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The aim of this study was to investigate the growth of C. sporogenes in model white cheese stored 
under cold conditions (4°C) and in vacuum packaging and its effect on quality parameters. For this 
purpose, two different cheeses were produced, contaminated (CMBP) and not (MBP) with C. 
sporogenes 73 and C. sporogenes 97 strains, and physicochemical, microbiological and volatile 
component analyses were performed every 15 days during the 60-day storage period of the cheeses. 
No significant difference was detected in dry matter (%), fat in dry matter (%), and protein (%) 
contents of cheeses during storage. As an important finding, C. sporogenes did not affect the acidity 
values (pH and % acidity). The pH and % acidity values of the cheeses were found to be 4.79±0.03 
– 4.98±0.05 and 2.04±0.06 – 2.16±0.06, respectively. When the microbiological results were 
examined, the total mesophilic aerobic bacteria (TMAB), lactococci and lactobacilli counts of the 
cheeses decreased during storage, while the yeast-mold counts did not change. There was no change 
in CMBP cheese with an initial C. sporogenes spore count of 4.62±0.11 during storage. When the 
color parameters of the cheeses were examined, a difference was detected in the L* value and was 
lower in CMBP. At the end of storage, there was no change in the a* values of the cheeses, while 
the b* values decreased. It was determined that there were differences in the aromatic compounds 
of the cheeses and while the contents of acetic acid, butyric acid and acetoin, which are LBD 
indicators, were found to be 32.34%, 17.17% and 17.82% in CMBP cheese, butyric acid was not 
detected in MBP cheese. The results showed that C. sporogenes survived for a long time in white 
cheeses stored at pH values below 5 and at low temperatures and could cause the LBD on its own. 
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Introduction 

Cheeses are generally classified as soft, semi-soft or hard 
according to their moisture content. Microorganisms can 
affect the texture, taste and smell of cheese through different 
metabolites and cause spoilage. Cheeses are generally spoiled 
by psychrotrophic microorganisms, coliforms, lactic acid 
bacteria (heterofermentative), yeast-molds and spore forming 
bacteria during storage. Hard and semi-hard cheeses have 
lower pH levels and moisture content, which prevents 
bacterial growth, which is more common in soft cheeses. 
However, in hard and semi-hard type cheeses, Clostridium 
spp. causes an important defect and known as late blowing 
defect (LBD) as a result of gas formation during ripening (Lu 
& Wang, 2017; D’ıncecco et al., 2018). 

Clostridium spores are very common in nature, but the 
main sources of contamination in milk are thought to be 
unhygienic animal bedding, water, and silage (Storari et al., 
2016; Brändle et al., 2018). Animal feeding varies 
depending on climate conditions, season and special 
nutritional requirements. Animals generally feed on fresh 
feed in the summer and hay, silage and/or grains in the 

winter. Clostridium spp. spores can be found at different 
levels in these feed types and thus can be part of a 
contamination cycle (Drouin & Lafreniere, 2012).  

The LBD is observed during the ripening period of 
cheeses with the formation of acetic acid, butyric acid, CO2 
and H2 as a result of the fermentation of lactate. As a result of 
butyric acid fermentation in the cheese, irregular cracks and 
an undesirable taste and odor occur. The LBD is of great 
importance in the dairy industry because it is impossible to 
correct, a common defect, and is not preferred by the 
consumer (Silvetti et al., 2018; D’Incecco et al., 2018; Podrzaj 
et al., 2022). Clostridium spp. found at low levels such as 50-
1000 spores/L in milk can cause LBD. Although the 
Clostridium species identified in raw milk are different, C. 
beijerinckii, C. sporogenes, C. perfringens and C. 
tyrobutyricum have mostly found in different proportions 
(Reindl et al., 2014; Feligini et al., 2014; Gómez-Torres et al., 
2014; Oliveira et al., 2016; Andrighetto et al., 2023). In cheese 
samples, C. butyricum, C. tyrobutyricum, and C. sporogenes 
are frequently detected with LBD (Cocolin et al., 2004). 

http://creativecommons.org/licenses/by-nc/4.0/
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In this study, the physicochemical, microbiological and 
volatile component properties of model white cheeses 
produced with C. sporogenes strains previously isolated 
from raw milk and kashar cheese with LBD were monitored 
during storage. The LBD effect depends on the Clostridium 
strains and the characteristics of the cheese produced. The 
physicochemical properties of White cheese produced in 
Türkiye differ from many cheeses produced in Europe. For 
this reason, it was thought that the data obtained would 
contribute to the literature and additionally, there have been 
very few studies on LBD in Türkiye. 

 
Materials and Methods 

 
Materials 
Cheese production was carried out at Süleyman 

Demirel University (SDU) Food Engineering Department. 
In cheese production, C. sporogenes 73 and C. sporogenes 
97 cultures, which were previously found to be strong gas 
producers and isolated from raw milk and kashar cheese, 
were use (Ertürkmen & Öner, 2023). Marzyme® 55 800 
IMCU microbial enzyme (Mucor miehei) from Danisco 
was used as the coagulating enzyme. Raw milk used in 
cheese making was obtained from farms in the Isparta 
region on different days. 

 
Development of Clostridium Sporogenes Strains and 

Their Preparation for Cheese Production 
To obtain Clostridium spp. spores, cultures were 

incubated in Bryant Burkey Broth (BBB; Merck, 
Germany) under anaerobic conditions (using Anaerocult A 
[Merck, Germany] in jars) at 37°C for one week. At the end 
of incubation, the culture was centrifuged (5,000/g, 20°C, 
15 min). The prepared suspension in distilled water was 
stored at -40°C. This suspension was heat treated at 80 °C 
for 15-20 minutes to inactivate vegetative cells (Gómez 
Torres et al., 2015; Akbal & Öner 2024). 

 
Model White Cheese Production 
Cheese production was carried out in the SDU 

(Department of Food Engineering). The 50 L raw milk 
used in production was subjected to heat treatment at 72 °C 
for 15 s and then cooled to 35°C. At this stage, 0.5% yogurt 
culture and 1% C. sporogenes 73 and C. sporogenes 97 
spores (mixed 1:1 and approximately 4 log MPN/g) were 
inoculated. CaCl2 (0,2g/L) was added to the milk and 
rennet was added for the first curd formation time to be 15 
minutes. After 90 minutes, the curd was cut into 1 cm3 
cubes. The curd was filtered and pressed. At the end of the 
pressing, the cheeses were transferred to 12% brine for 12 
h. After the brine of the cheeses was drained, they were 
vacuum packaged. The cheeses were stored at 4°C for 60 
days. Cheese production was carried out in 2 replications.   

 
Physicochemical analysis 
Dry matter analysis, fat determination by Gerber 

method and titratable acidity were performed according to 
IDF (1987), Öner & Aloğlu (2018) and Anonim (2006), 
respectively. pH measurements were carried out with a pH 
meter (inolab WTW digital) by directly dipping the 
electrode into the homogenized cheese mass. Protein 
determination was determined by micro-Kjeldahl method. 
5 g of sample was weighed into Kjeldahl tube from 

cheeses. Two Kjeldahl tablets and 25 mL H2SO4 were 
added to the tubes. The tubes were placed in the 
combustion unit and the combustion process was 
completed by gradually increasing the temperature to 
430°C. In the distillation stage, the distillate was collected 
in 50 mL of 4% boric acid (Merck). The distillate was 
titrated with 0.1 N HCl (Merck) until a gray-lilac color was 
obtained and the nitrogen percentage value was determined 
(IDF, 1993; Ertürkmen et al., 2022). 

 
Microbiological Analysis 
All cheese samples were grated under aseptic conditions 

for microbiological analysis. 10 g of grated cheese samples 
were transferred to a sterile mortar and crushed by adding 90 
mL of Ringer’s solution. Appropriate dilutions were prepared 
from the homogenized cheese samples and the cultivation 
process was carried out. In microbiological analyses, Total 
mesophilic aerobic bacteria count, lactococci and lactobacilli 
count, yeast-mold count were performed in Plant Count Agar 
(PCA; Merck) medium, M17 (Merck) and MRS (Merck) agar 
medium, Potato Dextrose Agar (PDA; Merck) medium, 
respectively. All analyses were performed in duplicate. The 
results were expressed as log cfu/g as the logarithm of colony 
formation unit (Anonim, 2005; Ertürkmen et al., 2022). 

The number of Clostridium spp. spores in cheeses was 
carried out according to the Most probable number (5-tube) 
method. The analysis was carried out by modifying 
according to Anastasiou et al. (2009). First, serial dilutions 
prepared for microbiological analysis of cheese samples 
were subjected to heat treatment (80°C - 20 min). From the 
cooled dilutions, 1 mL was transferred to Bryant Burket 
Broth (BBB, Merck) medium prepared in 10 mL volumes 
and covered with sterile paraffin (2 cm). Samples that were 
provided with anaerobic environment were incubated at 
37°C. Tubes with color change and gas formation at the 
end of incubation were evaluated as positive. The results 
were expressed as log MPN/g. 

 
Detection of LBD in Model White Cheeses and Aroma 

Analysis in GC-MS 
At the end of storage, Sensory methods were first used 

for LBD evaluation. Odour and visual controls were 
performed on cheeses. Deterioration (swelling) of the 
cheese packaging, bad odor due to butyric acid, and cracks-
splits in the cheese were used in the detection of LBD.  

The determination of volatile compounds of cheese 
samples was determined by Gas Chromatography Mass 
Spectroscopy (GC-MS; Shimadzu GC-2010 Plus, 
Shimadzu GC-MS QP2010 SE) using solid phase 
microextraction technique (SPME). The column detector 
temperature was 250°C. The oven was kept at 40°C for 2 
minutes, then increased by 4°C every minute and kept at 
250°C for 5 minutes. In the identification of volatile 
compounds separated in GC-MS, the values of Wiley, 45 
National Institute of Standards and Technology (NIST) 
libraries were taken as reference. 

 
Statistical Analysis 
The data were evaluated with one-way analysis of 

variance (ANOVA) using the Minitab 16 package 
program. Differences in the results of cheese samples were 
determined at the p˂0,05 significance level (with the 
Tukey multiple comparison test). 
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Results and Discussion 

Total dry matter, fat, protein, pH and titratable acidity 
results of cheeses containing and not containing 
Clostridium spp. were given in Table 1. Dry matter values 
were found to be statistically similar between cheese 
groups at the beginning and end of storage (p˃0.05). 
Additionally, a slight decrease in dry matter values was 
detected during the 60-day (p<0.05). The fat (in dry matter) 
and protein content did not change in all cheeses during 
storage period. It was determined that the dry matter values 
of cheeses produced using the C. tyrobutyricum CECT 
4011 strain and the nisin-producing/non-nisin-producing 
L. lactis subsp. lactis cultures were 56% on average and 
did not change during the 21-day storage period (Ávila et 
al., 2020). Similar to the protein contents of the cheeses in 
this study, the protein content of brined White cheeses 
produced in Iran was reported to vary between 18.18-
22.78% (Azarnia et al., 1997) 

pH and % acidity values among the cheese groups were 
found to be similar at the beginning and end of storage 
(p˃0.05). The pH values increased up to the 15th day of 
storage and did not change until the end of storage 
(p˂0.05). It was determined that C. sporogenes had no 
effect on the pH of the cheeses. On the 60th day, pH values 
of CMBP cheese produced with C. sporogenes were 
similar when compared to MBP cheese without C. 
sporogenes (Table 1). In a study conducted with cheeses 
inoculated with Clostridium spp., an increase in pH values 
was observed in cheeses produced with C. tyrobutyricum 
after 60 days of storage, while the pH values of cheeses 

produced with C. sporogenes INIA 71, C. butyricum CECT 
361, and C. beijerinckii INIA 63 were found to be similar 
to the control sample (GómezTorres, et al., 2015). 

L*, a* and b* values of the cheeses varied between 
91.54±0.47 – 9.84±0.25, 1.77±0.06 – 2.56±0.61 and 
3.32±0.58 – 6.67±0.17, respectively. Colour values of 
cheeses during storage were given in Table 2. While L* 
values decreased at the end of storage in MBP, there was 
no difference in CMBP cheese (p˂0.05). The a* values of 
the cheeses increased slightly but were statistically similar 
throughout storage (p˃0.05). The b* values of cheeses 
showed a statistical increase in all cheeses (p˂0.05). In 
addition, no difference was detected between cheeses in b* 
values at the end of storage. 

Similar to our study, in a study conducted with 
Clostridium spp., L* values decreased, while a* and b* 
values increased in cheese samples during the 60-day 
storage period (Gómez-Torres et al., 2014). In another 
study, the color values of cheeses produced individually 
with C. sporogenes, C. beijerinckii, C. tyrobutyricum, and 
C. butyricum were compared with the control group 
cheeses after 60 days. It was determined that there was no 
difference between the color values (L*, a* and b*) of 
cheeses produced with C. sporogenes, C. beijerinckii, and 
C. butyricum the control cheese at the end of storage, but 
L* and a* values differed in cheese produced with C. 
tyrobutyricum (Gómez Torres et al., 2015). These results 
indicate that Clostridium strains may have different effects 
on color in cheese. 

 
Table 1. Physicochemical analysis findings of model white cheeses 

Storage period Cheese code Dry Matter 
(%) 

Fat in Dry 
Matter (%) 

Protein 
(%) pH Titration 

acidity (%) 

Day 0 MBP 49.14±0.91aA 54.44±0.72aA 19.84±0.05aA 4.79±0.03aC 2.12±0.06aA 
CMBP 49.87±0.08aA 55.15±1.42aA 18.93±0.01bA 4.79±0.04aB 2.06±0.05aAB 

Day 15 MBP 46.32±0.65aB 57.21±1.53aA 19.45±0.71aA 4.89±0.05aB 2.09±0.03aA 
CMBP 45.49±0.28aB 57.70±0.78aA 18.96±0.20aA 4.92±0.03aA 2.04±0.06aB 

Day 30 MBP 46.55±0.49aB 57.43±2.24aA 19.19±0.20aA 4.96±0.02aAB 2.11±0.03aA 
CMBP 47.77±1.16aAB 56.00±2.22aA 18.69±0.03aA 4.92±0.03aA 2.13±0.02aAB 

Day 45 MBP 46.77±0.40aB 57.85±3.19aA 19.67±0.19aA 4.95±0.02aAB 2.16±0.04aA 
CMBP 48.13±0.69aAB 56.10±2.94aA 19.22±0.44aA 4.93±0.02aA 2.16±0.06aA 

Day 60 MBP 46.78±0.69aB 56.65±1.51aA 19.31±0.52aA 4.98±0.05aA 2.15±0.03aA 
CMBP 46.87±2.16aB 57.61±1.51aA 19.21±0.66aA 4.91±0.03aA 2.13±0.03aAB 

Averages marked with uppercase letters indicate the difference between days, averages marked with lowercase letters indicate the difference between 
cheese groups (p˂0.05). MBP: Model white cheese not contaminated with C. sporogenes strains, CMBP: Model white cheese contaminated with C. 
sporogenes strains. 
 
Table 2. Colour values of model white cheeses (L*, a*, and b*) 

Storage period Cheese code L* a* b* 

Day 0 MBP 92.59±0.04abA 1.77±0.06aA 3.71±0.73aB 
CMBP 93.84±0.25aA 1.84±0.01aA 3.32±0.58aC 

Day 15 MBP 92.17±0.53aA 2.31±0.38aA 4.63±0.42aB 
CMBP 92.18±0.70aB 1.91±0.04aA 5.00±0.35aB 

Day 30 MBP 92.35±0.38aA 2.35±0.44aA 4.50±0.17aB 
CMBP 92.05±0.25aB 2.23±0.02aA 4.79±0.13aB 

Day 45 MBP 92.3±0.21aA 2.42±0.23aA 5.48±0.52aAB 
CMBP 91.54±0.47aB 2.35±0.13aA 5.45±0.25aAB 

Day 60 MBP 91.80±0.10bB 2.48±0.18aA 6.67±0.17aA 
CMBP 92.48±0.27aA 2.56±0.61aA 6.57±0.16aA 

Averages marked with uppercase letters indicate the difference between days, averages marked with lowercase letters indicate the difference between 
cheese groups (p˂0.05). MBP: Model white cheese not contaminated with C. sporogenes strains, CMBP: Model white cheese contaminated with C. 
sporogenes strains. 
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Table 3. Microbiological analysis findings of model white cheeses 

Storage period Cheese code Lactococci 
(log CFU/g) 

Lactobacilli 
(log CFU/g) 

TMAB 
(log CFU/g) 

Yeast-mold 
(log CFU/g) 

Clostridium spp. 
(log MPN/g) 

Day 0 MBP 7.96±0.10bA 8.70±0.48aA 9.49±0.14aA 1.46±0.33aA - 
CMBP 8.52±0.03aA 9.13±0.37aA 9.24±0.09bA 1.65±0.24aA 4.62±0.11aA 

Day 15 MBP 7.20±0.14aB 8.33±0.11aA 8.59±0.03aB 1.02±0.68aA - 
CMBP 7.28±0.04aB 8.08±0.19aB 8.02±0.02bB <1.00aA 4.46±0.38aA 

Day 30 MBP 7.02±0.15aB 7.23±0.14aB 7.16±0.09aC <1.00aA - 
CMBP 7.03±0.26aB 7.14±0.14aC 7.05±0.14aC <1.00aA 4.65±0.21aA 

Day 45 MBP 7.11±0.08aB 6.97±0.12aB 7.42±0.10aC <1.00aA - 
CMBP 7.14±0.10aB 6.74±0.20aCD 7.19±0.24aC 1.05±0.75aA 4.85±0.17aA 

Day 60 MBP 7.08±0.28aB 6.79±0.22aB 7.29±0.29aC 1.07±0.74aA - 
CMBP 7.13±0.12aB 6.61± 0.15aD 7.11±0.06aC <1.00aA 4.69±0.20aA 

Averages marked with uppercase letters indicate the difference between days, averages marked with lowercase letters indicate the difference between 
cheese groups (p˂0.05). MBP: Model white cheese not contaminated with C. sporogenes strains, CMBP: Model white cheese contaminated with C. 
sporogenes strains 
 

 
Figure 1. Aroma compounds (%) in GC-MS at the end of storage period 

 
Microbiological analysis findings of the cheeses were 

given in table 3. At the end of storage, there was a decrease 
in the numbers of TMAB, lactococci and lactobacilli 
among the samples (Table 3). In a study conducted on 
cheeses produced with different Clostridium species, it was 
reported that lactococci counts decreased in all cheeses, 
including the control cheese that did not contain 
Clostridium spp., at the end of storage for 60 days (Gómez-
Torres et al., 2015). In addition, no statistically significant 
difference was detected between the cheeses at the end of 
storage (p˃0.05). It has been reported that the lactobacillus 
count of cheese produced using C. sporogenes and LAB 
(Lc. lactis subsp. lactis PY91K and L. plantarum Y48) did 
not show any difference until the 60th day compared to 
cheese produced with only LAB (Demirbaş, 2022). 

No change was observed in the number of C. 
sporogenes in CMBP during storage (Table 3). In the 
literature, Clostridium species have been reported to 
generally show optimum growth at 37°C and pH around 
6.5-7 and were generally inhibited at pH values lower than 
4.5 (Alvenäs, 2015). According to our results, it was 
determined that the C. sporogenes strains used were not 
affected by low pH values. Similar to our result, in a study, 
the number of spores in the control group cheeses 
inoculated with C. sporogenes (ZMP-1-4) spores did not 
change during storage (Demirbaş, 2022).  

At the end of the storage period, volatile components of 
the cheeses were determined. Volatile components of the 
cheeses were given in Figure 1. In cheeses, 10 different 

volatile compounds were determined, including ethyl 
alcohol, 1 methoxy 2 propanone, 2,3-Butanedione 
(diacetyl), Hexane, 1-Propene-3-bromo (allyl bromide), 
acetic acid, acetoin, butyric acid, 2,2-Dimethyl-3-ethyl 
pentane and 2-Heptanone. 

In cheeses with LBD due to Clostridium spp. metabolic 
activity, components such as acetic acid, acetoin and 
butyric acid are typically found in high amounts. Butyric 
acid contributes to the flavor of cheeses such as Roncal, 
Gruyère, Grana Padano and Camembert at low levels, but 
imparts undesirable rancid, sweaty, and fecal notes at high 
concentrations (Curioni & Bosset, 2002). In this study, 
butyric acid among the aroma components was not 
detected in MBP cheese that did not contain C. sporogenes. 
In a study conducted by Ávila et al. (2020), butyric acid 
content was determined as 2.8±0.16 mg/g in cheeses 
produced using Lactococcus lactis subsp lactis INIA 415-
2 and C. tyrobutyricum CECT 4011, while butyric acid was 
not detected in cheeses without C. tyrobutyricum CECT 
4011. In another study conducted with cheeses produced 
using different Clostridium species, a total of 38 aroma 
compounds were identified and it was reported that 11 
different important aroma compounds were formed in 
cheese produced with C. sporogenes. These compounds 
were identified as 3-hydroxy-2-butanone, 2,3-
butanedione(diacetyl), 2-butanol, 1-butanol, 2-butanone, 
acetic acid, butyric acid, propionic acid, pentanoic acid, 
ethyl acetate, and ethyl butanate (Gómez Torres et al., 
2015).  
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Figure 2. Model white cheeses with LBD 

 
 
In 2,3-butanodione, an important aroma compound, 

differences were detected among cheeses and it was found 
to be higher in MBP cheese. Similar to our results, the 
abundance of 2,3-Butanodione in cheeses produced with 
different Clostridium species was reported to be lower than 
the control after 10 weeks of storage (Reis et al., 2023).  

Acetic acid content, one of the aroma components 
frequently found in cheeses with LBD, was found to be 
higher in CMBP cheese (Figure 1). Reis et al., (2023) 
reported that the acetic acid content in cheeses produced 
with C. sporogenes ATCC 3502 was higher than in control 
cheese during storage. In a study on LBD in Valtellina 
Casera PDO cheese, it was determined that acetoin content 
was higher in cheeses stored at 8 °C than in those at 13 °C 
(Morandi et al.,2021). In our study, acetoin content was 
found to be higher in cheeses containing C. sporogenes 
stored at low temperatures (Figure 1). In the LBD detection 
carried out by visual analysis, it was determined that there 
were cracks and splits in the CMBP cheese and swelling in 
the cheese packaging (Figure 2). 

 
Conclusion 

 
White cheese is the most produced cheese type in 

Türkiye and can spoil for various reasons due to raw 
material or production stage problems. LBD is frequently 
encountered in cheeses such as Gouda, Manchego, Kashar, 
which are stored above 4°C and do not have low acidity 
values. In this study, it was observed that in white cheeses 
with high acidity values (pH below 5) and stored at low 
temperatures such as 4 °C, the numbers of C. sporogenes 
did not change during storage and caused LBD. Aromatic 
compounds such as acetic acid, butyric acid and acetoin 
were found to be quite high compared to cheese without C. 
sporogenes. Diacetyl, an important aroma component in 
dairy products, was found to be lower in cheeses produced 
with C. sporogenes strains. In addition, C. sporogenes 
affected the brightness value in white cheese and it was 
lower. The findings showed that LBD can be seen in model 
white cheeses with well-developed acidity, which are 
physiologically more difficult for Clostridium spp. to 
develop, depending on the strain. Therefore, investigating 
the effects of using Clostridium species that cause LBD 
and have different physiological requirements, either alone 
or in combination, on the growth status and cheese quality 
in white cheese may be useful for preventing this defect. 
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