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Abstract

Liquid smoke is increasingly used in ready-to-eat meat products as a
natural preservative with antimicrobial and antioxidant properties. This
study investigated the efficacy of a commercial liquid smoke preparation
(Cloud S9, Kerry, USA) against Listeria monocytogenes ATCC 13932, Es-
cherichia coli ATCC 25922, and Salmonella Enteritidis ATCC 13076 in
chicken and beef ham. Meat products were inoculated with each bacterial
strain and treated with liquid smoke at concentrations of 1%, 2.5%, and 5%,
and untreated samples were used as controls. Bacterial counts were assessed
after 2 hours, 7 days, and 14 days of refrigerated storage (4 °C). Liquid smoke
significantly inhibited bacterial growth in a concentration-dependent man-
ner. For Listeria monocytogenes, 5% liquid smoke achieved > 2 log cfu/g
reductions after 14 days, while lower concentrations suppressed growth
without elimination. Escherichia coli and Salmonella Enteritidis exhibited
comparatively lower sensitivity, with most treatments producing bacterio-
static rather than bactericidal effects; however, 5% liquid smoke achieved
a measurable reduction of Escherichia coli in chicken ham. These findings
confirm the antimicrobial potential of liquid smoke as a complementary
hurdle to enhance the microbial safety of ready-to-eat meat products, while
also underscoring the ongoing necessity for stringent hygiene practices.
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Kratak sadrzaj

144

Te¢ni dim se sve viSe koristi u proizvodima od mesa spremnim za
konzumiranje kao prirodni konzervans koji ima antimikrobna i antiok-
sidativna svojstva. Predmet ovog rada je efikasnost komercijalnog te¢nog
dima (Cloud S9, Kerry, USA) protiv bakterija Listeria monocytogenes ATCC
13932, Escherichia coli ATCC 25922, i Salmonella Enteritidis ATCC 13076 u
pile¢oj i govedoj grubousitnjenom barenom kobasici. Proizvodima od mesa
su dodati bakterijski sojevi i tretirani su teénim dimom u koncentracijama
od 1%, 2,5% i 5%, dok su netretirani uzorci kori$¢eni kao kontrolna grupa.
Broj bakterija je belezen nakon 2 sata, 7 dana i 14 dana ¢uvanja u frizideru
(4 °C). Te¢ni dim je znacajno inhibirao rast bakterija u zavisnosti od kon-
centracije. Kada je u pitanju Listeria monocytogenes, te¢ni dim u koncen-
traciji od 5% doveo je smanjenja broja bakterija za vise od 2 log cfu/g
nakon 14 dana, dok su nize koncentracije inhibirale rast, ali bez potpune
eliminacije. Escherichia coli i Salmonella Enteritidis pokazali su relativno
manju osetljivost, pri ¢emu je veéina tretmana imala bakteriostatski, a ne
baktericidni efekat. Medutim, te¢ni dim u koncentraciji od 5% doveo je do
znatnog smanjenja broja Escherichia coli u pile¢oj grubousitnjenoj barenoj
kobasici. Ovi rezultati potvrduju antimikrobni potencijal te¢nog dima kao
komplementarnog faktora za pobolj$anje mikrobioloske bezbednostiproiz-
voda od mesa spremnih za konzumiranje, ali istovremeno ukazuje na to da
je neophodno strogo sprovodenje higijenskih mera.

Klju¢ne reci: Teéni dm, suhomesnati proizvodi, Listeria monocy-
togenes, Escherichia coli, Salmonella Enteritidis
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INTRODUCTION

Traditional smoking has long served as an effective food-preservation
method, valued not only for imparting characteristic flavor, color, and aroma
but also for providing important antioxidant and antimicrobial benefits (Sufien
et al., 2001; Lingbeck et al., 2014; Maga, 2018). Modern food processing has
increasingly adopted liquid smoke, an all-natural condensate of wood smoke
components, which offers practical advantages over traditional methods, such
as ease and consistency of application, precise concentration control, reduced
processing time, and the significant removal of carcinogenic polycyclic aro-
matic hydrocarbons (PAHs) (Sofos et al., 1988; Guillen et al., 2000; Simko,
2005; Lingbeck et al., 2014). This transition is particularly relevant given the
increasing consumer demand for "all-natural” and "clean label" products, free
from synthetic additives, aligning liquid smoke with a natural extract appeal
(Morey et al., 2012; Lingbeck et al., 2014).

The multifaceted preservative effects of liquid smoke are primarily attrib-
uted to its complex composition, notably phenolic compounds, carbonyls, and
organic acids, which are generated during the pyrolysis of wood (Morey et al.,
2012; Lingbeck et al., 2014). These compounds exert their antimicrobial activ-
ity by damaging microbial cell walls and membranes, inactivating essential en-
zymes, inhibiting cellular metabolism, and lowering intracellular pH, thereby
inducing bacteriostatic or bactericidal effects (Morey et al., 2012; Dien et al.,
2022). Numerous studies have demonstrated liquid smoke’s efficacy against vari-
ous foodborne pathogens, including Listeria monocytogenes, Salmonella spp.,
Escherichia coli, and Staphylococcus aureus, as well as spoilage microorganisms
like Aeromonas hydrophila and various molds (Sufien et al., 2001; Van Loo et al.,
2012; Morey et al., 2012; Lingbeck et al., 2014; Soares et al., 2016; Deliephan et
al., 2023). Beyond direct pathogen inhibition, its potent antioxidant properties
effectively retard lipid oxidation, playing a critical role in extending the shelf
life of food products (Milly et al., 2005; Soares et al., 2016). For example, liquid
smoke has been shown to suppress L. monocytogenes growth in frankfurters for
up to 130 days and significantly reduce pathogen and histamine levels in tuna
loin sashimi (Lingbeck et al., 2014; Dien et al., 2022). The effectiveness of liquid
smoke is influenced by its concentration, the specific chemical composition of
its components, and the pH of the food matrix (Van Loo et al., 2012; Morey et
al., 2012; Lingbeck et al., 2014). Antimicrobial effectiveness can also be aaffected
by the composition of the food matrix (Hao et al., 1998). Currently in literature
most of the studies on the antimicrobial effect of liquid smoke are focused on lis-
teriocidical effects on salmon and salmon products (Messina et al., 1988; Suiien,
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1998; Suiien et al., 2001; Van Loo et al., 2012). There are limited studies of ready-
to-eat (RTE) meat sausages, and other foodborne pathogens like Salmonella and
Escherichia coli (Lingbeck et al., 2014).

The aim of this study was to determine the effectiveness of topically applied
commercial liquid smoke preparation (Zesty Smoke Cloud S9, Kerry, USA) in
inhibiting the growth of major foodborne pathogens (Listeria monocytogenes
ATCC 13932, Escherichia coli ATCC 25922, and Salmonella Enteritidis ATCC
13076) in RTE meat products (chicken and beef hams).

MATERIAL AND METHODS
RTE meat products

Two types of RTE meat products were used in this study: Chicken Ham
- Coarsely Ground Sausage (CH) and Beef Ham - Coarsely Ground Sausage
(BH). The CH formulation consisted of the following ingredients: chicken
breasts min. 50%, water, salt, soy isolate, celery spice, carrageenan (E407),
disodium diphosphate (E450), sodium tripolyphosphate (E451), disodium
inosinate (E316), potassium nitrate (E252), sodium nitrate (E250), monoso-
dium glutamate (E621). The BH consisted of the following ingredients: beef
meat category I min. 50%, chicken meat 5%, water, starch, soya protein, salt,
spice, E450, E451, E407, E252, E250, E316, E621. Both products were prepared
from coarsely chopped meat, marinated, and stuffed into permeable cellulose
casings. They were then steam-cooked at 80 °C until the internal temperature
reached 74 °C. The composition of RTE meat products is shown in Table 1.

Table 1. Composition of RTE meat products

Chicken Ham (CH) Beef Ham (BH)
(per 100 g) (per 100 g)
Total protein l4¢g l4¢g
Meat protein 12¢g 12¢g
Collagen 06g 06g
Carbohydrates l6g 265¢g
sugars 025¢g 0.1g
Total fat 08g 15¢g
saturated 024¢g 06¢g
Salt 29¢g 29¢g
Water upto80g upto80g

146



Archives of Veterinary Medicine, Vol. 18, No 2, 143-158, 2025
Popovski K. et al.: The Efect of Liquid Smoke...

The sausages were sliced into 100 g portions, individually vacuum-packed,
stored and transported to the laboratory at the temperature of 4 °C. For the
purposes of this study, a total of 122 CH and 122 BH packages were used.

Bacterial strains

One strain of Listeria monocytogenes ATCC 13932, Escherichia coli ATCC
25922, and Salmonella Enteritidis ATCC 13076 were used in this study. All
strains were obtained commercially (Microbiologics, USA).

The pellets were resuscitated according to the manufacturer’s instructions.
Each strain was inoculated in Brain Heart Infusion (BHI, Oxoid Ltd, UK) and
incubated at 37 °C for 24 hours. After incubation each strain was stroked on
a plate of Nutrient Agar (NA, Oxoid Ltd, UK) in a way to produce individual
colonies and incubated at 37 °C for 24 hours. After incubation, individual col-
onies were suspended in maximum recovery diluent (MRD, Oxoid Ltd., UK)
and adjusted to a turbidity up to 0.5 McE Serial dilutions were made for every
strain in order to obtain the required number of bacteria present in the sus-
pensions. Through serial dilutions the number of every strain in the suspen-
sion was determined. 6.84 log cfu/mL for L. monocytogenes, 6.80 log cfu/mL
for E. coli and 6.09 log cfu/mL for S. Enteritidis.

This suspension was used to contaminate the meat products.

Liquid smoke

Commercially available liquid smoke Zesty smoke Cloud S9 (Kerry, USA
was used for this study. The specification of the product is that it has neutral
taste and color, pH 5.5. liquid intended for spaying and dosing on meat prod-
ucts. The smoke was stored at room temperature until use. It was sprayed on
the meat products using a handheld spray bottle. One spray shot contained
1.5 mL smoke suspension. Three different concentrations were used for this
study: 1%, 2.5% and 5% concentration of the liquid smoke, diluted with sterile
deionized water.

Bacteriological examination
Detection of Salmonella spp., Listeria monocytogenes and Escherichia coli
in RTE meat samples without contamination and without liquid smoke appli-

cation was carried out according to ISO 6579-1,ISO 11290-1, and ISO 16649-2
respectively.
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ISO 11290-2 was used for the enumeration of Listeria monocytogenes, ISO
16649-2 for the enumeration of E. coli and for the enumeration of Salmonella
spp. The same protocol used for Listeria monocytogenes was followed, with the
exception of the agar employed for inoculation. According to the above-men-
tioned standards, the initial inoculation for all the samples was made in BPW
(Biolife italiana S.r.l., Italy) and then from the initial suspension decade serial
dilution was made in Maximum recovery diluent MRD (Biolife italiana S.r.L.,
Italy). From each of the serial dilutions, 1 ml was transferred on three plates
selective agar and spread out with hockey stick. For Salmonella Enteritidis,
XLD agar (Biolife Italiana S.r.., Italy) was used; for Listeria monocytogenes,
Ottaviani—Agosti agar (Biolife Italiana S.r.l, Italy) was employed, while XLD
agar (Biolife Italiana S.r.1, Italy) was used for E. coli.

Experimental design

All manipulations were carried out in a BLU Space Class II Bio-safety Cab-
inet (PBI Internacional, Italy).

Before the contamination with Listeria monocytogenes, Escherichia coli and
Salmonella Enteritidis, as well as the application of liquid smoke, five samples
of each type of ham were tested for the absence of Listeria monocytogenes, Es-
cherichia coli and Salmonella Enteritidis.

The vacuumed packages were cut with sterile scalpers and 3 mL liquid
smoke was sprayed in each package. After that, 1 mL bacterial suspension was
added. The packages were then vacuumed, re-sealed and stored at 4 °C until
the analysis.

For each meat preparation / bacterial strain combination, 3 different con-
centrations of liquid smoke (1%, 2.5% and 5%) were applied. For every meat
preparation / bacterial strain combination nine samples were made- three
samples for each time interval of testing.

For positive control, only the bacterial strains were applied to each prod-
uct, whereas for the negative control, three different concentrations of liquid
smoke were tested on the meat products without the addition of any bacterial
strain. The controls were also done in triplicate for each testing interval.

Bacterial counts were done in three intervals, at two hours, seven days and
fourteen days after the meat product inoculation. Three samples from each
combination of meat preparation/pathogen/Liquid smoke concentration were
tested. In addition, three samples of each positive and negative controls were
tested.

Enumeration of L. monocytogenes was performed according to ISO 11290-
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2:2017, E. coli according to ISO 16649-2:2021, and for Salmonella spp., the same
protocol as for Listeria was applied, differing only in the inoculation agar used.
The meat product was diluted 1:10 in Buffered peptone water, with successive
decimal dilutions in MRD. After that, 1 mL was transferred from each decimal
dilution into three 90 diameter Petri dishes with selective agar. Ottaviani-Ago-
sti agar (Biolife Italiana S.r.l., Italy) was employed for L. monocytogenes, Xylose
Lysine Deoxycholate (XLD) agar (Biolife Italiana S.r.1, Italy) for S. Enteritidis,
and Tryptone-Bile-X-Glucuronide (TBX) agar (Biolife Italiana S.r.1, Italy) for
Escherichia coli. L. monocytogenes and S. Enteritidis agars were incubated at
37 °C for 24 hours and then counted, while E. coli was incubated at 44 °C for
24 hours and then counted. The results were expressed as log cfu/g, and from
the three tests of each combination the mean value was calculated.

Statistical analysis

The experiments were conducted in triplicate and data was analyzed using
SPSS Statistics (IBM, USA). Following ANOVA, significant differences in the
treatments were determined with Tukey’s LSD test at p < 0.05.

RESULTS AND DISCUSSION

For the purposes of this study a total of 244 samples of RTE sausages were
tested. 122 of them were CH, and same number were BH. No bacterial growth
was observed in any of the negative controls.

Table 2. Chicken ham - L. monocytogenes (CH-LM)
LM (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14

hours days days hours days days hours days days hours days days
472 511 694 4.65 496 483 459 472 3.61 4.04 448 2.32
+ £ £ +* * £ £ *+ * * & %
03 026 031 03 025 03 016 026 037 0.19 016 0.28

1% 2.5% 5%

Listeria monocytogenes inoculated in the CH which were not infused with
liquid smoke entered log phase and increased from 4.72 £ 0.3 to 5.11 £ 0.26 log
cfu/gin 7 days, to 6.94 + 0.31 log cfu/g in 14 days. In CH treatment with 1% lig-
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uid smoke resulted in modest suppression, with day 14 counts of 4.88 + 0.3 log
cfu/g, while 2.5% liquid smoke showed greater efficacy, reducing counts to 3.61
+0.37 log cfu/g by day 14. The 5% liquid smoke treatment produced the great-
est reduction, lowering the Listeria count to 2.32 + 0.28 log cfu/g (Table 2.).

Table 3. Beef ham - L. monocytogenes (BH-LM)

LM (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14

hours days days hours days days hours days days hours days days
4.62 495 6.86 499 535 551 493 503 499 4.00 448 2.51
+ + + + + + + + + + + +
0.3 031 035 026 031 03 029 029 03 0206 026 03

1% 2.5% 5%

Similarly to the CH, BH inoculated with L. monocytogenes entered log
phase and the number increased from 4.62 + 0.3 to 4.95 + 0.31 log cfu/g in 7
days, to 6.86 + 0.35 log cfu/g in 14 days, while the BH treated with 1% liquid
smoke showed modest suppression of 5.51 + 0.3 log cfu/g in 14 days. The 2.5%
smoke treated BH had 4.99 + 0.3 log cfu/g by day 14 showing greater efficacy,
and the highest efficacy was observed in 5% smoke treated BH with 2.51 + 0.3
log cfu/g (Table 3.).

The ability of L. monocytogenes to adapt and grow rapidly under psychro-
trophic conditions is well documented (Chan and Wiedmann, 2009). Some
authors (Buchanan and Klawitter, 1991) observed that at 5 °C L. monocy-
togenes can easily adapt and exhibit exponential growth rates. The growth rate
of L. monocytogenes was suppressed (p < 0.05%) with the addition of the liquid
smoke over the period of 14 days. All infused concentrations had this effect.
The 2.5 % liquid smoke infusion showed decrease in the cfu/g in CH, but for
BH the results were similar as with the 1% infusion in 14 days. Both types of
products that were infused with 5% liquid smoke exhibited bactericidal effect
on L. monocytogenes over the 14 days.

The findings of this study are consistent with those reported by (Morey et
al., 2012), who investigated the incorporation of liquid smoke into meat prod-
ucts. Liquid smoke has been widely applied in RTE products as a strategy to
mitigate the risk of L. monocytogenes. Its antimicrobial activity is primarily at-
tributed to compounds such as phenols, carbonyls, and organic acids, which
are typically condensed in water or other carriers and subsequently applied to
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products, such as frankfurters, by spraying or dipping (Vitt et al., 2001; Holley
and Patel, 2005). The efficacy of commercial liquid smoke formulations against
L. monocytogenes has been well documented. For example, (Murphy et al.,
2005) found that treatment of frankfurters with Select 23P reduced inoculated
L. monocytogenes populations by 3.2 log cfu/cm?® within 4 h, and to below 1 log
cfu/cm? after 12 days of storage at 4 °C. This effect was largely attributed to the
low pH (2.4) and the presence of phenolic constituents in the condensate. Simi-
larly, (Gedela et al., 2007) reported that topical application of the commercial
preparation Zesti-B reduced L. monocytogenes on frankfurters and fully cooked
turkey chubs by approximately 2 log cfu/g (p < 0.05) within one week.

Table 4. Chicken ham - Salmonella Enteritidis (CH-SE)

SE (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14
hours days days hours days days hours days days hours days days
490 540 630 4.81 4.24 488 4.74 4.15 3.76 390 4.06 3.49
+ + + + + + + + + + + +
0.14 0.28 0.14 045 046 0.10 038 049 031 033 0.11 0.27

1% 2.5% 5%

The CH samples inoculated with S. Enteritidis not treated with liquid
smoke entered log phase and increased from 4.90 + 0.14 log cfu/g on day 0 to
5.40 * 0.28 log cfu/g on day 7 and 6.30 + 0.14 log cfu/g on day 14. Significant
reduction in bacterial count was observed in CH treated with 2.5% and 5%
liquid smoke from 4.74 + 0.38 log cfu/g and 3.9 + 0.33 log cfu/g on day 0 to
3.76 £0.31 log cfu/g and 3.49 + 0.27 log cfu/g on day 14, respectively (Table 4.).

Table 5. Beef ham — Salmonella Enteritidis (BH-SE)

SE (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14
hours days days hours days days hours days days hours days days
396 4.76 6.69 5.09 4.68 426 4.79 424 3.79 391 4.00 2.78
+ + + + + + + + + + + +
0.35 0.29 0.07 0.10 0.61 032 0.41 0.02 0.39 036 0.92 0.09

1% 2.5% 5%
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Similarly to CH, BH inoculated SE without smoke entered log phase and
from 3.96 + 0.35 log cfu/g on day 0 the bacterial count increased to 4.76 + 0.29
log cfu/g on day 7 and 6.69 + 0.07 log cfu/g on day 14. BH treated with 1% and
2.5% liquid smoke showed significant reduction in bacterial count from 4.09
+0.10 log cfu/g and 4.79 + 0.41 log cfu/g on day 0 to 4.26 + 0.32 log cfu/g and
3.79 + 0.39 log cfu/g on day 14, respectively. Higher suppression was observed
for BH treated with 5% liquid smoke with counts of 3.91 + 0.36 log cfu/g on
day 0 to 2.78 £ 0.09 log cfu/g on day 14 (Table 5.).

In the absence of liquid smoke infusion, meat products inoculated with
S. Enteritidis showed a notable increase in bacterial growth over the 14-day
storage period. These results indicate active bacterial proliferation and entry
into the logarithmic growth phase in untreated products, highlighting the risk
associated with unmitigated Salmonella contamination in RTE meat products
during storage.

Conversely, the inclusion of liquid smoke significantly suppressed the
growth of S. Enteritidis (p < 0.05). In CH infused with 1% liquid smoke, bacte-
rial counts increased only slightly over the 14-day period, suggesting a strong
bacteriostatic effect. In BH, the same concentration resulted in a moderate re-
duction. These findings show that liquid smoke, even at low levels, is capable
of inhibiting Salmonella proliferation, particularly in beef.

A study by Soares et al. (2016) mentions that liquid smoke had an inhibi-
tory effect on S. Choleraesuis with a minimal bactericidal concentration rang-
ing from 7.5 to 15%. This is line with our study where we predominantly ob-
served only bacteriostatic effect of the smoke on Salmonella. Another study
screened MICs of eight commercial liquid smoke samples against S. Enteritidis
and found ranges from 0.5 to 8.0% (Van Loo et al., 2012) The same study con-
cluded that the effect of liquid smoke in Salmonella and E. coli is similar.

However, it is important to note that while reductions were evident, com-
plete elimination of pathogens was not achieved, reinforcing the notion that
liquid smoke may function primarily as a bacteriostatic agent at lower concen-
trations, rather than exhibiting full bactericidal activity.
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Table 6. Chicken ham - E. coli (CH-EC)
EC (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14
hours days days hours days days hours days days hours days days
4.60 537 6.70 432 440 446 426 430 428 396 4.18 2.72
+ + + + + + + + + + + +
033 035 03 03 03 035 028 03 026 025 026 03

1% 2.5% 5%

E. coli inoculated CH samples which were not treated with liquid smoke
entered log phase and increased from 4.60 + 0.33 log cfu/g on day 0 to 5.37
+ 0.35 log cfu/g on day 7 and 6.70 + 0.30 log cfu/g on day 14. In CH samples,
treatment with 1% and 2.5% liquid smoke produced only modest suppression,
yielding day-14 counts of 4.46 + 0.35 log CFU/g and 4.28 + 0.26 log CFU/g, re-
spectively. Significant suppression was observed with 5% liquid smoke treated
CH with count of 2.72 + 0.30 log cfu/g (Table 6.).

Table 7. Beef ham - E. coli (BH-EC)
EC (log cfu/g)

Without lig-
uid smoke

2 7 14 2 7 14 2 7 14 2 7 14
hours days days hours days days hours days days hours days days
430 457 6.58 428 4.81 486 420 470 471 393 4.68 4.36
+ £ £ + * £ £ + * *x + &
042 0.04 056 036 0.18 0.18 038 0.72 0.29 0.26 0.30 0.26

1% 2.5% 5%

Similarly to CH, modest suppression was observed on BH treated with 1%
and 2.5 % liquid smoke with counts of 4.86 + 0.34 log cfu/g and 4.71 £ 0.29 log
cfu/g in 14 days, respectively. Greater suppression was observed in BH treated
with 5% liquid smoke with counts of 4.36 + 0.26 log cfu/g (Table 7).

The results of this study clearly demonstrate that the application of liquid
smoke has a significant inhibitory effect on the growth of E. coli in both CH
and BH. In the control samples (without liquid smoke infusion), there was a
rapid and consistent increase in E. coli counts over the 14-day period. These
results confirm that under favourable conditions, E. coli can multiply rapidly
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in meat products, posing a serious food safety concern. In contrast, the addi-
tion of liquid smoke, even at low concentrations (1%), significantly suppressed
the growth of E. coli. One percent infusion reduced the growth rate in CH to
a near-stagnant level for 14 days, while the BH saw a slower but more pro-
nounced increase. Higher concentrations of liquid smoke (2.5% and 5%) had
an even stronger inhibitory effect, especially in chicken meat products. Nota-
bly, the 5% concentration not only suppressed growth but reduced the E. coli
count from 3.96 to 2.72 log CFU/g, suggesting potential bactericidal activity of
the smoke components.

These findings are consistent with previous studies that have shown smoke
extracts to be effective in controlling microbial growth in food products. Es-
trada-Muifioz et al., (1998) demonstrated similar suppression in beef products,
while Dien et al. (2022) found comparable results in tuna and sashimi, suggest-
ing that the antimicrobial effects of smoke are not limited to red meat but may
extend to seafood as well.

These results not only confirm the antimicrobial efficacy of liquid smoke
but also suggest a dose-dependent response, particularly against E. coli. The re-
duction in E. coli was more pronounced in beef products compared to chicken
products, which could be due to matrix-specific interactions between the meat
composition and the antimicrobial components of liquid smoke.

Interestingly, the data also supports the observation by Asita and Campbell
(1990) that Gram-negative bacteria such as E. coli tend to be less sensitive to
smoke extracts compared to Gram-positive organisms. Despite this general re-
sistance, the fact that high concentrations of liquid smoke were able to reduce
bacterial counts shows its potential as a natural preservative, especially in RTE
and processed meat products.

CONCLUSION

This study demonstrated that liquid smoke has effects on L. monocy-
togenes, E. coli and Salmonella Enteritidis. Additionally, although the number
of pathogenic bacteria was reduced, they were not eliminated. These findings
emphasize that liquid smoke can help improve food safety, but proper hygiene
practices are still crucial.

The present study demonstrates the potential of liquid smoke as a natural
antimicrobial additive for improving the microbiological safety of meat prod-
ucts during refrigerated storage. Its use may act as an additional hurdle within
a multi-intervention food safety strategy for RTE meats.

However, this study is not without limitations. The observed antimicrobial
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effects were primarily bacteriostatic at the concentrations used, and further
research is required in order to determine the sensory impact, optimal dosing,
and potential synergies with other preservation techniques. Moreover, evalu-
ating its effects under different packaging conditions (e.g., vacuum vs. modi-
fied atmosphere) and storage temperatures could further clarify the practical
utility of liquid smoke in industrial applications.

Author’s Contribution

KP and MP made contributions to conception and design of the article;
KP, MP and MRM conducted the experiments; KP, MP and MRM wrote the
manuscript; MP and DJ coordinated the work and revised the manuscript. KP
and MRM prepared the final draft; MP and MRM contributed to the analysis
and presentation of the results.

Competing interest

The authors declare that they have no competing interests.

Authors’ ORCID iDs

Krste Popovski: https://orcid.org/0009-0004-3258-3009

Mirko Prodanov: https://orcid.org/0000-0003-0439-5401

Marija Ratkova Manovska: https://orcid.org/0000-0002-6680-1375
Dean Jankuloski: https://orcid.org/0000-0001-7448-6021

REFERENCES

Asita, A.O., Campbell, I.A. 1990. Anti-microbial activity of smoke from diffe-
rent woods. Letters in Applied Microbiology 10, 2, 93-95. https://doi.
org/10.1111/j.1472-765X.1990.tb00273.x

Buchanan, R.L. Klawitter, L.A. 1991. Effect of temperature history on the
growth of Listeria monocytogenes Scott A at refrigeration temperatures.
International Journal of Food Microbiology 12, 2-3, 235-245. https://doi.
0rg/10.1016/0168-1605(91)90074-Y

Chan, Y.C., Wiedmann, M. 2009. Physiology and genetics of listeria mo-
nocytogenes survival and growth at cold temperatures. Critical Re-
views in Food Science and Nutrition 49, 3, 237-253. https://doi.
org/10.1080/10408390701856272

155



Archives of Veterinary Medicine, Vol. 18, No 2, 143-158, 2025
Popovski K. et al.: The Efect of Liquid Smoke...

Deliephan, A., Dhakal, J., Subramanyam, B., Aldrich, C.G. 2023. Effects of
liquid smoke preparations on shelf life and growth of wild type mold and
Aspergillus flavus in a model semi moist pet food. Frontiers in Microbio-
logy. https://doi.org/10.3389/fmicb.2023.1154765

Dien, H.A., Montolalu, R.I., Mentang, E., Berhimpon, S., Nurkolis, E. 2022. In-
hibition of Microencapsulated Liquid Smoke on the Foodborne Pathogens
and Histamine-Forming Bacterias’ Growth in Tuna Loin Sashimi. Open
Access Macedonian Journal of Medical Sciences 10, A, 1200-1206. https://
doi.org/10.3889/0amjms.2022.10182

Estrada-Munoz, R., Boyle, E.A.E., Marsden, J.L. 1998. Liquid Smoke
Effects on Escherichia Coli O157:H7, and its Antioxidant Properties
in Beef Products. Journal of Food Science 63, 1, 150-153. https://doi.
org/10.1111/j.1365-2621.1998.tb15697.x

Gedela, S., Escoubas, J.R., Muriana, PM. 2007. Effect of inhibitory liqu-
id smoke fractions on Listeria monocytogenes during long-term storage
of frankfurters. Journal of Food Protection 70, 2, 386-391. https://doi.
org/10.4315/0362-028X-70.2.386

Guillen, M.D., Sopelana, P, Partearroyo, M.A. 2000. Polycyclic aromatic
hydrocarbons in liquid smoke flavorings obtained from different types
of wood. Effect of storage in polyethylene flasks on their concentrations.
Journal of Agricultural and Food Chemistry 48, 10, 5083-5087. https://
doi.org/10.1021/jf000371z

Hao, Y.Y., Brackett, R.E., Doyle, M.P. 1998. Inhibition of Listeria monocytogenes
and Aeromonas hydrophila by Plant Extracts in Refrigerated Cooked Beef.
Journal of Food Protection 61, 3, 307-312. https://doi.org/10.4315/0362-
028x-61.3.307

Holley, R.A., Patel, D. 2005. Improvement in shelf-life and safety of perishable
foods by plant essential oils and smoke antimicrobials. Food Microbiology
22, 4,273-292. https://doi.org/10.1016/j.fm.2004.08.006

ISO 6579-1. 2017. Microbiology of the food chain, Horizontal method for the
detection, enumeration and serotyping of Salmonella spp. Part 1: Detection
of Salmonella spp. (Annex D). International Standard Organisation.

ISO 11290-1. 2017. Microbiology of the food chain - Horizontal method for
the detection and enumeration of Listeria monocytogenes and of Listeria
spp. - Part 1: Detection method. International Standard Organisation.

ISO 11290-2, 2017. Microbiology of the food chain - Horizontal method for
the detection and enumeration of Listeria monocytogenes and of Listeria
spp. - Part 2: Enumeration method. International Standard Organisation.

ISO 16649-2. 2021. Microbiology of food and animal feeding stuffs - Horizon-
tal method for the enumeration of beta-glucuronidase-positive Escherichia

156



Archives of Veterinary Medicine, Vol. 18, No 2, 143-158, 2025
Popovski K. et al.: The Efect of Liquid Smoke...

coli Colony-count technique at 44 degrees C using 5-bromo-4-chloro-3-in-
dolyl beta-D-glucuronide. International Organization for Standardization.

Lingbeck, ].M., Cordero, P., O’Bryan, C.A., Johnson, M.G., Ricke, S.C. Crandall,
P.G. 2014. Functionality of liquid smoke as an all-natural antimicrobial in
food preservation. Meat Science 97, 2, 197-206. https://doi.org/10.1016/].
meatsci.2014.02.003

Maga, J.A. 2018. Smoke in Food Processing. CRC Press. https://doi.
org/10.1201/9781351076647

Messina, M.C., Ahmad, H.A., Marchello, ].A., Gerba, C.P,, Paquette, M.W. 1988.
The Effect of Liquid Smoke on Listeria monocytogenes. Journal of Food
Protection 51, 8, 629-632. https://doi.org/10.4315/0362-028X-51.8.629

Milly, PJ., Toledo, R.T., Ramakrishnan, S. 2005. Determination of minimum
inhibitory concentration of liquid smoke fractions. Journal of Food Sci-
ence 70, 1, M12-M17. https://doi.org/10.1111/j.1365-2621.2005.tb09040.x

Morey, A., Bratcher, C.L., Singh, M., McKee, S.R. 2012. Effect of liquid smo-
ke as an ingredient in frankfurters on Listeria monocytogenes and quality
attributes. Poultry Science 91, 9, 2341-2350. https://doi.org/10.3382/
ps.2012-02251

Murphy, R.Y., Hanson, R.E., Johnson, N.R., Scott, L.L., Feze, N., Chappa,
K. 2005. Combining antimicrobial and steam treatments in a vacu-
um-packaging system to control Listeria monocytogenes on ready-to-
eat franks. Journal of Food Science 70, 2, M138-M140. https://doi.
org/10.1111/j.1365-2621.2005.tb07104.x

Simko, P. 2005. Factors affecting elimination of polycyclic aromatic hydro-
carbons from smoked meat foods and liquid smoke flavorings. Molecu-
lar Nutrition and Food Research 49, 7, 637-647. https://doi.org/10.1002/
mnfr.200400091

Soares, J.M., da Silva, P.F.,, Puton, B.M.S., Brustolin, A.P., Cansian, R.L., Dalla-
go, R.M,, Valduga, E. 2016. Antimicrobial and antioxidant activity of liqu-
id smoke and its potential application to bacon. Innovative Food Science
and Emerging Technologies 38, Part A, 189-197. https://doi.org/10.1016/].
ifset.2016.10.007

Sofos, J.N., Maga, ].A., Boyle, D.L. 1988. Effect of Ether Extracts from Conden-
sed Wood Smokes on the Growth of Aeromonas hydrophila and Staphylo-
coccus aureus. Journal of Food Science 53, 6, 1840-1843. https://doi.
org/10.1111/j.1365-2621.1988.tb07856.x

Sufien, E. 1998. Minimum inhibitory concentration of smoke wood extracts
against spoilage and pathogenic micro-organisms associated with foods.
Letters in Applied Microbiology 27, 1, 45-48. https://doi.org/10.1046/
j.1472-765X.1998.00387.x

157



Archives of Veterinary Medicine, Vol. 18, No 2, 143-158, 2025
Popovski K. et al.: The Efect of Liquid Smoke...

Sufien, E., Fernandez-Galian, B. and Aristimufio, C. 2001. Antibacterial acti-
vity of smoke wood condensates against Aeromonas hydrophila, Yersinia
enterocolitica and Listeria monocytogenes at low temperature. Food Micro-
biology 18, 4, 387-393. https://doi.org/10.1006/fmic.2001.0411

Van Loo, E.J., Babu, D., Crandall, P.G., Ricke, S.C. 2012. Screening of commer-
cial and pecan shell-extracted liquid smoke agents as natural antimicrobi-
als against foodborne pathogen. Journal of Food Protection 75, 6, 1148-
1152. https://doi.org/10.4315/0362-028X.JFP-11-543

Vitt, S.M., Himelbloom, B.H., Crapo, C.A. 2001. Inhibition of Listeria innocua
and L. monocytogenes in a laboratory medium and cold-smoked salmon
containing liquid smoke. Journal of Food Safety 21, 2, 111-125. https://
doi.org/10.1111/j.1745-4565.2001.tb00311.x

Received: 14.09.2025.
Accepted: 30.09.2025.

158





