strujanja vazduha koji eliminiSe svako prisustvo neieljenih cestica, bad kao u hirurskoj sali. Besprekorne uslove obezbedujemo
filtracijom vazduha, merenjem i requlacijom preciscavanja, dok se vazduh u nasim ,,belim sobama™ u potpunosti promeni ¢ak 18 puta u toku
jednog sata.

Godinama unazad, ,,Nemacko poljoprivredno drustvo™ (DLG), kao vodeca evrapska institucija za bezbednost i unapredenje kvaliteta hrane
nagraduje zlatiborac proizvode najvisim ocenama i medaljama za kvalitet. Ova posebna nagrada dodeljuje se proizvodacima koji su u prethodnih
pet godina ostvarili natprosecan uspeh u takmicenju, a ,Zlatiborac" je prva kompanija s nasih prostora koja je dobila ovo vaino priznanje.
Kontinuirana posvecenost kvalitetu proizvoda i stalna ulaganja u tehnoloski proces koji prati vaine svetske standarde u prehrambenoj industriji
doneli su ,Zlatiborcu™ ovo svetsko priznanje koje jasno govori da su tradicionalne recepture susenja suvomesnatih delikatesa sinonim za kvalitet
i na svetskom tréistu. Do kraja 2022. godine dodeljeno je ukupno 95 zlatnih i 40 srebrnih DLG medalja.

U, Zlatiborcu® danas radi vise od 650 ljudi koji svojom marljivo3cu i posvecenoScu doprinose ostvarivanju korporativne misije, negujuci
vrednosti integriteta, doslednosti, usmerenosti na rezultate i kreativnosti. U dodiru tradicije i jedinstvenog prirodnog ambijenta nastali su izvorni
proizvodi, a u kompaniji ponosno isticemo da je tradicija garancija naseq umeca, a priroda izvor nase snage. Tivot u skladu s prirodom je jedna
od osnovnih odrednica nase korporativne kulture.

U godinama koje dolaze, nastavicemo da ostvarujemo nase ciljeve u povecanju obima proizvodnje, povecanju udela na domacem i inostranom
trziStu, u osvajanju novih tréiSta, unapredenju kvaliteta i bezbednosti proizvoda, uz o€uvanje Zivotne sredine.

Misija ,Zlatiborca® je stvaranje stabilne, organizovane i snazne
kompanije, koja ce stalnim inovacijama, ulaganjem u kvalitet, tehnologiju,
opremu, edukaciju i obuku zaposlenih, stvoriti proizvod koji ce svojim
istaknutim karakteristikama odgovoriti potrebama i Zeliama zahtevnih
savremenih potroaca.
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ANNALYSIS

LABORATORY EQUIPMENT

Since it was founded in 1996, Analysis d.o.0. offers high-quality instruments and
reliable solutions for your laboratory.

SOLUTIONS FOR MEAT QUALITY AND SAFETY ANALYSIS

TSOQ Quantis Plus triple

quadrupole MS Orbitrap Exploris GC MS
thermo

scientific

Authorized Distributor

Evolution One Plus UV-Vis
spectrophotometer

“mr ]

TU500 laboratory turbidimeter
and complete online & laboratory
iCAP RQplus ICP-MS ZM300 ultra cenrtifugal mill water analysis equipment

Analysis d.o.o. Beograd « info@analysis.rs = 0113186446 « www.analysis.rs
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Your trusted partner for
Laboratory Consumables
and Reagents.
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Culture Media, Quality
Control, Precise Method
(Listeria, Salmonella..)

CONTACT INFORMATION ThermoFisher
SCIENTIFIC

e +381-63-694-063
+381-11-2694-877 ) Plant Pathogen
_ W BIOREBA Diagnostic Ragents,
supervet.og@gmail.com X Yo Partner in Agro-Dlagrostis Sample Preparation
Aleksinackih rudara 75 pevices
0 11000 Proficiency Testing
Belgrade, Serbia (0) TESTVERITAS Schemes

www.supervet.rs
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