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Abstract: Probiotics and their bacteriocins have increasingly attracted interest for their use as safe
food preservatives. This study aimed to produce soft white cheese fortified with Lacticaseibacillus
MG847589 (Lb. paracasei MG847589) and / or its bacteriocin; cheese with Lacticaseibacillus (CP), cheese
with bacteriocin (CB), and cheese with both Lacticaseibacillus and bacteriocin (CPB) were compared to
control cheese (CS) to evaluate their biopreservative and anti-mycotoxigenic potentials for prolonged
shelf life and safe food applications. The effects of these fortifications on physiochemical, microbial,
texture, microstructure, and sensory properties were studied. Fortification with Lacticaseibacillus
(CP) increased acidity (0.61%) and microbial counts, which may make the microstructure porous,
while CPB showed intact microstructure. The CPB showed the highest hardness value (3988.03 g),
while the lowest was observed with CB (2525.73 g). Consequently, the sensory assessment reflected
the panelists” preference for CPB, which gained higher scores than the control (CS). Fortification
with Lb. paracasei MG847589 and bacteriocin (CPB) showed inhibition effects against S. aureus from
6.52 log1y CFU/g at time zero to 2.10 logyg CFU/g at the end of storage, A. parasiticus (from 5.06 to
3.03 log1g CFU/g), and P. chrysogenum counts (from 5.11 to 2.86 logyg CFU/g). Additionally, CPB
showed an anti-mycotoxigenic effect against aflatoxins AFB; and AFM;, causing them to be decreased
(69.63 £ 0.44% and 71.38 £ 0.75%, respectively). These potentials can extend shelf life and pave
the way for more suggested food applications of safe food production by fortification with both Lb.
paracasei MG847589 and its bacteriocin as biopreservatives and anti-mycotoxigenic.

Keywords: Lactobacillus paracasei MG847589; bacteriocin; biopreservation; anti-mycotoxigenic; soft
white cheese; microstructure; shelf life; safe food production

Key Contribution: Cheese fortification with Lb. paracasei MG847589 or its bacteriocin changes its
porous microstructure. This fortification showed inhibition against harmful bacteria and toxigenic
fungi, indicating their functionality in preservation.
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1. Introduction

Food consumption is intended to deliver required nutrients, while functional foods
provide additional properties that contribute positively to health, especially in preventing
various diseases and disorders [1]. Increasing demands for natural and chemical-free prod-
ucts have led food research to search for an alternative technique for food biopreservation
with novel strategies [2,3], and extending shelf life remains challenging [4]. The genus Lacto-
bacillus is essential to modern food technologies for its potential to replace antibiotic growth
promoters [5]. Various applications have recently been used to produce dairy products that
resist mycotoxicological contamination and can reduce dairy product contamination [3,6,7].
The antibacterial efficacy of Lactobacillus and its bacteriocin (ribosomal peptides or proteins
synthesized by bacteria) is a promising alternative to natural preservatives that prevent
or reduce the growth of foodborne pathogen S. aureus [8-10]. Furthermore, Lactobacillus
bacteria suppressed the conidial germination and mycelial growth of Aspergillus parasiticus
and Penicillium chrysogenum. There are opportunities for future research to prevent fungal
growth and eliminate mycotoxins from food or their transformation into less dangerous
compounds using the strains of lactic acid bacteria [11,12].

Natural contaminants such as mycotoxins, are a significant food safety concern, consid-
ered the main hazard in food products, particularly aflatoxins (AFB; and AFM;) classified
in Group 1 (human carcinogen) by the International Agency for Research on Cancer [13].
Several applications were recorded by efficiently reducing the aflatoxin contamination us-
ing antagonism impact [14]. Otherwise, the application of natural extracts rich in bioactive
molecules can reduce these types of hazards [15,16]. In addition to antifungal poten-
tials, the Lactobacillus bacterial strain showed many anti-mycotoxigenic possibilities to be
widely used in food and feed commodities to either inhibit the production of mycotoxins
or reduce the quantity of already produced mycotoxins through physical and chemical
binding involving the use of acidification and absorbents with a multi-mycotoxin binding
capacity [17]. White cheese is the dominating category and popular choice, with approxi-
mately 32% of the cheese market in Egypt [18]; therefore, it can be considered the perfect
cheese product for producing probiotic cheese as a delivery system for viable probiotic
microorganisms.

Additionally, the consumption of probiotic cheese has been found to attenuate exercise-
induced immune suppression, improve symptoms of constipation, and improve body mass
index and blood pressure indices [19]. The shelf life of white cheese was reportedly found
to be between days 14 and 28 as white cheese generally ages slowly, while the microbiota
agents can potentially prolong cheese shelf life [20]. However, some investigations focused
on the metabolomic benefits of other milk sources [21].

Nevertheless, cheese manufacturing is carried out through several steps, including
ripening, storage, and handling, and several issues could occur, such as microbial contami-
nation. A novel strain of Lacticaseibacillus MG847589 (Lb. paracasei MG847589), isolated in
previous work from local dairy products, has a bioactive metabolite (bacteriocin) that has a
potential application in cheese production. This study aimed to produce soft white cheese
fortified with this strain (Lb. paracasei MG847589), its bacteriocin, and their combination to
evaluate their biopreservative and anti-mycotoxigenic potentials for prolonged shelf life
and safe food applications. Also, this study aimed to evaluate this strain’s functionality
to improve cheese products’ safety and preservation qualities, such as reducing contam-
ination levels with fungi that produce mycotoxins. The effects of these fortifications on
physiochemical, microbial, texture, microstructure, and sensory properties were studied.
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2. Results
2.1. Physicochemical Characteristics of Functional White Cheese

Changes in the mean values of moisture, protein, fat, and fiber in dry matter (DM)
are presented in (Table 1). All parameters ranged in levels usually observed in soft white
cheeses [22,23]. All the cheese treatments did not affect the moisture, total protein, fiber,
and fat content. These results agree with previous studies in which various adjunct cultures
were used in white cheeses [24,25].

Table 1. Physicochemical analyses of functional soft white cheese.

Parameters CS cp CB CPB
Chemical composition

Moisture (%) 64.16 +1.202 62.50 + 0.50 @ 64.87 +2.07 2 62.55 +1.422
Protein (%) 841 +0.312 851 +0.072 8.40 +0.254 8.39 +0.182
Fat (%) 6.65 + 0.26 2 6.46 +0.352 6.31 +0.46 2 6.62 + 0.45 2
Fiber (%) 0.50 £ 0.022 0.55 +0.054 0.54 £+ 0.06 2 0.53 £+ 0.03 2
pH 621 +0.112 6.01 £0.352 6.20 £0.222 5.95+0.212
Acidity 0.53 + 0.01 € 0.61 + 0.02 2 0.58 + 0.01° 0.65 + 0.022
(g lactic acid/g)

Color analysis

L* 90.20 + 1.332 90.83 + 1.16 2P 92.48 + 0.74 " 91.16 + 1.76 2b
a* —0.37 £0.072 —0.42 +0.032 —0.42 +0.022 —0.41+0.032
b* 6.46 +0.252 7234+1.262 6.60 +0.202 6.20 +0.602

The different letters in superscripts next to the mean values in the same rows within variables indicate significant
differences (p < 0.05). Control cheese with commercial starter (CS); Cheese with probiotic lactic acid bacteria Lb.
paracasei MG847589 (CP); Cheese with bacteriocin (CB); Cheese with probiotics and its bacteriocin (CPB).

The pH and lactic acid were found at levels usually observed in soft white cheeses [26,27].
In general, soft white cheese production targets high acidification rates using starter cultures
that can differ among producers or areas of milk origin [28]. It was observed that Lb.
paracasei and bacteriocin did not significantly affect the chemical composition of the cheese
studied, except for the acidity values that were significantly higher in the presence of the
probiotic Lb. paracasei MG847589 treatments: CP and CPB. A similar observation was
reported by Allam et al. [5].

The sensory assessment of soft white cheese products is shown in Figure 1. All
sensory evaluation parameters were affected by and reflected panelists’ preference for CPB,
followed by CP and CB. These results are correlated with texture analyses and indicated
that increased hardness of the products fortified with probiotics or bacteriocin positively
affected their sensory properties. The enhanced microstructure of CPB pronounced in
(Figure 1) was reflected in texture scores. Sensory perception of innovative products is
crucial as it is one of the keys to the widespread flavorful and wholesome image that dairy
foods continue to enjoy with the consumer. Consequently, sensory measurement is often
the final step in many experiments or applications for quality or consistency evaluation [29].

Color analyses indicated that compared with control cheese, cheese with probiotics
(CP), bacteriocin (CB), and probiotics and bacteriocin (CPB) did not significantly affect
cheese lightness (L), yellowness (b), or redness (a). However, CP tended to be slightly
yellowish, as shown in (Figure 1), exhibiting soft white cheese products. Sensory properties
illustrated in Figure 2 showed that CPB color was preferable. Similar observations were
recorded for probiotic cheese applying two lactobacilli strains [30].
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Figure 1. Sensory assessment of prepared cheese. Control cheese (CS); Probiotic cheese with strain
MG847589 (CP); Cheese with bacteriocin (CB); Cheese with probiotics and their bacteriocin (CPB).
Data represented are mean of triplicates &= SD.

Figure 2. The morphology of manufactured cheese using several strategies. 1: Control cheese (CS);
2: Probiotic MG847589 cheese (CP); 3: Cheese with bacteriocin (CB); 4: Cheese with probiotics and

their bacteriocin (CPB).
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2.2. Microbiological Analysis of Cheese during Maturation and Storage

Microbiological analyses of the cheese samples were carried out during cold storage
for different microbial groups when fresh (1 day) and after 15, 30, and 45 days (Table 2).
Fortification with the probiotic strain, bacteriocin, or their mixture affected the Lactobacilli
counts significantly (p < 0.05) compared to the control samples. In all cheese samples,
coliforms, yeasts, and mold were not detected during storage except on the 30th and 45th
day of storage for control and the 45th day of storage for probiotic treatment. Adjunct
probiotic cultures were reported to have the ability to reduce coliforms during cheese

maturation faster than in cheeses produced with a single starter culture [31-33].

Table 2. Microbiological evaluation (CFU/mL) of cheese samples during ripening and storage.

Cheese Time (Days) Total Aerobic Counts Lactobacilli Cocci Coliforms Yeasts and Mold

CSs 1 6.51 +0.14 ¢f 7.74 + (.47 abede 7.64 + 0.36 2P ND ND
15 6.44 4+ 0.16f 7.60 + 0.21 bede 7.65 + 0.31 2 ND ND

30 7.00 = 0.20 cdef 7.06 & 0.24 ¢f 7.43 4 (.36 abed 236+ 0.23b 354+ 039b

45 8.07 +0.13 2 6.40 + 0.28 f 6.13+0.094 331 +0222 411+0.162
CP 1 6.93 + 0.54 cdef 8.17 4 (.34 abe 7.60 4 (.48 abe ND ND
15 7.26 4 0.10 cde 8.00 & 0.45 abed 7.90 + 0.512 ND ND
30 7.67 + .17 abe 7.83 =+ (.32 abede 7.43 4 (.49 abed ND ND

45 840 +£0.322 7.60 + 0.49 bede 6.53 & (.61 bed 242 +0.18b 215 +031°¢
CB 1 6.53 £ 0.45 ¢f 8.20 4 (.16 abe 7.50 =+ 0.35 abe ND ND
15 7.13 =+ 0.49 cdef 7.96 + (.33 abed 7.50 =+ 0.50 abc ND ND
30 7.55 4 (.18 bed 7.63 & (.81 bede 7.46 + (.41 abe ND ND
45 8.10 £ 0.53 @b 7.26 + 0.20 de 6.26 £ 0.55 <d ND ND
CPB 1 6.70 & 0.45 ¢f 8.42 +(0.23 2 7.63 &+ 0.57 ab ND ND
15 6.84 + (.28 def 850 +0.212 7.60 & .94 abc ND ND
30 7.49 4 (.23 bed 8.27 4+ (.11 abe 7.23 4 1.10 abed ND ND
45 840+ 0322 7.46 + 0.12 cde 6.43 + (.47 bed ND ND

Data represented in means + SD. ND represents the undetected data (n = 5; p < 0.05). Microbial count was
recorded as colony forming unit per milliliter (CFU/mL). Means that the same column with different superscript
letters are significantly differences. CS: Control cheese; CP: Probiotic cheese MG847589; CB: Cheese manufactured
with bacteriocin; CPB: Cheese manufactured with probiotics and bacteriocin.

In Table 2, the counts of cocci did not significantly differ among all samples during
cheese storage. On the other hand, the addition of probiotics significantly increased the pop-
ulation of Lactobacilli (p < 0.05) along with providing a healthy character to the cheese sam-
ples since the Lactobacilli population was maintained at high levels (>10.6 log1g CFU/g) [34]
during 45 days of storage. The cheese with probiotics and bacteriocin (CPB) significantly
affected the Lactobacilli counts in cheese (8.42 to 7.46 log;o CFU/g) compared to the cheese
with probiotics (CP) (8.17 to 7.60 logiy CFU/g).

Lactobacilli counts most likely originated from starter and probiotic cultures but also
from milk non-starter cultures that survived after pasteurization [35]. The decreased
number of lactobacilli during ripening and storage may be due to low pH, high salt content,
lack of fermentative sugars, or possible bacteriocin production.

2.3. Texture Profile Analyses (TPA)

Texture profile analyses of functional soft white cheese are illustrated in Table 3.
Comparing the three treatments with control (CS), the results showed that the highest
hardness values were observed with CPB, followed by CP, CS, and then CB (3988.03, 3357.73,
2648.73, 2525.7 g, respectively) in cycle one. CP treatment showed higher adhesive force,
adhesiveness, and springiness (378.17 g, 378.17 m], and 6.71 mm, respectively). Applying
bacteriocin in CB significantly decreased the hardness of cycle 1 and ycle 2 (2525.73 g and
2016.03 g, respectively). The reduction in hardness in soft cheese with bacteriocin may be
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related to moisture content (64.87%), which acts as a plasticizer in the protein matrix. A
similar observation was reported by Zaky and Mahmoud [4].

Table 3. Texture evaluation for white cheese manufactured by various strategies.

Texture Parameter Unit CS CP CB CPB
Hardness cycle 1 g 2648.73 £2.30 ¢ 3357.73 + 6.80 2525.73 + 4.04 4 3988.03 £ 6.00 2
Adhesive force g 156.02 + 3.60 4 37817 £3.542 200.02 + 2.64 € 220.02 £ 2.00®
Adhesiveness mJ 1.60 +£0.262 453 +0.642 2.004+0.342 353+ 050P
Hardness cycle 2 g 2689.03 + 2.64 ° 2833.03 +£3.02 2016.03 + 4.58 4 2555.33 +£4.72°¢
;{“d“ess work cycle mJ 66.50 + 5.63 b 7450 +3.122 56.16 +2.92 € 60.00 + 4.35 be
Springiness mm 6.44 +£0.14 ¢ 6.71 +0.18 % 7.30+0.20% 6.914+0.20°
Springiness index - 0.92+0.05b 0.98 +0.03 2 1.09 £0.10? 1.09 £0.052

For the same raw data, means with different superscript letters are significantly different (p < 0.05). CS: Control
cheese; CP: Probiotic cheese MG847589; CB: Cheese manufactured with bacteriocin; CPB: Cheese manufactured
with probiotics and bacteriocin.

2.4. Microstructure of Cheese Samples

Scanning electron micrographs of the cross-section in soft white cheese products
are presented in Figure 3. Compared to control soft white cheese (Figure 3A), cheese
with Lb. paracasei (CP) (Figure 3B) showed a porous structure that may be reflected in
texture analyses showing the highest adhesiveness (Table 3). Fewer pores were observed
in CB (Figure 3C), and the smooth structure reflected less hardness (Table 3). Cheese
with probiotics and bacteriocin (CPB) (Figure 3C) showed an intact structure, as low
moisture and high acidity might cause the highest hardness and adhesive force (Table 3).
Microstructure differences were reflected significantly in the panelist’s evaluation to prefer
CPB hard texture (Figure 1). These observations were noticed as well in the appearance of
soft white cheese products (Figure 2). Application of probiotics, bacteriocin, or their mixture
to soft cheese is recommended for the maintenance of sensory properties in addition to
microbiological safety [4].

@ 186 fm,

»/

Figure 3. Cross-section of cheese samples captured using the SEM. (A): Control cheese (CS); (B): A
probiotic MG847589 cheese (CP); (C): Cheese with bacteriocin (CB); (D): Cheese with probiotics and
their bacteriocin (CPB).
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2.5. Inhibitory Effects of Lb. paracasei MG847589 against Pathogenic Microorganisms

The inhibition effects caused by Lb. paracasei MG847589 against S. aureus are shown in
(Figure 4). The cheese fortification with Lb. paracasei MG847589 (CPS) showed an inhibition
effect against S. aureus, decreasing its colonies from 6.54 to 3.32 logg CFU/g after 28 days of
storage (p > 0.05); also, the cheese fortification with Lb. paracasei MG847589 and bacteriocin
(CPBS) showed an inhibition effect against S. aureus, from 6.52 to 2.10 logo CFU/g after
28 days of storage (p > 0.05). L. casei subsp. paracasei was reported to exhibit inhibition
effects, at the rates of 7.87% and 23.63%, against S. aureus on the 14th and 21st day of
storage, respectively [36].

CSS
CPS
CBS
CPBS

Frthe

S. aureus count (log,, cfu/g)

0 10 20 30
Days

Figure 4. Inhibition rate of S. aureus in soft white cheese products throughout 28 days of storage
at4 °C. S. aureus count is expressed as mean values £ SD (SD: standard deviation; n = 3; p < 0.05).
Control cheese with commercial starter (CSS); Cheese with probiotic lactic acid bacteria Lb. paracasei
MG847589 (CPS); Cheese with bacteriocin (CBS); Cheese with probiotics and their bacteriocin (CPBS).

2.6. Inhibitory Effect of Lb. paracasei MG847589 against Pathogenic Bacteria

The inhibition effects caused by Lb. paracasei MG847589 against S. aureus are shown in
(Figure 4). The cheese fortification with Lb. paracasei MG847589 (CPS) showed an inhibition
effect against S. aureus, decreasing its colonies from 6.54 to 3.32 log1g CFU/g after 28 days of
storage (p > 0.05); also, the cheese fortification with Lb. paracasei MG847589 and bacteriocin
(CPBS) showed an inhibition effect against S. aureus, from 6.52 to 2.10 logyg CFU/g after
28 days of storage (p > 0.05). L. casei subsp. paracasei was reported to exhibit inhibition
effects, at the rates of 7.87% and 23.63%, against S. aureus on the 14th and 21st day of
storage, respectively [36].

The presence of Lb. paracasei MG847589 in CPA and CPP treatments succeeded
in decreasing the A. parasiticus and P. chrysogenum counts from 5.18 to 3.33 and 5.20 to
3.55 log1g CFU/g, respectively, after 45 days of storage (p > 0.05), indicating that the probi-
otic culture had an inhibitory effect against these fungal pathogens (Figure 5). After 45 days
of storage, A. parasiticus and P. chrysogenum counts decreased from 5.06 to 3.03 and 5.11 to
2.86 logjp CFU/g in treatments CPBA and CPBP (Lb. paracasei MG847589 + bacteriocin),
respectively (Figure 5). The ability of Lb. paracasei to inhibit A. parasiticus ITEM11 was
reported by Shehata et al. [7]. The observed reduction in food pathogens in formulations
fortified with Lb. paracasei MG847589 or its bacteriocin, compared to the negative control
after 45 days of storage, can be relied on for the production of a series of antimicrobial
compounds such as lactic acid, organic acids, hydrogen peroxide, ethanol, and diacetyl,
which can inhibit pathogenic bacteria and fungi.
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Figure 5. Inhibition of A. parasiticus and P. chrysogenum in soft cheese products during 45 days of
storage at 4 °C. Inhibition rate expressed as mean + SD (SD: standard deviation; n = 3; p < 0.05).
(A) A. parasiticus: Control cheese with commercial starter (CSA); Cheese with probiotic Lb. paracasei
MG847589 (CPA); Cheese with bacteriocin (CBA), Cheese with probiotics and their bacteriocin
(CPBA). (B) P. chrysogenum: Control cheese with commercial starter (CSP); Cheese with probiotic
Lb. paracasei MG847589 (CPP); Cheese with bacteriocin (CBP), Cheese with probiotics and their
bacteriocin (CPBP).

Furthermore, this strain can produce bacteriocin with a molecular weight of 2611 Da
and peptides that show anti-Gram-positive and anti-Gram-negative bactericidal activity [7,37].
Consequently, probiotic strains that exhibit antimicrobial activity against spoilage or
pathogenic bacteria within the matrix in which they are incorporated represent an in-
terest for industrial application, as in addition to performing their probiotic effects, they
contribute to extended products’ shelf life [38,39].

2.7. Antimycotoxigenic Effect of L. paracasei MG847589

The impact of applied treatment in manufactured cheese was also evaluated for
the detoxification effect since AFM; contaminated the raw materials or when the cheese
samples were exposed to cross-contaminated by AFB;, as shown in Tables 4 and 5. The
result exhibited that, the increment in incubation time for the exposed spiked toxin to
cheese treated by probiotic, its metabolite bacteriocin, or their mixture reflected increased
detoxification potency (Table 4). The degradation ratio in AFM;-contaminated samples
was recorded more efficiently than the reduction reported for the AFB;-spiked samples.
After 48 hrs of incubation of the toxin within probiotic, bacteriocin, or their mixture,
the detoxification ratio spanned between 63% and 69% for the AFB; contamination, and
between 64% and 71% for the AFM;-spiked in the cheese samples.
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Table 4. Inhibitory effects of Lactobacillus paracasei MG847589 and/or bacteriocin, on aflatoxins (AFB;

or AFM;).
Cheese Aflatoxin Reducing in Concentration (ng/mL) and the Reduction Ratio (%)
Treatments (2h) (24 h) (48 h)
Spiked cheese
(AFBy)
ng/mL (%) ng/mL (%) ng/mL (%)
CS 401.33 £0472 0 400 £ 1.634 0 400.33 £0.94 2 0
CP 212.66 + 1.69 b 47.01 £0.592 193.33 +2.05P 51.66 +£0.752 148 +2.16P 63.0 £20.542
CB 195.66 + 0.94 ¢ 51.25 4+ 0.42 b 182 +141°¢ 54.50 + 0.48 P 135.33 = 1.69 € 66.17 + 021"
CPB 1795+ 0.5 4 55.27 + 0.71 ¢ 166 & 0.1 4 58.5 + 0.47 € 1215 +254 69.63 +0.44 ¢
Spiked cheese
(AFMy)
ng/mL (%) ng/mL (%) ng/mL (%)
CS 405+ 14172 0 404+ 14178 0 404.33 +2.86 2 0
CP 236.60 + 1.69 P 41.58 +£0.502 203.66 +2.35P 49.59 +0.932 143 +1.41° 64.6 £0.702
CB 209.334+0.47°  48314+1.28° 19266 +1.24°¢ 5231 +0.19P  133334+329° 6699 +031P
CPB 179.66 + 1.88 4 55.64 + 0.63 € 160 +1.414 60.39 + 0.25 ¢ 115.66 + 1.69 4 71.38 £ 0.75¢
Values of each column with the different superscript letter were significantly different (n = 3; p < 0.05). CS: Control
cheese; CP: Probiotic cheese MG847589; CB: Cheese manufactured with bacteriocin; CPB: Cheese manufactured
with probiotics and bacteriocin.
Table 5. Treatments and inoculation levels of antimicrobial and anti-mycotoxigenic assays.
-ve Control Food Pathogens Mycotoxins
Lb. paracasei +A. parasiticus +P. chrysogenum . .
MG847589 +S. aureus ITEM 698 ATCC 11709 +Aflatoxin By +Aflatoxin My
7 logyo CFU/g 6.5log1o CFU/g 5logig CFU/g 5logio CFU/g 400 ng/mL 400 ng/mL
CS CSS CSA CSP CSB; CSM;
CP CPS CPA CPP CPBy CPM;
CB CBS CBA CBP CBBy CBM;
CPB CPBS CPBA CPBP CPBB; CPBM;

Every treatment was inoculated individually to Lb. paracasei MG847589 and/or its bacteriocin.

Previous studies referred to the better impact of bacteriocin as a probiotic metabolite
to access aflatoxin detoxification [9,37,40]. Moreover, it was reported that several probiotics
can reduce aflatoxin contamination through various mechanisms [41,42]. The results re-
flected the uniqueness of the applied strain to possess a detoxification potency, represented
by the so-close efficiency of the bacterial cells and their metabolite bacteriocin. These
results indicate the possibility of utilizing L. paracasei as a common starter in the predicted
contaminated raw materials, which may be used for fresh or semi-fresh products; this step
will provide an additive characteristic regarding the safety of the final dairy product.

Bacterial metabolites, particularly those generated by probiotic bacteria, can potentially
contribute to the decontamination of aflatoxins via numerous approaches. The results
exhibit variations in applying entire bacteria or metabolites in the targeted products [17,40].
Introducing bacterial cells into food items was crucial in influencing mycotoxicological
fungi’s development and inhibiting mycotoxins’ formation. Certain beneficial bacteria can
outcompete fungi that produce aflatoxin to acquire nutrients and occupy physical space.
Through the process of colonizing similar ecological niches, these bacteria can restrict
the development and propagation of toxin-producing fungi, resulting in a reduction in
aflatoxin contamination [43,44].

The abovementioned phenomenon is often referred to as competitive exclusion. The
second mechanism could be linked to the antagonism phenomena. Certain bacterial species
can synthesize compounds with antifungal characteristics, impeding fungi proliferation
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that creates aflatoxins [45]. The potential impact of these metabolites includes the disruption
of fungal cell membranes, interference with their metabolic activities, and the production
of enzymes that break down aflatoxins [46,47].

Several bacterial species have been shown to exhibit enzymes that can degrade afla-
toxins into molecules that are either less toxic or non-toxic [48]. The enzymatic activity
can mitigate the toxicity of food and feed items that have been contaminated. It is plausi-
ble that beneficial bacteria have enzyme pathways capable of altering aflatoxins into less
harmful variants or eliminating their toxicity [49]. These routes could be used to improve
the safety of food and feed products. Specific bacterial metabolites can potentially adsorb
aflatoxins, forming a binding interaction that hinders their absorption in vitro [12,41] or
in vivo inside the gastrointestinal tracts of animals or humans [33,47]. The study consis-
tently identifies certain strains of bacteria and their metabolites that can decrease aflatoxin
exposure successfully. Nevertheless, it is crucial to acknowledge that the effectiveness of
using bacterial metabolites for aflatoxin decontamination may differ depending on several
aspects, including the particular bacterial strains used, environmental circumstances, and
the extent of aflatoxin contamination.

3. Conclusions

Fortification with Lb. paracasei MG847589 increased acidity and microbial counts,
which may affect the porous microstructure, while bacteriocin enhanced the microstructure
to be intact. CPB showed a hard texture, while CB tended to be softer. Consequently, the
sensory assessment reflected the panelists” preference for CPB, which gained higher scores
than the control (CS). Fortification with Lb. paracasei MG847589 and bacteriocin (CPB)
showed inhibition effects against S. aureus, A. parasiticus, and P. chrysogenum,—as reflected
by their reduced counts—which indicates their preservative potentials. Additionally,
CPB showed significant anti-mycotoxigenic effects against aflatoxin B; and M;. These
potentials can extend shelf life, guarantee food safety, and encourage recommendations for
fortification with both Lb. paracasei MG847589 and its bacteriocin as biopreservatives for
many food applications.

4. Materials and Methods
4.1. Materials and Microorganisms

Lactobacillus paracasei MG847589 [GenBank accession No. MG847589] was isolated
from traditional Egyptian Karish cheese [7]. The strain is currently preserved at —80 °C in
20% glycerol. Before inoculation, the strain was activated in de Man Rogosa and Sharpe
(MRS) broth (37 °C/24 h). The commercial rennet enzyme and commercial starter culture
Yo-Mix 495 were gifted by Dairy Pilot Plant, Alexandria University, Egypt. The milk protein
(MPC), milk powder (RCM), and butter were purchased from the local market. Bacteriocin
of the bacteria was extracted and purified as described before [7].

4.2. White Cheese Preparation

White cheese was manufactured using the technique suggested by Tamime et al. [50],
albeit with some modifications (Figure S1). Target total solids were 38%, 29% protein,
and 7% fat content in the standardized reconstituted milk. A laboratory homogenizer
was utilized for the MPC and RCM blinding in water (20965 g force/6 min). The resul-
tant was stood to age overnight (4 °C) to ensure that powders were evenly dispersed
before pasteurization.

The mixture was divided into three sections, each with a different type of cheese: a
control cheese with commercial starter (CS, 1.81 x 10° CFU/mL); a probiotic cheese (CP,
1.34 x 10° CFU/mL) of L. paracasei MG847589; and a bacteriocin-supplemented cheese
(CB, at 500 AU/mL). The fourth portion was a combination of probiotics and bacteriocin
(CPB). The commercial starter (Yo-Mix 495) containing S. thermophilus and L. delbrueckii was
re-activated in milk before being added to the mixture. The cheeses were then mixed and
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left undisturbed for two hours. Table 6 shows the ingredients for producing white cheese

(1Kg).

Table 6. Components required for white cheese manufacturing.

Components Quantity
Skim Milk 145 (g)
Milk protein concentrate 145 (g)
Butter 70 (g)
Commercial stabilizer 2.5 (mL)
NaCl 15 (g)
CaCl, 2(g)
Rennet (1%) 10 (mL)
H,0 620 (mL)

4.3. Physicochemical Analysis

The pH value of all the cheese samples produced was measured by immersing the
electrode of a digital pH meter (ADWA AD1030, Inc., Romania) directly into the cheese
samples. The titratable acidity (expressed as lactic acid per 100 g of cheese) was determined.
The moisture content was determined by drying 5-gram samples in an oven (70 °C/24 h),
while the fat and fiber contents were determined following AOAC protocol [50]. The total
nitrogen (TN) was determined following the Kjeldahl procedure [51] and was expressed as
crude protein on a dry weight basis.

A tristimulus colorimeter (Smart Color Pro, USA) was utilized to determine the
samples’ color characteristics. The color was measured using L, a, and b values, where L
values range from 0 (black) to 100 (white), where positive values indicate redness, negative
a values indicate greenness, positive b values indicate yellowness, and negative b values
indicate blueness. The color analysis was conducted in triplicate, and the means £+ SD
were recorded.

4.4. Microbiological Profile Analysis of Cheese

Representative samples of cheese weighing 10 g were analyzed at various time in-
tervals (1st, 7th, 15th, 30th, and 45th days) throughout the storage period. The samples
were blended with 90 mL of sterile saline (0.9% w/v) solution. Microbiological tests for
total aerobic mesophilic bacteria, Lactobacilli count, S. thermophiles, yeasts, and molds were
performed according to the previous methodology [52,53]. All cell counts were expressed
as log1g CFU/g of cheese.

4.5. Texture Profile Analyses (TPA)

The texture profile analysis (TPA) was carried out using a texture analyzer (TA1000,
Lab Pro (FTC TMS-Pro), USA) following the method proposed before [54]. The TPA
parameters, including peak force of the first compression (hardness cycle 1) (g), peak force
of the second compression (hardness cycle 2) (g), adhesive forces, adhesiveness, resilience,
springiness, and springiness index, were determined from force-time curves [55]. Texture
profile analyses (TPA) were carried out in triplicates on day one [56].

4.6. Scanning Electron Microscopy and Sensory Evaluation

The cheese samples were prepared and fixed using glutaraldehyde solution (3%) as
described before [57]. Panelists (a group of 20 humans) conducted a sensory evaluation
of cheese, as Allam et al. [58] described. Sensory evaluation was conducted following
institutional committee approval. The samples’ color, odor, taste, texture, appearance, and
overall acceptability were evaluated using a scale of ten categories ranging from 1 (dislike)
to 9 (like). For the scanning electron microscopy (SEM) inspection, samples were first given
a sputter coating of gold ions using an Edwards model S 140A sputter coater to create a
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conducting medium. Sputtered materials were then scanned using a scanning electron
microscope (SEM) with a JEOL Model JSM-T20.

4.7. Antimicrobial Assessment against Food Pathogens

Approximately 100 g of cheese was divided into sterile plastic bottles (200 mL). Cheese
samples were divided into four treatments for each pathogen. Following previous work,
probiotic bacteria were inoculated (1 mL/100 g cheese) to provide a system containing
7 log1p CFU/g of probiotic strain [7,59,60]. For pathogens, 6.5 logig CFU/g of S. aureus,
5 logip CFU/g of A. parasiticus ITEM 698, and 5 logyy CFU/g of P. chrysogenum ATCC
11709 were inoculated individually. Pathogen treatment groups are illustrated in (Table 5).
Following inoculation, the electric mixer (Kenwood, UK) was used to shake all cheese
samples (5 min). Afterward, they were stored (at 6 °C/45 days), resulting in 48 samples
(3 pathogenic strains x 4 treatments x 4 storage time intervals). Viable cell counts were
performed on each sample at 0, 15, 30, and 45 days of refrigerated storage. For the viable
cell counts of fungi strains, potato dextrose agar (Sigma Aldrich, St. Louis, MO, USA)
was used for 48 h/25 °C. For S. aureus, mannitol-sodium chloride-phenol red agar (Merck,
Lowe, NJ, USA) was used for 24 h/37 °C. The results were expressed as means of logig
CFU/g cheese.

4.8. Anti-Mycotoxigenic Assessment against Aflatoxins (AFB; and AFM;)

Certified vials of the AFB; and AFM; were utilized for spiked cheese (Sigma-Aldrich).
The standards were dissolved in phosphate buffer saline (PBS, 400 ng/mL) and spiked
in the targeted samples. The biopreservative activity of the MG847589 strain was esti-
mated using white cheese as a food model. Samples were randomly assigned to one of
four treatments, where different amounts of aflatoxins were applied (Table 5). The bacte-
rial effectiveness and bacteriocin in reducing aflatoxin content were investigated against
a control.

Quantitative determination of AFs was conducted using the Agilent 1100 HPLC sys-
tem. The mobile phase was methanol (1): acetonitrile (3): and water (6). The determination
was achieved using the previously mentioned conditions [61].

4.9. Statistical Analysis

The experiments were performed in triplicates and expressed in mean + SD. The
ANOVA with a general linear model was used to test for significance, and p-values of less
than 0.05 were considered significant (using SPSS Ver.20).

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/toxins16020093 /s1, Figure S1:. Diagram shows the steps of
manufacturing functional soft white cheese MPC, Milk protein concentrate; RCM, Reconstituted
skimmed milk.

Author Contributions: Conceptualization, M.G.S., NNMLAE.-A. and A.N.B.; Data curation, T.A.,
HS.A.-R,S.AES., AM.G.D. and K.-H.; Formal analysis, M.G.S., NM.A.E.-A,, HS.A.-R., AM.G.D.
and A.N.B.; Funding acquisition, T.A. and H.S.A; Investigation, M.G.S., N M.A.E.-A. and A.N.B,;
Methodology, NM.A.E.-A.,, HS.A-R,, S.AES.,, AM.G.D., K.H. and A.N.B.; Project administration,
T.A.,K.H., HS.A. and A.N.B.; Resources, M.G.S., N.M.A .E.-A. and S.A.E.S.; Software, N.M.A.E.-A.,
S.AEES., AM.G.D. and HS.A; Supervision, TA., S.A.E.S. and K.H.; Validation, TA., HS.A.-R,,
S.AES., AM.G.D. and H.S.A,; Writing—original draft, M.G.S.; Writing-review & editing, A.N.B. All
authors have read and agreed to the published version of the manuscript.

Funding: The author extends their appreciation to the Deputyship for Research and Innovation,
“Ministry of Education” in Saudi Arabia, for funding this research (IFKSUOR3-392-4).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data are available in the present manuscript.


https://www.mdpi.com/article/10.3390/toxins16020093/s1
https://www.mdpi.com/article/10.3390/toxins16020093/s1

Toxins 2024, 16, 93 13 of 15

Acknowledgments: The author extends their appreciation to the Deputyship for Research and
Innovation, “Ministry of Education” in Saudi Arabia, for funding this research (IFKSUOR3-392-4).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Plessas, S.; Ganatsios, V.; Mantzourani, I.; Bosnea, L. White Brined Cheese Production by Incorporation of a Traditional Milk-Cereal
Prebiotic Matrix with a Candidate Probiotic Bacterial Strain. Appl. Sci. 2021, 11, 6182. [CrossRef]

2. Abu-Seif, FA.; Badr, A.N. Anti-aflatoxigenic of Agave Extracts to Increase Their Food Safety Applications. Egypt. . Chem. 2022,
65, 407-418. [CrossRef]

3. Badr, AN.; Abdel-Salam, A.M.; Zaghloul, A.H.; Farrag, A.R.H. Fortified milk-beverage with amphora algae and its functionality
for aflatoxin inactivation in rats. J. Food Meas. Charact. 2022, 17, 2340-2352. [CrossRef]

4. Zaky, S.M.; Mahmoud, W.A. Effect of Bacteriocin on Soft Cheese. Alex. Sci. Exch. J. 2019, 40, 385-390. [CrossRef]

5. Allam, M.G.; Darwish, AM.G.; Ayad, E. Improve Hygienic Quality of Egyptian Karish Cheese Employing Isolated Antagonistic
Lactobacilli Strains. Annu. Res. Rev. Biol. 2017, 19, 1-13. [CrossRef]

6.  Abdel-Salam, A.M.; Badr, A.N.; Zaghloul, A.H.; Farrag, A.R.H. Functional yogurt aims to protect against the aflatoxin B1 toxicity
in rats. Toxicol. Rep. 2020, 7, 1412-1420. [CrossRef] [PubMed]

7. Shehata, M.G.; Badr, A.N.; El Sohaimy, S.A. Novel antifungal bacteriocin from Lactobacillus paracasei KC39 with anti-mycotoxigenic
properties. Biosci. Res. 2018, 15, 4171-4183.

8.  Silva, C.C.G;; Silva, S.PM.; Ribeiro, S.C. Application of Bacteriocins and Protective Cultures in Dairy Food Preservation. Front.
Microbiol. 2018, 9, 594. [CrossRef]

9.  Pato, U, Riftyan, E.; Ayu, D.E; Jonnaidi, N.N.; Wahyuni, M.S.; Feruni, ].A.; Abdel-Wahhab, M.A. Antibacterial efficacy of lactic
acid bacteria and bacteriocin isolated from Dadih’s against Staphylococcus aureus. Food Sci. Technol. 2022, 42, €27121. [CrossRef]

10. Christensen, I.B.; Vedel, C.; Clausen, M.-L.; Kjeerulff, S.; Agner, T.; Nielsen, D.S. Targeted Screening of Lactic Acid Bacteria with
Antibacterial Activity toward Staphylococcus aureus Clonal Complex Type 1 Associated with Atopic Dermatitis. Front. Microbiol.
2021, 12, 733847. [CrossRef] [PubMed]

11. Abbaszadeh, S.; Tavakoli, R.; Sharifzadeh, A.; Shokri, H. Lactic acid bacteria as functional probiotic isolates for inhibiting the
growth of Aspergillus flavus, A. parasiticus, A. niger and Penicillium chrysogenum. J. Mycol. Médicale 2015, 25, 263-267. [CrossRef]
[PubMed]

12.  Somashekaraiah, R.; Mottawea, W.; Gunduraj, A.; Joshi, U.; Hammami, R.; Sreenivasa, M.Y. Probiotic and Antifungal At-
tributes of Levilactobacillus brevis MYSN105, Isolated From an Indian Traditional Fermented Food Pozha. Front. Microbiol. 2021,
12, 696267. [CrossRef] [PubMed]

13.  Moller, C.O.d.A,; Freire, L.; Rosim, R.E.; Margalho, L.P; Balthazar, C.F,; Franco, L.T.; Sant’'Ana, A.d.S.; Corassin, C.H.; Rattray, EP;
Oliveira, C.A.F.d. Effect of Lactic Acid Bacteria Strains on the Growth and Aflatoxin Production Potential of Aspergillus parasiticus,
and Their Ability to Bind Aflatoxin B1, Ochratoxin A, and Zearalenone in vitro. Front. Microbiol. 2021, 12, 655386. [CrossRef]
[PubMed]

14. Hruska, Z.; Rajasekaran, K.; Yao, H.; Kinkaid, R.; Darlington, D.; Brown, R.; Bhatnagar, D.; Cleveland, T. Co-inoculation of
aflatoxigenic and non-aflatoxigenic strains of Aspergillus flavus to study fungal invasion, colonization, and competition in maize
kernels. Front. Microbiol. 2014, 5, 122. [CrossRef] [PubMed]

15. Ahmad, N.; Qamar, M.; Yuan, Y.; Nazir, Y.; Wilairatana, P.; Mubarak, M.S. Dietary Polyphenols: Extraction, Identification,
Bioavailability, and Role for Prevention and Treatment of Colorectal and Prostate Cancers. Molecules 2022, 27, 2831. [CrossRef]
[PubMed]

16. Ali, H.S.; Badr, A.N.; Alsulami, T.; Shehata, M.G.; Youssef, M.M. Quality Attributes of Sesame Butter (Tahini) Fortified with
Lyophilized Powder of Edible Mushroom (Agaricus blazei). Foods 2022, 11, 3691. [CrossRef]

17.  Sadiq, FA.; Yan, B.; Tian, F; Zhao, J.; Zhang, H.; Chen, W. Lactic Acid Bacteria as Antifungal and Anti-Mycotoxigenic Agents: A
Comprehensive Review. Compr. Rev. Food Sci. Food Saf. 2019, 18, 1403-1436. [CrossRef]

18. Mathara, J.M.; Schillinger, U.; Kutima, PM.; Mbugua, S.K.; Holzapfel, W.H. Isolation, identification and characterisation of the
dominant microorganisms of kule naoto: The Maasai traditional fermented milk in Kenya. Int. . Food Microbiol. 2004, 94, 269-278.
[CrossRef]

19. Haddad, M.A.; Yamani, M.; Abu-Alruz, K. Development of a Probiotic Soft White Jordanian Cheese. Am.-Eurasian |. Agric.
Environ. Sci. 2015, 15, 1382-1391. [CrossRef]

20. Eljagmani, S.; Altuner, E.M. Effect of storage temperature on the chemical and microbiological properties of white cheese from
Kastamonu, Turkey. Cogent Food Agric. 2020, 6, 1829270. [CrossRef]

21. Ahamad, S.R.; Raish, M.; Ahmad, A.; Shakeel, F. Potential Health Benefits and Metabolomics of Camel Milk by GC-MS and
ICP-MS. Biol. Trace Elem. Res. 2017, 175, 322-330. [CrossRef] [PubMed]

22.  Dimitrellou, D.; Kandylis, P; Sidira, M.; Koutinas, A.A.; Kourkoutas, Y. Free and immobilized Lactobacillus casei ATCC 393 on
whey protein as starter cultures for probiotic Feta-type cheese production. J. Dairy Sci. 2014, 97, 4675-4685. [CrossRef] [PubMed]

23.  Terpou, A,; Gialleli, A.-I.; Bosnea, L.; Kanellaki, M.; Koutinas, A.A.; Castro, G.R. Novel cheese production by incorporation of sea

buckthorn berries (Hippophae rhamnoides L.) supported probiotic cells. LWT Food Sci. Technol. 2017, 79, 616-624. [CrossRef]


https://doi.org/10.3390/app11136182
https://doi.org/10.21608/EJCHEM.2021.80761.4002
https://doi.org/10.1007/s11694-022-01778-4
https://doi.org/10.21608/asejaiqjsae.2019.40785
https://doi.org/10.9734/ARRB/2017/37116
https://doi.org/10.1016/j.toxrep.2020.10.012
https://www.ncbi.nlm.nih.gov/pubmed/33102145
https://doi.org/10.3389/fmicb.2018.00594
https://doi.org/10.1590/fst.27121
https://doi.org/10.3389/fmicb.2021.733847
https://www.ncbi.nlm.nih.gov/pubmed/34603263
https://doi.org/10.1016/j.mycmed.2015.10.011
https://www.ncbi.nlm.nih.gov/pubmed/26597145
https://doi.org/10.3389/fmicb.2021.696267
https://www.ncbi.nlm.nih.gov/pubmed/34290687
https://doi.org/10.3389/fmicb.2021.655386
https://www.ncbi.nlm.nih.gov/pubmed/33967993
https://doi.org/10.3389/fmicb.2014.00122
https://www.ncbi.nlm.nih.gov/pubmed/24734028
https://doi.org/10.3390/molecules27092831
https://www.ncbi.nlm.nih.gov/pubmed/35566182
https://doi.org/10.3390/foods11223691
https://doi.org/10.1111/1541-4337.12481
https://doi.org/10.1016/j.ijfoodmicro.2004.01.008
https://doi.org/10.5829/idosi.aejaes.2015.15.7.12635
https://doi.org/10.1080/23311932.2020.1829270
https://doi.org/10.1007/s12011-016-0771-7
https://www.ncbi.nlm.nih.gov/pubmed/27286716
https://doi.org/10.3168/jds.2013-7597
https://www.ncbi.nlm.nih.gov/pubmed/24931523
https://doi.org/10.1016/j.lwt.2016.11.021

Toxins 2024, 16, 93 14 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

Dimitrellou, D.; Kandylis, P.; Mallouchos, A.; Komaitis, M.; Koutinas, A.A.; Kourkoutas, Y. Effect of freeze-dried kefir culture on
proteolysis in feta-type and whey-cheeses. Food Chem. 2010, 119, 795-800. [CrossRef]

Michaelidou, A.; Katsiari, M.C.; Kondyli, E.; Voutsinas, L.P.; Alichanidis, E. Effect of a commercial adjunct culture on proteolysis
in low-fat Feta-type cheese. Int. Dairy J. 2003, 13, 179-189. [CrossRef]

Gomes da Cruz, A.; Alonso Buriti, F.C.; Batista de Souza, C.H.; Fonseca Faria, ]J.A.; Isay Saad, S.M. Probiotic cheese: Health
benefits, technological and stability aspects. Trends Food Sci. Technol. 2009, 20, 344-354. [CrossRef]

Kourkoutas, Y.; Bosnea, L.; Taboukos, S.; Baras, C.; Lambrou, D.; Kanellaki, M. Probiotic Cheese Production Using Lactobacillus
casei Cells Immobilized on Fruit Pieces. |. Dairy Sci. 2006, 89, 1439-1451. [CrossRef] [PubMed]

Litopoulou-Tzanetaki, E.; Tzanetakis, N. Microbiological study of white-brined cheese made from raw goat milk. Food Microbiol.
1992, 9, 13-19. [CrossRef]

Drake, M.A. Invited Review: Sensory Analysis of Dairy Foods. J. Dairy Sci. 2007, 90, 4925-4937. [CrossRef] [PubMed]
Cardenas, N; Calzada, J.; Peirotén, A.; Jiménez, E.; Escudero, R.; Rodriguez, ].M.; Medina, M.; Fernandez, L. Development of
a Potential Probiotic Fresh Cheese Using Two Lactobacillus salivarius Strains Isolated from Human Milk. BioMed Res. Int. 2014,
2014, 801918. [CrossRef]

Dimitrellou, D.; Kandylis, P.; Kourkoutas, Y. Effect of cooling rate, freeze-drying, and storage on survival of free and immobilized
Lactobacillus casei ATCC 393. LWT Food Sci. Technol. 2016, 69, 468-473. [CrossRef]

Guidone, A.; Braghieri, A.; Cioffi, S.; Claps, S.; Genovese, F.; Morone, G.; Napolitano, F; Parente, E. Effect of adjuncts on
microbiological and chemical properties of Scamorza cheese. J. Dairy Sci. 2015, 98, 1467-1478. [CrossRef] [PubMed]
Masoumikia, R.; Ganbarov, K. Antagonistic activity of probiotic lactobacilli against human enteropathogenic bacteria in homemade
tvorog curd cheese from Azerbaijan. Biolmpacts 2015, 5, 151-154. [CrossRef] [PubMed]

Shori, A.B. The potential applications of probiotics on dairy and non-dairy foods focusing on viability during storage. Biocatal.
Agric. Biotechnol. 2015, 4, 423-431. [CrossRef]

Viljoen, B.C. The interaction between yeasts and bacteria in dairy environments. Int. J. Food Microbiol. 2001, 69, 37—44. [CrossRef]
[PubMed]

Gomes de Oliveira, M.E.; Fernandes Garcia, E.; Vasconcelos de Oliveira, C.E.; Pereira Gomes, A.M.; Esteves Pintado, M.M.;
Ferreira Madureira, A.R.M.; da Conceigao, M.L.; Ramos do EgyptoQueiroga, R.d.C.; de Souza, E.L. Addition of probiotic bacteria
in a semi-hard goat cheese (coalho): Survival to simulated gastrointestinal conditions and inhibitory effect against pathogenic
bacteria. Food Res. Int. 2014, 64, 241-247. [CrossRef]

Mogahed Fahim, K.; Noah Badr, A.; Gamal Shehata, M.; Ibrahim Hassanen, E.; Ibrahim Ahmed, L. Innovative application
of postbiotics, parabiotics and encapsulated Lactobacillus plantarum RM1 and Lactobacillus paracasei KC39 for detoxification of
aflatoxin M1 in milk powder. J. Dairy Res. 2021, 88, 429-435. [CrossRef]

Costa, G.N.; Suguimoto, H.H.; da Silva Miglioranza, L.H.; Gémez, RJ.H.C. Atividade antimicrobiana de Lactobacillus e
Bifodobacterium frente a microrganismos patogénicos “in vitro”. Semin. Ciéncias Agrdrias 2012, 33, 1839-1846. [CrossRef]

Gao, X,; Li, C.; He, R.; Zhang, Y.; Wang, B.; Zhang, Z.-H.; Ho, C.-T. Research advances on biogenic amines in traditional fermented
foods: Emphasis on formation mechanism, detection and control methods. Food Chem. 2023, 405, 134911. [CrossRef]

Sezer, C.; Giiven, A.; Oral, N.B.; Vatansever, L. Detoxification of aflatoxin B_1 by bacteriocins and bacteriocinogenic lactic acid
bacteria. Turk. J. Vet. Anim. Sci. 2013, 37, 594-601. [CrossRef]

Hernandez-Mendoza, A.; Rivas-Jimenez, L.; Garcia, H.S. Assessment of Aflatoxin B1 Binding to Lactobacillus reuteri by Microscopy
and Fluorescence Techniques. Food Biotechnol. 2011, 25, 140-150. [CrossRef]

Namvarrad, M.; Razavilar, V.; Anvar, S.A.A.; Akbari-Adergani, B. Assessment of Lactobacillus Delbruekii and Bifidobacterium
Animalis abilities to absorb aflatoxin M1 from milk. Iran. . Med. Microbiol. 2019, 13, 44-55. [CrossRef]

Nesi¢, K.; Habschied, K.; Mastanjevi¢, K. Possibilities for the Biological Control of Mycotoxins in Food and Feed. Toxins 2021,
13, 198. [CrossRef]

Wang, Y,; Yang, L.; Xu, J.; Xin, F; Jiang, L. Applications of synthetic microbial consortia in biological control of mycotoxins and
fungi. Curr. Opin. Food Sci. 2023, 53, 101074. [CrossRef]

Peles, E; Sipos, P.; Kovacs, S.; Gy6ri, Z.; Pocsi, 1.; Pusztahelyi, T. Biological Control and Mitigation of Aflatoxin Contamination in
Commodities. Toxins 2021, 13, 104. [CrossRef]

Farouk, A.; Abdel-Razek, A.G.; Gromadzka, K.; Badr, A.N. Prevention of Aflatoxin Occurrence Using Nuts-Edible Coating of
Ginger Oil Nanoemulsions and Investigate the Molecular Docking Strategy. Plants 2022, 11, 2228. [CrossRef] [PubMed]
Abdel-Nasser, A.; Hathout, A.S.; Badr, A.N.; Barakat, O.S.; Fathy, H.M. Extraction and characterization of bioactive secondary
metabolites from lactic acid bacteria and evaluating their antifungal and antiaflatoxigenic activity. Biotechnol. Rep. 2023,
38, €00799. [CrossRef] [PubMed]

Pfliegler, W.P,; Pusztahelyi, T.; Pécsi, I. Mycotoxins—prevention and decontamination by yeasts. . Basic Microbiol. 2015, 55,
805-818. [CrossRef]

Brana, M.T.; Sergio, L.; Haidukowski, M.; Logrieco, A.F,; Altomare, C. Degradation of Aflatoxin Bl by a Sustainable Enzymatic
Extract from Spent Mushroom Substrate of Pleurotus eryngii. Toxins 2020, 12, 49. [CrossRef] [PubMed]

Tamime, A.Y.; Robinson, R K.; Kiers, G. Industrial manufacture of Feta-type cheeses. Brined Cheeses 2006, V1, 77-116. [CrossRef]
El-Sohaimy, A.S.; Shehata, G.M.; Djapparovec, T.A.; Mehany, T.; Zeitoun, A.M.; Zeitoun, M.A. Development and characterization
of functional pan bread supplemented with quinoa flour. J. Food Process. Preserv. 2021, 45, €15180. [CrossRef]


https://doi.org/10.1016/j.foodchem.2009.06.052
https://doi.org/10.1016/S0958-6946(02)00148-6
https://doi.org/10.1016/j.tifs.2009.05.001
https://doi.org/10.3168/jds.S0022-0302(06)72212-3
https://www.ncbi.nlm.nih.gov/pubmed/16606715
https://doi.org/10.1016/0740-0020(92)80057-B
https://doi.org/10.3168/jds.2007-0332
https://www.ncbi.nlm.nih.gov/pubmed/17954731
https://doi.org/10.1155/2014/801918
https://doi.org/10.1016/j.lwt.2016.01.063
https://doi.org/10.3168/jds.2014-8554
https://www.ncbi.nlm.nih.gov/pubmed/25582584
https://doi.org/10.15171/bi.2015.21
https://www.ncbi.nlm.nih.gov/pubmed/26457253
https://doi.org/10.1016/j.bcab.2015.09.010
https://doi.org/10.1016/S0168-1605(01)00570-0
https://www.ncbi.nlm.nih.gov/pubmed/11589558
https://doi.org/10.1016/j.foodres.2014.06.032
https://doi.org/10.1017/S002202992100090X
https://doi.org/10.5433/1679-0359.2012v33n5p1839
https://doi.org/10.1016/j.foodchem.2022.134911
https://doi.org/10.3906/vet-1301-31
https://doi.org/10.1080/08905436.2011.576561
https://doi.org/10.30699/ijmm.13.1.44
https://doi.org/10.3390/toxins13030198
https://doi.org/10.1016/j.cofs.2023.101074
https://doi.org/10.3390/toxins13020104
https://doi.org/10.3390/plants11172228
https://www.ncbi.nlm.nih.gov/pubmed/36079610
https://doi.org/10.1016/j.btre.2023.e00799
https://www.ncbi.nlm.nih.gov/pubmed/37206916
https://doi.org/10.1002/jobm.201400833
https://doi.org/10.3390/toxins12010049
https://www.ncbi.nlm.nih.gov/pubmed/31947703
https://doi.org/10.1002/9780470995860.ch3
https://doi.org/10.1111/jfpp.15180

Toxins 2024, 16, 93 15 of 15

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

Banjara, N.; Suhr, M.].; Hallen-Adams, H.E. Diversity of Yeast and Mold Species from a Variety of Cheese Types. Curr. Microbiol.
2015, 70, 792-800. [CrossRef]

Brooks, J.C.; Martinez, B.; Stratton, J.; Bianchini, A.; Krokstrom, R.; Hutkins, R. Survey of raw milk cheeses for microbiological
quality and prevalence of foodborne pathogens. Food Microbiol. 2012, 31, 154-158. [CrossRef] [PubMed]

Soda, M.E. Production of Low Fat Cheddar Cheese Made Using Exopolysaccharide-Producing Cultures and Selected Ripening
Cultures. |. Adv. Microbiol. 2014, 04, 10. [CrossRef]

Zheng, Y.; Liu, Z.; Mo, B. Texture Profile Analysis of Sliced Cheese in relation to Chemical Composition and Storage Temperature.
J. Chem. 2016, 2016, 8690380. [CrossRef]

Shan, J.; Zhang, Y.; Liang, J.; Wang, X. Characterization of the Processing Conditions upon Textural Profile Analysis (TPA)
Parameters of Processed Cheese Using Near-Infrared Hyperspectral Imaging. Anal. Lett. 2020, 53, 1190-1203. [CrossRef]
Sainani, M.R.; Vyas, HK.; Tong, P.S. Characterization of Particles in Cream Cheese. J. Dairy Sci. 2004, 87, 2854-2863. [CrossRef]
[PubMed]

Allam, M.G.M.; Darwish, AM.G.; Ayad, E.H.E.; Shokery, E.S.; Darwish, S.M. Lactococcus species for conventional Karish cheese
conservation. LWT Food Sci. Technol. 2017, 79, 625-631. [CrossRef]

Hammami, I.; Triki, M.A.; Rebai, A. Purification and characterization of the novel bacteriocin BAC IH7 with antifungal and
antibacterial properties. J. Plant Pathol. 2011, 93, 443-454.

Schniirer, J.; Magnusson, J. Antifungal lactic acid bacteria as biopreservatives. Trends Food Sci. Technol. 2005, 16, 70-78. [CrossRef]
Shehata, M.G.; Badr, A.N.; El Sohaimy, S.A.; Asker, D.; Awad, T.S. Characterization of antifungal metabolites produced by novel
lactic acid bacterium and their potential application as food biopreservatives. Ann. Agric. Sci. 2019, 64, 71-78. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00284-015-0790-1
https://doi.org/10.1016/j.fm.2012.03.013
https://www.ncbi.nlm.nih.gov/pubmed/22608218
https://doi.org/10.4236/aim.2014.414110
https://doi.org/10.1155/2016/8690380
https://doi.org/10.1080/00032719.2019.1700421
https://doi.org/10.3168/jds.S0022-0302(04)73414-1
https://www.ncbi.nlm.nih.gov/pubmed/15375044
https://doi.org/10.1016/j.lwt.2016.11.032
https://doi.org/10.1016/j.tifs.2004.02.014
https://doi.org/10.1016/j.aoas.2019.05.002

	Introduction 
	Results 
	Physicochemical Characteristics of Functional White Cheese 
	Microbiological Analysis of Cheese during Maturation and Storage 
	Texture Profile Analyses (TPA) 
	Microstructure of Cheese Samples 
	Inhibitory Effects of Lb. paracasei MG847589 against Pathogenic Microorganisms 
	Inhibitory Effect of Lb. paracasei MG847589 against Pathogenic Bacteria 
	Antimycotoxigenic Effect of L. paracasei MG847589 

	Conclusions 
	Materials and Methods 
	Materials and Microorganisms 
	White Cheese Preparation 
	Physicochemical Analysis 
	Microbiological Profile Analysis of Cheese 
	Texture Profile Analyses (TPA) 
	Scanning Electron Microscopy and Sensory Evaluation 
	Antimicrobial Assessment against Food Pathogens 
	Anti-Mycotoxigenic Assessment against Aflatoxins (AFB1 and AFM1) 
	Statistical Analysis 

	References

