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Abstract: This study was conducted to examine the effect of Jerusalem thorn
(Paliurus spina-christi Mill./PSC) and oriental hackberry (Celtis tournefortii L./CT)
fruits and black cumin (Nigella sativa L./NS) seed on the microbial quality and
physicochemical properties during the storage of meatballs +4 °C. For this purpose,
PSC, CT fruits, and NS seeds were added to the meatballs at 2% to form four groups,
including the control. Prepared meatball samples were covered with stretch film in
polyethylene plates and stored at 4+1 °C for 16 days. Analyzes were made on the 0O,
4, 8, 12, and 16th days of storage in the meatball samples. The pH values of the
meatball samples were determined between 5.89-6.02 on day 0 and between 6.10-
6.49 on day 16, ay values between 0.956-0.964 on day 0 and 0.971-0.980 on day 16.
Total mesophilic aerobic bacteria (TMAB), total psychrotrophic bacteria (TPAB), lactic
acid bacteria (LAB), and yeast-mold counts of meatball samples were 5.14-5.53,4.62-
4.83, 5.04-5.32 and 3.40-3.87 logio cfu/g, respectively on day 0, and 7.01-7.9, 7.64-
8.24, 7.59-8.05 and 5.69-6.27 logio cfu/g, respectively on day 16. It was determined
that PSC and CT fruits and NS seed slowed down the microbial growth rate in the
meatballs from the eighth day. The best antimicrobial effect was found in
psychrotrophic bacteria for CT fruit, LAB and yeast-mold for NS seed. As a result, it
can be recommended to add PSC, CT fruits, and NS seeds to their composition to
extend the shelf life of meatballs up to one week. The results of this study can provide
helpful information for anyone dealing with food and further studies investigating the
shelf life of meat and meat products.

Keywords: Celtis tournefortii L., Meatball, Microbiological quality, Nigella sativa L.,
Paliurus spina-christi Mill.

Karagali (Paliurus spina-christi Mill.), Dardagan (Celtis tournefortii
L.) Meyvelerinin ve Coérek Otu (Nigella sativa L.) Tohumunun
Koftelerin Mikrobiyal Kalitesi ve Fizikokimyasal Ozellikleri Uzerine
Etkilerinin Arastiriimasi

Ozet: Bu calismanin amaci karagali (Paliurus spina-christi Mill../PSC), dardagan (Celtis
tournefortii L./CT) meyveleri ve ¢orek otu (Nigella sativa L./NS) tohumunun,
koftelerin +4 °C'deki muhafazasinda mikrobiyal kalite ve fizikokimyasal o6zellikleri
Uzerindeki etkisinin arastirilmasidir. Bu amagla PSC, CT meyveleri ve NS tohumu
koftelere %2 oraninda ilave edilerek kontrol dahil dort grup olusturuldu. Hazirlanan
kofte 6rnekleri polietilen tabaklar iginde streg film ile kaplanarak 4+1 °C’'de 16 gilin
muhafaza edildi. Kéfte orneklerinde muhafazanin 0, 4, 8, 12 ve 16. ginlerinde
analizler yapildi. Kéfte 6rneklerinin pH degerleri 0. giinde 5,89-6,02, 16. giinlinde ise
6,10-6,49 arasinda, aw degerleri 0. glinde 0,956-0,964, 16. giininde ise 0,971-0,980
arasinda tespit edildi. Total mezofil aerob bakteri (TMAB), total psikrotrof bakteri
(TPAB), Laktik asit bakterileri (LAB) ve maya-kuf sayilari 0. giin sirasiyla, 5,14-5,53,
4,62-4,83, 5,04-5,32 ve 3,40-3,87 logio kob/g arasinda 16. giinde ise sirasiyla 7,01-
7,9, 7,64-8,24, 7,59-8,05 ve 5,69-6,27 logio kob/g arasinda saptandi. PSC, CT meyvesi
ve NS tohumunun koftelerde sekizinci giinden itibaren mikrobiyal Greme hizini
yavaslattigi saptandi. Ozellikle CT meyvesinin psikrotrof bakteriler tizerinde, NS
tohumunun ise LAB ve maya-kif Gizerinde en iyi antimikrobiyal etki sagladigi saptandi.
Sonug olarak koftelerin raf 6mrini bir haftaya kadar uzatmak igin bilesimlerine PSC,
CT meyvelerinin ve NS tohumu eklenmesi 6nerilebilir. Bu galismanin sonuglar et ve
et Urdnlerinin raf Gmdrlerini arastiran ileri galismalar ve gida ile ugrasan herkes igin
yararl bilgiler saglayabilir.

Anahtar Kelimeler: Celtis tournefortii L., Kéfte, Mikrobiyolojik kalite, Nigella sativa L.,
Paliurus spina-christi Mill.
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Introduction

Meatball is generally cooked and consumed after beef or
mutton is ground into minced meat, added fat (tallow fat, tail
fat) and various spices, and brought to the desired shape and
size (Halid and Rahim, 2019). Meatballs and their varieties are
meat products widely preferred and consumed in fast food.
Microbial contamination may occur if the necessary hygienic
rules and/or cold chain are not observed during the
production, processing, packaging, storage, distribution, and
preservation of meat products such as meatballs. As a result
of the proliferation of saprophytic microorganisms, spoilage
may occur in meat products, the shelf life of the products is
shortened, and in the presence of pathogenic factors, food-
borne infections, and toxications may occur (Mansur et al.,
2019).

Meat spoilage occurs due to microbiological and
chemical, enzymatic reactions (Mansur et al., 2019). Because
of the chemical composition of meat, which provides a
suitable environment for microorganisms, and the nutrients
it contains, microbiological spoilage generally occurs more
quickly. Microbial spoilage is caused by microbial growth and
consumption of meat nutrients by bacteria, which release
undesirable metabolites (Casaburi et al., 2015). Meat and
meat products are evaluated in terms of microbial quality
(total  aerobic  bacteria,  psychrotrophic  bacteria,
enterobacteria, fecal coliforms, Salmonella spp., Listeria
monocytognes, Escherichia coli, enterococci, molds, etc.) to
determine whether they are suitable for consumption and
their shelf life (Mansur et al., 2019). Moreover, pH and water
activity (aw) values are essential criteria affecting the growth
of microorganisms; they are important in determining the
microbial quality of meat and meat products (Leistner, 2000).

It is crucial to prevent microbial proliferation in
maintaining the quality of meat products during storage. The
microbial load of the meat should be low initially, and
microbial growth should be minimized or inhibited as much
as possible during storage. In recent years, as consumers
prefer more organic or minimally processed foods and foods
containing fewer synthetic chemical additives, natural herbal
preservatives rich in phenolic compounds are used as an
alternative to artificial chemical preservatives to prevent a
microbial increase in meat and meat products (Prommachart
et al., 2020).

PSCis a shrub plant in the Rhamnaceae family. In Turkey,
it can be grown all around Anatolia. In studies on ripe fruits
and leaves of PSC, it has been reported that they are rich in
polyphenolic substances and have antioxidant and
antimicrobial effects (Sen et al., 2018; Takim and Isik 2020;
Takim, 2021; Zor et al.,, 2017). Celtis, belonging to the
Cannabaceae family, is a medium-sized tree species that
grows in temperate, tropical, and subtropical regions and
sheds its leaves yearly. CT plant is one of the Celtis species
that grows naturally in Turkiye. Studies on ripe fruits and
leaves of CT have reported that these parts of the plant are
rich in polyphenolic substances, have high tocopherol
content, and have antioxidant and antimicrobial effects
(Gecibesler, 2019; Keser et al., 2017; Yildirim et al., 2017). NS
plant is a spice of the Ranunculaceae family that has been

used for culinary and medicinal purposes for years. NS is
grown in many parts of the world (Singh et al., 2014). Studies
have shown that NS seed has a strong antioxidant and
antimicrobial effect on food (Chauhan et al., 2018; Mahros et
al.,, 2021; Zwolan et al., 2020). However, it has not been
reported that PSC and CT fruits have not been added to foods
before and how they affect the microbial and
physicochemical properties of foods. Therefore, PSC and CT
fruits were preferred in the study.

This study was conducted to investigate the effect of
Jerusalem thorn (Paliurus spina-christi Mill./PSC) and oriental
hackberry (Celtis tournefortii L./CT) fruits and black cumin
(Nigella sativa L./NS) seed on the microbial quality and
physicochemical properties during the storage of meatballs
+4 °C.

Materials and Methods

Ethics Committee: Since meatball samples produced in
the laboratory were used as material in the study, ethics
committee permission is not required.

Preparation of meatball dough: For ground meat,
Musculus semitendinosus and M. Semimembranosus muscles
of bullock were used, and ram tail fat was used for tail fat.
Meat and fats were obtained from a local butcher in Elazig,
brought to the laboratory under cold chain conditions and
stored in refrigerators. Meatballs were prepared using the
meatball composition in Table 1. PSC and CT fruits and NS
seeds, ground into flour, were added to the meatball mixture
at a rate of 2% each After all the meatball mixture’s
ingredients were mixed, they were kept at +4 °C for 3 hours.
Then, the meatball dough was mixed homogeneously again
and putinto a steel mold with a diameter of 5 cm and a height
of 1 cm; each meatball was 2511 g. Then, each group was
covered with stretch film in polyethylene plates and stored at
411 °C for 16 days. Analyzes were performed on days 0
(before packaging), 4, 8, 12, and 16 days of storage. In the
microbiological analysis of the meatballs, total mesophilic
aerobic bacteria (TMAB), total psychrotrophic bacteria
(TPAB), lactic acid bacteria (LAB), yeast, and mold counts
were made. In addition, pH and water activity (aw)
determinations were made in these groups. All analyzes were
performed in pairs in parallel and in triplicate independently.
Dry matter, ash, protein, and fat were analyzed after
preparing the meatball dough for each replicate.

Preparation of samples for microbiological analysis:
Meatball samples 25 g were weighed under aseptic
conditions and put into sterile sample bags (stomacher 400,
Italy). 225 mL of 0.1% peptone water (Merck, Darmstadt,
Germany) was added and homogenized in a stomacher
(ISOLAB, Germany), and a 10 dilution was prepared. Other
dilutions of the sample up to 107 were prepared from this
dilution, provided that the same diluent was used. Sowing
was done in double series by using the cast plate method for
counting other microorganisms except for yeast and mold
counting. The smear plate method was used for yeast mold
enumeration. Plates containing 30-300 colonies were
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evaluated after incubation (USDA/FSIS, 2011). Counts were
made with an automatic colony counter (Acolyte Colony
Counter-7500 SYN Synbiosis).

Total mesophilic aerobic bacteria (TMAB) count: Plate
Count Agar (PCA, Merck, Darmstadt, Germany) medium was
inoculated for counting and incubated at 35 °C for 48 hours.
Colony counts were made after incubation (USDA/FSIS,
2011).

Psychrotrophic bacteria count: Petri dishes were
incubated at 7x1 °C for ten days by inoculating on PCA
medium for counting. An incubation count was done
(USDA/FSIS, 2011).

Lactic acid bacteria count: To determine the number of
LAB, the plates were incubated at 3011 °C for three days by
sowing on Man-Rogasa Sharpe (MRS) Agar medium. Colony
counts were made after incubation (ISO, 1998).

Yeast and mold count: For enumeration, the plates were
incubated at 25+1 °C for five days by inoculating on Dichloran
Rose Bengal Chloramphenicol (DRBC) Agar medium (Lab/LAB
217, Lancashire/United Kingdom). Yeast and mold counts
were made after incubation (I1SO, 2008).

Chemical Analysis: For chemical analysis, pH

values, digital pH meters (EDT. GP 353) and water
activity (aw) values of meatball samples were determined with
a water activity device (Aqualab, Meter Group, Inc., Pullman,

Table 1. Composition of meatball groups (%).

WA, USA) (AOAC, 1990; Lang and Steinberg, 1980). Dry matter
and ash content of meatball samples was determined by the
gravimetric method (AOAC, 2002a; AOAC, 2002b), the total
fat amount was determined by the Soxhlet extraction method
(AOAC, 2000), and protein amount was determined by
Kjeldahl method (AOAC, 1998).

Statistical analysis: For the statistical analysis of the
study data, the SPSS package program (24.0 for Windows
software SPSS Inc.,, NY, USA) was analyzed by one-way
analysis of variance at a 95% confidence interval. Duncan's
multiple comparison tests were used to determine the
difference between the means of the experimental groups
after analysis of variance (SPSS, 2017).

Results

The chemical composition of the meatball samples is
given in Table 2. The pH values determined in the meatball
samples during storage are shown in Figure 1, and the aw
values are shown in Figure 2. The total number of mesophilic
aerobic bacteria detected in the meatball samples during
storage is given in Table 3, the number of psychrotrophic
bacteria in Table 4, the number of yeast-moulds in Table 5,
and the number of lactic acid bacteria in Table 6.

Groups

Product Control group(%) Meatballs with PSC/CT/NS added(%)
Lean ground beef 74 72
Tail fat 20 20
Salt 2 2
Garlic 1,3 1,3
Onion 1,7 1,7
Red pepper 0,35 0,35
Black pepper 0,35 0,35
Ginger 0,15 0,15
Cumin 0,15 0,15
PSC/CT/NS - 2

PSC: Paliurus spina-christi Mill. fruit NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit.

Table 2. The composition of the meatballs (%).

Group KM Ash Protein Fat

Control 46.16+0.58 2.7610.26 19.25+0.58 21.03+0.71
PSC 47.12+0.64 2.68+0.74 17.82+0.84 20.30+0.52
NS 46.57+0.72 2.58+0.32 18.22+0.28 20.71+0.82
CcT 47.38+1.06 2.81+0.35 18.7310.44 20.56+1.01

KM: Dry matter PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit.
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Figure 1. Changes in pH value in meatballs during storage (meantstandard deviation).

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-D: The mean values with
different letters between the storage days are statistically different (P<0.05), a-b: The mean values with different
letters between the groups are statistically different (P<0.05).
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Figure 2. Changes in aw value in meatballs during storage (meanzstandard deviation).
PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. fruit .

Table 3. Total number of mesophilic aerobic bacteria (TMAB) detected in meatballs (logio cfu/gtstandard deviation).

Group Storage time (Days)

0 4 8 12 16
Control 5.53+0.37% 6.10+0.23P2 6.81+0.17¢ 7.45+0.04% 7.91+0.25%
PSC 5.14+0.14% 5.98+0.36"* 6.55+0.12¢ab 6.85+0.137% 7.09+0.09%°
NS 5.35+0.19% 5.87+0.39 6.39+0.19% 6.73+0.197%° 7.01+0.08"°
CcT 5.29+0.17 6.02+0.3382 6.36+0.26% 6.55+0.508° 7.37+0.08"2
Meat 5.55+0.45° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-C: Values with different superscripts in the
same row are statistically different (P<0.05). a-b: Values with different superscripts in the same column are statistically different (P<0.05).
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Table 4. The number of psychrotrophic bacteria detected in meatballs (logio cfu/gtstandard deviation).

Storage time (Days)

Group

0 4 8 12 16
Control 4.75+0.09°? 6.38+0.32¢ 7.15+0.388 7.55+0.178 8.24+0.45"
PSC 4.62+0.25" 6.15+0.09P2° 6.45+0.21 7.21+0.078° 7.64+0.027°
NS 4.83+0.06P? 6.32+0.27% 6.49+0.12° 7.27+0.088° 7.66+0.047°
CcT 4.73+0.21°2 5.77+0.16°° 6.19+0.09° 7.29+0.048° 7.6340.077°
Meat 4.74+0.18° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-E: Values with different superscripts
in the same row are statistically different (P<0.05).a-b: Values with different superscripts in the same column are statistically

different (P<0.05).

Table 5. Yeast-mold number detected in meatballs (logio cfu/g+standard deviation).

Storage time (Days)

Group 0 4 8 12 16
Control 3.87+0.47¢ 4.14+0.06% 4.36+0.30% 4.98+0.09% 6.27+0.40"
PSC 3.78+0.20% 4.14+0.15% 4.16+0.288% 4.37+0.128b 5.71+0.55%
NS 3.40+0.36%° 3.12+0.45% 3.95+0.108¢ 4.23+0.258° 5.69+0.36"
cT 3.62+0.31¢ 3.58+0.43¢b 4.12+0.248¢ 4.57+0.268%" 5.88+0.15"°
Meat 2.48+0.57° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-C: Values with different superscripts in
the same row are statistically different (P<0.05). a-b: Values with different superscripts in the same column are statistically different

(P<0.05).

Table 6. Number of lactic acid bacteria detected in meatballs (logio cfu/g+standard deviation).

Storage time (Days)

Group 0 4 8 12 16
Control 5.32+0.27° 6.59+0.16 7.07+0.298 7.62+0.38" 8.05+0.07%°
PSC 5.10+0.23P° 5.96+0.14¢ 6.54+0.32° 7.42+0.28" 7.63+0.18"°
NS 5.04+0.41% 5.28+0.19¢ 5.89+0.118b 7.06+0.40% 7.59+0.30°
cT 5.28+0.30P? 5.74+0.23¢ 6.76%0.35°82 7.29+0.10% 7.62+0.214°
Meat 5.42+0.12° - - - -

PSC: Paliurus spina-christi Mill. fruit, NS: Nigella sativa L. seed, CT: Celtis tournefortii L. Fruit, A-D: Values with different superscripts in
the same row are statistically different (P<0.05). a-c: Values with different superscripts in the same column are statistically different

(P<0.05).
Discussion

The pH values of meatball samples were determined
between 5.89-6.02 on the Oth day and between 6.10-6.49 on
the 16 days. It was determined that there was a decrease in
pH values on 4th day in all groups during storage. The
decrease in pH on the 4th day is likelydue to the low pH value
of the components used in the meatball dough. After the 4th
day, a continuous increase in pH values was observed. This
increase is thought to be due to the high buffering capacity
of proteins and the proteolytic effects of microorganisms
(Caglar et al., 2018; incili et al., 2021). The lowest pH value
on the 16th day was detected in the CT and NS groups. The
low pH value in these groups is thought to be due to less
microbial growth due to the phenolic compounds they
contain (Can and Sahin, 2019; Caglar et al., 2018).

The aw values of the meatball samples were 0.956-0.964
on day 0 and between 0.971-0.980 on day 16 of storage. It
was determined that there was a decrease in aw values on
the 4th day in all groups during storage. The decrease in
water activity on the 4th day is thought to be due to the salt
and other ingredients added to the meatballs. It has been
reported that salt reduces aw in foods (Yildirim, 2018). The
effects of different plants and extracts used in meatball
production on the aw value have been studied by many
researchers, and it has been reported that there are
fluctuations in aw values during storage and that there is no
stable aw value (Kahraman, 2021).

TMAB count in meatball samples was determined to be
5.14-5.53 log10 cfu/g on day 0 and 7.01-7.91 log10 cfu/g on
day 16 of storage. TMAB was detected above the reported
number on the 12th day of storage in the control group
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meatballs and the 16th day in the PSC, CT, and NS groups.
Therefore, it was determined that the plants used effectively
affected the number of TMAB in meatballs. Although there
was no difference between the other groups and control in
the first days of storage, there was a significant difference on
the 8, 12, and 16th storage days (P<0.05). It has been
reported that the effect of the plants on the TMAB numbers
is due to the phenolic compounds they contain because
phenolic compounds have antimicrobial effects (Nikmaram
etal., 2018). The lowest TMAB count was observed in the NS
group (7.01 log10) on day 16 of storage. Many researchers
have studied the antimicrobial effects of plants and plant
extracts in meat and products, and it has been reported that
they reduce TMAB numbers at different rates (Caglar et al.,
2018; incili et al., 2021; Jahan et al., 2018).

The number of psychrotrophic bacteria in the meatball
samples was determined between 4.62-4.83 log10 cfu/g on
day 0 and 7.64-8.24 log10 cfu/g on the last day of storage. It
was determined that there was a continuous increase in the
number of psychrotrophic bacteria in all groups in parallel
with the storage period, and these increases made a
statistically significant difference (P<0.05). It has been
reported that pyscrotrophic bacteria increase during meat
preservation and causes the meat to spoil (Doulgeraki et al.,
2012). There was a statistically significant difference
between the groups on the other days except day 0 during
the storage period of the meatballs (P<0.05). The CT group
detected the lowest psychrotrophic bacteria count on the
4th and 8th days. On the 16th day of the storage, there was
a 0.6 logl0 difference in the number of psychrotrophic
bacteria between the control and the other groups. The
lowest number of psychrotrophic bacteria was found in the
CT group (7.63 log10). Indeed, it has been reported that the
antimicrobial activity of CT fruit is high (Keser et al., 2019).
The plants' effecton the number of psychrotrophic bacteria
is due to the phenolic compounds they contain. Because
phenolic compounds have an antimicrobial effect
(Efenberger-Szmechtyk, 2020) the antimicrobial effects of
plants and plant extracts in meat and products have been
examined by many researchers, and it has been reported
that they reduce the number of psychrotrophic bacteria at
different rates (Can and Sahin 2019; Caglar et al., 2018; incili
et al., 2021).

LAB counts of meatball samples were determined
between 5.04-5.32 log10 cfu/g on day 0 and 7.59-8.05 log10
cfu/g on day 16 of storage. A continuous increase in LAB
numbers was observed in all groups in parallel with the
storage period, and it was determined that these increases
made a statistically significant difference (P<0.05). A
statistically significant difference (P<0.05) was detected
between the groups during storage on the 4th, 8th, and 16th
days. On the 4th day, there was a difference in LAB counts
between the control group and PSC, NS, and CT groups, 0.6,
1.3, and 0.9 log10, respectively, and the lowest LAB count
was found in the NS group (5.28 log10). On the 16th day,
there was a 0.5 log10 difference between the control and the
other groups, and the lowest LAB count was observed in the
NS (7.59 log10) group. The lowest LAB count was detected in
the NS group on all storage days. It is thought that the effect

of the NS-containing group on the LAB number is because
the phenolic compounds it contains suppress the LAB
development more (Caglar et al.,, 2018; Efenberger-
Szmechtyk, 2020). Indeed, it has been reported that the
antimicrobial activity of NS seed is high (Singh et al., 2014).

Yeast-mold count of meatball samples was determined
| 3.40-3.87 log10 cfu/g on day 0 and 5.69-6.27 log10 cfu/g on
day 16 of storage. On the 4th day, yeast-mold counts were
increased in the control and PSC groups, while a decrease in
yeast-mold counts was observed in the NS and CT groups. It
was determined that decreases and increases in yeast-mold
numbers were observed in all groups during storage. This
situation created a statistically significant difference (P<0.05)
in yeast-mold numbers within the group days. Similar to our
findings, incili et al. (2020) reported that the fluctuation in
the number of yeast molds during the storage period in
marinated poultry meat (drumstick, wing, breast meat) was
due to the yeast-molds contained in the components they
used in marinating. During storage, the lowest yeast-mold
count was detected in the NS groups. This may be due to the
antimicrobial effect of phenolic and volatile compounds
contained in the NS seed on molds and yeasts (Ahmed and
Albi, 2019; Caglar et al., 2018). Yeast and mold counts in the
PSC and CT groups showed similar results with the control
group. The high yeast-mold counts of the groups containing
PSC and CT fruits may be because the PSC and CT fruits used
contain more yeast-mildew. Many researchers have studied
the antimicrobial effects of plants and plant extracts in meat
and products,and it has been reported that they reduce
yeast-mold numbers at different rates (Can and Sahin, 2019;
Daoutidou et al., 2021; EI-Adawy et al., 2021).

Studies on the effects of PSC and CT fruits on the
microbiological quality of foods were not found in the
literature review. However, it has been reported that the
antimicrobial properties of PSC and CT fruits are high (Arslan
and Kaya, 2021; Ceylan et al.,, 2020; Keser et al., 2019).
Similar to our findings, it has been reported by many
researchers (Chauhan et al., 2018; Liao et al., 2021) that
using NS seed or extract in meat and meat products has a
positive effect on microbiological quality and extends the
shelf life of the products.

In conclusion, it has been determined that PSC, CT
fruits, and NS seeds have a bacteriostatic effect on the
meatballs and prolong the shelf life. To extend the shelf life
of meatballs, it can be recommended to use PSC, CT fruits,
and NS seeds in their composition. This study’s results can
provide beneficial information for anyone dealing with food
and further studies investigating the shelf life of meat and
meat products.
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