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ABSTRACT
Background: The utilization of chemical preservatives holds the promise of effectively controlling microbial growth 
in soft cheese. 
Aim: The first trial aimed to compare the effectiveness of lactobionic acid (LBA) and K-Sorbate in controlling the 
proliferation of Staphylococcus aureus, Escherichia coli, and mold in white soft cheese. The subsequent part of the 
study explored the inhibitory effects of K-Sorbate, nisin, and LBA on mold populations in cheese whey.
Methods: Two sets of soft cheese were produced. One set was contaminated with S. aureus, while the other was 
with E. coli, each at concentrations of 1 log CFU/ml and 1 log CFU/100 ml. Different concentrations of LBA were 
incorporated into these sets of cheese. Similar cheese samples were treated with K-Sorbate. For the subsequent part 
of the study, it was manufactured and divided into groups that inoculated with LBA with different concentrations, 
K-Sorbate, and nisin.
Results: With higher S. aureus inoculation, by day 18, the positive control exhibited growth exceeding 5 log CFU/g. 
In contrast, the LBA treatment dropped below limit of detection (LOD) and K-Sorbate yielded 4.8 log CFU/g. While 
with lower S. aureus inoculation, the positive control reached log CFU/g, while LBA treatment fell below LOD by day 
14, and K-Sorbate reached 2.9 log CFU/g. For E. coli inoculation, with higher concentrations, by day 18, the positive 
control exceeded 5 log CFU/g. Conversely, LBA treatment greatly decreased and K-Sorbate treatment measured 5.1 
log CFU/g. With lower E. coli concentrations, the positive control surpassed 3 log CFU/g, yet LBA treatment dropped 
below LOD by day 3. Mold counts indicated some inhibition with the K-Sorbate treatment, while control groups 
showed growth. LBA treatments exhibit noticeable growth inhibition. About the other part of the study, the outcomes 
demonstrated that while growth of mold occurred in the control group, inhibitory effects were apparent in the treatment 
groups, and significant distinctions existed between K-Sorbate, nisin, LBA treatments, and the control group. 
Conclusion: Our findings suggest that LBA has the potential to effectively control the growth of E. coli, S. aureus, and 
mold in soft cheese. Moreover, LBA displays greater preservative efficacy compared to K-Sorbate and nisin.
Keywords: LBA, K-Sorbate, Nisin, Unripened soft cheese.

Introduction
Every year, foodborne bacterial pathogens result 
in around 3.6 million cases of sickness, 35,000 
hospitalizations, and 860 deaths in the United States 
(Scallan et al., 2011). Notably, dairy products were 
responsible for 18% of bacterial diseases that occurred 
between 1998 and 2008 (Painter et al., 2013). 
Escherichia coli and Staphylococcus aureus were 
among the predominant pathogens associated with 
dairy products outbreaks (Lu and Wang, 2017). The 
occurrence of these pathogens in milk products can be 
traced back to flawed pasteurization, contamination 
within the processing surroundings, equipments, and 

insufficient hygiene practices among individuals 
involved in food handling (Schon et al., 2016).
Staphylococcus aureus stands as a prevalent foodborne 
pathogen (Aydina et al., 2011; Crago et al., 2012), 
frequently implicated in foodborne illness outbreaks 
linked to contaminated dairy products (Johler et 
al., 2015; Silva et al., 2020). These dairy products 
often contain staphylococcal enterotoxins (SEs) that 
were previously produced by S. aureus within the 
food (Hennekinne et al., 2012). Various studies have 
identified the presence of these SE in animal-derived 
foods, particularly dairy products (Abreu et al., 2021; 
Candido et al., 2020).
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Escherichia coli is responsible for causing several 
instances of diarrheal outbreaks in both children and 
adults following the consumption of milk and dairy 
products contaminated with this bacterium. Multiple 
studies have highlighted that around 1%–5% of 
foodborne infections are linked to the consumption 
of milk and dairy products, with a substantial 53% of 
such cases attributed to contaminated cheese (Schrade 
and Yager, 2001). EPEC strains have been identified as 
contributors to foodborne illnesses in humans, with a 
notable impact on causing infantile diarrhea, especially 
in developing nations (Silva et al., 2001). Different 
strains of EPEC trigger varying degrees of infection, and 
research has underscored the dynamic nature of these 
strains, as their genetic makeup gradually resembles 
that of hemorrhagic strains (Campos et al., 1994).
Molds are frequent culprits behind the deterioration 
of dairy products, including cheese. In fermented 
dairy products, molds can flourish even in acidic 
conditions, leading to noticeable alterations in color, 
odor, and taste on the surface (Lu and Wang, 2017). 
The molds that invade cheese have the capacity to 
produce mycotoxins, which could pose health hazards. 
These mycotoxins hold the potential to induce severe 
poisoning and toxic consequences, referred to as acute 
and chronic mycotoxicosis (Sengun, 2008).
Unripened soft cheese, a variety of cheeses formed 
through rennet coagulation, has inherent attributes such 
as elevated moisture content, decreased salt levels, and 
a nearly neutral pH, which renders it prone to spoilage 
from foodborne microbial contaminants (Flynn et al., 
2021). The microbial attributes of soft cheeses can be 
impacted by diverse elements. These factors encompass 
the milk’s quality, the application of heat treatment, 
different technological parameters, and the degree or 
kinds of microbial contamination occurring during 
the production and storage of the cheese (Lutfiye and 
Ekrem, 2008). Establishing a standardized product in 
terms of both composition and microbial quality is still 
challenging due to the variety of microorganisms that 
might potentially contaminate the cheese during its 
manufacture (Temelli et al., 2006) and storage (Callon 
et al., 2008).
K-Sorbate, a chemical preservative, has been the 
subject of extensive research due to its ability to inhibit 
the growth and survival of various microorganisms. 
These studies have demonstrated its effectiveness in 
preserving quality, preventing mold formation, and 
improving the visual aspects of various cheese varieties 
(Aworh and Egounlety, 1985; Lück, 1990; Aly, 1996).
Nisin, a natural preservative, is widely used in various 
food products, particularly in dairy and meat items. 
This bacteriocin is effective against pathogenic bacteria 
causing foodborne illnesses and numerous other Gram-
positive microorganisms responsible for food spoilage. 
Nisin can be applied on its own or in conjunction with 
other preservatives or physical treatments (Adem et al., 
2016). Derived from a food-grade bacterium through 

fermentation, nisin’s safety and effectiveness have 
led to its global widespread adoption and application 
(Norman and Sandine, 1994).
LBA is a promising food ingredient that possesses 
not only preservative properties but also nutritional 
benefits. LBA demonstrates the ability to safeguard 
and improve the qualities of food products through 
its antioxidant, chelating, acidifying, antimicrobial, 
texturizing, and prebiotic attributes (Ribeiro et al., 
2016). The thermal characteristics of LBA, coupled 
with its elevated solubility, make it conducive for 
diverse applications in the food industry. In addition, 
LBA is a naturally occurring component found in milk 
and dairy products and exhibits antimicrobial properties 
(Kang et al., 2020). Several studies have explored 
the evaluation of both chemical and microbiological 
characteristics in white cheese (Nizamlioglu et al., 
1989; Litopoulou and Tzanetakis, 1992; Tzanetakis 
et al., 1995; Volikakis et al., 2004). However, a gap 
exists in detailed research concerning the utilization 
of LBA to evaluate its impact on the chemical and 
microbiological attributes of unripened soft cheese. 
This study aims to investigate how LBA, K-Sorbate, 
and nisin, influence the chemical and microbiological 
parameters of unripened soft cheese.

Materials and Methods
Bacterial strains 
Two reference strains were brought from the Reference 
Lab for Safety Analysis of Food of Animal Origin, 
Animal Health Research Institute. The two strains 
corresponded to S. aureus (ATCC6538) and an isolate 
of E. coli (ATCC25922). All strains were preserved 
post-recovery or reactivation by freezing in Eppendorf 
tubes at −80°C. The tubes contained a mixture of equal 
proportions of brain heart infusion (BHI) broth and 
glycerol.
Bacterial growth conditions
Before conducting bacteriological investigations, 
samples were prepared and serial dilutions were 
performed following standard precautions. In 
summary, each isolate was streaked onto BHI agar 
(Beckton, Dickinson & Company, Franklin Lakes, NJ, 
USA) and then incubated at 37°C for 24 hours. An 
individual colony from each strain was employed to 
inoculate 5 ml of BHI broth. The broth cultures were 
then incubated at 37°C until reaching an approximate 
concentration with an optical density (OD) of 1.00 (~9 
log CFU/mL).
Preparation of whey
In the laboratory, whey was produced using pasteurized 
water, NaCl 6%, CaCl2 0.05%, and citric acid salt 
to adjust pH to 6.1–6.2 and later, subjected to filter 
sterilization within a 0.20 µm surfactant-free cellulose 
acetate filter (Corning Inc., Corning, NY, USA). The 
prepared whey was poured into five containers: 1st 
one: control negative which contained the prepared 
whey without any additives, 2nd one: whey contained 
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LBA with a concentration of 0.6 g/l, 3rd one: whey 
contained LBA with a concentration of 12 g/l, 4th 
one: whey contained K-Sorbate with concentration of 
1 g/l and finally 5th one: whey contained nisin with 
concentration of 0.3 g/l.
Cheese making
Unripened soft cheese was produced following the 
processing method outlined earlier by Barbaros 
(1999), with slight modifications. Raw milk was 
initially pasteurized at 72°C for 15 s (HTST). CaCl2 
(0.02%) was added to restore the calcium balance 
following the heating process and NaCl (3.5%–4%) 
was added. Milk was cooled to 40oC in the water bath. 
Milk was poured into cheese vats which contained the 
previously prepared inoculum of each of S. aureus 
and E. coli separately at a final concentration of 
approximately 1 log CFU/ml and 1 CFU/100 ml. Milk 
and inoculum were thoroughly mixed. Either LBA 
(Syngars Technology©) or K-Sorbate were added to 
each inoculated treatment. Two distinct experiments 
were conducted, one utilizing the LBA treatment 
and the other the K-Sorbate treatment. For the LBA 
treatment, varying concentrations were introduced into 
the milk, specifically (0.6 g/l), (1.2 g/l), (2.4 g/l), and 
(12 g/l). K-Sorbate was added to the milk to attain a 
final concentration of 1 g/l. A positive control which 
contained the inoculum without LBA or K-Sorbate, 
and a negative control which lacked LBA or K-Sorbate 
were included in all experiments. 
Top of Form
In addition, samples with only LBA or K-Sorbate 
without inoculum were used for organoleptic 
examination and for investigation of mold and 
yeast. Rennet was added to each vat and mixed well, 
preserving unripened soft cheese samples at 0°C–4°C. 
For each of these LBA experiments, batches of cheese 
were produced in triplicate to assess the pH using a pH 
meter.
On another level, cheese was produced by the same 
method and cut into similar cubes then placed in the 
previously prepared whey containers for investigation 
of the effect of LBA, K-Sorbate, and nisin on yeast and 
mold.
Samples for microbiological analysis of samples
For each trial, cheese samples were subjected to 
microbiological investigations using the same method. 
S. aureus, E. coli, yeast, and mold counts were 
enumerated on days 0, 3, 7, 14, 18, and 21 of storage. 
In this sense, each sample was introduced aseptically 
into a Whirl-Pak filter bag (Nasco, Fort Atkinson, 
WI), and a 1:10 (w/v) dilution was carried out using 
PBS. The samples underwent digestion at a regular 
speed for 60 seconds using a Seward Stomacher 
400 Lab Blender Series (VWR International, Solon, 
OH). Subsequently, the digested samples were 
further diluted in 9 ml PBS blanks to achieve the 
desired dilution, followed by vortexing, followed by 
spreading on Baired Parker agar for detection of S. 

aureus, EMB for detection of E. coli, and malt extract 
agar for counting of yeast and mold. Each experiment 
was incubated at its specific temperature and time, and 
then enumerated. Every experiment was conducted in 
triplicate at a minimum.
pH evaluation
The pH of each sample was assessed using a pH 
meter (Crison pH meter 507) both before and after the 
application of treatments.
Sensory (organoleptic) evaluation
Fifty volunteers were selected based on the criteria 
proposed by Hashim (2002), which included an age 
range between 18 and 34 years and being regular 
consumers of unripened soft cheese. These individuals 
were tasked with evaluating the acceptability of the 
cheese in terms of color, appearance, aroma, taste, 
texture, and overall acceptability, utilizing a 7-point 
hedonic scale (1 = dislike extremely, 2 = dislike 
moderately, 3 = dislike slightly, 4 = neither like nor 
dislike, 5 = like slightly, 6 = like moderately, and 7 
= like extremely). Various cheese samples, including 
negative control, positive control, those treated only 
with LBA or K-Sorbate, and treated cheese samples, 
were provided to the volunteers both 24 hours and 21 
days after manufacturing.
Statistical analysis
Statistical analyses were performed using XL-STAT 
version 2013.2.03 software (Addinsoft, Paris, France). 
The data were subjected to ANOVA to determine 
possible differences between treatments. Significant 
differences were compared using the Tukey test at the 
p <0.05 level.
Ethical approval
Not needed for this study.

Results
The results suggested that the LBA is enough to prevent 
S. aureus growth at different concentrations in unripened 
soft cheese and LBA treatment is more effective than 
K-Sorbate treatment. At S. aureus inoculation levels 
of 1 log CFU/ml, all LBA treatments showed more 
growth inhibition than K-Sorbate treatment and the 
control (Fig. 1). When S. aureus was inoculated into 
the milk at a concentration of 1log CFU/100 ml, the 
final cheese control concentration was approximately 
3.1 CFU/g on day 0 of storage (Fig. 2).
At E. coli inoculation levels of 1 log CFU/ml, all LBA 
treatments showed lesser growth of E. coli than K-Sorbate 
treatment and the control (Fig. 3). When E. coli was 
inoculated into the milk at a concentration of 1 log 
CFU/100 ml, the final cheese control concentration was 
approximately 3.2 CFU/g on day 0 of storage (Fig. 4).
Figure 5 shows the impact of LBA and K-Sorbate 
Application on mold Outgrowth. Figure 6 shows the 
impact of LBA, K-Sorbate, and nisin applied into 
the whey (in which cheese was preserved) on mold 
outgrowth.
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Fig. 1. Staphylococcus aureus counts presented as log10 CFU/g as it was inoculated at 1 log 
CFU/ml.

Fig. 2. Staphylococcus aureus counts presented as log10 CFU/g as it was inoculated at 1 log 
CFU/100 ml.

Fig. 3. Escherichia coli counts presented as log10 CFU/g as it was inoculated at 1 log CFU/ml.
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Fig. 4. Escherichia coli counts presented as log10 CFU/g as it was inoculated at 1 log CFU/100 ml.

Fig. 5. Impact of LBA and K-Sorbate application on mold outgrowth.

Fig. 6. Impact of LBA, K-Sorbate, and nisin applied into the whey (in which cheese was 
preserved) on mold outgrowth.
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The observed pH drop was attributed to the addition of 
LBA to milk during processing (Table 1). Table 2 showed 
that cheese samples treated with LBA had the highest 
ratings for taste (5.9), aroma (6.0), and overall acceptance 
(6.1) which were significantly higher compared to cheese 
samples treated with K-Sorbate (3.7).

Discussion
Impact of LBA and K-Sorbate application during the 
cheese-making process on S. aureus growth
Different concentrations of 0.6, 2.4, 4.8, and 12 g/l 
of LBA and 1 g/l K-Sorbate were introduced into 
the milk during the cheese-making process to assess 
their effectiveness against the growth of S. aureus in 
unripened soft cheese. S. aureus inoculum has been 
incorporated into the cheese to achieve a concentration 
of 1 and 1 log CFU/100 ml, representing different 
levels of contamination. S. aureus has the potential 
to contaminate bulk tank milk samples through non-
hygienic practices related to cow udder handling or 
milking equipment (Golafrouz et al., 2020). Once 
introduced, it can proliferate during the cheese-
making process. The objective of this experiment 
was to evaluate the antimicrobial impact of LBA and 
K-Sorbate on S. aureus contamination that might occur 
during cheese making.
At S. aureus inoculation levels of 1 log CFU/ml, all 
LBA treatments showed more growth inhibition than 
K-Sorbate treatment and the control (Fig. 1). The final 
cheese control concentration was approximately 5.1 
CFU/g on day 0 of storage. On day 0, there was no 
significant difference in S. aureus counts between the 
LBA 0.6 g/l and K-Sorbate treatments and the control, 
while there were significant differences (p < 0.05) 
between 2.4, 4.8, and 12 g/l LBA treatments and the 
control. However, a significant difference (p < 0.05) 

between the 0.6 g/l LBA treatment group and the control 
was observed starting on day 14 of storage and continued 
throughout the entire trial. On days 14, 18, and 21, the 
control grew to above 5 log CFU/g, while all LBA 
treatment groups fell below the limit of detection (LOD) 
and K-Sorbate treatment group was 4.9 log CFU/g.
When S. aureus was inoculated into the milk at a 
concentration of 1log CFU/100 ml, the final cheese 
control concentration was approximately 3.1 CFU/g 
on day 0 of storage (Fig. 2). On day 0, there was no 
significant difference in S. aureus counts between 
the LBA 0.6, 2.4 g/l, K-Sorbate treatments, and the 
control, while there were significant differences  
(p < 0.05) between 4.8 and 12 g/l LBA treatments and 
the control. However, significant differences (  < 0.05) 
between the 0.6, 2.4, 4.8, and 12 g/l LBA treatment 
groups and the control were observed starting on day 7 
of storage and continued throughout the entire trial. All 
LBA treatments inhibited S. aureus growth throughout 
the entirety of the trial while K-Sorbate showed some 
inhibition at a level less than LBA treatments.
Robach and Stateler (1980) documented the antimicrobial 
activity of K-Sorbate against S. aureus. It is noteworthy 
that according to Davidson et al. (1981), the activity of 
sorbate is heightened at lower pH levels, a characteristic 
that mirrors the food model used in this study. 
Impact of LBA and K-Sorbate application during the 
cheese-making process on E. coli outgrowth
At E. coli inoculation levels of 1 log CFU/ml, all 
LBA treatments showed lesser growth of E. coli than 
the K-Sorbate treatment and the control (Fig. 3). The 
final cheese control E. coli count was approximately 
5.2 CFU/g on day 0 of storage. On day 0, there was 
no significant difference in E. coli counts between 
the LBA 0.6, 2.4g/l, and K-Sorbate treatments and 
the control, while there were significant differences  

Table 1. pH (±SD) of unripened soft cheese treated with lactobionic acid during storage at 6°C.

Storage period (Days)
Day21Day18Day14Day7Day3Day 0Treatments

6.40 ± 0.01a6.33 ± 0.04a6.34 ± 0.02a6.32 ± 0.02a6.29 ± 0.02b6.56 ± 0.02aControl
6.18 ± 0.02b6.20 ± 0.01b6.23 ± 0.02b6.34 ± 0.03a6.41 ± 0.01a6.49 ± 0.02bLBA 0.6
5.54 ± 0.03c5.58 ± 0.03c5.62 ± 0.03c5.87 ± 0.05b6.18 ± 0.05c6.32 ± 0.02cLBA 2.4
5.41 ± 0.02d5.46 ± 0.04d5.53 ± 0.03d5.73 ± 0.03c6.04 ± 0.03d6.11 ± 0.02dLBA 4.8
4.90 ± 0.03e5.02 ± 0.01e5.23 ± 0.04e5.66 ± 0.04d6.02 ± 0.01d6.08 ± 0.03eLBA 12

a,b,c Means within a column with different letters are significantly different (p < 0.05) between treatments.

Table 2. Mean hedonic ratings for appearance, color, taste, aroma, and overall acceptance of examined samples.

Cheese samples
Mean hedonic ratings

Appearance Color Taste Texture Aroma Overall acceptance
Treated with LBA 6.3a 6.1a 5.9a 5.6a 6.0a 6.1a

Treated with K-sorbate 5.8a 5.7a 3.3b 4.5b 4.2b 3.7b

a,b Means within a column with different letters are significantly different (p < 0.05).
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(p < 0.05) between 4.8 and 12 g/l LBA treatments and 
other groups. However, significant differences (p < 
0.05) between the 2.4, 4.8, and 12 g/l LBA treatment 
groups and the control were observed starting at day 
7 of storage and continued till the end of the trial, 
while significant differences between the K-Sorbate 
treatment and the control was observed at day 18. On 
day 1, the control grew to above 5 log CFU/g, while all 
LBA treatment groups fell below the limit of detection, 
and K-Sorbate treatment group was 5.1 log CFU/g.
When E. coli was inoculated into the milk at a 
concentration of 1 log CFU/100 ml, the final cheese 
control concentration was approximately 3.2 CFU/g 
on day 0 of storage (Fig. 4). On day 0, there was no 
significant difference in E. coli counts between the LBA 
0.6, 2.4 g/l, K-Sorbate treatments, and the control, while 
there was a significant difference (p < 0.05) between 
4.8, 12 g/l LBA treatments and the control. However, 
significant differences between the 0.6, 2.4, 4.8, and 
12 g/l LBA treatment groups and the control were 
observed starting on day 3 of storage and continued 
till the end of the trial. All LBA treatments inhibited 
E. coli growth throughout the entirety of the trial while 
K-Sorbate showed lower inhibition. Different Previous 
studies investigated and proved the effects of K-Sorbate 
in some dairy products including white cheese, kashar 
cheese, and yogurt (Doğruer et al., 1996). In a study 
carried out on cheese, it was noted that K-Sorbate at 
500 mg/kg concentration resulted in decreased coliform 
bacterial counts (Ozdemir and Demirci 2006).
Impact of LBA and K-Sorbate application during the 
cheese-making process on mold outgrowth
At day 0, there was no significant difference in mold 
counts between the LBA 0.6 g/l, K-Sorbate treatments, 
and the control, while there were significant differences 
(p < 0.05) between 2.4, 4.8, and 12 g/l LBA treatments 
and the control. Significant differences between the LBA 
0.6 g/l, K-Sorbate treatments, and the control started on 
day 3 of storage and continued till the end of the trial. 
Numerous studies have explored the antimicrobial 
properties and applications of K-Sorbate in inhibiting 
the growth and survival of various microorganisms. 
This substance has been found to extend the shelf life of 
different cheeses, prevent mold formation, and enhance 
their overall appearance. Notable research in this area 
includes studies conducted by Aworh and Egounlety 
(1985), Lück (1990), and Aly (1996).
Impact of LBA, K-Sorbate, and nisin applied into the 
whey (in which cheese was preserved) on yeast and 
mold growth
Yeast and mold are prevalent causes of the spoilage of 
dairy products such as cheese and yogurt. In fermented 
dairy products with acidic conditions, molds can thrive, 
leading to noticeable alterations in surface color, odor, 
and flavor, as observed in studies by Lu and Wang 
(2017). Penicillium is frequently identified as a spoilage 
genus of mold, according to Garnier et al. (2017). It has 
been detected in refrigerated vacuum-sealed cheese, as 

reported by Lu and Wang (2017). Certain strains of 
Penicillium have demonstrated resistance to sorbate, a 
common preservative in cheese, and possess the ability 
to metabolize it. This metabolic activity results in the 
production of undesirable off-odors and off-flavors, as 
documented by Garnier et al. (2017). 
In our study, four containers of whey contained LBA 
0.6 g/l, LBA 12 g/l, K-Sorbate, and nisin, and the 
5th container contained whey without any treatment 
(negative control) was tested. Cheese samples were 
placed in five containers and examined for yeast 
and mold growth for several days. There was no 
significant difference between all treatment groups 
and the negative control at day 0. At day 3 LBA 0.6 
g/L and LBA 12 g/l showed significant inhibition (p 
< 0.05) in comparison to the negative control sample 
and continued throughout the entire trial. K-Sorbate 
and nisin started to show significant differences from 
the negative control on day 14. These results assured 
that LBA treatment is more powerful and effective than 
other chemical preservatives such as K-Sorbate and 
nisin against mold growth.
Impact of LBA Addition to cheese on pH
There was a drop in the pH throughout the entire trial 
within LBA groups. By the trial’s conclusion, the pH in 
the treatment groups was 0.22, 0.86, 0.99, and 1.5 pH 
units lower than the control for the 0.6, 2.4, 4.8, and 
12 g/l treatments, respectively. Notably, in this cheese-
making process, no starter cultures were introduced. 
The observed pH drop was attributed to the addition 
of LBA to milk during processing (Table 1). LBA is 
composed of one galactose molecule linked to one 
molecule of gluconic acid through an ether-like linkage. 
The use of LBA has been explored in the dairy industry 
as a key ingredient in innovative dairy technologies 
(Alonso et al., 2013). Previous studies have indicated 
that LBA exhibits antimicrobial effects against both 
Gram-negative and Gram-positive bacteria (Kang et al., 
2020). In our study, the pH of the 12 g/L LBA treatment 
decreased from 5.66 to 4.90 (from day 7 to day 21), and 
S. aureus, E. coli, and mold counts dropped below the 
LOD in both challenge studies. When the pH reached 
6.18 on day 21 of storage, the 0.6 g/l LBA treatment also 
fell below the LOD. Hence, it is plausible that the pH 
reduction attributed to the presence of LBA played a role 
in controlling the growth of S. aureus, E. coli, and mold.
Top of Form
Impact of LBA Addition to cheese on its sensory 
attributes
Sensory characteristics are of great importance for 
consumer acceptability of dairy products. Previous 
studies (in the Americas and Europe) on bovine cheeses 
obtained from milk from cows fed different dietary 
polyunsaturated fatty acids (PUFA) sources, such as 
extruded soybeans (Khanal et al., 2005), extruded 
linseeds (Sympoura et al., 2009), fish and sunflower 
oils (Jones et al., 2005), fish and soybean oils (Lynch 
et al., 2005), rapeseed oil (Ryhänen et al., 2005), and 
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calcium salts of palm and fish oil in combination with 
soybean products (Allred et al., 2006), have reported 
minor effects on the sensory properties of cheese. In 
our study, sensory analysis was performed to determine 
consumer perception of treated unripened soft cheese. 
Table 2 showed that cheese samples treated with LBA 
had the highest ratings for taste (5.9), aroma (6.0), 
and overall acceptance (6.1) which were significantly 
higher compared to cheese samples which treated 
with K-Sorbate (3.7). Therefore, although a pH drop 
is present in our study, there could be a potential to 
use LBA as an alternative preservative method in 
further studies to reduce spoilage in cheese as well as 
its application to reduce pathogenic growth. Previous 
research has indicated that extended exposure to 
LBA leads to notable decreases in pH in fluid milk, 
as demonstrated by Lara-Aguilar and Alcaine (2019). 
However, it is worth noting that the sensory impact 
may be less pronounced in low-pH dairy products, 
topical or spray applications, or scenarios where 
the LBA can be removed or inactivated. In Japan, a 
product called Caspian Sea yogurt that includes LBA 
is consumed without known regulatory restrictions 
(Kiryu et al., 2012). In addition, there are two Japanese 
patents involving LBA: one as a flavor enhancer in 
fruit preparations and another in cheese preparations 
containing lactose oxidase (leading to the production of 
LBA). The latter was subjected to sensory evaluation, 
specifically regarding the attribute of hardness.
Top of Form
In summary, our findings propose a range of 
opportunities for further exploration into the utilization 
of LBA for managing microbial components in dairy 
products, calling for additional research in this domain.

Conclusion
LBA was found to be an effective preservative with 
both a high (1 log CFU/ml) and a low (1 log CFU/100 
ml) inoculum during the cheese-making process. The 
organoleptic evaluation was made and showed no 
change in taste, odor, or color for LBA treatment while 
there was some bitter taste with K-Sorbate. Then, we 
explored the efficacy of LBA, K-Sorbate, and nisin 
by adding them to the whey in which the cheese was 
preserved and examined their effect on mold outgrowth, 
and the results showed that LBA is a more effective 
antimicrobial agent than K-Sorbate and nisin. From 
this study, we assured that LBA is a great preservative 
that can be used in dairy industries without affecting 
the chemical or physical properties of the product.
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