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Abstract

Nigella sativa (black cumin) is known for its antibacterial activity. However, available literature does not sufficiently explore
the possible interactions with the natural wild microflora in complex food matrices. This study is using as model food matrix,
a traditionally manufactured cheese, without additives, without starter cultures and without pathogen culture, to study the
antimicrobial effect of Nigella sativa seed oil (NSSO), as well as the physicochemical properties of this food matrix during
the study. The experiment included three batches of food matrix: control batch without NSSO, 0.1% and 0.2% w/w NSSO
enriched batch. Natural occurring E.coli, coliforms and Staphylococcus spp. were significantly inhibited by NSSO. Total
bacterial count (APC) registered significant improvement during the experiment. The antimicrobial activity of NSSO proved
selective, as no significant effect was seen on the beneficial LAB. NSSO significantly improved the sensory qualities of the
food matrix samples. NSSO kept significant selective antimicrobial effect when used with a complex food matrix, without
altering the physicochemical properties of this food matrix, suggesting that NSSO could be a natural antibiotic candidate that
could be used as food dietary supplement.

Rezumat

Nigella sativa (chimenul negru) este cunoscut pentru activitatea antimicrobiand. Cu toate acestea, literatura stiintifica
disponibila pana in prezent, nu aprofundeaza interactiunile cu flora microbiana naturala a substraturilor alimentare complexe.
Studiul de fata utilizeaza ca model de substrat alimentar, un sortiment de branza traditionald, obtinuta fara aditivi, fara culturi
starter si neaditionatd experimental cu germeni patogeni, pentru a studia efectul antimicrobian al uleiului semintelor de
Nigella sativa (NSSO), precum si proprietatile fizico-chimice ale substratului alimentar pe parcursul studiului. Experimentul
a constat in utilizarea a trei loturi de substrat alimentar experimental: lotul de control, farda NSSO, si loturile imbogatite cu
0,1% si respectiv, 0,2% m/m NSSO. Tulpinile salbatice de E. coli, coliformi si Staphylococcus spp. au fost semnificativ
inhibate pe durata experimentului. Numarul total de germeni a inregistrat imbunatatire semnificativa sub influenta NSSO pe
durata experimentului. Activitatea antimicrobiand a NSSO a fost selectiva, intrucat tulpinile de bacterii acido-lactice benefice
nu au fost inhibate. NSSO a imbunatatit calitatile organoleptice ale substratului alimentar utilizat. NSSO a mentinut efectul
antimicrobian la utilizarea Tmpreuna cu un substrat alimentar, fara a altera proprietatile fizico-chimice ale acestuia, sugerand
faptul cd NSSO ar putea fi un candidat antibiotic natural, care poate fi utilizat ca supliment alimentar.
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Introduction has increasingly been reported by recent studies [5,
6, 28, 30, 40, 49, 70, 73, 76].

Nigella sativa is known for various beneficial effects,
among which the antibacterial activity was extensively
studied, either as possible development of
pharmacological remedies or as food additive. Black
cumin seeds have been extensively used as spices in
a wide range of foods and beverages especially in
Middle and Far East countries, being appreciated for a
wide range of pharmacological actions, such as anti-
diabetic, anticancerous, immunity modulator, analgesic,
antimicrobial, anti-inflammatory, spasmolytic, broncho-

The antimicrobial resistance of pathogens remains a
major problem for the public health, as multi-resistant
isolates of opportunistic and pathogenic microorganisms
are rapidly spreading [17, 21, 23, 27, 32, 33, 54, 62, 65].
The scientific community has been targeting in vitro
and in vivo studies of antimicrobial effects of various
natural compounds, as alternatives to conventional
therapy, or as prophylactic solutions [38]. A continuous
search of antimicrobial solutions against various
pathogens, adequate as natural additives in foods,
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dilator, antioxidant etc. [3, 25, 39, 67]. Most of Nigella
sativa therapeutic properties have been attributed to
thymoquinone, considered the most significant bio-
active component of the essential oil [48]. Nigella
sativa is commonly added to food, as seeds [41] or
essential oil [2, 46, 59], for various beneficial effects.
Recent literature provides studies of Nigella sativa
seeds or cold pressed oil effects on the overall quality
of various foods [4, 22, 45, 55, 72]. The antimicrobial
effects of Nigella sativa have extensively been studied
in vitro [15, 16, 29, 31, 43, 60, 74] and in vivo [66]
against various microorganisms such as Streptococcus,
Enterobacteriaceae, Staphylococcus, Salmonella,
Helicobacter, Listeria, Pseudomonas, Clostridium,
Klebsiella, Proteus etc. However, available
literature does not provide sufficient information to
the unknown interactions with the natural wild
microflora in complex food matrices, which
undergo under ripening [1]. The antimicrobial
activity of Nigella sativa is influenced by the
complex microbiological and physicochemical
processes which take place in food matrices. Most
of the studies focus on experimental food matrices
inoculated with starter cultures (lactic acid bacteria-
LAB), but also with pathogenic bacteria cultures, in
various concentrations, used for evaluating the
antimicrobial effect of Nigella sativa. For example,
in our previous research [37], considerable reduced
counts of Staphylococcus aureus, Listeria
monocytogenes, E. coli and Salmonella enteritidis
were revealed for 0.1 - 1% w/w NSSO enriched
food matrix, when compared to control.

Each type of food matrix is considered a unique
microbial ecosystem, which requires an individual
approach, as indicated by numerous literatures
references [19, 34, 36, 61, 68, 69, 77]. Therefore, this
study is proposing a new approach in investigating
the potential antimicrobial effect of Nigella sativa
seed oil (NSSO), by using as food matrix, a model of
traditionally manufactured cheese, without addition
of starter cultures and by using only the natural
contaminating microflora.

Materials and Methods

Nigella sativa cold pressed seed oil. Nigella sativa
(black cumin) cold pressed seed oil (Negriol™) was
purchased from a company in Romania, Aghoras
Invent SRL, Bucharest.

Food matrix used for antimicrobial testing. For
experimental production of the food matrix, milk
received at processing unit was checked for titratable
acidity (between 16 - 19°T), fat content and
temperature (4 - 8°C). The fat content of raw milk
was standardized to 4%, leading to 45% fat in dry
matter (%FDM) in final food matrix. The average
experimental cheese yield from milk was 12 - 15/100 L.
Milk was received refrigerated (4 - 8°C) and heated
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mildly at 30 - 35°C. No starter culture was used before
curdling and there was no addition of calcium chloride,
the milk being used raw, with natural lactic acid
bacteria content. The experiment included three batches
of food matrix: control cheese without NSSO, 0.1%
w/w NSSO enriched cheeses and 0.2% w/w NSSO
enriched cheeses. The NSSO was added to the mildly
heated milk in the respective concentrations, before
renneting. The content of the Ideal® rennet dose (8 g)
was diluted in 250 mL warm distilled water and 25 mL
solution were added to 10 L warm milk (30 - 35°C),
under continuous manual mixing for 10 minutes.
Coagulation time was 30 - 45 minutes. The soft curd
was left for further solidification needed for processing,
for 15 - 30 minutes. All previous, as well as further
stages of food matrix obtaining, were followed
according to the usual, traditional brined cheese
manufacturing [71]. The soft curd is processed through
repeated pressing and cutting into pieces until left
resting for 20 minutes before cutting to final size cubes
(12/12 cm). The brine concentration was 6 - 8%.
Brining was performed at maximum 16°C, for 24 hours
and was followed by drying for 12 hours at 2 - 8°C
on wood shelves. Experimental food matrix samples
were packed in vacuumed plastic bags and kept
refrigerated (4 - 8°C) for 42 days.

Microbiological analysis. E. coli and coliforms
enumeration was performed using 3M™ Petrifilm™
E. coli/Coliform Count Plate (PetriﬁlmTM EC, St. Paul,
Minnesota, USA). Plating, incubation and interpretation
(counting on standard colony counter) were performed
according to AOAC Official Methods for total
coliforms [13]. Staphylococcus aureus enumeration
was performed using 3M™ Petrifilm™ Staph Express
Count System (St. Paul, Minnesota, USA) and Petrifilm
Staph Express disk [8]. Lactic acid bacteria (LAB)
isolation was performed using Rogosa agar (Difco™
Rogosa SL Agar) and incubation in Petri dish at 35 +
2°C for 48 hours in CO, gas pack system (using BBL
Gas Pak CO,, BD 270308). This medium is specific
for Lactobacillus spp. [24]. Total aerobic plate count
(APC) was performed using the 3M Petrifilm™
Aerobic Plate Count System (St. Paul, Minnesota,
USA) [11].

Physicochemical analysis. Experimental food matrix
samples were analysed in duplicates for moisture, fat,
protein contents, at 0, 14, 28, 35 and 42 days of
ripening, according to the AOAC Official Methods
of Analysis [9, 10, 12]. Titratable acidity of the
sample was determined using the AOAC Official
Methods of Analysis [14]. The pH of samples was
measured by electrometric method using two measuring
devices: the Fisher Scientific Accumet Basic pH-
meter, used directly by insertion in the sample and the
InoLab pH 740 pH/meter, used for measuring the pH
of processed sample. The water suspension (1 g/10 mL
bidistilled water) of the sample was homogenised
using the Homogenizer Gas-Col™ at 4000 rpm and
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then centrifuged using the Sigma 2K15 centrifuge,
for 10 - 15 minutes at 4°C. The supernatant was used
for pH measurement. The pH values were expressed
as average of the two readings.

Sensory evaluation. Sensory analysis of the experimental
cheese samples was performed according to the
descriptive sensory analysis method [50, 52]. The
analysis was performed by a panel of 10 assessors, all
medical doctors with no experience in cheese sensory
evaluation, in order to express the impressions of
regular consumers. The samples were assessed for
flavour, body and texture, appearance and overall
quality right after processing, at 14, 28 and 42 days
of ripening. These attributes were awarded different
ratios in the total score of the sample: overall quality
40%, flavour 30%, body and texture 20% and
appearance 10%. All individual attributes were scored
according to the 10 points hybrid hedonic scale (0 =
dislike extremely, 5 = neither liked, nor disliked, 10 =
like extremely), because it is easier to be used by
untrained assessors in comparison the classical 9-point
hedonic scale [64].

Data analysis. For the physicochemical testing, each
sample was in duplicates. For the sensory evaluation,
data from 10 panellists was averaged + standard
deviation. Data analysis was performed by One way
analysis of variance (ANOVA) using SAS [7]. The
threshold of significance level was p <0.05. The
repetitions of determinations were not considered in
statistical significance calculations.

Results and Discussion

Antimicrobial effect of NSSO against naturally
occurring E. coli, coliforms, in the model food matrix
The supplementation with NSSO revealed significant
antibacterial action against E. coli (the f-ratio value is
3.93321; the p-value is 0.042335; the result is significant
at p < 0.05), after one week of ripening, as indicated
by the results of enumeration performed in control
cheeses compared with NSSO enriched cheese samples
(Figure 1). The average log CFU/g throughout ripening
was 3.69 + 0.3571 for control cheeses, while for 0.1%
w/w and 0.2% w/w NSSO samples it was 3.26 +
0.505 and 2.87 + 0.6197, respectively. Also, there
was significant decrease in E. coli population starting
from ripening day 7, throughout the rest of the ripening
period (the f-ratio value is 4.50337; the p-value is
0.024433) in all cheese treatment batches, with the
lowest residual contamination value for 0.2% w/w
NSSO cheese, of 2.07 log CFU/g at 42 days of
ripening.

The supplementation with NSSO also revealed
significant differences (the f-ratio value is 3.61277;
the p-value is 0.047961) in coliforms contamination
fluctuation, between the experimental cheeses
supplemented with NSSO and the control cheese
(Figure 2). However, no significant differences were
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noticed in terms of antibacterial activity against
coliforms, between 0.1% w/w NSSO and 0.2% w/w
NSSO batches (the f-ratio value is 1.82077; the p-
value is 0.20213), even though the counts were lower
throughout ripening for 0.2% w/w NSSO cheeses
(Figure 2).
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Figure 1.
E. coli count in food matrix samples over 42 days
(enriched with 0.1% and 0.2% w/w NSSO, compared
with control cheese)
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Figure 2.
Coliforms’ count in food matrix samples over 42
days (enriched with 0.1% and 0.2% w/w NSSO,
compared with control cheese)

Day 28 Day 35 Day 42

The antibacterial effect of NSSO on E. coli and
coliforms was also cited by other recent studies, which
revealed in vitro inhibitory action of various extracts
and cold pressed oil, against pathogenic strains of E.
coli, Salmonella, Helicobacter pylori [15]. The overall
dropping of E. coli and coliforms’ counts during the
experiment is consistent with pH and titratable acidity
dynamics, as increased acidity levels prevent
multiplication of such pathogens. These results are
slightly different from other studies, which report
insignificant differences between the rates of E. coli
and coliforms decrease of the NSSO treated cheeses
and control cheeses [24], but resemble other reports
indicating 0.1% and 0.2% Nigella sativa oil addition
has significant effect over E.coli count reduction in
cheese [46].
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Antimicrobial effect of NSSO against naturally
occurring Staphylococcus spp. in model food matrix
The antimicrobial effect of Nigella sativa oil and
extracts on Staphylococcus spp. is extensively cited
throughout literature, both in vitro [29, 31, 75] and in
vivo experiments [16, 42, 67]. Also, Staphylococcus
spp. is a commonly found contaminant of raw milk
cheeses, especially those processed through traditional
methods, as revealed in recent studies [51, 57]. As
staphylococci can grow at high sodium chloride
concentrations, brined cheeses are commonly associated
with Staphylococcus contamination from milking and
processing environment and personnel, staphylococcal
toxins being a frequent cause of foodborne intoxications
[20, 47]. Therefore it was expected to find natural
staphylococcal contamination of the food matrix and
the revealed counts were not high enough for entero-
toxin production (Figure 3). For all cheese samples,
Staphylococcus counts dropped starting with the 7™
day, after slight, non-significant rising shift during the
first 7 days (p < 0.05). This may also be correlated with
the dropping trend of pH values in all cheeses, as
staphylococcal growth is limited at pH values below
5.8-6[26].
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Figure 3.
Staphylococcus spp. count in food matrix samples
over 42 days (enriched with 0.1% and 0.2% w/w
NSSO, compared with control cheese)

Day 28 Day 35 Day 42

NSSO was significantly associated with lower
staphylococcal counts (the f-ratio value is 4.02393;
the p-value is 0.035934) than the ones noticed for
control samples, throughout the study length (Figure 3).
These findings are in agreement with other studies
which report significant reducing effect against the
proliferation of S. aureus by addition of NSSO [46].
Another opinion phrased by similar research states
that both 0.1% and 0.2% NSSO supplementation
induce significantly reduced counts in S. aureus and
E. coli, but 0.2% concentration showed the most
intense effect [55]. Most authors consider a decrease
of 1.3 - 1.5 log CFU/g, by the 21% day, as being
significant [46]. This study analysed the degree of
significance in terms of difference in count dynamics
between treatment groups and control, throughout the

1031

study, as this comparison was considered useful for
assessing the impact of NSSO on natural contaminating
microflora in regular ripening conditions and not the
antimicrobial capacity of Nigella sativa seed oil on
its own.

Antimicrobial effect of NSSO against aerobic plate
count (APC) in model food matrix

For the first 4 weeks, no significant differences (the
f-ratio value is 0.721; the p-value is 0.499787) were
noticed between treatment groups of cheeses in terms
of APC (Figure 4). Nevertheless, for the last two
weeks of (Day 28 - Day 42), the difference in LAB
counts was significant between treatment groups (the
f-ratio value is 15.03183; the p-value is 0.027331).
By the 42™ day, the reduction in APC reached 2 log
CFU/g for 0.2% w/w NSSO and only 1 log CFU/g
for control. These findings are different from all the
other similar studies which report insignificant
inhibitory action of NSSO against total bacterial count
(APC). Since APC is inextricably linked to the hygiene
level, these findings reveal a positive effect of NSSO
on the microbiological quality by significantly reducing
microbial load at the end of the study.
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Figure 4.
Aerobic plate count (APC) in food matrix samples
over 42 days (enriched with 0.1% and 0.2% w/w
NSSO, compared with control cheese)
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Antimicrobial effect of NSSO against naturally
occurring lactic acid bacteria (LAB) in model food
matrix

There are numerous studies which report analysis
of the particular lactic acid bacteria of similar food
matrices, indicating the importance of this natural
set of starting bacteria, which is strongly associated
with the quality of these foods [18]. Naturally
occurring lactic acid bacteria (LAB) are considered
essential competitors for the pathogenic microorganisms
throughout ripening, so any natural additive should
not induce LAB inhibition along with pathogen
inhibition. Natural LAB garnish have been reported to
present special adaptive features to the environment
and to local pathogens, including bacteriophage [36].
Therefore, no artificial LAB enrichment was done
and results still revealed high counts of LAB in all
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treatment samples (6.74 - 6.83 log CFU/g). No
significant differences were noticed between cheese
treatments in terms of LAB counts throughout the
study length (p < 0.05) (Figure 5), which is in agreement
with the findings reported by other authors [55].
Similar selective antimicrobial activity which does not
interfere with lactobacilli, lactococci and enterococci,
but induces inhibition of pathogenic bacteria, was
reported for Nigella sativa seeds added to cheese [72].
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Figure 5.

Lactic acid bacteria (LAB) count in experimental food

matrix samples over 42 days (enriched with 0.1% and

0.2% w/w NSSO, compared with control cheese)

The impact of this research is given by the findings
related to the selective antimicrobial activity of NSSO,
in the particular context of the study protocol, which
focuses on evaluating the functional effect of NSSO
in traditionally made cheese, without additives such
as starter cultures and without pathogen cultures
addition. This natural microbiological environment
with high specificity may imply a certain degree of
contaminant bacteria resistance to antimicrobial solutions
on one hand, and to the natural LAB, on the other
hand. Therefore, the efficiency of NSSO as antimicrobial
agent against the natural contaminating wild strains
of staphylococci, E. coli and coliforms is especially
relevant considering the simultaneous keeping of

natural LAB at considerable high levels throughout
the study length (6.04 log CFU/g LAB in control
batch and 6.25 log CFU/g LAB in 0.2% w/w NSSO
batch, after 42 days).

Sensory evaluation of the food matrix samples

The food matrix samples enriched with NSSO scored
significantly higher overall quality grades compared
with control batch of food matrix (the f-ratio value is
13.68585; the p-value is < 0.00001), with an average
of 8.05 £ 0.4501 for control batch, 8.5 + 0.5547 for
0.1% w/w NSSO batch and 8.625 + 0.5401 for
0.2% w/w NSSO batch. A slight increase of overall
quality scores can be noticed during the experiment
for control batch samples (from 7.9 £ 0.5676 for fresh
cheeses, to 8.2 £ 0.4216 for 42-day ripened cheeses),
but no significance could be noticed (the f-ratio value
is 0.81081; the p-value is 0.496261). For NSSO
enriched batch, the overall quality seemed relatively
constant, as average scores raised and dropped without
an obvious pattern throughout the study.

Total scores of the cheese samples calculated according
to the ratios established for the considered attributes
(overall quality 40%, flavour 30%, body and texture
20% and appearance 10%) indicated that there is
significant difference (the f-ratio value is 35.69971;
the p-value is 0.000053) in perception of the panellists
in the total quality of the cheese enriched with NSSO,
in comparison with the control samples (Table I). The
cheeses with 0.2% w/w NSSO scored the highest
grade (85.9 + 1.0033), followed by 0.1% w/w NSSO
cheeses (83.6 = 0.7438), while control cheeses scored
the lowest grade (80.375 + 1.0144). The scores appear
to slightly improve over the study length, for all cheese
samples, as indicated by data in Table I, but there was
no statistical significance to this matter (The f-ratio
value is 0.2464; the p-value is 0.861691). These
findings are in agreement with our previous research
[35], which indicated that the most appropriate NSSO
concentration for food matrix supplementation ranges
within 0.05 - 0.2% w/w.

Table I
Total average scores of sensory attributes
TOTAL control 0.1% w/w NSSO 0.2% w/w NSSO
Fresh 78.9 82.6 85.4
Day 14 80.6 83.5 85
Day 28 80.8 84.3 85.9
Day 42 81.2 84 87.3
Average score 80.375 83.6 85.9
SD 1.014478 0.7438637 1.003327

Functional evaluation of NSSO enrichment effect on
the physicochemical properties of the food matrix

The titratable acidity did not reveal significant
differences among experimental cheese batches (the
f-ratio value is 1.17149. The p-value is 0.342965), even
though the average values of triplicates were lower
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for 0.1% w/w NSSO (0.57 + 0.1268% lactic acid)
and 0.2% w/w NSSO (0.52 £ 1.3896% lactic acid)
cheeses, compared with control cheeses (0.64 = 0.1501%
lactic acid) (Figure 6). The pH values were consistent
with the titratable acidity, following a decreasing trend
(Figure 7). However, no statistical significance could
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be associated with this trend (the f-ratio value is
0.54613; the p-value is 0.703448).
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Figure 6.
Titratable acidity values for experimental food
matrix model
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Figure 7.
pH trend over time for experimental food matrix
samples (values are the mean of duplicate measuring
for each sample by two measuring methods)
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The data presented for titratable acidity and pH trends
are similar to those reported by the literature [55].
However, in other studies, gradual increase of pH
values during brine ripening, associated with a gradual
decrease of titratable acidity, were reported [53], but
those differences were explained by yeast metabolic
activity. The pH decrease is an important factor in
the limitation of E. coli and coliforms development
and this is a positive aspect in food ripening.
Nevertheless, even if no significance could be associated,
the data shows slightly lower values of pH for NSSO
enriched food matrix samples, which is worth further
studying for establishing if there is a cause-effect
relationship between pH decrease and NSSO.

No significant differences in moisture content were
noticed between treatment groups of cheeses (the f-
ratio value is 0.76808; the p-value is 0.476501), even
though results indicated higher average values for
NSSO added cheeses (56.43 + 0.6065 for 0.1% w/w
NSSO and 56.49 + 0.3312 for 0.2% w/w NSSO,
compared with 53.19 + 0.0907 for control, at 42 days).
Although data indicates moisture loss during the
experiment, which is consistent with most literature
findings [44], no statistical significance could be
associated to the trends of moisture decrease (the f-
ratio value is 0.76808; the p-value is 0.476501), unlike
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other sources which communicated p values < 0.05
for moisture decrease findings [55]. Moreover, most
authors report lower moisture values for similar type
cheeses throughout processing and ripening [46]. This
might be explained by not using calcium chloride, nor
starter culture in cheese manufacturing and by using
lower brine concentrations than those reported by the
literature [56, 58, 63]. However, the slightly higher
moisture values for the NSSO added cheeses are
consistent with the sensory evaluation findings which
revealed slightly higher scores of body and texture for
the 0.2% w/w NSSO cheese in comparison with
control. In terms of sensory quality, it seems that
there is a positive association (results at threshold of
statistical significance, p = 0.05) between NSSO and
higher water content, as 0.2% w/w NSSO might
prevent loss of body and texture during food storage.

The fat and protein content of analysed cheeses revealed
similar values for control cheeses and NSSO cheeses,
as no significant differences were noticed within the
three treatment groups (p > 0.05). The trends of fat
content increase with the ripening are commonly cited
by literature [78] and are related to the moisture loss
and non-fat dry matter decrease, following protein
breakdown and whey loss. Also, the lower values of
protein content of NSSO enriched samples, compared
to control suggest a positive influence of NSSO on
cheese proteolysis. This is also cited in literature, some
studies implying that NSSO association with more
intense proteolysis leads to the formation of aldehydes,
ketones and other miscellaneous compounds [22]
which correlate to a higher acceptance of these cheeses
to consumers.

Results of physicochemical properties of NSSO
enriched food matrix samples revealed no significant
(p > 0.05) differences between treated cheeses and
control, even though data indicates slightly better
moisture retention, higher proteolysis and almost
similar fat content after 42 days which are consistent
with better sensory grades awarded by panellists. These
results indicate that 0.1 - 0.2% w/w NSSO does not
interfere in a negative way with the biochemical
characteristics of ripening process and actually improves
consumers’ acceptability and water retention.

These results indicate a significant better consumer
acceptance of NSSO enriched food matrices in
comparison with control, unlike other studies which
reported no significant differences between sensory
attributes of NSSO-treated cheeses and control cheeses
[26]. Our results are similar to those reported by [22],
who stated that Nigella sativa improved sensory scores
and proteolysis of raw sheep’s milk cheese. However,
other studies, using Nigella sativa seeds instead of
cold pressed oil, indicate that higher concentration of
seeds decreases sensory attributes of cheeses, resulting
in darker shades of colour and unpleasant bitter taste
[59], along with significant dry matter and fat content
decrease [72].
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Conclusions

E. coli, coliforms and Staphylococcus were significantly
inhibited by NSSO, while APC only showed significant
lower counts for the last two weeks of the study.
The antimicrobial activity of NSSO proved selective,
as no significant effect was seen on LAB, which is
extremely beneficial since LAB play an important
role in keeping microflora balance throughout the
experiment. NSSO significantly improved the sensory
qualities of the experimental food matrix. Both pH
and titratable acidity follow dynamics considered
beneficial for pathogen inhibition and are not affected
by NSSO enrichment of the food matrix. This study
shows that NSSO remains an efficient antimicrobial
solution even when used in complex, dynamic food
matrices. The interaction with the complex micro-
biological ecosystem of the food matrix leads to
selective inhibition of pathogens, with no significant
interference with the beneficial lactic acid micro-
organisms. These results suggest that NSSO keeps
efficient antimicrobial effect even when used in natural
food matrices, which makes it a strong natural anti-
biotic candidate that could be used as food dietary
supplement.
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