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Introductıon
Pneumonia is an acute respiratory infection which affects 
the lungs, causing cough, nasal congestion, difficulty 
breathing, syanosis, hypoxia, fever and dizziness [1]. 
The World Health Organization states that in 2019, 
an estimate of 740 180 children under 5 years old lost 
their lives to pneumonia, which accounted for 14% of 
all deaths [2]. Pneumonia is typically caused by bacterial 
infection (90%), intoxication, and immuno-deficiency. 
Opportunistic pathogens Puedomonas aeruginosa and 
Klebsiella pneumoniae are known to cause major respiratory 
tract diseases, gastrointestinal infections, and bacteremia, 
and are particularly dangerous for those with AIDS, cancer, 
and severe burns.  K. pneumoniae and P. auroginosa are 
two of the major pathogens causing pneumonia [3]. 

Incorporation of fermented products into one’s daily 
diet, along with starter strains of Lactobacillus bulgaricus 

and Streptococcus thermophils, help to boost the immune 
system and can prevent respiratory infections. This is 
attributed to the immunoregulatory properties of these 
strains, which in turn strengthens a person’s respiratory 
tract [4]. The study by Fauziah et al.[1] suggested that 
soyghurt with a concentration of 80% L. bulgaricus has 
the potential to exhibit bactericidal activity against K. 
pneumoniae strains, indicating its potential as a functional 
food product . Additionally, fermented milk is commonly 
used as a delivery system for various probiotics and 
bioactive compounds derived from medicinal herbs, as it 
can help to improve the viability and stability of probiotics 
and other bioactive compounds during storage and 
gastrointestinal transit. It can also provide a convenient 
and palatable means of delivering these beneficial 
compounds to consumers [5]. 

For centuries, clove (Syzygium aromaticum L.) has been 
a popular culinary spice and employed in traditional 
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Abstract

The integration of aqueous clove extract (ACE) and spray-dried probiotics into an 
edible film presents numerous health advantages, such as enhanced probiotic stability 
and antibacterial efficacy against harmful bacteria like Klebsiella pneumoniae and 
Pseudomonas aeruginosa. This study aimed to formulate a probiotic edible film with 
antibacterial properties by incorporating milk powder containing ACE and probiotic 
strains, namely Streptococcus thermophilus ATCC 19258, Lactobacillus bulgaricus ATCC 
11842, and Lactococcus lactis MG1363. The milk powders, containing 7.5% (w/v) ACE 
with various probiotic strains, were combined with 2% (w/v) pectin biopolymer and 60% 
(w/w) glycerol plasticizer to produce the probiotic edible film with ACE. Antibacterial 
effects were investigated using disc diffusion, while probiotic film viability was assessed 
through the pour plate method. The study revealed higher viability in the probiotic 
strains L. lactis and S. thermophilus within the edible film, compared to L. bulgaricus. 
The specific strains exhibited increased antibacterial activity against K. pneumoniae and 
P. aeruginosa, underscoring the critical role of probiotic strain selection in determining 
functional properties. Notably, the edible film containing L. lactis and S. thermophilus 
demonstrated substantial antibacterial activity against both pathogens. However, further 
research is imperative to optimize industrial-scale production methods, assess efficacy in 
diverse food items, evaluate sensory properties, gauge barrier attributes, and investigate 
the impact of storage conditions on stability and performance.
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medicine to treat different ailments. Clove ingredients 
have been found to possess antiviral, antibacterial and 
anti-inflammatory properties, particularly in relation to 
respiratory issues [6]. The study by Ogwaro et al.[7] reported 
that the use of clove extracts during fermentation and 
storage has the potential to improve the microbiological 
safety of fermented milk. The study found that the addition 
of clove extracts to fermented milk inhibited the growth 
of pathogenic bacteria such as Staphylococcus aureus, 
Escherichia coli, and Salmonella typhi, which are known 
to cause foodborne illnesses. Clove extracts contain 
natural antimicrobial compounds such as eugenol, which 
have been shown to exhibit strong antimicrobial activity 
against various microorganisms. Therefore, the use of 
clove extracts in fermented milk could provide a natural 
and effective means of improving its microbiological 
safety and extending its shelf life. 

The starter cultures S. thermophilus and Lactobacillus 
delbrueckii ssp. bulgaricus are commonly used probiotics 
that have beneficial effects on gut health [8]. Lactococcus 
strains are also important probiotics that have been 
observed to produce bacteriocins, which are antimicrobial 
peptides that can inhibit the growth of pathogenic 
bacteria [9]. The use of edible films for delivering 
bioactive compounds and probiotics can help to protect 
these compounds from degradation during storage and 
transport, increasing their effectiveness and shelf life of 
probiotics. The incorporation of bioactive compounds and 
probiotics into edible films has the potential to transform 
food products into “functional” foods, which can provide 
additional health benefits beyond basic nutrition. This can 
add value to the food market and provide consumers with 
healthier options [10]. The European Food Safety Authority, 
and Food and Drug Administration have both allotted 
the group of lactic acid bacteria (LAB) and clove extract 
the category of “qualified presumption of safety” (QPS) 
and “generally recognized as safe” (GRAS) respectively, 
allowing for their use in the food industry [6,11].

Encapsulation is an advanced method for safeguard 
and increase the shelf life of probiotics, where the active 
component will be covered by a protective coating made 
of food-grade material during processing. Spray drying 
is one among that, spraying probiotic and protective 
material mixture into a heated chamber, the moisture 
evaporates and leave dry particles with probiotics [12]. To 
ensure the survival of probiotics, their insertion in edible 
films protects them from various physical and chemical 
hazards during processing and storage [13]. Because of the 
growing desire for minimally processed foods, edible 
film created from naturally derived biopolymers become 
highly popular; this can assist to extend probiotic shelf life 
and improve quality [14]. 

Functional probiotic microencapsulation with antibacterial 
potential is a promising alternative to antibiotics, as it 

allows the gradual release of functional compounds to 
prevent diseases [10]. Hence, the present work was aimed 
to produce fermented milk powder encapsulated in pectin 
biopolymer with ACE incorporated with Streptococcus 
thermophilus ATCC 19258, L. delbrueckii subsp. bulgaricus 
ATCC 11842 = JCM 1002, and Lactococcus lactis subsp. 
tcremoris MG1363, respectively, their viability in edible 
film and antibacterial effect against K. pneumoniae ATCC 
700603 and P. aeruginosa ATCC 27853 were determined.

Material and Methods
Study Materials

The research utilized low-fat UHT milk sourced from 
Nestle products Sdn. Bhd. in Malaysia, S. thermophilus 
ATCC 19258, and L. delbrueckii subsp. bulgaricus ATCC 
11842 = JCM 1002, which were isolated from yoghurt 
by Malaysia Milk Sdn. Bhd. (MariGold, Malaysia). L. 
lactis subsp. cremoris MG1363 was obtained from the 
culture collection at the University of Putra Malaysia, 
Malaysia. All lactic acid bacteria were confirmed by 16S 
rRNA sequencing and the data was analysed by BLAST. 
Pathogenic strains K. pneumoniae ATCC 700603 and P. 
aeruginosa ATCC 27853 were obtained from the culture 
collection of UCSI University.

Preparation of ACE

Clove (Syzygium aromaticum) buds were procured from 
a local market in Cheras, Malaysia (Voucher no. KM 
0042/22, Herbarium- Institute of Bioscience, University 
Putra Malaysia). These buds were oven-dried overnight 
at 60°C, and then powdered in a mixer and sieved. 
Subsequently, 10% (w/v) clove powder was added to sterile 
distilled water and kept at 50°C for 24 h. The resulting 
ACE was filtrated using a Whatman no. 1 filter paper, 
followed by a 0.22 µm syringe filter  [15].  

Preparation of Functional ACE Incorporated 
Fermented Milks

Fermented milks were prepared with slight modifications 
of method by Kanik et al.[16]. To produce functional 
fermented milk samples, 7.5 mL of ACE was added to 92.5 
mL of low-fat UHT milk, which was homogenized for 5 
min at room temperature. Then the mixture was inoculated 
with 1% fermented milk starter cultures containing L. 
delbrueckii subsp. bulgaricus, S. thermophilus, and L. lactis. 
The inoculated fermented milks were then incubated for 
18 h at 42°C, 37°C, and 30°C, respectively. The fermented 
milks were then stored in the refrigerator at 4°C for 24 h 
before analysis.

Preparation of Functional ACE Incorporated 
Fermented Milk Powders

For functional fermented milk powder samples production, 
each fermented milks were spray dried at 4°C feed 
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temperature, 140°C inlet temperature and 30% pump 
speed with 100% aspiration (BÜCHI mini spray dryer, 
B-290, Switzerland) [17]. The fermented milk powder with 
L. delbrueckii subsp. bulgaricus, S. thermophilus, and L. 
lactis, respectively were then stored in the refrigerator 
(4°C) for 24 h prior to analysis. 

Preparation of Functional Edible films with Fermented 
Milk Powder

Pectin edible film with specific fermented milk powder 
was prepared according to Ribeiro et al.[18] with 
slight modifications. The sterile casting solution was 
formulated using a combination of pectin biopolymer 
at a concentration of 2% (w/v) and glycerol plasticizer 
at a proportion of 60% (w/w). For functional edible film 
samples production, fermented milk powder (7.5%) with 
L. delbrueckii subsp. bulgaricus, S. thermophilus, and L. 
lactis, respectively were added. The inoculated edible 
films with each fermented milk powders were then dried 
in oven (Memmert, Germany) for 24 h at 30°C. Prepared 
edible films were then stored in the dedicator for further 
analysis. 

Viability of Lactic Acid Bacteria

The viable counts of S. thermophilus, L. delbrueckii subsp. 
bulgaricus, and L. lactis in samples were determined 
using the conventional pour plate count technique. 
Streptococcus thermophilus agar (HIMEDIA, India) [19] was 
used for the enumeration of S. thermophilus (37°C for 48 
h), modified reinforced clostridial medium (mRCM) [20] 
for L. bulgaricus (37°C for 48 h), and GM17 agar [21] for 
L. lactis (30°C for 48 h). For each sample, 1 g was diluted 
with 9 mL of normal saline for serial dilution, and the 
plates were then incubated in an aerobic environment. 
The results were expressed as colony-forming units per 
millilitre (log CFU/mL).

Antibacterial Analysis

Mueller Hinton Agar (MHA) was placed on sterilised 
petri plates and allowed to completely solidify. A bacterial 
suspension of K. pneumoniae ATCC 700603 and P. 
aeruginosa ATCC 27853 (0.1 OD) was equally (100 μL 
per plate) dispersed onto the surface of the medium using 
a sterile coating rod [22]. To test the antibacterial activity 
of fermented milk supernatant, 10 g of fermented milks 
were centrifuged (MIKRO 220R, Germany) at 4.000 rpm 
(1431 x g) for 30 minutes at 4°C. The supernatant was 
then filtered using a 0.22 μm millipore membrane syringe 
filter before being used [23]. After 10 min in the treatment 
supernatant, each sterile disc was dried for one minute 
before being placed on the petri plates. The plates were 
incubated at 37°C and the diameter of the inhibition zone 
was measured using a Vernier caliper after 24 h using 
disc diffusion method [24]. Following that, a reconstituted 

fermented milk powder solution was made by dissolving 
20% (w/v) of the powder in sterile distilled water. Sterile 
discs were then immersed in the solution for 10 min 
before being dried for one minute before being tested for 
antibacterial activity [25,26]. Then disc diffusion method was 
then used to detect the antibacterial activity of the edible 
film. The films were clipped into disk-shaped samples 
with a diameter of 6 mm for analysis [27]. Sterile blank disc 
and chloramphenicol (10%) were used as the negative and 
positive controls [28], respectively. 

Statistical Analyses

Totally three trials were conducted and the data obtained 
were subjected to statistical analysis. To find significant 
differences between the samples (P<0.05), all data were 
subjected to one-way analysis of variance (ANOVA), 
followed by Tukey’s post hoc test with SPSS statistics (IBM 
SPSS statistics 20 version). 

Results 
Antibacterial Effect of Aqueous Clove Extract (ACE)

Clove extract is an effective and natural alternative to 
synthetic preservatives, and is a valuable tool in the food 
industry for maintaining the safety and quality of food 
products. Clove has anti-inflammatory, antimicrobial, anti- 
thrombotic, antioxidant, antimutagenic, and anti-ulcerogenic 
attributes [29]. The effect of varying concentrations 
of aqueous clove extract on the antibacterial zone of 
inhibition (mm) against K. pneumoniae and P. aeruginosa 
is presented in Table 1. 

Viability of Functional Fermented Milks, Fermented 
Milk Powders and Edible Films

Farmers incorporate different spices into milk either prior 
to or during fermentation, with the aim of enhancing the 
flavor and aroma of the fermented product [30]. Moreover, 
the inclusion of clove in fermented milk aids in its 
preservation and inhibits the proliferation of bacteria, 
which can cause food spoilage [7]. Researchers have found 
that the acceptable concentration of clove in yogurt, 

Table 1. The impact of varying ACE concentrations on the antibacterial zone 
of inhibition (mm) against K. pneumoniae and P. aeruginosa

Concentration of ACE 
(%)

Zone of Inhibition (mm)

K. pneumoniae P. aeruginosa

0% (blank) 6.00±0.00d 6.00±0.00d

2.5 % 7.67±0.58c 7.33±0.58c

5 % 9.33±0.58b 9.00±0.00b

7.5 % 11.00±0.00a 10.33±0.58a

Results were expressed as mean ± standard deviation, values are means of triplicates 
(n=3). abcd means in the same columns followed by same uppercase letters are non-
significant (P<0.05) via one way ANOVA with tukey test
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as determined by its sensory attributes, was below the 
concentration required for microbial inhibition, resulting 
in a sublethal effect on both Lactobacillus sp. and the yogurt 
starter culture, without compromising the fermentation 
process. Table 2 presents the viability and survivability of 
lactic acid bacteria in fermented milk without ACE and 
with varying percentages of ACE. 

Numerous studies have demonstrated the benefits 
of microencapsulation in enhancing the survival of 
probiotics across various manufacturing techniques 
and unfavourable gastrointestinal conditions. Probiotic 
products can be sensitive to environmental factors such 
as temperature, moisture, oxygen, and light. Exposure 
to unfavorable conditions during processing, packaging, 
and storage can lead to a reduction in the viability 
of the probiotic microorganisms, which can, in turn, 
compromise the efficacy of the product. Edible films made 
from pectin can improve the quality of food products by 
acting as a barrier to moisture, oxygen, and other gases 

that can cause spoilage, resulting in an extended shelf life. 
Additionally, pectin-based films can provide a protective 
coating to encapsulate and preserve probiotics [31]. Table 3 
displays the viability of lactic acid bacteria in spray-dried 
fermented milk powder, and edible film.

Antibacterial Effect of Functional Fermented Milk, 
Fermented Milk Powders and Edible Films

K. pneumoniae and P. aeruginosa are capable of inhabiting 
the oral cavity, pharynx, and gastrointestinal tract of 
humans, and are highly virulent and antibiotic resistant. 
Currently, K. pneumoniae is the predominant cause of 
pneumonia acquired in hospital settings [32]. Table 4 
displays the impact of edible film, spray dried powder, 
and fermented milk on the antibacterial zone of inhibition 
(mm) against P. aeruginosa and K. pneumoniae. In this 
study, the antibacterial activity of edible films, spray dried 
powder, and fermented milk containing S. thermophilus, 
L. bulgaricus, and L. lactis against P. aeruginosa and 
K. pneumoniae was examined. The edible film with S. 

Table 2. The viability and rate of survival of lactic acid bacteria in fermented milk with and without the presence of aqueous clove extract (ACE)

Fermented Milks

S. thermophilus L. bulgaricus L. lactis

Viability
(log CFU/mL)

Survivability  
(%)

Viability
(log CFU/mL)

Survivability
(%)

Viability  
(log CFU/mL)

Survivability  
(%)

Without ACE 13.83±0.02Aa 100.00 13.93±0.03Aa 100.00 13.22±0.08Ab 100.00

5% ACE 13.19±0.017Ba 95.35 13.21±0.11Ba 94.83 12.02±0.07Bb 90.92

7.5% ACE 12.21±0.11Ca 88.29 12.10±0.16Ca 86.86 10.78±0.08Cb 81.54

Results were expressed as mean ± standard deviation, values are means of triplicates (n=3). ABC means in the same column followed by same uppercase letters and ab means in the same 
rows followed by same lowercase letters are non-significant (P<0.05) via one way ANOVA with tukey test

Table 3. Viability and reduction percentage of lactic acid bacteria in ACE-enriched fermented milk, spray dried powder, and edible film

Sources
S. thermophilus L.  bulgaricus L. lactis

Viability  
(log CFU/mL)

Reduction  
(%)

Viability  
(log CFU/mL)

Reduction  
(%)

Viability  
(log CFU/mL)

Reduction  
(%)

Fermented milk 12.21±0.11Aa 0.00 12.10±0.16Aa 0.00 10.78±0.08Ab 0.00

Spray dried powder 9.74±0.10Ba 20.23 9.39±0.06Bb 22.40 9.75±0.05Ba 9.55

Edible film 8.09±0.06Cab 33.74 7.95±0.05Cb 34.30 8.13±0.08Ca 24.58

Results were expressed as mean ± standard deviation, values are means of triplicates (n=3). ABC means in the same column followed by different uppercase letters and ab means in the 
same rows followed by different lowercase letters are significant (P<0.05) via one way ANOVA with tukey test separately

Table 4. Antibacterial zone of inhibition (mm) of edible film, spray dried powder and fermented milk against P. aeruginosa and K. pneumoniae

Source

Zone of Inhibition (mm)

S. thermophilus L.  bulgaricus L. lactis

P. aeruginosa K. pneumoniae P. aeruginosa K. pneumoniae P. aeruginosa K. pneumoniae

Fermented milk 8.67±0.58Bb 8.00±0.00Ba 9.33±0.58Aab 8.00±0.00Aa 10.00±0.00Ba 8.33±0.58Ba

Spray dried powder 9.67±0.58ABb 8.67±0.58Ba 9.33±0.58Ab 8.33±0.58Aa 11.67±0.58ABa 9.67±0.58Ba

Edible film 11.33±1.15Aa 11.00±0.00Aa 8.00±0.00Bb 8.67±0.58Ab 13.33±1.15Aa 11.67±0.58Aa

Results were expressed as mean ± standard deviation, values are means of triplicates (n=3). AB means in the same columns followed by different uppercase letters and ab means in the 
same rows followed by different lowercase letters are significant (P<0.05) via one way ANOVA with tukey test separately for P. aeruginosa and K. pneumoniae
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thermophilus and L. lactis shows a significantly higher 
zone of inhibition against both P. aeruginosa and K. 
pneumoniae in the present study, measuring 11.33±1.15 
mm and 13.33±1.15 mm, respectively, and 11.00±0.00 
mm and 11.67±0.58 mm, respectively. The literature 
findings reported four categories of active compound 
inhibition in bacteria, with the diameter of the inhibition 
zone classified as weak (5 mm), moderate (5-10 mm), 
strong (10-20 mm), and very strong (20-30 mm) [28].

Discussion
A significant increase in the antibacterial zone of 
inhibition (mm) against K. pneumoniae and P. aeruginosa, 
with values of 11.00±0.00 and 10.33±0.58 respectively, was 
observed for 7.5% of ACE, in comparison to 5% and 2.5%. 
In vitro testing was conducted to assess the antibacterial 
effects of clove ethanolic extract on K. pneumoniae and 
P. aeruginosa, resulting in maximum zones of inhibition 
of 16mm and 14mm, respectively  [33]. These results were 
consistent with previous research by which showed that 
clove water extract inhibited the growth of P. aeruginosa. 
Furthermore, antibacterial properties were observed 
in clove extracts prepared from both aqueous and 
ethanol-based solutions against both K. pneumoniae 
and P. aeruginosa, with the most significant activity being 
observed against K. pneumoniae [34].

The viability of lactic acid bacteria in fermented milk 
was significantly reduced with the addition of ACE, as 
indicated by the results. The fermented milk without ACE 
had the highest viability of lactic acid bacteria. These 
findings suggest that the addition of ACE negatively 
affected the viability of lactic acid bacteria in fermented 
milk. The viability of S. thermophilus, L. bulgaricus, and 
L. lactis fermented milk with 7.5% ACE was observed to 
be 12.21±0.11, 12.10±0.16, and 10.78±0.08 (log CFU/mL), 
respectively. Although there is no agreement among the 
global scientific community regarding the ideal dosage of 
probiotics needed to obtain health benefits, various studies 
have suggested that minimum doses ranging from 106 to 
109 CFU/day may be necessary to produce therapeutic 
effects [11]. For probiotic foods to provide health benefits, 
they must contain a minimum of 107 cfu/g of probiotic 
bacteria. According to the findings gathered thus far, it 
can be inferred that fermented milk containing 7.5% ACE 
integration has demonstrated adequate viability, making 
it a viable candidate for both spray drying and edible film 
production, thereby enhancing the longevity of its viability 
according to Pourjafar et al.[35].

In the present study, it was observed that the viability of 
S. thermophilus and L. lactis in fermented milk powder 
and their respective edible film was significantly higher 
than that of L. bulgaricus. The viable count of edible 
films prepared with S. thermophilus, L. lactis, and L. 

bulgaricus in pectin biopolymer were 8.09±0.06 log CFU/
mL, 8.13±0.08 log CFU/mL, and 7.95±0.05 log CFU/mL, 
respectively. Similarly, for spray-dried powder, the viable 
count was 9.74±0.10 log CFU/mL, 9.75±0.05 log CFU/mL, 
and 9.39±0.06 log CFU/mL, respectively. These results 
were consistent with previous reports that S. thermophilus 
was less susceptible to spray-drying than L. delbrueckii 
subsp. bulgaricus. In addition, probiotic yogurt powder 
containing Lactobacillus paracasei and S. thermophilus 
had viable counts exceeding 108 CFU/g, while the less 
heat-tolerant L. delbrueckii subsp. bulgaricus survived 
only at 105 CFU/g of powder. Also the coatings made with 
S. thermophilus, L. bulgaricus, and L. acidophilus exhibited 
the best protective properties against microbial spoilage, 
higher viability (108 CFU/g), and increased shelf life [36]. 

According to Gul & Atalar [37] the viability of Lactobacillus 
sp. reduced by 0.43-1.62 log on spray drying, where L. 
paracasei NFBC 338 and L. rhamnosus GG survived 
spray-drying of reconstituted skim milk at approximately 
80% and 60%, respectively. Similarly, the viability of 
Lactobacillus strains after spray-drying process shows 
1.69-1.99 log-reduction [38]. Correspondingly, fresh yoghurt 
Lactobacillus viability also dropped from 7.42-6.15  
log CFU/g on spray drying, indicating a 17.1% loss in 
viability [39]. In comparison to different film-forming 
solutions, edible films containing Lactobacillus strains 
showed a decrease in viability ranging from 0.4 to 2 log 
CFU/g [40]. 

Furthermore, Ma et al.[41] reported that the Lactococcus 
strain showed the best viability and antimicrobial activity 
when added to edible film. A survival rate of 21.6% for 
Lactococcus lactis ssp. cremoris was observed to be higher 
when spray drying was carried out at 130°C, utilizing 
lactose and sodium caseinate as the drying agents. Various 
inlet temperatures were used, resulting in a loss of viability 
ranging from 0.60 to 1.22 log cycles for Lactococcus [42]. 
The study suggested that the reason for the high retention 
of Lactococcus survivability 93.14±2.74%, in edible 
film, could be linked to the utilization of a lower drying 
temperature of 30°C and an extended adaptation time  
of one day [43]. The results were consistent with the 
present study.

As a result of atypical encapsulation procedure, it is 
possible to reduce the viability of the Lactobacillus and 
Lactococcus strains, which could have consequences for 
their prospective application of probiotics. The ability 
of lactic acid bacteria to survive in edible film can be 
influenced by the base material of the film, nutritional 
content, initial viability of bacteria, pH, and osmotic 
pressure. Further research is required to enhance the 
encapsulation procedure to reduce the loss of viability 
while maximizing the potential advantages.



380

Edible Film with Functional Milk Powder Kafkas Univ Vet Fak Derg

Lactococcus has been found to contain antibacterial 
compounds that inhibit the growth of Pseudomonas, 
making it a potential preventative and treatment option 
for Pseudomonas infections [44]. To ensure the safety of 
food, researchers have investigated the antimicrobial 
properties of Lactococcus strains found in spontaneously 
fermented camel milk and the elimination mechanism 
of K. pneumoniae in pasteurized camel milk. All milk 
samples that were inoculated with a L. lactis strain were 
devoid of K. pneumoniae after 75 h of testing [45].  Hence, 
the antimicrobial activity observed in L. lactis cannot 
be ascribed to the organic acids or hydrogen peroxide 
generated by the culture, as the inhibitory effects remained 
unchanged even after neutralization or treatment with 
catalase in the cell-free supernatant preparations.

P. aeruginosa is an opportunistic pathogen that can 
cause food spoilage through its lipolytic and proteolytic 
activities, although this can be prevented by the hydrogen 
peroxide produced by Lactobacillus species. Furthermore, 
according to Jamalifar et al.[46], Lactobacillus acidophilus 
strain exhibited strong (90 % inhibitory activity) anti-
pseudomonal activity against multi-drug resistant clinical 
isolates. The current findings are in agreement with those 
of  Pulusani et al.[47], L. bulgaricus was found to produce 
a robust zone of inhibition against the growth of P. 
aeruginosa, measuring over 25 mm, while L. acidophilus 
and S. thermophilus exhibited zones of inhibition ranging 
from 21-25 mm. Yerlikaya et al.[48] also reported the 
highest antimicrobial effect of L. bulgaricus (17 ± 1.7mm) 
than S. thermophilus against P. aeruginosa.

The current findings align with the outcomes presented by 
Fauziah et al.[1], signifies that L. bulgaricus found in soyghurt 
can impede the attachment of K. pneumoniae to HEp2 cell 
lines. Following a period of pre-infection, co-infection, 
and post-infection with L. bulgaricus at a concentration of 
108 CFU/mL for 5 hours, the adhesion of K. pneumoniae 
ATCC 700603 decreased by 6.42%, 19.505%, and 35.405%, 
respectively. Similarly, the adhesion of K. pneumoniae 
S941 decreased by 10.11%, 37.845%, and 43.74%, while K. 
pneumoniae CT1538 showed a decline of 30%, 31.055%, 
and 55.875%. In addition, it has been demonstrated 
that strains of L. bulgaricus and S. thermophilus isolated 
from homemade yogurts exhibit antimicrobial activity 
against K. Pneumoniae. Furthermore, the impact of 
L. bulgaricus has been uncovered by researchers who 
observed that antimicrobial effect was attributed to the 
unique characteristics of L. bulgaricus, which resulted in 
the production of more advanced lactic acid [49]. Previous 
studies have demonstrated that lactic acid possesses 
significant antibacterial and antifungal properties [50].

Pseudomonas aeruginosa and Klebsiella pneumoniae 
are of multidrug-resistant gram-negative bacteria that are 
frequently associated with bacterial pneumonia. Clove has 

traditionally been used as a natural cure for a variety of 
diseases, including respiratory problems, headaches, and 
sore throats. Current study revealed that combining ACE 
with specific strains of S. thermophilus, L. bulgaricus, and 
L. lactis in fermented milk, spray dried powder, and edible 
films can potentially have an antibacterial impact against 
P. aeruginosa and K. pneumoniae. The recommended 
lactic acid bacteria viability for the final edible film 
made with these strains was 107 CFU/mL. L. lactis and S. 
thermophilus ACE integrated edible film and spray dried 
powder were found to have much higher viability and 
antibacterial action than L. bulgaricus. Lactic acid bacteria 
(LAB) are known to produce organic acids that reduce 
pH and enhance the formation of hydrogen peroxide 
and bacteriocins, both of which have antibacterial effects 
against a variety of pathogenic pathogens, including 
Gram-positive and Gram-negative bacteria. However, 
further research is needed, to fully understand the 
combined effects of multiple natural antimicrobial agents 
and lactic acid bacteria, its mechanisum of action in an 
actual food system to establish its potential value in 
preventing foodborne diseases. 

Declarations
Availability of Data and Materials: The datasets used and/
or analysed during the current study are available from the 
corresponding author (L. P. Pui) on reasonable request.

Acknowledgement and Funding Support: This work was 
supported by UCSI Research Excellence & Innovative Grant, UCSI 
University, Malaysia (REIG-FAS- 2021/003).

Competing Interest: The authors declare no conflict of interest

Ethical Statement: Ethics committee approval is not required for 
this study.

Authors Contribution: Study design: LAKS and LPP; Experiments: 
LAKS; Data analysis: LAKS, LPP and KLN; Writing - Original draft 
preparation: LAKS; Writing - Review & Editing: all authors; All 
authors read and approved the final manuscript.

References
1. Fauziah PN, Chrysanti, Sayuti JN: Effects of Lactobacillus bulgaricus in 
soyghurt on inhibition of adhesion Klebsiella pneumoniae strains in HEp-2 
cell lines. Int Food Res J, 25 (4): 1720-1725, 2018. 
2. World Health Organization: Revised WHO classification and treatment 
of childhood pneumonia at health facilities: Evidence summaries. WHO, 1 
p, 2022. 
3. Riquelme SA, Ahn D, Prince A: Pseudomonas aeruginosa and Klebsiella 
pneumoniae adaptation to innate immune clearance mechanisms in the 
lung. J Innate Immun, 10 (5-6): 442-454, 2018. DOI: 10.1159/000487515
4. Racedo S, Villena J, Salva S, Alvarez S: Influence of yogurt consumption 
on the respiratory immune response. Food Agric Immunol, 20 (3): 231-244, 
2009. DOI: 10.1080/09540100903061659
5. Paz D, Aleman RS, Cedillos R, Olson DW, Aryana K, Marcia J, Boeneke 
C: Probiotic characteristics of Streptococcus thermophilus and Lactobacillus 
delbrueckii ssp. bulgaricus as influenced by carao (Cassia grandis). 
Fermentation, 8 (10):499, 2022. DOI: 10.3390/fermentation8100499
6. Vicidomini C, Roviello V, Roviello GN: Molecular basis of the 

http://www.ifrj.upm.edu.my/25%20(04)%202018/(53).pdf
http://www.ifrj.upm.edu.my/25%20(04)%202018/(53).pdf
http://www.ifrj.upm.edu.my/25%20(04)%202018/(53).pdf
https://karger.com/jin/article/10/5-6/442/180353/Pseudomonas-aeruginosa-and-Klebsiella-pneumoniae
https://karger.com/jin/article/10/5-6/442/180353/Pseudomonas-aeruginosa-and-Klebsiella-pneumoniae
https://karger.com/jin/article/10/5-6/442/180353/Pseudomonas-aeruginosa-and-Klebsiella-pneumoniae
https://www.tandfonline.com/doi/full/10.1080/09540100903061659
https://www.tandfonline.com/doi/full/10.1080/09540100903061659
https://www.tandfonline.com/doi/full/10.1080/09540100903061659
https://www.mdpi.com/2311-5637/8/10/499
https://www.mdpi.com/2311-5637/8/10/499
https://www.mdpi.com/2311-5637/8/10/499
https://www.mdpi.com/2311-5637/8/10/499
https://pubmed.ncbi.nlm.nih.gov/33810416/


Kafkas Univ Vet Fak Derg
381

ABDUL KALAM SALEENA, NYAM, PUI

therapeutical potential of clove (Syzygium aromaticum L.) and clues to 
its anti-COVID-19 utility. Molecules, 26 (7):1880, 2021. DOI: 10.3390/
molecules26071880
7. Ogwaro BA, O’Gara EA, Hill DJ, Gibson H: The effect of combined 
clove and cinnamon extracts on growth and survival of Escherichia fergusonii 
and Salmonella typhimurium in milk pre and post fermentation. J Food Sci 
Nutr Res, 5 (1): 430-451, 2022. DOI: 10.26502/jfsnr.2642-11000090
8. Sáez-Orviz S, Rendueles M, Díaz M: Impact of adding prebiotics and 
probiotics on the characteristics of edible films and coatings - A review. Food 
Res Int,  164:112381, 2023. DOI: 10.1016/j.foodres.2022.112381
9. Vargas LA, Olson DW, Aryana KJ: Whey protein isolate improves acid 
and bile tolerances of Streptococcus thermophilus ST-M5 and Lactobacillus 
delbrueckii ssp: bulgaricus LB-12. J Dairy Sci, 98 (4): 2215-2221, 2015. DOI: 
10.3168/jds.2014-8869
10. Silva SPM, Ribeiro SC, Teixeira JA, Silva CCG: Application of an 
alginate-based edible coating with bacteriocin-producing Lactococcus 
strains in fresh cheese preservation. LWT, 153:112486, 2022. DOI: 10.1016/j.
lwt.2021.112486
11. Espitia PJP, Batista RA, Azeredo HMC, Otoni CG: Probiotics and their 
potential applications in active edible films and coatings. Food Res Int, 90, 
42-52, 2016. DOI: 10.1016/j.foodres.2016.10.026
12. Vieira da Silva B, Barreira JCM, Oliveira MBPP: Natural 
phytochemicals and probiotics as bioactive ingredients for functional foods: 
Extraction, biochemistry and protected-delivery technologies. Trends Food 
Sci Technol, 50, 144-158, 2016. DOI: 10.1016/j.tifs.2015.12.007
13. Mbye M, Baig MA, AbuQamar SF, El-Tarabily KA, Obaid RS, Osaili 
TM, Al-Nabulsi AA, Turner MS, Shah NP, Ayyash MM: Updates on 
understanding of probiotic lactic acid bacteria responses to environmental 
stresses and highlights on proteomic analyses. Compr Rev Food Sci Food Saf, 
19 (3): 1110-1124, 2020. DOI: 10.1111/1541-4337.12554
14. Parreidt TS, Müller K, Schmid M: Alginate-based edible films and 
coatings for food packaging applications. Foods, 7 (10): 170, 2018. DOI: 
10.3390/foods7100170
15. Himani, Kumar N, Prabhakar PK, Pant V: Physical, mechanical, 
functional, and thermal characterization of chitosan: Maltodextrin blends 
edible oral film incorporated with aqueous clove extract. Starch, 73 (1-
2):1900220, 2021. DOI: 10.1002/star.201900220
16. Kanik, Jairath G, Singh B, Dhar JB, Sharma R, Gopinath D, Sharma 
N, Mal G: Antihypertensive activity of fermented milk containing various 
aqueous herbal extracts. Int J Food Sci Agric, 5 (2): 326-331, 2021. DOI: 
10.26855/ijfsa.2021.06.018
17. Rawat K, Kumari A, Kumar R, Partibha: Spray dried fermented milk 
products. Int J Curr Microbiol Appl Sci, 9 (7): 1293-1299, 2020. DOI: 
10.20546/ijcmas.2020.907.148
18. Ribeiro MCE, Chaves KS, Gebara C, Infante FNS, Grosso CRF, 
Gigante ML: Effect of microencapsulation of Lactobacillus acidophilus 
LA-5 on physicochemical, sensory and microbiological characteristics of 
stirred probiotic yoghurt. Food Res Int, 66, 424-431, 2014. DOI: 10.1016/j.
foodres.2014.10.019
19. Downes FP, Ito K: Culture methods for enumeration of microorganisms. 
Compend Methods Microbiol Exam Foods. 4th Ed., APHA, Washington, 
D.C, 2001. 
20. Nwamaioha NO, Ibrahim SA: A selective medium for the enumeration 
and differentiation of Lactobacillus delbrueckii ssp. bulgaricus. J Dairy Sci, 
101 (6): 4953-4961, 2018. DOI: 10.3168/jds.2017-14155
21. Liu Y, Charamis N, Boeren S, Blok J, Lewis AG, Smid EJ, Abee T: 
Physiological roles of short-chain and long-chain menaquinones (vitamin 
K2) in Lactococcus cremoris. Front Microbiol, 13 (3): 1-18, 2022. DOI: 
10.3389/fmicb.2022.823623
22. Akhondali Z, Dianat M, Radan M: The antimicrobial activity of 
probiotic bacteria Escherichia coli isolated from different natural sources 
against hemorrhagic E. coli O157:H7. Electron Physician, 7 (1): 971-976, 
2015. DOI: 10.19082/6548
23. Dhawi F, El-beltagi HS, Aly E: Antioxidant, antibacterial activities and 
mineral content of buffalo yoghurt fortified with fenugreek and moringa 
oleifera seed flours. Foods, 9 (1157): 1-16, 2020. DOI: 10.3390/foods9091157

24. Elobaid R, Kaur B, Vijayalakshmi N: Isolation and identification of 
Bifidobacterium from dairy products and screening its antibacterial activity. 
Quest Int J Med Health Sci, 3 (2): 38-43, 2020. DOI: 10.5281/zenodo.4473214
25. Sablania V, Don Bosco SJ, Ahmed T, Venkateswara Sarma V: 
Antimicrobial and antioxidant properties of spray dried Murraya koenigii 
leaf powder. J Food Meas Charact, 13 (3): 2288-2297, 2019. DOI: 10.1007/
s11694-019-00148-x
26. Partheniadis I, Vergkizi S, Lazari D, Reppas C, Nikolakakis I: 
Formulation, characterization and antimicrobial activity of tablets of 
essential oil prepared by compression of spray-dried powder. J Drug Deliv 
Sci Technol, 50 (1): 226-236, 2019. DOI: 10.1016/j.jddst.2019.01.031
27. Stroescu M, Stoica-Guzun A, Isopencu G, Jinga SI, Parvulescu O, 
Dobre T, Vasilescu M: Chitosan-vanillin composites with antimicrobial 
properties. Food Hydrocoll, 48, 62-71, 2015. DOI: 10.1016/j.foodhyd. 
2015.02.008
28. Sanam MUE, Detha AIR, Rohi NK: Detection of antibacterial activity 
of lactic acid bacteria, isolated from Sumba mare’s milk, against Bacillus 
cereus, Staphylococcus aureus, and Escherichia coli. J Adv Vet Anim Res, 9 (1): 
53-58, 2022. DOI: 10.5455/javar.2022.i568
29. Gulten O, Mahabbat M, Mustafa V: The antıbacterial activities of 
syzygium aromaticum (L.) merr. & perry against oral bacteria and its 
antioxidant and antimutagenic activities. Int J Pharm Sci Res, 9 (11): 4634-
4641, 2018. 
30. Vallverdú-Queralt A, Regueiro J, Martínez-Huélamo M, Rinaldi 
Alvarenga JF, Leal LN, Lamuela-Raventos RM: A comprehensive study 
on the phenolic profile of widely used culinary herbs and spices: Rosemary, 
thyme, oregano, cinnamon, cumin and bay. Food Chem, 154 (2014): 299-
307, 2014. DOI: 10.1016/j.foodchem.2013.12.106
31. Younis HGR, Abdellatif HRS, Ye F, Zhao G: Tuning the physicochemical 
properties of apple pectin films by incorporating chitosan/pectin fiber. Int J 
Biol Macromol, 159, 213-221, 2020. DOI: 10.1016/j.ijbiomac.2020.05.060
32. Chang D, Sharma L, Dela Cruz CS, Zhang D: Clinical epidemiology, 
risk factors, and control strategies of Klebsiella pneumoniae infection. Front 
Microbiol, 12 (December): 1-9, 2021. DOI: 10.3389/fmicb.2021.750662
33. Faujdar S, Bisht D, Amisha S: Antibacterial activity of Syzygium 
aromaticum (clove) against uropathogens producing ESBL, MBL, and AmpC 
beta-lactamase: Are we close to getting a new antibacterial agent? J Fam Med 
Prim Care, 6 (2): 169-170, 2017. DOI: 10.4103%2Fjfmpc.jfmpc_908_19
34. Liu J, Shahid Mahmood M, Abbas RZ, Dillawar A, Nawaz Z, Luqman 
M, Abbas A, ur Rehman A, Rafique R: Therapeutic appraisal of ethanolic 
and aqueous extracts of clove (Syzygium aromaticum) and garlic (Allium 
sativum) as antimicrobial agent. Pak J Agric Sci, 58 (1): 245-251, 2021. DOI: 
10.21162/PAKJAS/21.650
35. Pourjafar H, Noori N, Gandomi H, Basti AA, Ansari F: Viability of 
microencapsulated and non-microencapsulated Lactobacilli in a commercial 
beverage. Biotechnol Rep, 25:e00432, 2020. DOI: 10.1016/j.btre.2020.
e00432
36. Gregirchak N, Stabnikova O, Stabnikov V: Application of lactic acid 
bacteria for coating of wheat bread to protect it from microbial spoilage. 
Plant Foods Hum Nutr, 75 (2): 223-229, 2020. DOI: 10.1007/s11130-020-
00803-5
37. Gul O, Atalar I: Different stress tolerance of spray and freeze dried 
Lactobacillus casei shirota microcapsules with different encapsulating 
agents. Food Sci Biotechnol, 28 (3): 807-816, 2019. DOI: 10.1007%2Fs10068-
018-0507-x
38. Kiekens S, Vandenheuvel D, Broeckx G, Claes I, Allonsius C, De 
Boeck I, Thys S, Timmermans JP, Kiekens F, Lebeer S: Impact of spray-
drying on the pili of Lactobacillus rhamnosus GG. Microb Biotechnol, 12 (5): 
849-855, 2019. DOI: 10.1111%2F1751-7915.13426
39. El-Sayed HS, Salama HH, Edris AE: Survival of Lactobacillus helveticus 
CNRZ32 in spray dried functional yogurt powder during processing 
and storage. J Saudi Soc Agric Sci, 19 (7): 461-467, 2020. DOI: 10.1016/j.
jssas.2020.08.003
40. Sogut E, Filiz BE, Seydim AC: Whey protein isolate- and carrageenan-
based edible films as carriers of different probiotic bacteria. J Dairy Sci, 105 
(6): 4829-4842, 2022. DOI: 10.3168/jds.2021-21245

https://pubmed.ncbi.nlm.nih.gov/33810416/
https://pubmed.ncbi.nlm.nih.gov/33810416/
https://pubmed.ncbi.nlm.nih.gov/33810416/
https://www.fortunejournals.com/articles/the-effect-of-combined-clove-and-cinnamon-extracts-on-growth-and-surviv.pdf
https://www.fortunejournals.com/articles/the-effect-of-combined-clove-and-cinnamon-extracts-on-growth-and-surviv.pdf
https://www.fortunejournals.com/articles/the-effect-of-combined-clove-and-cinnamon-extracts-on-growth-and-surviv.pdf
https://www.fortunejournals.com/articles/the-effect-of-combined-clove-and-cinnamon-extracts-on-growth-and-surviv.pdf
https://www.sciencedirect.com/science/article/pii/S0963996922014399#:~:text=Besides%2C%20the%20addition%20of%20prebiotics,films%20and%20coatings%20being%20developed.
https://www.sciencedirect.com/science/article/pii/S0963996922014399#:~:text=Besides%2C%20the%20addition%20of%20prebiotics,films%20and%20coatings%20being%20developed.
https://www.sciencedirect.com/science/article/pii/S0963996922014399#:~:text=Besides%2C%20the%20addition%20of%20prebiotics,films%20and%20coatings%20being%20developed.
https://www.sciencedirect.com/science/article/pii/S002203021500034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002203021500034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002203021500034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002203021500034X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002364382101639X
https://www.sciencedirect.com/science/article/pii/S002364382101639X
https://www.sciencedirect.com/science/article/pii/S002364382101639X
https://www.sciencedirect.com/science/article/pii/S002364382101639X
https://www.sciencedirect.com/science/article/pii/S0963996916304550
https://www.sciencedirect.com/science/article/pii/S0963996916304550
https://www.sciencedirect.com/science/article/pii/S0963996916304550
https://www.sciencedirect.com/science/article/pii/S0924224415301448
https://www.sciencedirect.com/science/article/pii/S0924224415301448
https://www.sciencedirect.com/science/article/pii/S0924224415301448
https://www.sciencedirect.com/science/article/pii/S0924224415301448
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12554
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12554
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12554
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12554
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12554
https://www.mdpi.com/2304-8158/7/10/170
https://www.mdpi.com/2304-8158/7/10/170
https://www.mdpi.com/2304-8158/7/10/170
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201900220
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201900220
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201900220
https://onlinelibrary.wiley.com/doi/full/10.1002/star.201900220
https://wap.hillpublisher.com/ArticleDetails.aspx?cid=618
https://wap.hillpublisher.com/ArticleDetails.aspx?cid=618
https://wap.hillpublisher.com/ArticleDetails.aspx?cid=618
https://wap.hillpublisher.com/ArticleDetails.aspx?cid=618
https://www.researchgate.net/publication/344049561_Spray_Dried_Fermented_Milk_Products
https://www.researchgate.net/publication/344049561_Spray_Dried_Fermented_Milk_Products
https://www.researchgate.net/publication/344049561_Spray_Dried_Fermented_Milk_Products
https://www.sciencedirect.com/science/article/pii/S0963996914006656
https://www.sciencedirect.com/science/article/pii/S0963996914006656
https://www.sciencedirect.com/science/article/pii/S0963996914006656
https://www.sciencedirect.com/science/article/pii/S0963996914006656
https://www.sciencedirect.com/science/article/pii/S0963996914006656
https://www.sciencedirect.com/science/article/pii/S0022030218303102
https://www.sciencedirect.com/science/article/pii/S0022030218303102
https://www.sciencedirect.com/science/article/pii/S0022030218303102
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.823623/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.823623/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.823623/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.823623/full
https://www.ephysician.ir/index.php/browse-issues/10/3/989-6548
https://www.ephysician.ir/index.php/browse-issues/10/3/989-6548
https://www.ephysician.ir/index.php/browse-issues/10/3/989-6548
https://www.ephysician.ir/index.php/browse-issues/10/3/989-6548
https://www.mdpi.com/2304-8158/9/9/1157
https://www.mdpi.com/2304-8158/9/9/1157
https://www.mdpi.com/2304-8158/9/9/1157
https://ojs.qiu.edu.my/journal/index.php/qijmhs/article/view/36
https://ojs.qiu.edu.my/journal/index.php/qijmhs/article/view/36
https://ojs.qiu.edu.my/journal/index.php/qijmhs/article/view/36
https://link.springer.com/article/10.1007/s11694-019-00148-x
https://link.springer.com/article/10.1007/s11694-019-00148-x
https://link.springer.com/article/10.1007/s11694-019-00148-x
https://link.springer.com/article/10.1007/s11694-019-00148-x
https://www.sciencedirect.com/science/article/pii/S1773224718313881
https://www.sciencedirect.com/science/article/pii/S1773224718313881
https://www.sciencedirect.com/science/article/pii/S1773224718313881
https://www.sciencedirect.com/science/article/pii/S1773224718313881
https://www.sciencedirect.com/science/article/pii/S0268005X15000697
https://www.sciencedirect.com/science/article/pii/S0268005X15000697
https://www.sciencedirect.com/science/article/pii/S0268005X15000697
https://www.sciencedirect.com/science/article/pii/S0268005X15000697
https://www.ejmanager.com/mnstemps/39/39-1628130801.pdf?t=1713532463
https://www.ejmanager.com/mnstemps/39/39-1628130801.pdf?t=1713532463
https://www.ejmanager.com/mnstemps/39/39-1628130801.pdf?t=1713532463
https://www.ejmanager.com/mnstemps/39/39-1628130801.pdf?t=1713532463
https://www.researchgate.net/publication/349492977_THE_ANTIBACTERIAL_ACTIVITIES_OF_SYZYGIUM_AROMATICUM_L_MERR_PERRY_AGAINST_ORAL_BACTERIA_AND_ITS_ANTIOXIDANT_AND_ANTIMUTAGENIC_ACTIVITIES
https://www.researchgate.net/publication/349492977_THE_ANTIBACTERIAL_ACTIVITIES_OF_SYZYGIUM_AROMATICUM_L_MERR_PERRY_AGAINST_ORAL_BACTERIA_AND_ITS_ANTIOXIDANT_AND_ANTIMUTAGENIC_ACTIVITIES
https://www.researchgate.net/publication/349492977_THE_ANTIBACTERIAL_ACTIVITIES_OF_SYZYGIUM_AROMATICUM_L_MERR_PERRY_AGAINST_ORAL_BACTERIA_AND_ITS_ANTIOXIDANT_AND_ANTIMUTAGENIC_ACTIVITIES
https://www.researchgate.net/publication/349492977_THE_ANTIBACTERIAL_ACTIVITIES_OF_SYZYGIUM_AROMATICUM_L_MERR_PERRY_AGAINST_ORAL_BACTERIA_AND_ITS_ANTIOXIDANT_AND_ANTIMUTAGENIC_ACTIVITIES
https://europepmc.org/article/med/24518346
https://europepmc.org/article/med/24518346
https://europepmc.org/article/med/24518346
https://europepmc.org/article/med/24518346
https://europepmc.org/article/med/24518346
https://www.sciencedirect.com/science/article/pii/S0141813020332128
https://www.sciencedirect.com/science/article/pii/S0141813020332128
https://www.sciencedirect.com/science/article/pii/S0141813020332128
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.750662/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.750662/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.750662/full
https://journals.lww.com/jfmpc/Fulltext/2020/09010/Antibacterial_activity_of_Syzygium_aromaticum.33.aspx
https://journals.lww.com/jfmpc/Fulltext/2020/09010/Antibacterial_activity_of_Syzygium_aromaticum.33.aspx
https://journals.lww.com/jfmpc/Fulltext/2020/09010/Antibacterial_activity_of_Syzygium_aromaticum.33.aspx
https://journals.lww.com/jfmpc/Fulltext/2020/09010/Antibacterial_activity_of_Syzygium_aromaticum.33.aspx
https://www.researchgate.net/publication/348446483_Therapeutic_appraisal_of_ethanolic_and_aqueous_extracts_of_clove_Syzygium_aromaticum_and_garlic_allium_sativum_as_antimicrobial_agent
https://www.researchgate.net/publication/348446483_Therapeutic_appraisal_of_ethanolic_and_aqueous_extracts_of_clove_Syzygium_aromaticum_and_garlic_allium_sativum_as_antimicrobial_agent
https://www.researchgate.net/publication/348446483_Therapeutic_appraisal_of_ethanolic_and_aqueous_extracts_of_clove_Syzygium_aromaticum_and_garlic_allium_sativum_as_antimicrobial_agent
https://www.researchgate.net/publication/348446483_Therapeutic_appraisal_of_ethanolic_and_aqueous_extracts_of_clove_Syzygium_aromaticum_and_garlic_allium_sativum_as_antimicrobial_agent
https://www.researchgate.net/publication/348446483_Therapeutic_appraisal_of_ethanolic_and_aqueous_extracts_of_clove_Syzygium_aromaticum_and_garlic_allium_sativum_as_antimicrobial_agent
https://www.sciencedirect.com/science/article/pii/S2215017X19305223
https://www.sciencedirect.com/science/article/pii/S2215017X19305223
https://www.sciencedirect.com/science/article/pii/S2215017X19305223
https://www.sciencedirect.com/science/article/pii/S2215017X19305223
https://link.springer.com/article/10.1007/s11130-020-00803-5
https://link.springer.com/article/10.1007/s11130-020-00803-5
https://link.springer.com/article/10.1007/s11130-020-00803-5
https://link.springer.com/article/10.1007/s11130-020-00803-5
https://link.springer.com/article/10.1007/s10068-018-0507-x
https://link.springer.com/article/10.1007/s10068-018-0507-x
https://link.springer.com/article/10.1007/s10068-018-0507-x
https://link.springer.com/article/10.1007/s10068-018-0507-x
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.13426
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.13426
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.13426
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.13426
https://www.sciencedirect.com/science/article/pii/S1658077X2030059X
https://www.sciencedirect.com/science/article/pii/S1658077X2030059X
https://www.sciencedirect.com/science/article/pii/S1658077X2030059X
https://www.sciencedirect.com/science/article/pii/S1658077X2030059X
https://www.sciencedirect.com/science/article/pii/S0022030222002259
https://www.sciencedirect.com/science/article/pii/S0022030222002259
https://www.sciencedirect.com/science/article/pii/S0022030222002259


382

Edible Film with Functional Milk Powder Kafkas Univ Vet Fak Derg

41. Ma D, Jiang Y, Ahmed S, Qin W, Liu Y: Physical and antimicrobial 
properties of edible films containing Lactococcus lactis. Int J Biol Macromol, 
141, 378-386, 2019. DOI: 10.1016/j.ijbiomac.2019.09.006
42. Martins E, Cnossen DC, Silva CRJ, Cezarino JC, Nero LA, Perrone IT, 
Carvalho AF: Determination of ideal water activity and powder temperature 
after spray drying to reduce Lactococcus lactis cell viability loss. J Dairy Sci, 
102 (7): 6013-6022, 2019. DOI: 10.3168/jds.2019-16297
43. Tan EW, Tan KY, Phang LV, Kumar PV, In LLA: Enhanced 
gastrointestinal survivability of recombinant Lactococcus lactis using a 
double coated mucoadhesive film approach. PLoS One, 14 (7):e0219912, 
2019. DOI: 10.1371/journal.pone.0219912
44. Beeram E, Silpa C: Antagonist effect of Lactococcus on Pseudomonas 
aeruginosa isolated from milk and curd. Sci Arch, 2 (2): 109-112, 2021. DOI: 
10.47587/SA.2021.2208
45. Bragason E, Berhe T, Dashe D, Sørensen KI, Guya ME, Hansen EB: 
Antimicrobial activity of novel Lactococcus lactis strains against Salmonella 
Typhimurium DT12, Escherichia coli O157:H7 VT− and Klebsiella 
pneumoniae in raw and pasteurised camel milk. Int Dairy J, 111:104832, 
2020. DOI: 10.1016/j.idairyj.2020.104832
46. Jamalifar H, Rahimi HR, Samadi N, Shaverdi AR, Sharifian Z, 

Hosseini F, Eslahi H, Fazeli M: Antimicrobial activity of different 
Lactobacillus species against multi-drug resistant clinical isolates of 
Pseudomonas aeruginosa. Iran J Microbiol, 3 (1): 21-25, 2011.
47. Pulusani SR, Rao DR, Sunki GR: Antimicrobial activity of lactic 
cultures: Partial purification and characterization of antimicrobial 
compound(s) produced by Streptococcus thermophilus. J Food Sci, 44 (2): 
575-578, 1979. DOI: 10.1111/j.1365-2621.1979.tb03839.x
48. Yerlikaya O, Saygili D, Akpinar A: Evaluation of antimicrobial activity 
and antibiotic susceptibility profiles of Lactobacillus delbrueckii subsp. 
bulgaricus and Streptococcus thermophilus strains isolated from commercial 
yoghurt starter cultures. Food Sci Technol, 41 (2): 418-425, 2021. DOI: 
10.1590/fst.03920
49. Akpinar A, Yerlikaya O, Kiliç S: Antimicrobial activity and antibiotic 
resistance of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus 
thermophilus strains isolated from Turkish homemade yoghurts. J Microbiol, 
5 (6): 675-682, 2011.
50. Stanojević-Nikolić S, Dimić G, Mojović L, Pejin J, Djukić-Vuković A, 
Kocić-Tanackov S: Antimicrobial activity of lactic acid against pathogen 
and spoilage microorganisms. J Food Process Preserv, 40 (5): 990-998, 2016. 
DOI: 10.1111/jfpp.12679

https://www.sciencedirect.com/science/article/pii/S0141813019343764#:~:text=Films%20containing%20Lactococcus%20lactis%20showed,strength%20and%20elongation%20at%20break.
https://www.sciencedirect.com/science/article/pii/S0141813019343764#:~:text=Films%20containing%20Lactococcus%20lactis%20showed,strength%20and%20elongation%20at%20break.
https://www.sciencedirect.com/science/article/pii/S0141813019343764#:~:text=Films%20containing%20Lactococcus%20lactis%20showed,strength%20and%20elongation%20at%20break.
https://www.sciencedirect.com/science/article/pii/S0022030219303911?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219303911?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219303911?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022030219303911?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219912
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219912
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219912
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0219912
https://sciencearchives.org/wp-content/uploads/2021/07/Science-Archives-2021-Vol.-2-2-109-112-1.pdf
https://sciencearchives.org/wp-content/uploads/2021/07/Science-Archives-2021-Vol.-2-2-109-112-1.pdf
https://sciencearchives.org/wp-content/uploads/2021/07/Science-Archives-2021-Vol.-2-2-109-112-1.pdf
https://www.sciencedirect.com/science/article/pii/S0958694620302028
https://www.sciencedirect.com/science/article/pii/S0958694620302028
https://www.sciencedirect.com/science/article/pii/S0958694620302028
https://www.sciencedirect.com/science/article/pii/S0958694620302028
https://www.sciencedirect.com/science/article/pii/S0958694620302028
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279796/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279796/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279796/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279796/ 
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1979.tb03839.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1979.tb03839.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1979.tb03839.x
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1979.tb03839.x
https://www.scielo.br/j/cta/a/hCqCcpHjZwCdYFDsgrnBFsr/?lang=en
https://www.scielo.br/j/cta/a/hCqCcpHjZwCdYFDsgrnBFsr/?lang=en
https://www.scielo.br/j/cta/a/hCqCcpHjZwCdYFDsgrnBFsr/?lang=en
https://www.scielo.br/j/cta/a/hCqCcpHjZwCdYFDsgrnBFsr/?lang=en
https://www.scielo.br/j/cta/a/hCqCcpHjZwCdYFDsgrnBFsr/?lang=en
https://www.researchgate.net/publication/228471379_Antimicrobial_activity_and_antibiotic_resistance_of_Lactobacillus_delbrueckii_ssp_bulgaricus_and_Streptococcus_thermophilus_strain_isolated_from_Turkish_homemade_yoghurts
https://www.researchgate.net/publication/228471379_Antimicrobial_activity_and_antibiotic_resistance_of_Lactobacillus_delbrueckii_ssp_bulgaricus_and_Streptococcus_thermophilus_strain_isolated_from_Turkish_homemade_yoghurts
https://www.researchgate.net/publication/228471379_Antimicrobial_activity_and_antibiotic_resistance_of_Lactobacillus_delbrueckii_ssp_bulgaricus_and_Streptococcus_thermophilus_strain_isolated_from_Turkish_homemade_yoghurts
https://www.researchgate.net/publication/228471379_Antimicrobial_activity_and_antibiotic_resistance_of_Lactobacillus_delbrueckii_ssp_bulgaricus_and_Streptococcus_thermophilus_strain_isolated_from_Turkish_homemade_yoghurts
https://www.sciencedirect.com/science/article/pii/S0956713512006561
https://www.sciencedirect.com/science/article/pii/S0956713512006561
https://www.sciencedirect.com/science/article/pii/S0956713512006561
https://www.sciencedirect.com/science/article/pii/S0956713512006561

