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Abstract: The research aims to determine how starter cultures affect the loss in length and perimeter in dry-cured
pork loin produced in combination with nitrite salt and alternative natural sources of nitrites (Swiss chard powder).
The research was conducted under industrial conditions. Five groups of dry-cured pork loin were produced in three
iterations, namely: I group: table salt, dextrose; Il group: nitrite salt, dextrose; 11l group: nitrite salt, dextrose and
starter culture BactoFerm Rosa; IV group: table salt, dextrose, Swiss chard powder (manufacturer 1) and starter
culture BactoFerm Rosa and V group: table salt, dextrose, Swiss chard powder (manufacturer 2) and starter culture
BactoFerm Rosa. The length and perimeter were measured at the beginning (pork loin - raw material) and at the end
of the production process (dry-cured pork loin-finished product). The length loss in all five groups of dry-cured
pork loin ranges from 29.29 to 29.95%. There was a statistically significant difference (p < 0.05) in length loss
between the groups where starter culture was added (III, IV and V) compared to the groups where no starter culture
was added (I and II). The greatest loss of perimeter during the production process of dry-cured pork loin is observed
in group III (24.56%), while the smallest loss in perimeter is found in group I (24.04%). The added starter culture
had a statistically significant (p < 0.05) effect on greater perimeter loss. The added starter culture results in a
greater loss in length and perimeter, which contributes to the reduction of the production process.
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1. INTRODUCTION

Drying is probbly the oldest of all food preservation techniques. Preserving food in this way allowed our distant
ancestors to survive in times of food scarcity. As it is pointed out, Babi¢ and Babi¢ (2000), the process of drying
food started as early as 20000 B.C. Primitive people dried meat in order to prevent it from spoiling and increase its
shelf life (Savi¢, 2004). As Krvavica et al. (2016) point out, the first written information about the preservation of
pork by drying dates to the early Roman period, in the territory of what was then Norcia in central Italy. The practice
of preserving pork through salting and drying, which originated in Ancient Rome, eventually made its way to the
European continent. In 1493, Christopher Columbus introduced this method of pork preservation to the American
continent (Krvavica et al., 2016).

Presently, dry cured meat products are highly esteemed and regarded as the epitome of superior quality meat
products. The production process of dry cured meat products varies across different regions, characterized by
intricate and prolonged procedures, thereby validating their elevated price.

Dry cured meat products are derived from different types of meat, including bone-in pieces with subcutaneous fat
and skin. These products may or may not incorporate salt and spices. Preservation is achieved through salting or
curing and drying methods, sometimes involving smoking, or without smoking altogether, resulting in a state that is
safe for consumption without prior heat treatment.

The production of dry cured meat products consists of the following technological operations: selection and
processing of raw materials, salting/curing, cold smoking and ripening. Following common table salt, the meat
processing industry frequently employs potassium nitrite (E 249), sodium nitrite (E 250), sodium nitrate (E 251),
and potassium nitrate (E 252) as prevalent preservatives (Silovska Nikolova and Belichovska, 2020). Nitrites and
nitrates are traditionally used in meat products because of their antimicrobial effect on Clostridium botulinum and
other bacteria (Majou and Christieans, 2018; Flores and Toldra, 2021). Nitrites are used for red color development,
prevention of fat oxidation and flavor development (Shakil et al., 2022).

The utilization of nitrites can have adverse health effects on consumers due to the formation of nitrosamines. As a
result, consumers are inclined towards meat products with fewer additives. Numerous authors have extensively
researched and explored the use of natural alternative sources of nitrates and nitrites derived from vegetable extracts.
Promising outcomes have been achieved in their quest to find acceptable alternatives (Eisinaite et al., 2016; Riel et
al., 2017; Choi et al., 2017; Kim et al., 2017; Jin et al., 2018; Kim et al., 2019; Altunay and Elik 2020).

A number of authors affirm that incorporating starter cultures in the meat industry yields advantageous effects on
sensory properties, safety, shelf-life extension, and production uniformity (Incze, 2002; Leroy et al., 2006;
Maksimovi¢ et al., 2015; Laranjo et al., 2017; Rivera et al., 2019; Laranjo et al., 2019)

The aim of this research is to determine how the use of starter cultures in combination with nitrite salt and
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alternative sources of nitrites will affect the loss in perimeter and length in dry-cured pork loin.

2. MATERIALS AND METHODS
Materials
The experiment was carried out in the meat industry "Rimes MS Group". To evaluate the effectiveness of Swiss
chard powder as a natural nitrite source and the influence of starter cultures on weight loss during the production of
dry-cured pork loin, five groups of dry-cured pork loin were produced as outlined below:

e | group: table salt, dextrose;

o |l group: nitrite salt, dextrose;

o |Il group: nitrite salt, dextrose and starter culture BactoFerm Rosa;

e 1V group: table salt, dextrose, Swiss chard powder (manufacturer 1) and starter culture BactoFerm Rosa;

« Vgroup: table salt, dextrose, Swiss chard powder (manufacturer 2) and starter culture BactoFerm Rosa.
In the research, a frozen external part of the pork loin was used (m. longissimus dorsi). Figure 2 shows the
technological steps of the production of dry-cured pork loin in sequence.

The raw material is thawed by dry defrosting

v

Salting/ dry curing

v

21 days of salting (in a dark room at a temperature of 0-4°C and
RH of 85-90 %)

v

Draining 24 hours (temp. 24°C and RH 85%)
Cold smoking 24 hours (temp. 22°C and RH 82%)
i Ny
18 days of ripening (initial temp. 22 "C and RH 82 %, at the
end temp. 12°C and RH 72 %)

Figure 1. Presentation of the technological process of the production of dry-cured pork loin

Methods

The perimeter loss during the production of the dry-cured pork loin is the difference between the perimeter of the
pork loin before salting and the perimeter of the dry-cured pork loin after ripening, which is expressed as a
percentage in relation to the perimeter before salting the pork loin.

The perimeter of the pork loin is measured in the middle part of the piece of pork loin dry-cured pork loin as in
Figure 3.

The length loss during the production of the dry-cured pork loin is the difference between the length of the pork
loin before salting and the length of the dry-cured pork loin after ripening, which is expressed as a percentage in
relation to the length of the pork loin before salting.

The length of the pork loin is measured from one end to the other end of the piece of pork loin/dry-cured pork loin
as in Figure 3.
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Figure 2. Schematic representation of Figure 3. Schematic representation of
measurement of length and perimeter measurement of length and perimeter
loss in dry-pork loin loss in dry-cured pork loin

The data collected in the experiment were processed and edited using the program Excel xp. The normality of
the distribution of the values was checked by analyzing the homogeneity of the variances. If the homogeneity was
confirmed, the analysis was continued with the multivariate general linear model (GLM) or the ANOVA test
(comparison of three or more groups), and the associations between the parameters with the multivariate linear
descriptive analysis (LDA) (IBM SPSS Statistics 23, release 23.0.0.0).

3. RESULTS AND DISCUSSION

Length loss in dry-cured pork loin

Table 1 shows the initial and final length of the dry-cured pork loin expressed in centimeters, while Graph 1 shows
the length loss in dry-cured pork loin during the production process expressed in %.

Table 1. Length loss in dry-cured pork loin during the production process expressed in centimeters

Groups of dry-cured pork loin
Production stage

| 11 i (\Y V
Xx+SD
Beginnning of 55.58£0.47* 55.51+£0.52* 55.64+£0.55* 55.77+0.48 5545+0.59*
production process
End of production 39.30+0.52*  39.16+£0.40" 38.96+0.44° 39.08 +£0.53% 38.90+0.36°
process

% - sample mean; SD-standard deviation; Different letters (>“) of the indexes of the values in the rows
indicate a statistically significant difference (p < 0.05); Different letters (*°) of the indexes of the values
in the columns indicate a statistically significant difference (p < 0.05).

The length of the pieces of pork loin (the raw material) before the beginning of the production process ranges from
55.45 (V group) to 55.64 cm (111 group).No statistically significant difference was observed between the pieces, i.e.
there are no large deviations in the length of the used raw material. At the end of the production process, the length
of the dry-cured pork loin (finished product) ranges from 38.90 (V group) to 39.30 (I group). When it comes the
pieces of dry-cured pork loin after the end of the production process, although the difference in length is small, it is
still statistically significant (p < 0.05).

Graph 1. Length loss in dry-cured pork loin during the production process
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Mean values with different letters (*9) in the column are statistically significantly different (p < 0,05)
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The values obtained from the length loss in dry-cured pork loin during the production process also show us the
dynamics of the ripening of the dry-cured pork loin. Length and perimeter reduction in dry cured meat products
during ripening is related to water loss (dehydration and evaporation). According to Ruiz-Ramirez et al., (2005), the
decrease in water content leads to a reduction in the mass, the perimeter of the product itself.

The greatest length loss in dry-cured pork loin was observed in group Il (29.95%), while the smallest length loss
was observed in group | (29.29 %).

Groups 11, 1V, and V, which incorporated the starter culture, exhibited a more significant decrease in length
compared to groups | and I, where no starter culture was included.

The added starter culture has a statistically significant effect (p < 0.05) on length loss in dry-cured pork loin.
Perimeter loss in dry-cured pork loin

Table 2 shows the perimeter loss in dry-cured pork loin at the beginning and at the end of the production process
expressed in centimeters, while Graph 2 shows the length loss in dry-cured pork loin during the production process
expressed in %.

Table 2. Perimeter loss in dry-cured prok loin during the production process expressed in cm

Groups of dry-cured pork loin
Production stage

[ 1 Il v V
x+SD

2543 £0.63* 25.68 £0.65° 25.60+0.36° 2549+0,50* 25.55+0,55°

Beginning of
production process
End of production
process

% - sample mean; SD-standard deviation; Different letters (*9) of the indexes of the values in the rows
indicate a statistically significant difference (p < 0.05); Different letters (*©) of the indexes of the values
in the columns indicate a statistically significant difference (p < 0.05)

19.32+£0.45* 1945+046* 19.32+0.31* 19.28+0,37*  19.34+0,46*

At the beginning of the production process, the perimeter ranged from 25.43 (I group) and 25.68 cm (Il group).
There is no statistically significant difference between the pieces. The pieces are relatively equal in length. At the
end of the production process, the perimeter of the dry-cured pork loin ranged from 19.28 (IV group) to 19.45 (Il
group).

Graph 2. Perimeter loss in dry-cured pork loin during the production process expressed in (%)
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Mean values with different letters (*9) in the column are statistically significantly different (p < 0,05)

During the production process of dry-cured pork loin, apart from the water separation, the weight loss also
contributes to a decrease in the perimeter of the product. The size of the dry-cured pork loin pieces can vary
depending on the speed and intensity of ripening. This physical quantity can serve as an indicator of the ripening
kinetics of the dry-cured pork loin.

The greatest perimeter loss during the production process of dry-cured pork loin is observed in group 111 (24.56%),
while the smallest perimeter loss is found in group | (24.04%). The influence of the starter cultures on perimeter
reduction of dry-cured pork loin is statistically significant (p < 0.05).

According to professional literature, the incorporation of starter cultures in dry cured meat products aids in reducing
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their ripening time (Laranjo et al., 2017).

4. CONCLUSION

Based on the obtained results, it can be concluded that the use of starter cultures has a notable effect on achieving a
greater reduction in both length and perimeter within the same ripening time frame. This indicates a shortened
ripening period. Every manufacturer aims to enhance production profitability.
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