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Comparative analysis of meat chemical composition of
different broiler provenances

Natasa Glamoclija', Marija Starcevic!, Jelena Ivanovic!, Jelena Janjic', Marija Boskovic',
Jasna Djordjevic!, Radmila Markovic', Milan Z. Baltic'

Abstract The objective of this study was to determine the effect of breed line and age on carcass chemical composition in
broiler chickens. Chemical composition of broiler breast meat and drumstick with thigh were compared within3 lines (Cobb, Ross,
and Hubbard). Each line was divided into two groups, aged 42 and 50 days. Chemical composition of meat was determined 48 hours
after slaughter and was very variable depending on the breed and age of the broilers. The most significant differences were observed
in fat content. Breast meat and meat from drumstick with thigh of younger broilers (42 days old) had significantly lower fat content
than older broilers (50 days old). Cobb broilers, 42 days old, had significantly lower percentages of fat (p<0.01) in breast meat and
meat from drumsticks with thighs than other broiler lines of the same age, while 50 day old Hubbard broilers had lower fat levels in
breast meat and meat from drumsticks with thighs than meat from the other two broiler provenances (Cobb or Ross) of the same age.
Hubbard broilers (42 days old) had significantly lower (p<0.01) levels of water and protein in breast meat and meat from drumsticks
with thighs compared to the other broiler lines. Interactions between breed line and age were found for fat percentage in breast meat
and meat from drumsticks with thighs. Meat quality of broilers of different provenances can be estimated by determining the chemical
composition of breast meat and meat from drumsticks with thighs.

Keywords: Cobb, Ross, Hubbard, chemical composition, breast meat, drumstick with thigh.

Introduction

Poultry meat production has doubled in the
past 40 years in the world, has a trend of constant
growth, and its production volume now exceeds
beef, but is less than pork. The biggest producers of
poultry meat are Asia, North and South America and
Europe. The most significant category of poultry
meat is that of young chicken (broilers) (Glamoclija
et al,2013a).

Broiler meat is a highly valuable food with
evident nutritive and biological properties. It con-
tains high biological value proteins with essential
amino acids, fat/fatty acids, vitamins and minerals
(Glamoclija et al, 2015). According to the United
States Department of Agriculture (USDA, 2006),
the average chemical composition of broiler meat is
74.6% water, 12.1% protein, 11.1% fat, 1.2% carbo-
hydrate and 1% minerals.

The quality of broiler meat can be assessed to
determine the suitability of meat for processing, stor-
age and sale (SRPS EN IS0, 2012). Among others,
some of the main attributes which define the quality
of broiler meat, and other types of meats as well, are

chemical characteristics such as content of water,
protein, fat and ash. However, many factors can af-
fect the chemical composition of broiler meat. Some
of these factors are age and sex of broilers, diet and
fattening, breed line — genetics, breeding processes
and muscle type (red and white muscles) (Ristic et
al., 2008, Krischek et al., 2011). Literature data in-
dicate different broiler meats can contain relatively
constant amounts of water, protein and ash, while fat
content is very variable (Ristic et al., 2007).
Improvements in genetics and diet, plus many
other factors, have enabled six week old broilers to
now reach weights of nearly three kilograms, where-
as 50 years ago, achievement of this weight took 16
weeks (Glamoclija et al, 2013b). Nowadays, the most
common broiler breeding groups are Cobb-Vantress
(with the Cobb500, Cobb700, CobbAvian48 and
CobbSasso brands), Aviagen (with the Ross, Arbor
Acres, Indian River, Rowan Range and Specialty
Males brands), and Group Grimaud (with the
Hubbard and Grimaud Frere brands) (Elfick, 2012).
Cobb, Ross and Hubbard broiler provenances are the
most common in Serbia (Glamoclija et al, 2013b).
Other factors — age, sex, housing conditions, and
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post-mortem factors such as processing of carcass-
es and method of chilling —influence carcass yields
(Bilgili, 2002, Bihan-Duval et al, 1999). Slaughter
age and weight of, for example, Cobb500 broilers
depend on the requirements of the consumer popu-
lation, and can vary between countries. The average
weight is from 1.70 kg (33 days old, Germany) to
2.92 kg (51 days old, Japan), where the meat yield is
above 70 %. (Anonym, 2012a). At the most common
age for slaughter — 42 days, Cobb 500 have an av-
erage weight before slaughter of 2.73 kg, Ross 308
— 2.65 kg and Hubbard Classic — 2.59 kg (4Anonym,
2012a,b,c,).

Materials and Methods

The study was conducted on 36 commercial
market broilers (100 Cobb 500, 100 Ross 308 and
100 Hubbard Classic) which were divided into six
groups. Each line was divided into two groups of
broilers, which were 42 and 50 days old, respec-
tively. Broilers were between 2000 and 2600 g live
weight. The broilers were fed according to a breed-
er feeding program based on recommended nutri-
ent levels. Broilers were slaughtered in a registered
slaughterhouse.

Determination of chemical composition (water,
protein, fat and ash) was carried out on breast meat
and meat from drumsticks with thighs from each
group. The chemical composition was determined
using standard methods (SRPS ISO, 1998; SRPS
150, 1992; SRPS ISO, 1992; SRPS ISO, 1999).

Statistical analysis of the results was con-
ducted using the software GraphPad Prism Version
5.00 for Windows (GraphPad Software, San Diego,
California USA, www.graphpad.com). Mean values
were calculated and the groups were compared with
one-way ANOVA with Tukey’s multiple comparison

statistical test. Two-way ANOVA with Bonferroni
post hoc test was performed to test the effect of
broilers line (Cobb, Ross and Hubbard) and age (42
and 50 days) as main effects, and their interaction on
the chemical composition values. Values of p<0.05,
p<0.01 and p<0.001 were considered significant.
The results are expressed as mean = SD.

Results and Discussion

Results of the chemical composition of meat
(breast and drumstick with thigh) of three different
broiler lines are shown in Tables 1 and 2.

The chemical composition of broiler meat re-
ported in the literature is very variable and depends
on many factors. According to Van Heerden et al.
(2002), breast meat contained on average 74.01% wa-
ter, 23.29% protein, 2.91% fat, and 1.11% ash (Ross
308 and Cobb broilers), while meat from drumsticks
with thighs contained 72.47% water, 19.16% pro-
tein, 8.91% fat, and 1.0% ash. Wattanachant et al.
(2004) found that breast meat (CP707 broilers) con-
tained an average of 74.87% water, 20.59% protein,
0.68% fat and 1.10% ash and meat from drumsticks
with thighs was 77.22% water, 19.08% protein,
0.81% fat and 1.06% ash. According to Lonergan et
al. (2003), breast meat (commercial broilers) con-
tained on average 73.42% water, 24.02% protein
and 1.08% fat. Baltic et al, 2015 found that com-
mercial broiler breast meat contained 78.10+0.13%
water, 16.33+£0.51% protein, 1.92+0.20% fat and
3.65+0.07% ash. Djordjevic (2005) found that breast
meat of broiler hybrid Hybro G contained on aver-
age 73.81% water, 24.17% protein, 0.94% fat and
1.22% ash, while meat from drumsticks with thighs
contained 72.35% water, 17.50% protein, 9.24% fat
and 1.05% ash. According to Ristic (2007), the av-
erage chemical composition of broiler breast meat

Table 1. The effect of breed line and age on chemical composition of breast meat (Pectoralis major) of
broiler chickens (n=6)

42 days old 50 days old L A LxA
Parameter
(%) Cobb Ross Hubbard Cobb Ross Hubbard P value
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)

Water 72.99+0.34 73.23+0.14 73.12+0.16  73.50%0.45  73.01&£0.17  73.32+0.34 ns ns *
Protein 254420031  25.0124+0.13  24.94°+0.18  24.57+0.42  24.96:+0.13  24.87+0.40 ns *E *E

Fat 0.5448+£0.07 0.7642£0.04  0.91B2+0.10 0.90+0.07 1.01¢£0.14 0.79¢+0.13 HEE Rk ekok

Ash 1.03+£0.02 1.02+0.03 1.03+£0.03 1.04+0.03 1.03+£0.03 1.02+0.04 ns ns ns

Legend: Means within a row with a common superscript letter differ significantly: *® — (p<0.05) and » B-€ — (p<0.01); ns — not signifi-
cant (p>0.05); * — p<0.05; ** — p<0.01; *** — p<0.001; L — line factor; A — age factor; L x A — Interaction between line and age factor
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Table 2. The effect of breed line and age on chemical composition of meat from drumsticks with thighs of
broiler chickens (n=6)

42 days old 50 days old L A LxA
Parameter
(%) Cobb Ross Hubbard Cobb Ross Hubbard P value
(n=6) (n=6) (n=6) (n=6) (n=6) (n=6)

Water 7432A£0.69 74.44B+0.21 73.28AB+0.64 74.49%0.74  73.29°0.50  74.26+0.26 * * ns
Protein 19.8540.14  19.788+0.27 19.0948+0.37  19.34*0.31  19.07°£0.28 19.72C+0.38  ns ns - RRE

Fat 4465028  4.65¢0.22 6.77%€£0.37  5.15A£0.63  6.62AP+0.62  5.01P+0.22  *** * ok

Ash 1.04+0.04 1.03+0.03 1.03+0.05 1.03+0.03 1.03+0.03 1.02+0.02 ns ns ns

Legend: Means within a row with a common superscript letter differ significantly: A8 &P — (p<0.01); ns — not significant (p>0.05);
* — p<0.05; ** —p<0.01; *** — p<0.001; L — line factor; A — age factor; L X A — Interaction between line and age factor

(Ross and Cobb hybrids) was 74.9+£0.7% water,
23.6+0.7% protein, 0.6+£0.38% fat and 1.2+0.1%
ash, and of meat from drumsticks with thighs was
75.441.1% water, 19.6+0.9% protein, 3.88+1.33%
of fat and 1.1+0.1% ash. Castellini et al. (2002)
found the breast meat of 56 day old Ross broilers
contained 75.54% water, 22.39% protein, 1.46% fat
and 0.61% ash.

In all cases, breast meat was different to meat
from drumstick with thigh, especially with respect
to the fat content. Meat from drumstick with thigh
has a higher fat content than breast meat. However,
the protein content was consistently higher in breast
meat compared to meat from drumstick with thigh.
Additionally, variation was observed in chemical
composition (water, protein and fat) in breast meat
from different broiler provenances; this was also the
case with meat from drumsticks with thighs.

Results of chemical analysis of breast and drum-
sticks with thigh meat from the examined groups of
broilers in this study were in agreement with the re-
sults of other authors. Our results for breast meat
and meat from drumsticks with thighs from three
different broiler lines and two different ages, showed
significant differences in the fat content. Finally, fat
content certainly depends on both broiler line and
age, but also depends on interactions of these fac-
tors. Cobb broilers at 42 days old contained a sig-
nificantly lower percentage of fat (p<<0.01) in both
breast meat and in meat from drumsticks with

thighs than Cobb broilers at 50 days old. Fat con-
tent was the highest in 42 day old Hubbard broil-
ers. Meat from drumsticks with thighs derived from
Hubbard broilers (42 days old) had significantly
lower (p<0.01) amounts of water and protein com-
pared to other broiler provenances. In contrast, old-
er Hubbard broilers (50 days) had lower percentages
of fat in breast meat and meat from drumsticks with
thighs than the other two broiler provenances (Cobb
and Ross) of the same age.

Conclusion

Beside other factors, genetics, age, diet and
breeding have a significant impact on broiler car-
cass quality parameters, such as chemical com-
position of breast meat and meat from drumsticks
with thighs. Fat content was the most variable meat
quality indicator measured, and depended on broil-
er line and age and both of these factors together.
Cobb broilers, 42 days old, had the lowest percent-
age of fat in breast meat and meat from drumsticks
with thighs, compared to meat from the other broil-
er lines of the same age. Hubbard broilers, 50 days
old, had the lowest percentage of fat in breast meat
and meat from drumsticks with thighs than the oth-
er two broiler provenances (Cobb and Ross) of the
same age. Younger broilers (42 days old) always had
lower fat levels in breast meat and meat from drum-
sticks with thighs than older broilers (50 days old).

Acknowledgements: This paper was supported by the Ministry of Education, Science and Technological De-
velopment of the Republic of Serbia, Project No. (TR 31034).
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Effect of modified atmosphere on sensory, chemical
and physico-chemical properties of Serbian traditional
smoked meat products

Zoran Petrovic!, Ivana Brankovic-Lazic!, Mladen Raseta’, Dejana Trbovic!, Nenad Parunovic!,
Aleksandra Nikolic?, Boris Mrdovic!

Abstract: The products included in this study were beef prosciutto and pork prosciutto, common traditional Serbian dry-cured
and smoked meat products. The products were packaged with a gas mixture containing 30% vol carbon dioxide and 70 % vol nitrogen
(excluded oxygen in packs was below the limit of detection) and stored between 4°C and 7°C. Packaging units were formed from bottom
foil based on APET (amorphous polyester) with a sealing layer of polyethylene and top foil composite film containing oriented polyes-
ter and a peelable polyethylene-sealant with a barrier layer. A total of 120 packages were examined (60 packages/product) during the
storage period of 180 days. The measured concentration of oxygen in packages during the whole storage period was less than 0.1%. A
decline in the carbon dioxide concentration at the end of the storage period was registered in packages of pork prosciutto (to 10% vol).
Based on the results obtained, both of the products maintained acceptable sensory and chemical qualities during the storage period,
meaning they were suitable for consumption.

Keywords: traditional food, MAP packaging, sensoric quality.

Introduction

The definition of traditional food products
may not necessarily reflect opinions of consumers.
According to research conducted by Vanhonacker et
al. (2008), European consumers include well-known
food and food they have eaten already or which their
ancestors consumed among traditional products.

Despite technological progress and the obliga-
tion to comply with modern food safety regulations,
production and/or processing must still be consistent
with the methods that were originally used, and the
food products obtained must preserve the intrinsic
features (physical, chemical, and microbiological)
(Grujic et al., 2012). Meat production systems us-
ing traditional recipes use modern industrial equip-
ment and adapt some processing steps in order to
ensure quality and specific characteristics of tradi-
tional product.

In Serbia, traditional smoked meat prod-
ucts constitute a diverse group of food products.
Originating from distinct Serbian geographic re-
gions, they bear characteristic sensorial properties
typical in high-quality meat products.

These products were made of the most valu-
able parts of beef and pork carcasses (round mus-
cles, loin muscles and tenderloin) (7omic et al.,
2008). The majority of traditionally processed meat
products in Serbia are made on the basis of person-
al knowledge and rarely upon counselling with an
expert technologist. Packaging and marketing are
almost completely neglected. Modern trends in the
processed meat market show that consumers tend
to satisfy their needs for food with flavours which
combine the tradition and culture of the area they
come from, without concern for the price.

Developments in packaging materials and
technologies have made the application of modified
atmosphere packaging (MAP) feasible on a larger
scale to meat and meat products (Brody, 1989). For
most food products, preservation is a vital function
of packaging which ensures that the product is sold
fresh (Helstrom and Saghir, 2006). By using MAP
with one or more gases, atmospheric conditions can
be designed to maximise product life and develop
desired product characteristics (Viana et al., 2005).
The main purposes of MAP of meat products are to
ensure the microbiological shelf life and the sensory

TInstitute of Meat Hygiene and Technology, Kacanskog 13, 11000 Belgrade, Republic of Serbia;
2University in Belgrade, Faculty of Veterinary Medicine, Bulevar oslobodjenja 18, 11000 Belgrade, Republic of Serbia.
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quality of the product, including the colour, door
and palatability.

The aim of the present work was to study the
effect of modified atmosphere (30% CO, /70%
N») on the chemical, physico-chemical and senso-
ry quality of two traditional products, beef prosciut-
to and pork prosciutto, stored for 180 days between
4°C and 7°C, after slicing and packaging in retail
packs.

Materials and Methods

Preparation of meat products

The products included in this study were:
beef prosciutto — traditionally cured, smoked and
dried beef sirloin and pork prosciutto — traditional-
ly cured, smoked and dried pork sirloin. Basically,
both of the products were made in the common, tra-
ditional way, widely established in Serbia. The prod-
ucts were manufactured by and taken directly from
respective industrial meat processing facilities who
have been adapting their meat processing and pack-
aging operations, combining traditional (curing and
smoking) and modern (slicing and packaging) steps.

Packaging machine and materials

For analysis in this study, packaging units con-
taining very thin slices of beef or pork prosciutto
were formed using an industrial packaging machine
MULTIVAC R 230 (Wolfertschwenden, Germany).
Net weight of packaged products was 80g. Individual
packs contained 100 ml of gas (30% CO,:70% N,)
per 100g of product packaged. Packaging units were
formed from bottom foil (declared thickness 300 mi-
crons) based on APET (amorphous polyester) with
a sealing layer of polyethylene and top foil compos-
ite film (declared thickness 80 microns) containing
oriented polyester and a peelable polyethylene seal-
ant with a barrier layer. Manufacturer-declared ox-
ygen-permeability measurements (23°C/35% r.F;
DIN 53380) of bottom foil and top covering foil
were: <14 bar cm®> m? day! and <4.2 bar cm?® m
day!, respectively. Declared water-vapour permea-
bility (23°C/85% r.F; DIN 53122) of bottom and top
foils were: <2.3 g m? day! and <1.5 g m* day"!, re-
spectively.

Storage and sampling of packaged products

A total of 120 packages were examined (60
packages/product). Packages were stored between
4°C and 7°C. Sensory and chemical evaluation of

packaged products was performed on the second day
of packaging and after 2, 35, 60, 90, 105, 135, 150,
165 and 180 days of storage.

Gas analyses in package headspace

The concentration of gases (O, and CO) in
the headspace atmosphere during storage was meas-
ured using a WITT Oxybaby V® analyser (WITT,
Gasetechnik GmbH & Co. KG, Witten, Germany).

Sensory analyses

Sensory evaluation was performed by a pan-
el of five experienced members using a point sys-
tem of descriptive analytical tests according to SRPS
(2013). Surface colour of slices, taste, odour and
consistency were evaluated using a point system
with a scale of 1 to 5, where optimal single charac-
teristics were scored as 5 (1 — unacceptable; 2 — ul-
timate acceptable limit; 3 — acceptable; 4 — very ac-
ceptable; 5 — exceptionally acceptable).

Chemical analyses

Lipid oxidation was measured in duplicate
from each of the six packs for each treatment in each
trial during the storage period. Peroxide value (PV)
was determined by standard method (SRPS, 2011),
and thiobarbituric acid reactive substances (TBARS)
according to Tarladgis et al. (1964) and Holland
(1971). The pH of meat was measured by labora-
tory pH-meter (EUTECH Instruments, Landsmeer,
Holland), according to standard method (SRPS,
2004), and the water activity (a.) was measured with
a hygrometer (GBX Scientific Instruments, Dublin,
Ireland) according to standard method (SO, 2004).

Statistics

Statistical analysis was performed using the
MINITAB INC. software package, version 16.0.
Before choosing the appropriate statistical analy-
sis, individual distribution identification was con-
ducted to identify the native distribution (Normal,
Lognormal, Weibull, Exponential), as the first step.
Box-Cox and Johnson transformation of raw data
were used to follow a normal distribution. The One
Way ANOVA and the post-hoc HSD Tukey’s test
were used to examine statistical differences of chem-
ical and physico-chemical parameters during storage
periods. The differences were considered statistical-
ly significant when p<0.05. Mean values and stand-
ard deviations were used to illustrate both a measure
of central tendency and variability of the data.
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Results and Discussion

Decreases in CO;, concentration in the pack-
aged beef prosciutto were from the initial 27.0% to
19.0% at the end of the storage period. Pork pro-
sciutto packages showed CO, decreases from initial
30.0% to 9.3% during the study period. The aver-
age percentage of CO, in gas from the beef prosciut-
to and pork prosciutto packages during the study
period was 21.63% and 17.33%, respectively. The
larger decline in the concentration of CO; in MAP
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Figure 1. Changes in CO; concentration in the
MAP packaging of beef prosciutto during 180 days
of storage

packaged pork prosciutto (Figure 2) can be attribut-
ed to a slightly higher moisture content in compari-
son to beef prosciutto (Figure 1), which allowed CO,
to dissolve into the meat’s liquid phase (Quintavalla
and Vicini, 2002). The absorption of CO; is high-
ly dependent on the moisture and fat content of the
product, initial CO; concentration in the gas-phase
and the gas/product ratio (Rubio et al., 2007)
Chemical and physico-chemical parameters
(TBARS, PV, pH and ay,) of beef prosciutto and pork
prosciutto packaged in MAP are presented in Table 1.
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Figure 2. Changes in CO; concentration in the
MAP packaging of pork prosciutto during 180 days
of storage

Table 1. Chemical and physico-chemical parameters of two traditional meat products packaged in MAP
during 180 days of storage

Beef prosciutto Pork prosciutto
Days TBARS! pPV? oH 2 TBARS PV oH a
(mg MALkg') (mmol kg) (mg MALkg") (mmolkg™')

1 <LOQ* 0.22+0.02 5.79£0.02¢  0.913+0.006 <LOQ <LOQ 5.3240.02¢  0.874+0.002°
35 <LOQ 0.42+0.01° 6.03£0.01*  0.904+0.008  0.02+0.012 0.08+0.01° 5.61£0.02*  0.907+0.002*
60 0.02£0.012 0.68+0.04¢ 5.81£0.02¢  0.900£0.006*  0.05£0.01° 0.30+0.02° 5.46+0.02*  0.874+0.001
90 0.09+0.02° 0.90+0.024 6.00£0.02¢  0.910£0.006*  0.06+0.01° 0.5240.02¢ 5.39£0.01*  0.881+0.002
105 0.13+0.01° 1.05+0.02¢ 5.8240.04¢  0.869+0.006°  0.09+0.01¢ 0.68+0.02¢ 5.2540.04*  0.868+0.004°
120 0.15£0.02¢ 1.30+0.01F 5.7540.02*  0.874+0.008>  0.11+0.02° 0.93+0.04¢ 5.21£0.04*  0.871+0.006
135 0.15£0.024 1.58+0.02¢ 5.73£0.02¢  0.866£0.010°  0.13£0.02f 1.20+0.041 5.19£0.02*  0.869+0.008
150 0.15+0.01¢ 1.68+0.012 5.73£0.02¢  0.865£0.006°  0.15+0.02¢ 1.75+0.068 5.16£0.02¢  0.866+0.006°
165 0.19+0.01° 1.80+0.01" 5.62£0.04*  0.866+0.006°  0.19+0.04" 1.78+0.042 5.40+0.04*  0.863+0.005
180 0.20+£0.01¢ 1.92+0.02! 5.64+0.042 0.879+0.006° 0.20+0.01% 1.86+0.06¢ 5.3240.012 0.897+0.006°

I'TBARS - thiobarbituric acid reactive substances;

2 PV — peroxide value;

3 a,, — water activiey;

4 LOQ - limit of quantification of the method applied,;

ab.edefehwithin column values — meantSD (standard deviation) — that do not share a letter are significantly different (p<0.05).
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The average pH and a,, values obtained for
beef prosciutto in MAP were 5.79, and 0.885, re-
spectively. These results are similar to results ob-
tained by Garriga et al. (2004) (pH 5.81; a,, 0.890),
during 120 days at 4°C. Rubio et al. (2007) found
that pH value was 5.85, and a,, value was 0.900 in a
typical Spanish dry-cured beef product. There were
no statistically significant differences in pH val-
ues during the storage period for the two products
(p>0.05). Significant differences regarding TBARS
and PV mean values were registered within the first
half of the storage period (between 1, 35, 60 and 90
days) and also in relation to periods within 105-150,
165 and 180 days (p<0.05) for both of the products.
TBARS and PV values differed significantly on all
days within the first half of storage period for both
of the products (p<0.05) (Table 1).

Statistically significant differences in meas-
ured ay values were registered (p<0.05) between
results obtained in the first half of the storage pe-
riod and on all other days until the end of the study
(105,120,135,150,165 and 180 days). The a,, values
in the two products did not differ significantly with-
in the first half of storage period (p>0.05). The wa-
ter activity of meat products is that part of the water
that is available for biochemical reactions and mi-
crobial growth. Keeping the a,, value below 0.910 is
a key factor in prolonging shelf life of meat products
(Karolyi, 2004).

The average pH value (5.33) of pork prosciutto
in MAP during the 180 day storage period was lower
in comparison to Spanish dry-cured ham (pH 5.84;
ay 0.880) reported by Bover-Cid et al. (2011) and
also by De Alba et al. (2012) (pH 5.80; ay, 0.900).
The a, measured in pork prosciutto in the current
study was 0.877 on average and this value is similar
to those mentioned above. The lower pH the prod-
uct has, the more effective microbial inactivation is
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Figure 3. Sensory evaluation of beef prosciutto in
MAP packaging during 180 days of storage

reached. On the other hand, ay, of the product plays
an important quality trait due to its synergetic/antag-
onist role (Hyperbaric, 2014).

Determination of PV is one of the most im-
portant and commonly implemented quality control
measurements for assessment of food quality and
safety. The PV indicates the concentration of per-
oxides and hydroperoxides that are produced dur-
ing the early stages of lipid oxidation (primary oxi-
dation products) (/vanovic et al., 2015). The PV of
beef prosciutto gradually increased in the packs and
ranged from 0.22 mmol kg (day 1) to 1.92 mmol
kg! (day 180). In pork prosciutto, the PV also grad-
ually increased during the period of storage, and
ranged from below the LOQ (limit of quantifica-
tion of the method) (day 1) to 1.86 mmol kg!' (day
180) (Table 1). These PVs indicate slight formation
of primary oxidation products in both of the prod-
ucts. However, results for the content of malonalde-
hyde (TBARS) indicated that there were no signs of
secondary lipid oxidation (Table 1). TBARS values
increased slightly during the whole study and they
ranged from below the LOQ (day 1) to 0.20 mg kg™
at the end of storage period for both of the prod-
ucts. Values above about 0.5 are considered critical
since they indicate a level of lipid oxidation of prod-
ucts which would produce a rancid odour and taste
which can be detected by consumers (Wood et al.,
2008). The oxidation of unsaturated fats in high-fat
products also results in unappetizing taste and smell.
Rhee and Ziprin (1987) showed that lipid oxidation
correlated with total pigment and myoglobin content
of raw muscle.

In cooked meat products (e.g. cured ham), low
residual levels of oxygen promote pigment dena-
turation which imposes a dull greyness to the meat
surface (Moller et al., 2000). Registered changes in
surface colour of the two products examined in this

(. 1

- XX

1 /\\‘V Bl consistency
-

- acc'eta'ble
limit

=
=
=
©
=
S
3
z
S
:
I
@
@

2. 35 60 90 105 120 135 150 165 180

. J

Figure 4. Sensory evaluation of pork prosciutto in MAP
packaging during 180 days of storage
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study were not particularly large, but they were de-
tected towards the end of the storage period (Figures
3 and 4). Very low oxygen atmospheres minimise li-
pid oxidation and aerobic microorganism growth.
Lipid oxidation in both products occurred at a slow-
er comparative rate than discoloration and should
not be the major determinant of shelf-life (Kennedy
et al.,2004).

During sensory evaluation, the ultimately ac-
ceptable level 2 was reached after 180 days storage
for both of the products. The generally common lim-
it of acceptability (3 in the 1 to 5 point scale), was

reached after 135 days for beef prosciutto (Figure
3) and after 150 days for pork prosciutto (Figure 4).

Conclusions

Based on the obtained results and discussion, it
can be concluded that beef and pork prosciutto pack-
aged in this material for MAP, with 30% CO, and
70% N, can be stored between 4°C and 7°C for up
to 180 days. At the end of that storage period, both
the meat products were still of acceptable sensory
quality.

Acknowledgments: This paper is the result of work on the project supported by the Ministry of Education,
Science and Technological Development of the Republic of Serbia, Project No III 46009.
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thermal process
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Abstract The aim of this paper was to assess the manufacturing process of liver pate (150 g) packed in cans designed for
the domestic market. The investigation included hygiene of the manufacturing process, product quality and control of heat treatment.
Process hygiene was assessed through determining microbial numbers in canned stuffing before heat treatment, immediately after fill-
ing and during the wait time for the canning process (up to 150 minutes). Sulphate reducing Clostridia were not detected, Escherichia
coli numbers ranged from 3,08 up to 3,25log CFU/g™!, Enterobacteriaceae from 2,96 up to 3,08 log CFU/g™! and total aerobic colony
count from 5,75 up to 6,36 log CFU/g™!. Average chemical and physico-chemical product paramaters were determined.: total protein
content (9,66+0,61%), fat content (22,32+1,05%), sodium chloride content (1,49+0,04%), a,, (0,96+0,005), pH (6,44+0,11) and nitrite
content as NaNO: (7,44+1,97 mg/kg ™). Determined chemical and physico-chemical parameters were in accordance with the require-
ments of domestic legislation. Heat tr eatment lasted 1 hour and 30 minutes. Effective sterilization time was 55 minutes, at autoclave
medium temperature 114°C and a pressure of 3.2 bar. Lethality of the heat treatment was controlled by thermocouple probes placed in
thermal centre of cans in six point checks and determining F, values which ranged from 7,24-8,58. This thermal regime, supported by
can hermeticity, was sufficient to ensure the safety of the canned liver pate.

Keywords: Liver pate, process hygiene, quality, heat treatment.

Introduction

Liver pate is a meat product derived from meat,
fat, liver (at least 10%), other offal, connective tissue,
blood, blood preparations, bouillon, soup, onion and
additives, and protein preparations may also be in-
cluded. Mostly, these pate are placed on the Serbian
market as sterilized canned products as well as pas-
teurized liver pate in casing (Anonymous, 2015). Pork
liver pate is a very popular and cheap cooked meat
product manufactured and consumed all around the
world (Ivanovic et al., 2015). Due to high amounts of
fat and non-haeme iron as well as the manufacturing
process itself, liver pate is highly sucseptibile to lipid
oxidation (Lorenzo and Pateiro, 2013).

The shelf life of canned meat products, when
hermeticity is preseverved, in the first place de-
pends on the degree of microbial destruction dur-
ing heat treatment. Cans are considered com-
mercially sterile. Comercial sterilization implies
successful destruction of vegetative forms of bacte-
ria (Enterobacteriaceae, staphylococci, micrococci)

and especially spores of Clostridium botulinum and
Cl. perfringens, as well as the absence of toxins and
tissue enzymes, but with a tolerance for non-path-
ogenic microbiota that are not capable of causing
failure of cans (4Anonymous, 2005). The desirable
taste of liver pate is significantly influenced by tis-
sue composition (porcine, bovine, poultry meat, fat
and liver) and spices and additives used. Also the in-
tensity of heat treatment, which contributes to the
appearance of a bitter taste, is correlated with the
sterilization temperature. Because of that and espe-
cially in order to preserve the biological value of the
product, the heat treatment should be carried out at
temperatures <120°C, but with the imperative that
the product must stay safe during the defined shelf
life. The type of package (plastic film, cans) causes
no difference in the taste of products which are sub-
jected to an equal thermal treatments (4nomymous,
2011; Uhler, 2016).

According to epidemiological data and risk
analysis, the major causes of foodborne diseases
are microorganisms and toxins of microorganisms.
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Therefore, with the new approach to food safety it
is necessary to set up adequate microbiological cri-
teria for foods (Buncic and Katic, 2011). Principles
for the development of risk assessment of microbi-
ological hazards have been developed by the Codex
Alimentarius (CAC) and EU Scientific Committee
for Food (Anonymous, 2011a). This takes into ac-
count the principles of CAC and opinions, the EU
Commission laid down the microbiological criteria
for food in 2005 (4Anonymous, 2005a).

The aim of this study studywas to evaluate the
manufacturing process hygiene, safety and quali-
ty parameters of commercially sterilized liver paté
packed in 150 g amounts in a three-part hard tin can
intended for the local market. The process hygiene
of liver paté production was determined by system-
atic monitoring of microorganisms present in pate
stuffing at different waiting times before heat treat-
ment. Product safety was monitored by determining
the F, value during the heat treatment.

Materials and Methods

Examinations were carried o ut in a meat pro-
cessing plant while a total of six test series were per-
formed. The tests consisted of three parts. The first
part was related to the determination of process hy-
giene, the second to the examination of quality pa-
rameters, and the third to the heat treatment.

During the first stage, samples were taken af-
ter the closure of the stuffing (150 grams) into cans
(three parts hard tin, manufacturer Silgan Holdings
Inc., Skydra, Greece) before the heat treatment. The
filled cans were sampled and investigated four times:

1. Immediately after the filling

2. After 90 minutes of waiting before the heat
treatment

3. After 120 minutes of waiting before the heat
treatment

4. After 150 minutes of waiting before the heat
treatment

Table 1. List of reference methods used for enumeration of microbiota testing in the liver paté

Microbiota

Reference method

Sulphate-reducing clostridia

ISO (2011) 15213:2011 — Horizontal method for the enumeration of
sulfitereduction bacteria that grow under anaerobic conditions

Escherichia coli

ISO (2008) 16649-2: 2008 — Horizontal method for the enumeration
of B-glucuronidase positive Escherichia coli Part 2: Colony count tech-
nique at 44°C with 5-bromo-4-chloro-3-indolyl-p-D-glucuronide;

Enterobacteriaceae

ISO (2009) 21528-2: 2009 — Horizontal method for the detection and
enumeration of Enterobacteriaceae. Part 2: Colony-count method;

Total aerobic colony count

ISO (2008b) 4833: 2008 — Horizontal method for the enumeration of
microorganisms-count technique at 30°C

Table 2. List of reference methods used for quality parameters testing in the samples

Quality parameter

Reference method

Total protein content

ISO (2008a) 16634:2008. Food products — Determination of the total
nitrogen content by combustion according to the Dumas principle and
calculation of the crude protein content

Sodium chloride content

ISO (2004). 1738:2004. Meat and meat products — Determination of
salt content

a,, value

ISO (2004b). 21807:2004. Microbiology of food and animal feeding
stuff-Determination of water activity

Fat content

ISO (1998). 1444:1998. Meat and meat products — Determination of
free fat content

pH value

ISO (2004a). 2917:2004. Meat and meat products — Measurement of
pH — Reference method

Nitrite content

ISO. (1999). 2918:1999. Meat and meat products — Determination of
nitrite content
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Legend: D Probe placed into the the thermal centre of the product.

Figure 1. Schematic diagram of probes positions in thermal centre of the liver pateé cans in carts, in autoclave
during heat treatment, viewed from above

Each sample consisted of five filled and closed
units (cans). Five units were labeled and transported
under cold chain conditions (+4°C) for up to two hours
to the laboratory. Immediately upon arrival at the lab-
oratory, the samples were examined for numbers of
of micro-organisms: sulphite reducing Clostridia,
E. coli, Enterobacteriaceae and total aerobic colony
counts, in order to determine the process hygiene con-
ditions. Micro-organisms were determined using ref-
erence methods, as presented in table 1.

The quality parameters of liver pate were deter-
mined in parallel by means of physico-chemical (pH
value, ay), and chemical tests (protein, fat, sodium
chloride and nitrite contents).

Quality parameters in liver paté¢ were deter-
mined using reference methods, as presented in ta-
ble 2.

Heat treatment was validated for the same pro-
duction batch. Validation was performed in a horizon-
tal autoclave with overpressure that can receive four
carts (“Sterilflow, type 1341, EA, manufactured 2013
— Roanne France), with thermocouple “ELLAB”,
model CTF 84with six compensating cables). The
temperature and F, values were recorded and printed
every five minutes. A total of six probes were placed
in four carts in the middle section, in the thermal cen-
tre of filled cans (Figures 1 and 2). Heat treatment was
performed in accordance to the following formula:

1
To=15"+ Y +20'
114°C/3.2bar
15' — was the heating time to the required autoclave temperature
55'—was the effective sterilization time under autoclave medi-
um (114°C and pressure 3,2 bar)
20' — was the cooling time

G

First cart Second cart Third cart Fourth cart
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Legend: D Probe placed into the the thermal centre of the product.

Figure 2. Schematic diagram of probes positions in thermal centre of the liver paté cans in carts, in autoclave
during heat treatment, viewed from viewed from the side
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Statistical analysis was performed by using
commercial statistical software (MS Office 2010,
Excel 2010)

Results
Microbiological investigation showed that sul-

phite reducing Clostridia were not detected in any
sample of canned stuffing before heat treatment.

The presence of other tested microbiota is pre-
sented in Figures 3-5.

During the waiting time, in hermetically sealed
cans with stuffing, an increase of the number of test-
ed microorganism was observed.

The number of E. coli increased from
3,08+0,36 log CFU g, (immediately after sealing)
to 3,254+0,24 log CFU g!, (after 2 hours and 30 min-
utes, before heat treatment).
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Graph 3. Numbers of Escherichia coli in canned liver pate stuffing before heat treatment

3.1
__ 3.08 /
% 3,06
E /
o 3.04
%o /
2 3
E /
2 298
& yd
g 296
g
Z 294

2.92
2.9 T T T 1
0:00 1:30 2:00 2:30
Time before heat treatment (h:min)

Graph 4. Numbers of Enterobacteriaceae in canned liver paté stuffing before heat treatment
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Graph 5. Numbers of total aerobic colony count in canned liver pate stuffing before heat treatment

The number of Enterobacteriaceae increased
from 2,96+0,26 log CFU g'!, (immediately after
sealing) to 3,08+0,16 log CFU g, (after 2 hours
and 30 minutes, before heat treatment)

The total aerobic colony count increased from
5,75+0,39 log CFU g, (immediately after sealing)
t0 6,36+0,33 log CFU g, (after 2 hours and 30 min-
utes, before heat treatment)

Before heat treatment, quality parameters were
determined in six repetitions, through determina-
tion of chemical and physico-chemical properties.
Results are presented in table 3.

The chemical and physico-chemical parame-
ters determined were in accordance with domestic
legislation (4nonymous, 2015).

Heat treatment was monitored during regular

production (Figures 6 and 7).

Table 3. Physical and psysico-chemical parameters of liver pate

Parameters X+SD Min Max Iv
Total protein content (%) 9,66+0,61 8,57 10,13 1,56
Fat content (%) 22,32+1,05 20,97 23,5 2,53
Sodium chloride content (%) 1,49+0,04 1,45 1,56 0,11
Ay 0,960,005 0,954 0,972 0,018
pH 6,44+0,11 6,32 6,56 0,24
Nitrite as NaNO, content (mg kg™!) 7,44+1,97 5,42 9,36 3,96
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Discussion

E. coli in canned stuffing before heat treatment

E. coli is considered as an indicator of fecal
contamination. Its presence in raw material general-
ly indicates improper hygiene and/or improper han-
dling of raw material. E. coli O157:H7 (causative
agent of hemolytic uraemic colitis and thrombotic
thrombocytopaenic purpura syndrome) is especially
significant for human health. Since the early 1980s,
E. coli O157 has emerged as one of the most signif-
icant pathogens of public health relevance not be-
cause of the incidence of the illness, which is much
lower than that of other foodborne pathogens such as
Campylobacter or Salmonella, but becouse of the se-
verity of symptoms, the low infections dose and po-
tential sequelae (Nastasijevic et al., 2014). The EU
Scientific Council of Veterinary Public Health issued
an opinion on verotoxin-positive E. coli (VTEC) in
food (Anonymous, 2003). The Council concluded
that it is unlikely that the application of microbio-
logical standards for VTEC O157 to the end product
has led to a significant reduction of the related risks
for consumers. However, microbiological guide-
lines aimed at reducing faecal contamination along
the food chain can contribute to reducing public
health risks, including VTEC (4nonymous, 2005a).
Therefore, it is difficult to provide clear recommen-
dations on the admissibility of the presence of E. coli
in raw material which is being directed to the inten-
sive heat treatment at temperatures of over 100°C.
However a statement in Serbian regulation cover-
ing general and specific food hygiene requirements
in any stage of production, processing and transport
pertaining to the processing of meat preparations,
(Annex 2, 2.1.8.) relevant and requires counts of
2,7-3,7 log CFU g, immediately before heat treat-
ment (Anonymous, 2010). Unsatisfactory microbial
counts require measures to improve production hy-
giene and improvements in selection and/or origin
of raw materials. Although these statements are pre-
sent in the scientific literature (Peran et al., 2015)
there are also different opinions because the infec-
tious dose of E. coli O157 is not known. In some
cases of foodborne disease, only a few cells, per-
haps lower than 2 log CFU, may have been ingest-
ed (Tilden et al., 1996). Therefore, the prevention of
foodborne E. coli O157 infections requires not only
growth suppression in foods, but also elimination of
the pathogen from foods (Buncic et al., 2004).

In the current study E. coli numbers ranged
from 3,08 to 3,25 log CFU g! (depending on the
waiting time of canned stuffing before heat treat-
ment), which was acceptable from the aspect of

process hygiene, because all production batches
were sent to commercial sterilization. Additionally
the E. coli level was in accordance with the recom-
mended limit (Anonymous, 2010). Good hygiene
and manufacturing principles must be applied in all
production stages, in order to maintain E. coli (if
present at low levels) (waiting time of canned stuff-
ing intended for heat treatment must be as short as
the production process allows). At the same time,
the infectious dose for vulnerable groups (elder-
ly, children, pregnant women) is often lower than
2 log CFU g'! (Tilden et al., 1996), particularly in
the case of the most pathogenic serovars. Therefore
delays between preparation of stuffing, filling and
heat treatment process must be avoided or reduced
to minimum. Any deviation is unacceptable, and
such product must be removed from production and
adequately destroyed (Wiliam and Doyle, 2009).

Enterobacteriaceae in canned stuffing before
heat treatment

The family Enterobacteriaceae includes a lar-
ge group of biochemically and genetically-relat-
ed bacteria, the presence/absence of which in feed/
food generally indicates the level of hygiene. Their
presence in heat-treated foods indicates an inad-
equate thermal regime or contamination after the
completion of heat treatment. The European Food
Safety Authority (EFSA) issued an opinion on the
microbiological risks, which stated that the pres-
ence of Enterobacteriaceae can be used as an indi-
cator of risk in the finished food (Anonymous, 2004).
Moreover EFSA recommended monitoring and test-
ing for Enterobacteriaceae in the production setting,
and in finished product intended for special vulner-
able groups (4Anonymous, 2005). However, besides
pathogenic species, the family Enterobacteriaceae
also includes saprophytic species, which often oc-
cur in environments where food is produced with-
out posing any health hazard. Therefore, the family
Enterobacteriaceae can be used for routine moni-
toring and, if present, can trigger testing for specif-
ic pathogens. The presence of Enterobacteriaceae
in raw materials intended for heat treatment is tak-
en as an indication of the general hygienic manu-
facturing process and manufacturing plant hygiene
(Anonymous, 2011a).

In the current study the average Enterobacte-
riaceae count in canned stuffing intended for heat
treatment ranged from 2,96 to 3,08 lof CFU g
This may be the result of poor selection of raw ma-
terials or errors during manipulation of raw material
erial during the preparation of the product.
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Total aerobic colony count of canned stuffing
before heat treatment

Aerobic colony count on the surface of fresh
meat directly influences its shelf life. Spoilage of
fresh meat occurs when the aerobic colony count
reaches 6 log CFU cm™2 (4nonymous, 2016), fol-
lowed by strange smell, discolorations and texture
changes if total aerobic colony counts reach 8 log
CFU cm 2. Because of that, the principles of Good
Hygiene (GHP) and Good Manufacturing practice
(GMP) are of particular importance. In the Serbian
legislation on general and specific food hygiene re-
quirements at any stage of production, processing
and transport (Anonymous, 2010) of minced meat
(which has increased surface contact with microor-
ganisms) in Annex 2 (hygiene parameters of the pro-
duction process), paragraph 2.1.6. cited the limit for
aerobic colony count as being 5,7 to 6,7 log CFU
g1, whereby counts < 5,7 log CFU g! are satisfac-
tory, counts between 5,7-6,7 log CFU g! are ac-
ceptable, but counts > 6,7 log CFU g™! are unaccep-
table. Unsatisfactory results trigger improvements to
production hygiene and improvements in selection
and/or origin of raw materials.

In the current study the average total aerobic
colony countin canned stuffing intended for heat
treatment ranged from 5,75 to 6,36 log CFU g™! and
so were satisfactory (Anonymous, 2010). Special
attention must be devoted to the waiting time of
canned stuffing prior to heat treatment. Excessive
waiting time, over two hours, led to increases of to-
tal aerobic colony count.

Physical and physico-chemical parameters of
liver pate

Physical and physico-chemical parameters of
liver pate can influence the optimal regime of ther-
mal processing, canning and sustainability at recom-
mended storage temperature.

The ay of 0,96+0,005 was not an obstacle to
microbial growth and development. Generally, com-
mon spoilage bacteria are inhibited at approximately
ay 0,97 and some pathogens (e.g. Clostridia spp.) at
0,94. In order to ensure human health protection by
lowering food ay, this should be lowered to at least
0,62 (Karolyi, 2004) to 0,75 (Vukovic, 2012).

Nitrite, measured asNaNO,, 7,44+1,97 mgkg ™!
was relatively low. Similar levels were observed in
Germany — 11 mg kg™! (Sabine et al., 2011), while
the highest observed nitrite levels in that study
were around 50 mg kg'!, which is significant-
ly higher than in our study (highest nitrite level:
9,36 mg kg!). Nitrite is applied as a preservative

through curing salt, a homogenous mixture of ta-
ble salt and nitrite (0,5-0,6%). In the EU the use
of nitrite and nitrate in meat products is regulat-
ed (4Anonymous, 2008). The amount of residu-
al nitrite allowed in this type of product (paté) in
Serbia is up to 100 mg kg™! (4nonymous, 2013).
Nitrites are able to prevent formation of toxins in
products containing spores of CL botulinum types
A and B, via an inhibitory effect on spore germi-
nation. The amount of nitrites decrease during the
thermal treatment of meat products because of re-
action with proteins and other components in the
meat stuffing. The presence of nitrite residues en-
sure sustainability of the product during its shelf
life. Sodium chloride plays a very important role in
the production of meat products and provides a fa-
vorable effect on the texture, smell, taste and sus-
tainability. The perception of saltiness of sodium
chloride arises from a combination of sodium and
chlorine ions (Miller and Bartosuk, 1991) and this
combination gives a clean salty taste in the mouth
receptor corpuscles (Lilic et al., 2014).

The pH of the liver paté was 6,44+0,11 on av-
erage. This pH would not on its own effectively pre-
vent the growth of microorganisms in the stuffing.
In a product such as liver pate, low pH would neg-
atively affect the sensory properties of the products,
so the other factors are needed to achieve microbi-
al stability.

The fat content of the liver paté was
22,32+1,05% on average. Fat content can be of
great importance to the dynamics of heat treatment,
as fat can act as an insulator and prevent effective
heat penetration to the can thermal centre, so the
heat treatment of a product containing more fat
should last longer than the same product contain-
ing less fat.

Total protein content is prescribed as a quality
parameter in domestic law (4nonymous, 2015), were
liver sausage and paté must contain at least 9% meat
proteins or total proteins. The average total protein
content in the liver paté was 9,66+0,61 so this prod-
uct met local requirements.

During storage, over longer periods of time ,
can stuffing is susceptible to oxidative changes.
Longer storage leads to increases in peroxide and
thiobarbituric acid content, due to the decomposition
of fat. To decrease the intensity of fat oxidation pro-
cesses antioxidants can be justifiably added to stuff-
ing, during production. Natural antioxidant, such as
that based on rosemary, would provide added value
to commercial liver paté due to both its natural or-
igin and potential bioactive properties (lvanovic et
al., 2015).
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Heat treatment

Commercial sterilization is a heat treat-
ment of cans, at temperatures exceeding 100
°C, wherein, a lethality of at least Fo=3 must
be achieved in the thermal centre of the prod-
uct (Anonymous, 2015). F, value describes heat
treatment lethality. It is used for reliable con-
trol of sterilization and expresses the lethal ef-
fect of the reference temperature (121,1°C) for
one minute (Teodorovic et al., 2015; Vukovic,
1996, 2006). According to FAO recommenda-
tions (4dnonymous, 2016a) based on microbio-
logical risk assessment, sterilization of canned
meat products should achieve F, values of
4-5,5, while the temperature should be in the
range 117-130°C, depending on the character-
istics of the products. If these thermal require-
ments are met, 1-4 year shelf life is achieved by
storage temperature < 25°C.

In the current study, the heat treatment of
liver pate (150 g, three piece tinplate can) lasted
1 hour and 30 minutes (15 minutes warming up,
55 minutes effective sterilization and 20 min-
utes cooling). In the thermal centre of the cans,
the achieved Fo values ranged from 7,24—8,58,
using a six point check (with six probes) which
ensured the safety of the product. During the
sterilization process, workflow variations were
not observed, which indicated that the heat
treatment process occurred uniformly in all are-
as inside the autoclave.

Sterilization should eliminate vegetative bac-
teria, spores of clostridia, especially thermoresist-
ant spores of mesophilic CL botulinum types A and
B, while spores of some thermophilic bacteria, such
as Bacillus stearothermophilus, could survive steri-
lization, with lethality of F, 4-5,5. Because of that,
proper storage conditions (temperature <25°C,dark
and dry place) should be provided in order to ensure
stability of the product without microbial growth.
However, the general commercial intention is to im-
plement mild thermal processing in order to pre-
serve nutritional value and sensory characteristics
(Anonymous, 2016a).

In order to ensure product safety food business
operators must have HACCP-based self-control
plans. The EU regulation on hygiene of foodstuffs
states that food and staff who come into contact with
food must be controlled and must adhere to all food
safety instructions (Anonymous, 2004). Regular hy-
giene control must be performed by taking swabs
from surfaces that come into contact with food. The
elapsed time from filling stuffing cans to the begin-
ning of the thermal treatment should not be longer

than two hours as is recommended in FSIS docu-
ments.

The ability to produce microbially safe com-
mercially sterilized canned liver paté depends on
low initial microbial contamination of raw materi-
als, adequate application of Good Hygiene (GHP)
and Good Manufacturing Practice (GMP), adequate-
ly conducted technological processes, as well as ad-
equate heat treatment.

Conclusions

The safety of canned liver paté is based on
proper hermetic sealing and consecutively applied
stages of intensive heat treatment. The commercial
sterilization process of liver paté studied in cans
with 150 g net weight, which lasted 1 hour and 30
minutes, with an effective sterilization time of 55
minutes, autoclave medium temperature 114°C and
a pressure of 3,2 bar bar resulted in F, values rang-
ing from 7,24-8,58. This values are adequate and
suitable for the canned liver paté produced.

However the efficiency of heat treatment of
canned liver pate also depends on the microbiologi-
cal profile of the stuffing, and the waiting time prior
to heat treatment.

The microbiological profile of the liver pate
stuffing before heat processing (E. coli from 3,08 to
3,25 log CFU g!; Enterobacteriaceae from 2,96 to
3,08 log CFU g'!; total aerobic colony count from
5,75 to 6,36 log CFU g') indicates a need to im-
prove general hygiene conditions during the liver
pate production process.

In general the main recommendations for the
treatment of canned meat products are: 1) proper
selection of raw materials with suitable of hygien-
ic standards; 2) treatment of raw material in accord-
ance with food safety procedures; 3) a high level of
hygiene built in to the product design and manu-
facture; 4) manufacturing, including adequate heat
treatment, in accordance with food safety objec-
tives; 5) the preservation of can hermeticity after
closure and 6) proper can storage.

Physico-chemical parameters (ay 0,96+0,04;
pH 6,44+0,11) and chemical composition (sodium
chloride 1,49+0,04, nitrite content 7,44+1,97 mg
kg™!) of liver paté are not sufficient to prevent mi-
crobial growth on their own, so these antimicrobi-
al parameters have to be combined with some other
hurdles including the heat treatment.

The quality of the liver pat¢ was ensured by to-
tal protein content being on a average 9,66+0,61%
which is in accordance with regulations.
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Effect of sodium chloride reduction in dry fermented
sausages on sensory quality parameters and
instrumentally measured colour
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Abstract: Modern trends in human nutrition require decreasing the sodium chloride content in food due to several negative
health impacts of excessive sodium intake from food. The goal of this study was to investigate the possibility of reducing the amount of
sodium chloride used in the production of dry fermented sausages by using different salt mixtures to partially replace the sodium chlo-
ride. Control sausages were produced only with sodium chloride (3%), while sausages from other groups were produced by partially
replacing sodium chloride with other salts in different amounts. In group 1 and 2 sausages, sodium chloride was partially replaced by
potassium chloride and in group 3 and 4 sausages, sodium chloride was partially replaced by ammonium chloride.

Moderate reductions of sodium chloride in the dry fermented sausages by partial replacement with potassium chloride ( group 1)
and with ammonium chloride (group 4) led to a slight reduction in saltiness, although this was still at an acceptable level. The overall
acceptability of sausages from these groups was lower in relation to sausages from the control group, but despite that, their smell,

colour and taste were at an acceptable level.

The most highly expressed bitterness was determined in group 2 and 3 sausages, and these were significantly more bitter than
sausages from other groups. The use of different salt mixtures did not affect redness (a*) or yellowness (b*) in sausages, but led to
greater expressed lightness in the sodium-adjusted sausages in comparison to sausages from the control group.

Keywords: sodium chloride reduction, dry fermented sausages, sensory evaluation, colour

Introduction

Modern trends in human nutrition require the
reduction of sodium chloride in food due to several
negative health impacts of excessive sodium intake
from food. Increased intake of sodium is one of the
major causes of hypertension, which is the greatest
risk factor for development of cardiovascular dis-
cases. Excessive dietary sodium intake could be a
cause of essential hypertension and also can lead to
direct risk of heart attack (Perry and Beevers, 1992),
hypertrophy of the left heart chamber (Schmieder
and Messerli, 2000), sodium retention in extracellu-
lar fluid (MacGregor and de Wardener, 1997), great-
er possibility of infection by Helicobacter pylori and
risk of gastric cancer (7sugane et al., 2004), increase
of urinary excretion of calcium and risk of forming
of kidney calculi (Cappuccio et al., 2000), risk of
reduced bone density (Devine et al., 1995), exacer-
bations of asthmatic seizures (Mickleborough et al.,
2005) and increase of HOMA (homeostasis model

assessment) insulin resistance in patients with es-
sential hypertension (Kuroda et al., 1999).

Sodium chloride (salt) content can be reduced
in meat products in different ways but most common
is partial replacement of sodium chloride with potas-
sium chloride (Zerell, 1983; Guardia et al., 2006).
According to some data (Ruusunen and Puolanne,
2005), the lowest sodium chloride content in dry
fermented sausages is 2.5%, particularly in sala-
mis. Sausages with lower salt content are not firm
enough and cannot be easily sliced; thus, such low-
salt sausages lack one of the main characteristics of
dry fermented sausages. Besides potassium chlo-
ride, other chloride salts, mainly salts of magnesium
and calcium and ascorbates can be used as replac-
ers (Ruusunen and Puolanne, 2005). The main prob-
lem in this case is the occurrence of a bitter taste, be-
cause only sodium chloride has a clearly salty taste.

The aim of this study was to examine the ef-
fects of reducing sodium chloride in dry ferment-
ed sausages by replacing it with potassium chloride
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or ammonium chloride. To that end, sensory quality
parameters and instrumental measured colour were
determined in the sausages.

Material and Methods

Sausage production

Five groups of sausages were produced. Pork
for production of control group sausages was cured
with nitrite curing salt only, while sausages from
other groups were cured with various salt mixtures,
according to Table 1. Meat and fat were minced to
a granulation of 6 mm, mixed with salt or salt mix-
tures, and after that was filled into pig small intes-
tine, diameter 22-24 mm. Smoking, fermentation
and drying lasted for 21 days in the smoking house.

Sensory evaluation

Surface colour, cut colour, intensity of salti-
ness and bitterness and overall acceptability were
assessed by a sensory panel. Numeric-descriptive
scales with 5 points were used. For evaluation of col-
our and overall acceptability, 5 points was the best
attribute, while 1 point was the worst attribute. For
evaluation of intensity of saltiness and bitterness,
5 points equated to product with the most high-
ly expressed attribute (the most salty or the bitter-
est), while 1 point was the product with the least ex-
pressed attribute. Sensory evaluation was carried out
by 10 trained assessors under the same conditions.

Instrumental colour determination

Colour of sausages was evaluated using color-
imeter (Minolta Chroma Meter RC-400). The CIE
system colour profile of lightness (L*), redness (a*)

and yellowness (b*) was measured by a reflectance
colorimeter using illuminant source D65, 8-mm ap-
erture and 10° observation angle (C/E, 1976). The
colorimeter was calibrated throughout the study us-
ing a standard white ceramic tile. Colour was meas-
ured on three cut surfaces of sausage and on each
surface, three measurements were taken.

Determination of sodium content

Aliquots of approximately 0.3 g of sausage
were transferred into Teflon vessels and SmL ni-
tric acid (p.a. Sigma) and 1.5mL hydrogen peroxide
(30%, p.a., Merck) were added. The microwave di-
gestion program consisted of three steps as follows:
5 min from room temperature to 180°C, 10 min hold
180°C, 20 min vent. After cooling at room tem-
perature, the digested solutions were quantitative-
ly transferred into disposable flasks and diluted to
100ml with deionized water (Elga).

The analysis was performed by inductive-
ly-coupled plasma mass spectrometry (ICP-MS).
Measurements were performed using an iCap Q
(Thermo Scientific, Bremen, Germany), equipped
with a collision cell and operating in kinetic energy
discrimination (KED) mode. The isotope >*Na was
measured.

Torch position, ion optics and detector settings
were adjusted daily using tuning solution (Thermo
Scientific Tune B), in order to optimise measure-
ments and minimise possible interferences. For
qualitative analysis, a five-point calibration curve
(including zero) was constructed for each isotope in
the concentration range of 0.1 — 2.0 mg L. An ad-
ditional line of the peristaltic pump was used for on-
line introduction of multi-element internal standard
(°Li, ¥Sc — 10 ng mL-'; "'Ga, ¥Y, 2°Bi — 2 ng mL!)

Table 1. Composition of sausages, g

Group Raw material cSl?l((i)lrl:(Iil:e P:l:f(?:ii:;;n AICI;:;::;I.:;I:H Sodium nitrite
Control £g£k6i)1})°“1der’ 2400 90.00 - - 0.4500

1 gg&%’“ldeﬁ 2400 60.00 30.00 = 0.4500

2 ggtr’k&%oulder’ 2400 45.00 45.00 - 0.4500

3 Egtr’kgolg’ulder’ 2400 45.00 - 30.00 0.3750

4 Egtr,kgolgoulder’ 2400 60.00 - 7.50 0.3375
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covering a wide mass range. Concentrations of each
measured isotope were corrected for response fac-
tors of both higher and lower mass internal standard
by interpolation.

The quality of the analytical process was con-
trolled by analysis of the standard reference material
(NIST SRM 1577c¢). Measured concentrations were
within the range of the certified values for all iso-
topes.

Statistical evaluation

The results are presented as mean=SD.
Between averages statistical differences were signif-
icant at the levels P<0.05 and P<0.01 by Student’s
t-test. Significant differences in the tables are ex-
pressed as different superscript letters.

Results and discussion

Results of sensory evaluation are shown in
Table 2. Sausages from all groups had high scores
for surface and cut colour and there were no sig-
nificant differences between the different groups
of sausages (P>0.05). The saltiest sausage was the
control sausage (4.22+0.32), while sausages from
other groups, although moderately salty, were sig-
nificantly less salty than control sausages (P<0.05).
The most highly expressed bitterness was in group
2 and 3 sausages (3.94+1.07 and 3.56+0.86, respec-
tively), and these sausages were significantly more
bitter (P<0.01) than the more moderate group 1 and
4 sausages (2.06£0.90 and 2.89+0.34, respectively).
Control sausages were evaluated as the least bitter,
which was expected, because only sodium chloride
had been added to these products.

The best sensory scores for overall acceptabil-
ity were obtained by control sausages (4.67+0.47),

and this was significantly better than sausages from
other groups (P<0.01). Group 1 and 4 sausages
were evaluated similarly (P>0.05; 3.56+1.26 and
3.8340.58, respectively), while group 2 and 3 sau-
sages achieved the lowest evaluations (2.89+0.74
and 2.78+0.92, respectively). Despite worse scores
for overall acceptability, sausages from groups 2 and
3 were still had acceptable colour, smell and taste.
The only differences noted were a slightly bitter
taste and less saltiness.

Gou et al. (1996) used potassium chloride, po-
tassium lactate and glycine as sodium chloride re-
placers in fermented sausages and concluded that
replacing 40% or more of the sodium chloride with
these compounds or their mixtures lead to undesir-
able and irreversible changes in sensory quality of
product. Also, product texture problems occured
when 30% of the sodium chloride was replaced
with potassium lactate or 50% of the sodium chlo-
ride with glycine. The same authors (1996) cited a
fall in overall sensory acceptability when 30% of
the sodium chloride was replaced with potassium
lactate, 20% with glycine or 40% with potassium
chloride.

Askar et al. (1993) did not find statistically im-
portant differences in odour or taste acceptability
when the replacers, potassium lactate and potassi-
um chloride, in total amounts of 50% of the sodium
chloride, were used.

Ibaiiez et al. (1997) did not find differences in
overall acceptability between dry fermented sau-
sages produced with 3% sodium chloride (common
amount) and sausages produced with 1.5% sodium
chloride and 1% potassium chloride, whereby the
sodium content was decreased by one half.

The results of the instrumental determina-
tion of cut surface colour of sausages are present-
ed in Table 3. In this study, only the lightness of
control sausages (32.57+1.43) was significantly

Table 2. Sensory evaluation of sausages

Group Surface colour Cut colour Saltiness Bitterness acc(e);:;ggi ty

Control 4.9440.16 4.72+0.42 4.22+40.322 1.39+0.46* 4.67+0.47%
1 4.944+0.16 4.72+0.42 3.78+0.79b 2.06+0.90¥ 3.56+1.26Y
2 4.94+0.16 4.72+0.42 3.61+0.66° 3.94+£1.07% 2.89+0.74~
3 4.94+0.16 4.72+0.42 3.56+0.86° 3.56+0.86” 2.78+0.927
4 4.83+0.33 4.72+0.42 3.61+0.94° 2.89+0.344 3.83+0.58

ab Numbers within one column with different superscript letters are significantly different (P<0.05)
%% %4 Numbers within one column with different superscript letters are significantly different (P<0.01)
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Table 3. Results of the instrumental determination of cut surface colour of sausages, CIE Lab system

Group L* — lightness a* —redness b* — yellowness
Control 32.57+1.432 14.61+2.80 5.35+1.44
1 34.80+1.54° 15.72+1.98 6.91+1.04
2 36.11+2.20° 15.48+1.71 6.44+1.01
3 36.14+2.50° 14.78+1.94 6.40+1.52
4 35.25+1.53b 17.23£1.00 7.04+0.90

a,b Numbers within one column with different superscript letters are significantly different (P<0.05)

lower (P<0.05) compared to the lightness of
group 1 sausages (34.80+1.54), group 2 sausages
(36.11+2.20), group 3 sausages (36.1442.50) and
group 4 sausages (35.25+1.53), while there were
no differences between lightness values of sausag-
es from these four groups (P>0.05). No significant
differences (P>0.05) were determined between red-
ness or yellowness for all examined groups of sau-
sages. The total colour difference (AE) between:
control and group 1 sausages was 2.94; control and
group 2 sausages was 3.80; control and group 3
sausages was 3.72 and; control and group 4 sau-
sages was 4.11.

Gimeno et al. (1998) reduced the salt content
in Chorizo sausage, using a mixture of 1% sodium
chloride, 0.55% potassium chloride, 0.23% mag-
nesium chloride and 0.46% calcium chloride, with
the aim of replacing some of the 2.6% sodium chlo-
ride that is common for this sausage. They deter-
mined that sensory acceptability was reduced due
to reduced saltiness intensity as well as decreased
red colour intensity because of the reduction in the
amounts of nitrosohaeme pigments. Instrumentally
measured colour (CIE L*a*b*) showed there were
no important difference in the colour between con-
trol and experimental group of sausages.

The sodium levels in the sausages are present-
ed in Table 4. As would be expected, the highest
sodium content was determined in control sausag-
es (16084.15+1156.50) due to usage of only sodi-
um chloride and this level was statistically high-
er than the sodium content determined in sausages
from other groups (P<0.01). Sodium levels were
similar in sausages from group 1 and 4 sausag-
es (14620.78+475.22 and 14197.06+11.73, respec-
tively), and these were significantly higher than the
sodium content determined in group 2 and 3 sau-
sages (9847.71£847.30 and 10706.42+459.37,

respectively). Moderate sodium reductions were
seen in group 1 sausages of 9.09%, in group 2 of
38.77%, in group 3 of 33.43% and in group 4 of
11.73% in relation to control sausages.

Table 4. Sodium content in sausages

Group Sodium, mg/kg

Control 16084.15+£1156.50%
1 14620.78+475.22Y
2 9847.71+£847.30~
3 10706.42+459.37~
4 14197.06£11.73Y

x,y,z Numbers within one column with different superscript let-
ters are significantly different (P<0.01)

Conclusion

Moderate reductions of sodium chloride in the
production of dry fermented sausages by partial re-
placement of sodium chloride with potassium chlo-
ride (group 1) and with ammonium chloride (group
4) led to slightly reduced saltiness, although this was
still at an acceptable level. Also, sausages from these
two groups were acceptable and their overall accept-
ability was evaluated favourably, despite statistical
differences from the overall acceptability of sausag-
es from the control group.

The most highly expressed bitterness was deter-
mined in group 2 and 3 sausages, and these sausages
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were significantly more bitter than the moderately
bitter group 1 and 4 sausages, as well as the control
sausages.

The use of different salt replacer mixtures did
not affect redness (a*) or yellowness (b*) in sausag-
es from all groups, but did lead to greater expressed
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Bacterial hazards in fish meat: The aetiologic agents of
foodborne diseases

Dragana Ljubojevic!, Milos Pelic!, Vesna Djordjevic?, Lazar Milojevic?, Miroslav Cirkovic'

Abstract: Nowadays, consumers, fish industry professionals and scientists are increasingly directing their attention towards
safety requirements associated with the consumption of fish due to the presence of bacterial hazards. There is no doubt that good knowl-
edge and management of bacterial hazards associated with the consumption of fish are of great economic and medical importance. This
study describes the bacterial pathogens that most often cause fishborne outbreaks of disease (Vibrio, Escherichia coli, Staphylococcus
aureus, Salmonella, Aeromonas, Clostridium, Campylobacter, Listeria), as well as some individual disease outbreaks. In addition, the
measures that can be implemented to reduce the risk of bacterial hazards related to consumption of fish are reviewed. The most impor-
tant risk factor regarding bacterial zoonoses where fish was a vector was consumption of raw or undercooked processed fish, including
cold smoked fish, but recontamination is also an important risk factor.

Key words: fish, microbiological safety, monitoring, zoonotic diseases, heat treatment.

Introduction

The fish trade is bringing increasing econom-
ic benefits at the global level, but given the facts
that natural resources are limited and that further in-
creases in the amount of wild fish harvested is unsus-
tainable, aquaculture is becoming one of the fastest
growing industries in the production of food of ani-
mal origin. The rapid growth of aquaculture produc-
tion is undoubtedly the result of increased demand
for fish. One of the reasons is the well-known fact
that fish meat is, to a much lesser extent, the cause
of zoonotic diseases compared to the meat of other
farm animals (Baltic et al., 2009). In addition, pro-
cessed fish products contain much fewer additives
than meat products from other species (Okanovic et
al., 2013ab). It is well known that fish meat is a val-
uable source of nutrients that are present in optimal
amounts for human requirements (Cirkovic et al.,
2011; 2012; Ljubojevic et al., 2013abc) and the fact
that this is a very high-quality food is the main rea-
son for increased consumption of fish meat world-
wide. Despite the global increase in the consump-
tion of fish meat, average annual fish consumption
per capita in Serbia is significantly lower than the
global and European average — only 7 kg (Janjic et
al., 2015). Increased fish consumption and changed

consumer habits will likely result from continuously
promoting this highly valuable food.

Scientific research related to aquaculture is
of increasing importance and objectives of this re-
search are improved production (Spriric et al., 2009;
Trbovic et al., 2009; Ljubojevic et al., 2013d), as
well as the preservation of sensory properties of fish
meat (Babic et al., 2009, 2014, 2015). A large num-
ber of authors from different countries have studied
the chemical composition of fish meat, as well as its
nutritive value (Vranic et al., 2010; 2011; Zsuzsanna
et al., 2011; Trbovic et al., 2013; Ljubojevic et al.,
2014; 2015; Pavlicevic et al., 2014). Studies have
also included the safety of fish meat, such as the con-
tent of chemical pollutants (heavy metals, persistent
organic pollutants) in the fish (Djinovic et al., 2010;
Trbovic et al., 2011; Jankovic et al., 2012; Djinovic-
Stojanovic et al., 2013; Djordjevic et al., 2013), as
well as the microbiological quality of the fish meat
(Davies et al., 2001; Cabrera-Garcia et al., 2004;
Milijasevic et al., 2012). Today, the attention of con-
sumers as well as fish industry professionals and
scientists is increasingly directed towards the safe-
ty requirements associated with the consumption of
fish meat, due to the presence of bacterial hazards.
Taking these factors into account, there is a need to
emphasise the bacterial pathogens that most com-
monly cause illness after consumption of fish meat.

Scientific Veterinary Institute “Novi Sad”, Rumenacki put 20, 21000 Novi Sad, Republic of Serbia;
?Institute of Meat Hygiene and Technology, Kacanskog 13, 11000 Belgrade, Republic of Serbia.
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In addition, the measures that can be implemented
to minimise the risk to human health of bacteriolog-
ical hazards in fish meat are described in the pre-
sent study. The main objectives of this study were
to describe the most important bacterial hazards in
fish meat, to point out the most important measures
to ensure the safety of fish meat and to raise public
awareness when it comes to the safety of fish meat.

Fish as the cause of foodborne diseases

The main causes of foodborne illness accord-
ing to the available epidemiological data and risk
analyses are microorganisms and microbial toxins
(Buncic and Katic, 2011). Diseases caused by fish
contaminated with microorganisms usually occur
after consumption of inadequately heat-treated fish
or fish products, including cold-smoked fish, which
can be contaminated both during and after produc-
tion. Outbreaks of foodborne illness, including food
poisoning, associated with the consumption of fish
and fish products have been recorded in almost all
European countries (EFSA4, 2014), as well as coun-
tries around the world. This indicates that the micro-
biological safety of fish meat on the market is a very
important parameter in terms of public health, and
there is great public interest because consumption of
these products can lead to serious health problems.
Huss et al. (2000a) found that about 12% of disease
outbreaks caused by fish in the United States (US)
were of bacterial aetiology (Clostridium botuli-
num, Escherichia coli, Salmonella, Staphylococcus,
Vibrio, Bacillus cereus). Shigella, Vibrio, Aeromo-
nas, E. coli and Campylobacter are pathogenic bac-
teria that can be transmitted to humans (Djordjevic et
al., 2012; Raissy et al., 2014). Listeria, Salmonella,
Staphylococcus aureus and C. botulinum type E are
potential hazards in cold smoked fish (Gram, 2001;
Gram and Dalgaard, 2002; Dondero et al., 2004).
Pathogens that are naturally found in water (C. botu-
linum type E, Vibrio, Aeromonas) or generally in the
environment (C. botulinum types A and B, Listeria
monocytogenes) can normally be found in both
live fish and fish immediately after slaughter (Huss
et al, 2000a). However, if they are in insufficient
numbers to cause illness, they do not pose a risk to
consumers. Thus, the International Commission on
Microbiological Specifications for Foods (ICMSF)
found that food containing less than 100 L. mono-
cytogenes g' is not a risk to the health of people
who are not particularly vulnerable (Vaz-Velho et
al., 2001). A serious health concern exists when a
very low infectious dose is capable of inducing dis-
ease, as is the case for Salmonella, Shigella, E. coli

O157:H7, or in cases where there is potential for
growth and the production of toxins (such as toxin
production by C. botulinum type E) in raw or pro-
cessed fish (Huss et al., 2000a). It is known that fish
meat is very susceptible to microbial deterioration/
spoilage, mostly due to Shewanella putrefaciens,
Pseudomonas, Vibrio and Aeromonas (Milijasevic et
al., 2010).

The health-hygienic properties of farmed fish
meat are influenced by the entire production chain,
from the environmental conditions in the pond, the
quality of food used to feed fish, handling during har-
vesting, slaughter, evisceration and further process-
ing to storage, transport and sale (Orban et al., 2008;
Milijasevic et al., 2012), which forces producers
along the chain to fulfil requirements associated with
quality, and above all, consumer safety. It should be
noted that modern principles that apply to food safe-
ty, including Good Hygienic Practice (GHP), Good
Manufacturing Practice (GMP) and Hazard Analysis
and Critical Control Points (HACCP) are required to
improve the safety of fish meat for consumers. The
main objective of HACCP is the control of biologi-
cal, chemical and physical harmful agents that could
be hazardous to human health (Joffraud et al., 2001,
2006; Djordjevic et al., 2006).

It is very often difficult to determine the ex-
act number of people who suffer from a bacterial
disease occurring as a result of fish meat consump-
tion, since in most cases, especially when it comes
to diseases of the gastrointestinal tract, they are not
reported because symptoms usually do not last long
in healthy individuals. In addition to exposure to
environmental factors, internal factors, such as the
physiological state of an individual, and especially
their immunosuppression and stress status, contrib-
ute significantly to the development of infectious
diseases. Temperature, water activity and pH are
among the most important factors affecting the sur-
vival and growth of bacteria in fish meat and fish
meat products, and this has led to these factors be-
ing used in different processes and heat treatments
in order to ensure longer shelf life of fish meat, as
well as to prevent the occurrence of foodborne ill-
ness in humans. Compulsory hygiene requirements
for staff handling food are found in EU legislation
(European Council, 2004). Microbiological crite-
ria, including sampling plans and methods to be
applied in the analyses are provided when there is a
need to protect public health. Microbiological cri-
teria for fish and fish meat products require quan-
tification of E. coli and pathogenic V. parahaemo-
Iyticus and are implemented during production. At
the end of the production cycle, monitoring meas-
ures are quantification of S. aureus and detection of
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Salmonella, and their presence indicates recontam-
ination of the finished product (Furopean Council,
1991).

The microbiological quality of fish on the mar-
ket is of concern for public health due to the inci-
dence of foodborne diseases associated with the
consumption of fish and fish products in European
countries (EFSA, 2014). The European Union (EU)
has established monitoring systems which include
notification and management for biological haz-
ards in foods including fish meat. The systems are
supported by EU legislation and coordinated by the
European Commission (EC), the European Food
Safety Authority (EFSA) and the European Centre
for Disease Prevention and Control (ECDC) (Ribo
et al., 2009). Collection of relevant data on biolog-
ical hazards is crucial and these data contribute to
risk assessments conducted by EFSA. Taking into
account the opinion of the Scientific Committee
on Veterinary Measures relating to Public Health,
the EU Commission adopted microbiological cri-
teria for foods (European Commission, 2005).
Harmonisation of legislation in the field of food
safety in Serbia with the EU includes the harmoni-
sation of legislation on microbiological criteria for
foods. In 2010, the Ministry of Agriculture, Forestry
and Water Management adopted a new food hygiene
regulation (Serbia, 2010) which is compliant with
EU regulation (European Commission, 2005) and
in accordance with Serbian food safety law (Serbia,
2009). Undoubtedly, though, there is still a need to
establish permanent monitoring, improve the man-
agement of microbiological hazards, and utilise all
other elements in risk analysis to make the Serbian
food safety system function according to the princi-
ples of risk analysis.

The most important bacterial hazards
isolated from fish

Vibrio

Consumption of raw or inadequately cooked
fish infected with Vibrio can cause gastroenteritis
in humans (Raissy et al., 2012). Vibrio parahaemo-
Iyticus, in most cases, produces acute gastroen-
teritis which usually passes unreported and has a
very short duration, but in some cases hospitalisa-
tion is necessary, and very rarely, it leads to septi-
caemia. V. parahaemolyticus is frequently isolated
from fish and other aquatic organisms throughout
the year in tropical areas and during the summer
in areas with moderate or cold climates (Cabrera-
Garcia et al., 2004). Some traditional Asian dishes

such as fish-balls, fried mackerel, tuna and sar-
dines have been associated with infections caused
by V. parahaemolyticus. These meals can include
both raw and undercooked fish and fish products,
or heat-treated products which are subject to recon-
tamination (Baffone et al., 2005). V. parahaemo-
Iyticus was first established as a foodborne path-
ogen in Japan in the 1950s (Fujino et al., 1974).
In the suburbs of Osaka in Japan in October 1950,
272 patients developed gastritis and 20 people died
as a result of the consumption of semi-dry small
sardines known as shirasu. The occurrence of diar-
rhoea caused by V. parahaemolyticus was record-
ed in Japan and Taiwan after consumption of inad-
equately cooked fish and raw local dishes such as
sushi and sashimi (Vuddhakul et al., 2000). Disease
caused by V. parahaemolyticus occurs most of-
ten in Japan, Taiwan and other Asian coastal re-
gions, although cases of outbreaks of disease have
been observed in many countries around the world.
However, cases of disease caused by V. parahaemo-
Iyticus in Europe occur sporadically. During twenty
years, only two cases of V. parahaemolyticus gas-
troenteritis were recorded in Denmark (Joseph et
al., 1982). Smolikova et al. (2001) isolated V. par-
ahaemolyticus and Vibrio alginolyticus from pa-
tients during an outbreak of acute enteric diseas-
es in Russia in 1997 and the V. parahaemolyticus
isolates from humans produced thermostable exo-
toxin haemolysin. They proved that the alimenta-
ry toxico-infection was caused by V. parahaemo-
Iyticus O3:K6. Acute enteric disease was described
in Russia in 1999 (Boiko, 1999), wherein the aeti-
ological agents were V. fluvialis (30.3%), V. par-
ahaemolyticus (27.3%), V. costicola (21.2% ) and
Photobacterium damselae (21.2%) and according
to the results of that study, vibriosis inducers, with
the exception of V. costicola, were more associat-
ed with contamination of water than with contam-
ination of fish. In the US, the occurrence of gas-
troenteritis in 14 people was recorded as a result
of V. parahaemolyticus during the 1970s, and spo-
radic cases were recorded during the 80s and 90s,
whereby 59% of the cases manifested as gastroen-
teritis, 34% as wound infections, 5% as septicae-
mia, and 2% as other symptoms, with most of these
disease incidences occurring during the hot sum-
mer months and being associated with marine fish,
and especially with molluscs (Daniels et al., 2000).
Normally, rehydration is sufficient for recovery af-
ter food poisoning caused by V. parahaemolyticus,
and the use of antibiotics should be reserved for se-
rious cases of illness that last a long time. V. algi-
nolyticus has been described in fish and shellfish in
Europe (Di Pinto et al., 2005).
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Vibrio cholerae

Cholera is a highly contagious disease caused
by infection of the small intestine with Vibrio chol-
erae O1 or O139 and is characterised by severe acute
diarrhoea, vomiting and consequent dehydration,
while death may occur due to severe and untreated in-
fections (Colwell, 1996). V. cholerae is mainly trans-
mitted through water, although fish and fish products
that have been in contact with contaminated water or
faeces of infected persons can also be a source of in-
fection (Rabbani and Greenough, 1999). Kam et al.
(1995) recorded 12 outbreaks of cholera caused by
V. cholerae biotype El Tor inaba, which occurred in
Hong Kong for a period of three weeks in June and
July of 1994. Only adults of both sexes were affected.
Epidemiological research connected all cases with
the consumption of seafood, including mussels, crabs
and shrimp, and microbiological test results showed
that contaminated sea water in the holding tanks used
to keep the animals was most likely the source of the
infection. Extensive control measures were imple-
mented that involved a ban on the use of contaminat-
ed water in the tanks, rigorous microbiological con-
trol of used sea water, control of storage and more.
These measures were enhanced through an active
campaign and health education on food safety and
personal hygiene and abruptly ended the epidemic.

Escherichia coli

The presence of Enterobacteriaceae in food and
water is a common cause of diarrhoea and dysentery,
especially among children, and E. coli is a classic ex-
ample of a bacterium that leads to the onset of the
disease. E. coli is the most common enterobacteria
that causes gastrointestinal illness, and it is known
that these diseases are the most common causes of
mortality and morbidity in developing countries. It
is important to note that in addition to other coliform
bacteria, the presence of E. coli indicates poor hy-
gienic conditions during processing of fish, because
these microorganisms are not found on freshly har-
vested fish (Milijasevic et al., 2012). Contamination
of fish or fish products with pathogenic strains of E.
coli most likely occurs during handling or processing
of fish. Fish and fish products are often the vector of
infection, especially if they are sold at local fish mar-
kets that do not meet the elementary hygienic con-
ditions (Vieira et al., 2001). Verocytotoxic E. coli
(VTEC) are a group of E. coli which are character-
ised by the ability to produce verocytotoxins (syno-
nym Shiga-like toxin). Most reported cases of human
infection with VTEC are sporadic cases. The symp-
toms associated with VTEC infection in humans

range from mild to bloody diarrhoea, which is usu-
ally accompanied by stomach cramps, commonly
without the appearance of fever. VTEC can lead to
haemolytic uremic syndrome (HUS), characterised
by acute renal failure, anaemia and decrease in the
number of platelets. HUS occurs in approximately
10% of patients infected with VTEC O157:H7 and
this syndrome is the leading cause of acute kidney
failure in children. Fish and fish products were the
vector in 9.2% of foodborne outbreaks of VTEC as-
sociated disease in the EU in 2012 (EFSA4, 2014).
In Vietnam, E. coli was isolated from raw fish (Dao
and Yen, 2006). Mitsuda et al. (1998) described dis-
ease that was manifested by diarrhoea, and caused
by ingestion of food contaminated with enterotoxi-
genic E. coli (ETEC) in Japan. The outbreak was re-
corded in four Japanese primary schools in 1996 and
spread to more than 800 people, while the disease it-
self was associated with tuna paté. Examination of
faeces from symptomatic patients revealed the pres-
ence of ETEC O25:NM that produced a heat stable
toxin. Vieira et al. (2001) isolated 18 strains of ETEC
in 3 of 24 samples of raw fish taken from the market
in Brazil, 13 of which produced heat-labile entero-
toxin. Ayula et al. (1994) also isolated (from 37.7%
of samples) 317 E. coli isolates from fish in Brazil.
Asai et al. (1999) described the occurrence of dis-
eases caused by salted salmon roe most likely con-
taminated during the manufacturing process with en-
terohaemorrhagic E. coli O157:H7 in Japan in 1998.
Pierard et al. (1999) recorded infection with VTEC
as a result of fish consumption in Belgium.

Staphylococcus aureus

S. aureus is a pathogen of public health con-
cern in fish and fish products (Vieira et al., 2001).
Ayula et al. (1994) concluded that much more care
should be taken during harvesting and post-harvest
handling of fish and seafood in order to reduce con-
tamination with S. aureus. In research carried out
by Ayula et al. (1994) on fish, 20% of 175 samples
examined carried S. aureus, including 60% of the
samples of shellfish meat. However, only 9 of 109
strains of S. aureus produced enterotoxins, including
enterotoxin A (4), D (1) and AB (4). During growth
in foods, many strains of S. aureus produce enter-
otoxins, which can cause staphylococcal food poi-
soning. Seven different enterotoxins have been iden-
tified: A, B, C1, C2, C3, D and E. Enterotoxin A is
the most common enterotoxin involved in cases of
S. aureus food poisoning (Bergdoll, 1990). In cases
of food poisoning with S. aureus, vomiting and di-
arrhoea typically occur 2 to 6 hours after intake of
food containing one or more enterotoxins (Ayula et
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al., 1994). Vieira et al. (2001) detected, in 3 of 10
samples of fresh fish, higher counts of S. aureus than
allowed according to Brazilian legislation. Eklund et
al. (2004) studied S. aureus during the process of
drying and smoking salmon in Alaska. During the
process, the S. aureus counts increased to more than
105 CFU g, after 2 to 3 days. Subsequent laborato-
ry tests determined that there was rapid wrinkling of
the skin on the smoked fish when there was strong
air circulation in the smoking room, resulting in the
bacteria being tied to or pulled into the creases, and
thus, they were able to grow in spite of smoke depo-
sition. The elimination of drying as a preceding pro-
cess and reduction of the air flow during smoking re-
sulted in deposition of smoke before creases formed
on the skin and allowed the product to more quick-
ly reach the stage where the salt and water activity
inhibited the growth of S. aureus. This modification
was then applied during fish drying and S. aureus
was not isolated from the final product.

Salmonella

Salmonellosis in humans is usually character-
ised by acute occurrence of high temperature, fever,
abdominal pain, nausea and vomiting after the incu-
bation period, which lasts 12-36 hours (Round and
Mazmanian, 2009). Symptoms are usually mild and
in such cases the discase lasts only for several days,
but the illness can be more serious in some patients,
particularly when dehydration occurs, and it can lead
to a lethal outcome. However, the mortality rate is
usually very low, below 1% in patients who are diag-
nosed with Salmonella (Day et al., 2011). Friesema
et al. (2012) recorded a large number of cases of in-
fection with S. Thompson in 2012, where the vector
was smoked salmon, and some cases developed sys-
temic infections such as septicaemia. Salmonellosis
is also associated with long-term and sometimes
chronic consequences, such as reactive arthritis.
In the view of Das et al. (2010), since no clinical
symptoms caused by Salmonella appear in fish, they
are probably just passive carriers of Salmonella.
However, the importance of fish in human salmo-
nellosis is that they excrete Sa/monella into the envi-
ronment. Fenlon (1983) observed that aquatic birds
carry Salmonella strains which can be found in the
environment and, consequently, Salmonella can be
isolated from pond-farmed fish (Lotfy et al., 2011).
In the Czech Republic and Latvia, Salmonella was
not isolated in fish from streams, or farmed fish
(Hudecova et al., 2010; Terentjeva et al., 2015). In
contrast, in Germany, salmonellosis caused by S.
Blockley where the vector consumed was smoked
eel carrying Salmonella, originating from fish farm

ponds in Italy as reported by Fell et al. (2000) who
further stated that the smoking process does not
eliminate bacterial contamination of raw fish. Ling
et al. (2002) described illness caused by multi-drug
resistant S. Typhimurium DT104L, after consump-
tion of dried anchovies in Singapore. In Kenya and
Malaysia, the presence of Salmonella in fish meat
was associated with poor hygiene and unsanitary
handling of fish during harvesting, processing and
sale (David et al., 2009; Budiati et al., 2013).

Aeromonas

Foodborne gastroenteritis caused by Aeromo-
nas (Feldhusen, 2000) is described in people of all
ages and is particularly prevalent among vulnerable
groups such as very young children and older im-
munocompromised people. Aeromonas hydrophila
has been isolated from freshwater fish, crustaceans
and molluscs (Tsai and Chen 1996; Karabasil et
al., 1999; Djordjevic et al., 2012). Karabasil et al.
(2002) studied motile 4eromonas in fish and other
seafood products obtained from Belgrade retail mar-
kets in Serbia. They isolated nine motile Aeromonas
from 78 fish/seafood products, three 4. sobria and
six A. hydrophila. Eight isolates were from freshwa-
ter fish and one from marine fish. Enteropathogenic
strains are generally Aeromonas veronii sobria and
A. hydrophila. Aeromonas can produce different ex-
otoxins (Karabasil et al., 2002) some of which are
enterotoxins.

Clostridium

Khatib et al. (1994) reported that Clostridium
perfringens was the causative agent of food poison-
ing after consumption of tuna salad. Weber et al.
(1993) described a case of botulism after consump-
tion of fish salads, and the causative agent was C.
botulinum type B. Telzak et al. (1990) reported eight
cases of type E botulism where the epidemiological
survey found that all eight patients consumed kap-
chunka, fish that are not eviscerated, but are salted
and air dried whole. There was no record that the
fish had been prepared incorrectly, but nonetheless,
the small amount of salt in the abdominal cavity and
internal organs allowed the multiplication of bacte-
ria and toxin production.

Campylobacter

The average incubation time for Campylo-
bacter in humans is from two to five days. Mild
or serious symptoms can appear in patients, and
common clinical symptoms include watery and
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sometimes bloody diarrhoea, abdominal pain, fe-
ver, headache and nausea, while infections are usu-
ally self-limiting and only last for few days. In
rare cases, extra intestinal infection or post-infec-
tion complications can occur, such as reactive ar-
thritis and neurological disorders. It is important to
note that Campylobacter jejuni is the most common
predecessor of Guillain-Barré syndrome, a form
of paralysis that can lead to respiratory disorders
and severe neurological disorders and even death.
Campylobacter is commonly found in various types
of food, including meat, raw milk and dairy prod-
ucts, fish and fish products, a variety of seafood and
fresh vegetables (Kumar et al., 2001). The presence
of Campylobacter has been recorded in fish and fish
products from around the world (Feldhusen, 2000;
Raissy et al., 2014).

Listeria

Listeriosis occurs rarely in humans, but it is a
very serious and severe zoonotic disease with high
morbidity, a large number of hospitalisations, and
a very high mortality rate in susceptible groups.
Foods which are suitable for the growth of Listeria
include thermally unprocessed food, food that is
stored for a long time, food that is produced in un-
sanitary production facilities, and ready-to-eat pre-
pared meals. Listeriosis is characterised by mild
but also more severe symptoms such as meningi-
tis, encephalitis, septicaemia, which usually oc-
cur in susceptible groups. The occurrence of L.
monocytogenes in smoked salmon is very common
(Vaz-Velho et al., 2001; Rotariu et al., 2014), and
therefore is an issue of public health concern since
this fish product is usually consumed without fur-
ther heat treatment. Kuzmanovic et al. (2011) ex-
amined fish, fish products and seafood from the
Serbian market, including chilled fresh fish, fro-
zen foods (fish and seafood — cuttlefish, squid, oc-
topus, clams, crabs and shrimp), breaded prod-
ucts, smoked fish, salted fish, heat-treated fish and
canned fish for Listeria. Listeria was detected in
58 samples (12.34%) of fish, fish products and sea-
food. Among the isolates, nine (15.52%) were L.
monocytogenes (1.92% of the fish harboured this
species). Other Listeria species found were: L. in-
nocua (8.51%), L. welshimeri (1.28%), L. welshi-
meri/innocua (0.21%), L. grayi (0.21%) and L.
seeligeri (0.21%). The presence of other species of
Listeria in fish and fish products indicates failures
of GHP during production (Round and Mazmanian,
2009). The prevalence of L. monocytogenes re-
corded in freshwater farmed and wild fish harvest-
ed in Denmark and Finland was 8.6% and 14.6%,

respectively (Vogel et al., 2001 ; Miettinen and
Wirtanen, 2005). During 2012, 17 EU member
states reported information on the presence of L.
monocytogenes in fish prepared for consumption
and fish products (EFSA4, 2014). Smoked fish was
the product that was most commonly monitored,
and most of the tests were carried out within the
production plant. During 2012, the presence of L.
monocytogenes in fish prepared for consumption
was found in 12 out of 16 qualitative studies. In to-
tal, L. monocytogenes was found in 12.0% of the
total surveyed 10,831 units, although the lack of
representativeness must be noted when interpret-
ing the overall results, since most of the samples
were from Poland. Additionally, L. monocytogenes
was recorded in 9 of 16 quantitative studies of fish
stored for consumption in 2012, wherein a total of
6,141 units were tested, and in six studies, counts
>100 cfu g!' were obtained. L. monocytogenes
counts of over 100 cfu g! were recorded in 1.4%
of the fish samples tested by the counting meth-
od in 2012 (compared to 0.5% in 2011). However,
this increase can be attributed to the large num-
ber of samples from Poland included in the study.
Listeriosis associated with vacuum-packed, raw,
thinly-sliced cold-smoked fish was described in
at least eight people during 11 months in Sweden
(Tham et al., 2000). Cold-smoked, raw and thin-
ly-sliced trout (Oncorhynchus mykiss) and salmon
(Salmo salar) have been the focus of attention in
recent years as potential sources of infection with
L. monocytogenes. Studies have shown that up
to 10% of vacuum-packed products in retail con-
tain L. monocytogenes (Norton et al., 2001). In the
Czech Republic, two deaths from Listeria infection
resulted from consumption of herring without heat
treatment.

The importance of heat treatment and the
cold chain

Heat treatment during the cooking process
eliminates the risk of pathogens such as Salmonella,
Shigella and E. coli (plus enteric viruses) which
contaminate fish prior to harvesting and can pose a
risk, since in some cases, a very low infectious dose
is sufficient to produce disease (Huss et al., 2000a).
Therefore, the risk of these pathogens causing dis-
ease in humans is primarily related to the consump-
tion of raw fish. Gould (1999) found that the combi-
nation of heat treatment at 90°C for a period of 10
minutes led to a 6 log reduction in numbers of spores
of psychrotrophic C. botulinum, so this heat treat-
ment is undoubtedly advantageous. Heat treatment

32



Meat Technology 57 (2016) 1, 27-38

at 70°C for 2 min ensures destruction of L. monocy-
togenes in fish (Huss et al., 2000b). Moderate heat
treatment is acceptable for products with a short
storage time, or where any potential growth of path-
ogens can be prevented.

Cold-stored fish products can allow the sur-
vival or growth the survival of psychrotrophic
pathogens (Huss et al., 2000a). Reducing bacteri-
al proliferation is achieved by rapid cooling of fish
immediately after harvest, thus somewhat reducing
the risk to human health. A range of pathogenic bac-
teria can be isolated from fresh fish, especially L.
monocytogenes, C. botulinum types A and B, C. per-
fringens, Bacillus, and also bacteria that are trans-
mitted/carried by humans or animals (Salmonella,
Shigella, E. coli, S. aureus) and rarely C. botulinum
type E and non-proteolytic types B and F, pathogen-
ic Vibrio species, A. hydrophila, and Plesiomonas
shigelloides.

The impact of fish packaging on the growth
of microorganisms

The biggest concerns when packing fish un-
der anaerobic conditions are C. botulinum type E
and non-proteolytic type B and L. monocytogenes
(Baltic et al., 2009). Milijasevic et al. (2010) ex-
amined chemical, physico-chemical and mi-
crobiological changes in carp steaks packaged
in a modified atmosphere during fifteen days of
storage. They found that the rate of the chemi-
cal and microbiological breakdown of fish meat
can be affected by the way the product is pack-
aged (Milijasevic et al., 2010). Modified atmos-
phere packaging has a synergistic effect on bac-
terial growth compared with vacuum-packaging,
as the 40 to 100% CO; in the headspace gas in-
hibits microbial growth, primarily Pseudomonas,
Vibrio and Aeromonas. This gas diffuses into the
fish tissue, dissolves in the aqueous phase and cre-
ates carbonic acid, which slows down the oxida-
tion process. Nitrogen can be used to replace oxy-
gen in the package, as it slows down the formation
of rancidity and inhibits the growth of aerobic mi-
croorganisms. Oxygen is also used in the modi-
fied atmosphere packaging technology for fish,
as it inhibits the growth of C. botulinum type E,
which is often found in fish (Ozogul and Ozogul,
2006; Radetic et al., 2007). Modified atmosphere
packaging significantly reduces the total number
of Enterobacteriaceae on fish (Milijasevic et al.,
2010). Babic et al. (2009) found that the shelf-life
of chilled fresh fish can be extended in vacuum or
modified atmosphere packaging.

Measures to reduce biological hazards in fish
meat

The most important risk factor when it comes
to bacterial zoonoses, as is the case for parasit-
ic zoonoses (Novakov et al., 2012; Cirkovic et al.,
2013), is the consumption of raw or inadequately
heat processed fish meat. In addition, recontamina-
tion after heat processing is a significant risk factor.
It is worth noting that the number of cases of dis-
ease caused by consumption of fish as a source and/
or vector of pathogenic bacteria is very low when
compared with the number of cases that are caused
by the consumption of poultry meat, pork, beef and
meat obtained from other farm animals (Newell et
al., 2010). Reduction of the initial microbial con-
tamination is one of the main strategies in most
countries aiming to reduce the risk associated with
fish meat, but if conditions are suitable for pathogen
growth, the initial level of contamination is of rela-
tively little significance (Beuchat, 2006). With this
in mind, more attention must be paid to the role of
temperature, water activity, pH and other extrinsic
factors which can significantly affect the microbio-
logical safety of fish meat, as well as the interaction
between these parameters to reduce the occurrence
and/or numbers of pathogenic bacteria to a mini-
mum. Preventing pre-harvest contamination with
pathogens that are naturally found in the aquat-
ic environment is either very difficult or in many
cases, impossible, while hazards associated with
contamination or recontamination during the pro-
cessing of fish can be controlled by applying GMP,
GHP and suitable HACCP programs (Panisello
and Quantick, 2001). In addition, there are meth-
ods to prevent the growth of biological hazards dur-
ing transportation and storage of fish meat and fish
meat products (Sivertsvik et al., 2002). Hazard anal-
ysis and qualitative assessment of the risk of mi-
crobiological contamination of fish meat are very
important and a connection between these meas-
ures and the frequency of disease outbreaks caused
by fish meat that is microbiologically contaminated
has been observed (Huss et al., 2000a). Continuous
medical education is certainly a key factor in fight-
ing zoonotic infections, and experience in many
countries has shown that successful implementa-
tion of control measures requires broad cooperation
between medical and veterinary bodies, including
government departments at all levels, and in addi-
tion, the cooperation of and constant communica-
tion with the public is necessary. However, avoid-
ing consumption of raw or inadequately cooked fish
is still the best measure to prevent fishborne disease
caused by bacterial pathogens.
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Conclusions

The following conclusions and recommenda-
tions can be made:

= The microbiological quality and safety of
fish available on the market is very impor-
tant from the standpoint of public health.

* Good knowledge and management of micro-
biological hazards associated with the con-
sumption of fish meat is of great economic
and health importance.

* Fish can be contaminated with bacterial
pathogens pre- or post-harvest, depending
on the pathogen.

= The mostimportant bacterial hazards isolated
from fish which cause foodborne outbreaks

include Vibrio, E. coli, S. aureus, Salmonel-
la, Aeromonas, Clostridium, Campylobac-
ter, Listeria.

= The most important risk factor for bacterial
foodborne disease where fish is the vector is
the consumption of raw or inadequately heat
processed fish.

= Fish and fish products are at risk of recon-
tamination during processing, and so this as-
pect of fish and fish product hygiene must be
strictly controlled.

= Continuous monitoring, including appropri-
ate microbiological testing of fish meat and
fish meat products in order to determine the
presence of zoonotic bacteria, is necessary.
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Health aspects of dry-cured ham
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A b s tract: Different factors (pig breed, animal production practices) are responsible for nutritional characteristics of pork
and dry-cured hams thereof, and their potential effects on human health. Traditional production of dry-cured ham is very popular all
over Europe (Vrsacka ham, Iberian ham, Serrano ham, Corsican ham, Parma ham, Modena ham, Nazionale ham, San Daniele ham
etc.). Dry-cured ham is an important source of biologically valuable proteins, iron, B-complex vitamins, and phosphorus. Although the
potential role of meat products, including such traditionally produced hams, in the healthy human diet have not been completely clari-
fied, many studies are starting to draw a picture of their impact on human health. The object of this review was to provide an analysis
of the nutritional composition, including some micronutrients and vitamins, of traditionally produced dry-cured ham and the role these

meat products could play in a healthy diet.

Keywords: dry-cured ham, health, nutritional composition, micronutrient supply.

Introduction

Pork is recognized as a food with essential nu-
tritional properties because it is an important source
of proteins, minerals and fats (Baltic et al., 2014;
Boskovic et al., 2015; Jiménez-Colmenero et al.,
2001; Jiménez-Colmenero et al., 2010; Kauffman,
2001; Lucarini et al., 2013; Reig et al., 2013).
However, pork also contributes to the intake of fat,
saturated fatty acids, cholesterol, and other substanc-
es that, in inappropriate amounts, can have negative
physiological effects on human health (Toldrd and
Reig, 2011).

Red meat (100 g) contains about 20-24 g of
protein in the raw state or 27-35 g of heat-treated
protein (Wyness et al., 2011). Meat contains eight es-
sential amino acids and histidine, an essential amino
acid for children (Higgs, 2000; Wyness et al., 2011).
Essential amino acids play a role in muscle tissue
regeneration after injuries or surgery (Boskovic et
al., 2015; Higgs, 2000). Some healthy components
of meat and their target markers are presented in
Table 1.

The fat content in meat varies widely depend-
ing on various factors including animal feeding sys-
tem, meat cut, cooking conditions etc. The fatty acid
composition of pork has an important effect on the
diet/health relationship for pork consumers. Among

pork lipids, less than 50% constitutes saturated fat-
ty acids (SFAs) (Jiménez-Colmenero et al., 2001).

Dietary fatty acids in pig feed are incorporated
unchanged into pig adipose tissue (Jakobsen, 1999;
Toldra et al., 1996). The extent of incorporation can
vary depending on the specific fatty acid and the
type of feed. Different types of dietary oils and their
effects on the proportions of fatty acids have been
studied (Reig et al., 2013). The use of linseed oil in
pig feed increased the n-3 fatty acid content. It sig-
nificantly increased the linolenic acid (C18:3n-3),
slightly increased the eicosapentaenoic (C20:5n-3,
EPA) and docosahexaenoic (C22:6n-3, DHA) acids,
and decreased the linoleic acid (C18:2n-6) in pork
(Jiménez-Colmenero at al., 2006; Reig et al., 2013).
Other dietary oils such as soy, peanut, corn, and
sunflower oil increased the content of linoleic acid
(C18:2n-6). The addition of fish oils increased the
content of EPA and DHA and reduced the n-6/n-3 ra-
tio to almost 2 (Irie and Sakimoto, 1992; Jakobsen,
1999; Reig et al., 2013). Also, some studies investi-
gated incorporation of omega-3 fatty acids in meat
because of their ability to reduce the level of low
density lipoproteins (LDL), cholesterol and blood
triacylglycerols (Harris, 2007; Markovic et al.,
2015).

When pig feed is rich in saturated fats, the
levels of palmitic (C16:0), palmitoleic (C16:1),
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Table 1. Healthful components of meat products (adapted from Olmedilla-Alonso et al., 2013)

Target markers

Compounds associated with beneficial effect

Cardiovascular
Lipids MUFA, PUFA, CLA, dietary fibre, vitamin C,
vitamin E, bioactive peptides, L-carnitine
Blood pressure bioactive peptides
Obesity CLA, dietary fibre
Other Folic acid, vitamin B6, vitamin B12, lycopene
Cancer Selenium, CLA, folic acids

Bone diseases
Anemia

Growth

Calcium, magnesium
Iron

Todine

Legend: MUFA — monounsaturated fatty acids; PUFA — Polyunsaturated fatty acid; CLA — Conjugated linoleic acid

stearic (C18:0) and oleic (C18:1) acids in pork are
significantly higher and the PUFA/SFA ratio is lower
(Leszczynski et al., 1992; Morgan et al., 1992; Reig
et al., 2013). Feed rich in linoleic acid, an n-6 fat-
ty acid which is most commonly found in soy, corn,
maize, sunflower and barley, resulted in pork with
significantly increased concentrations of this fatty
acid (Larick et al., 1992; Toldrad et al., 2004). The
content of conjugated linoleic acid (CLA) can also
vary depending on the feed type. CLA has potential
benefits for human health (anticarcinogenic, antidi-
abetic and antiatherogenic effects) (Lauridsen et al.,
2005; Schmid et al., 2006; Reig et al., 2013). Studies
with CLA added to pig feed had the goal of increas-
ing the CLA content in pork. Ivanovic et al. (2015)
added the recommended 2.0% CLA to pig feed and
reported 3.5640.71% CLA (c9t11CLA+t10c12CLA)
in the muscle tissue, while the control pork from
pigs without added dietary CLA did not contain de-
tectable CLA. Similar results were reported with 1%
CLA added to pig feed which resulted in CLA lev-
els in muscle tissue of 5.5 mg 100 g°! (Eggert et al.,
2001).

As a major source of high quality proteins,
meat and meat products are one of the most highly
investigated sources for isolation of bioactive pep-
tides in recent years (Baltic et al., 2014; Ryan et
al., 2011). Bioactive peptides have a range of po-
tential positive effects on human health, such as an-
tioxidative, antimicrobial, antihypertensive, an-
tithrombotic, cytomodulatory, immunomodulatory,
anticancer, hypocholesterolemic and anti-obesi-
ty effects, which mainly depend on their structure.
Considering the activities of bioactive peptides and

their wide-spectrum benefits to human health, it is
clear that these peptides could be suitable candidates
to be used for health promotion and disease risk re-
duction (Baltic et al., 2014). In addition to myosin
and actin being used for peptide generation, other
proteins originating from thick and thin filaments
and from connective tissue like fibrillar collagen can
be used (Udenigwe and Ashton, 2013).

The iron content in pork is quite constant as is
the content of the trace elements selenium, magne-
sium and zinc (Reig et al., 2013). Also, pork con-
tains folate, vitamin B12 and vitamin A, all cancer
protecting factors (Bieasalski, 2005). Pork con-
tains about 1.8 mg iron, 2.6 mg zinc per 100 g, and
meat can provide up to 50% of the Recommended
Dietary Allowances (RDA) for iron, zinc, selenium,
vitamins B12, B1, B2, B6 and 100% of vitamin A
(Bieasalski, 2005).

Ham components and health implications

Dry-cured ham is a typical meat product
in the Mediterranean area, but also in many oth-
er countries, including the United States and Japan
(Bermudez et al., 2012; Jiménez-Colmenero et al.,
2010; Lucarini et al., 2013; Marusic et al., 2013;
Toldra and Reig, 2011). The differing manufactur-
ing features applied in dry-cured ham production re-
sult in chemical composition differences (Lucarini
et al., 2013). However, many factors affect the phys-
ico-chemical and nutritional aspects and also senso-
ry properties of ham, including the rearing system,
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Table 2. Chemical composition of traditional dry-cured hams from Italy, Serbia and Montenegro
(adapted from Lucarini et al., 2013)

e Rl v Moisture Ash Proteins Lipids Keal p}f):-lt?(;i}:‘, 50 g
g 100 g™ (%)

Italy

Modena 45.6+3.0 5.8+0.6 25.6+1.6 22.9+3.5 154

Nazionale 50.543.2 6.6t1.4 27.842.5 13.745.1 117

Parma 50.3£2.0 5.5£0.4 25.9+1.5 18.3£2.8 134

San Daniele 50.2+2.1 5.3£0.5 25.7+1.4 18.6+2.8 135

Serbia

Vrsacka* 51.65 4.97 32.82 10 99

Montenegro

Dry-cured ham from 49.61 471 31.02 14.61 128

Martex company

* Chemical analyses of Vrsacka ham and dry-cured ham (Martex) were according to ISO standard methods (moisture - [ISO 1442:1998;

ash- ISO 936:1998, proteins - ISO 937:1978, lipids- ISO 1444:1996

animal age, pig genotype, as well as processing con-
ditions (Andrés et al., 2004).

Table 2 shows moisture, ash, protein, lipid and
energy content of the most popular dry-cured hams
from Italy, Serbia and Montenegro. Dry-cured ham
is a good source of proteins (25.6-32.82 g 100 g'')
and lipids (9.56-22.9 g 100 g'!). The content of free
amino acids in dry-cured ham rises during process-
ing as a result of proteolysis (4lfaia et al., 2004;
Jimeénez- Colmenero et al., 2010; Toldra et al.,
2000). Some of the amino acids in dry-cured ham,
like taurine, glutamine, tryptophan, leucine and va-
line, can have benefits for human health (Ventanas,
2000).

Figure 1 Vrsacka ham (Baltic et al., 2015a)

Vrsacka ham contains about 33% protein,
which is higher than the protein content of dry-cured
ham from Italy (Table 2). The fat content of Vrsacka
ham is lower than that of Italian hams. This Serbian
ham has a designated protected geographical indica-
tion (PGI) (http://www.zis.gov.rs) (Figure 1).

Nevertheless, the main factor that determines
ham price is the fattening diet for the animals
(Narvaez-Rivas et al., 2011). Furthermore, there
is an increased awareness about the need for more
“healthy” fats in the human diet that has focused re-
search on the nutritional characterisation of fat from
different meat products.

There are studies which show that dietary fat
content plays a significant role in prevention of
some chronic disorders (Jiménez-Colmenero et
al., 2010). The World Health Organization (WHO,
2003) recommended an optimal intake of total un-
saturated fatty acids (between 15-30% of total diet
energy), for SFA to be no more than 10% of die-
tary energy, and polyunsaturated fatty acid (PUFA)
to be between 6—10% of dietary energy. Many stud-
ies provide results about fat and fatty acid profiles
in dry-cured ham (Gandemer, 2009; Lo Fiego et al.,
2005; Santos et al., 2008; Ventanas et al., 2007).
The total frans fatty acid content in the human diet
should be less than 1% (World Health Organization,
2003). The results of different studies suggest that
dry-cured ham is a healthy food and can be con-
sumed as a regular diet component (Ferndndez et
al., 2007; Jiménez-Colmenero et al., 2009).
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Table 3. Fatty acid profile (% of total fatty acids) of the different types of dry-cured ham
(commercial feeding system) (adapted from Jiménez-Colmenero et al., 2010)

Ham SFA MUFA PUFA P/S* n-6/n-3
Iberian (Spain) 35.15 51.39 13.44 0.38 31.2
Serrano 32.70 52.7 10.2 0.31 16.2
(Spain)

Bayonne 36.4 52.9 10.7 0.29 14.1
(France)

Corsican 34.9 55.4 9.7 0.28 8.7
(France)

Parma 35.99 54.04 8.59 0.23 39.9
(Italia)

San Daniele (Italia) 38.5 51.9 9.6 0.25 -
Jinhua (China) 37.10 46.63 14.24 0.38 -

* P/S — PUFA/SFA ratio

On average, the fatty acids in dry-cured ham
comprise 35-40% SFA, 45-50% MUFA and
10-15% PUFA (Table 3). Many nutritionists cur-
rently tend to focus more on the PUFA/SFA ratio
and the n-6/n-3 PUFA ratio than on individual levels
of fatty acids. The PUFA/SFA ratio in dry-cured ham
ranges from 0.23 to 0.38 (Table 3). Note that a high
amount of PUFA is not necessarily healthy, especial-
ly if the n-6/n-3 ratio is not balanced. Simopoulos
(2002) presented an argument that the n-6/n-3 ra-
tio should not exceed 4, while the British Nutrition
Foundation (1992) stated that the n-6/n-3 ratio
should be <6. When the n-6/n-3 ratio is very high,
it can promote cancer, autoimmune and inflammato-
ry diseases (Simopoulos, 2002). Genetic and feeding
strategies have proven to be effective in supporting
production of dry-cured ham with good PUFA/SFA
and n-6/n-3 ratios, and therefore, with desirable fat
characteristics (Bermudez et al., 2012).

Dry-cured ham is a good source of iron, zinc,
potassium, magnesium and selenium (Table 4),
which is particularly important for the nutrition of
pregnant women and children (Benoist, 2001). It
contains iron levels of 1.8-3.3 mg 100 g! (Table 4).
Dry-cured ham contains zinc at levels of 2.2-3.0 mg
100 g! (Table 4), an essential element in nutrition,
as it is involved in the activity of more than 200 en-
zymes (Neumann et al., 2002). Magnesium is im-
portant, especially in the prevention of cardiovascu-
lar diseases and osteoporosis (Fleet and Cashman,
2003). The magnesium content in dry-cured ham de-
pends on the pig diet and the type of salts added,
such as magnesium aspartate, magnesium aspartate

hydrochloride or magnesium fumarate (D ’Souza et
al., 1999). Selenium is an important trace element
in the human diet, because of its role in antioxida-
tive processes in the human body (Higgs, 2000).
Many studies have shown the influence of selenium
added to feed on pork quality (Baltic et al., 2015b;
Gjerlaug-Enger et al., 2015; Naik et al., 2015). Pork
can be enriched with selenium through dietary sup-
plementation of pig feed with sodium selenite or se-
lenium-rich yeast.

In addition, dry-cured ham contains a high lev-
el of the B-complex vitamins, whereby the nutrition-
al profile of this vitamin group depends on the raw
meat vitamin content and manufacturing procedures
(Lucarini et al., 2013). Vitamin B6 is one of the ma-
jor vitamins from this group in pork (Ball, 1994).
Higgs (2000) presented data showing that animal or-
igin foods are the only dietary source of vitamin B12.
Also, dry-cured ham is a source of tocopherol (vi-
tamin E, important in prevention of cardiovascular
diseases). Vitamin E is a very effective antioxidant
because it is accumulated in tissues and subcellular
structures, including membranes. Pig muscle can be
enriched with vitamins E and A through their sup-
plementation in pig feed. Depending on the concen-
tration (usually about 100-200 mg kg! of feed) and
supplementation duration (several weeks prior to
slaughter) the content of these vitamins in the mus-
cles may be proportionally increased (to the value
of almost 13 mg kg™!' of dry muscle) (Isabel et al.,
2003; Mercier et al., 1998). Vitamin E tends to de-
posit in the muscles of the thoracic limb and neck
(O’Sullivan et al., 1997).
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Table 4. Content of trace elements and vitamins (mg 100 g' and ug 100 g™!) in traditionally-produced
dry-cured ham (adapted from Jiménez-Colmenero et al., 2010, Lucarini et al., 2013)

All types of

Parameter Italian ham Serbian ham traditional ham Montenegro

(Vrsacka) (included Spanish ham

ham), per 100 g

Ca (mg) / / 12-35 /
Fe (mg) 0.92-1.05 1.8 1.8-3.3 22
Zn (mg) 2.08-2.72 22 2.2-3.0 4.3
Mg (mg) / / 17-18 /
K (mg) / / 156-160 /
Cu (mg) / 0.03 / 0.03
Mn (mg) / 0.01 / 0.01
P (mg) / 157-180
Se (ng) 11-17 14 29 17
Na (mg) / / 1100-1800 /
Thiamine (B1) (mg) 0.58-0.90 / 0.57-0.84 /
Riboflavin (B2) 0.19-0.22 / 0.20-0.25 /
(mg)
Niacin (B3) 5.13-5.90 / 4.5-11.8 /
Vitamin B6 (mg) 1.0-1.13 / 0.22-0.42 /
Folic acid (ng) (B9) / / /—13.49 /
Vitamin B12 (pg) 0.33-0.67 / /—15.68 /
Vitamin E (mg) 0.11-0.24 / 0.08-1.5 /

Legend: Fe, Cu, Mn, Zn analyses of Vrsacka ham and dry-cured ham (Martex) were according to ISO 6869:2008; Se analysis accord-

ing to ISO 16159:2012

Dry-cured ham contains several endogenous
antioxidants (ubiquinone, ascorbic acid, uric acid,
spermine, carnosine, anserine) (Decker et al., 2000).
Ubiquinone (Coenzyme Q10) has an effect on gene
expression (Mattila et al., 2000), ameliorating en-
dothelial function (Belardinelli et al., 2006), and it is
considered as a bioactive compound (Marusic et al.,
2013). Many meat compounds have been identified
as antioxidant regulating substances.

Carnosine and anserine are know as antioxi-
dants in meat and they are absorbed into the blood
plasma intact (Marusic et al., 2013). These dipep-
tide antioxidants are involved in xenobiotic metabo-
lism and protection against free radicals and oxygen
toxicity (Winters et al., 1995). Dipeptides help oxi-
dation control through prevention of lipid oxidation

(Decker and Crum, 1993). Also, they reduce rancid
tastes and improve colour stability in finished hams
(Jiménez-Colmenero et al., 2010). Research into the
effects of these substances in dry-cured ham and
their potential benefits for human health is current-
ly in progress.

The major source of free L-carnitine (an ami-
no acid derivative) for humans is meat and meat
products. L-carnitine plays a role in energy produc-
tion processes (Marusic et al., 2013), helps the hu-
man body to absorb calcium and protects skeletal
muscle (Demarquoy et al., 2004). Creatine (anoth-
er amino acid derivative) is a key substance in mus-
cle, particularly involved in the transfer of high en-
ergy phosphate to ADP in muscle cells (Wyss and
Kaddurah-Daouk, 2000).
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Feeding and management plan for pig
production with potential health implications

There are numerous factors in pig breeding and
management that affect the content of many impor-
tant substances in pork, which should be taken into
consideration (Reig et al., 2013). Genetic strategies
and pig selection are based on morphological param-
eters of pure Iberian breed or white sows. Duroc or-
igin pork contains more intramuscular fat than pork
from European white breeds (Carrion et al., 2004).
Also, in recent years, there has been growing inter-
est of producers in the genotyping of pigs used for
dry-cured ham production. Genetic strategies can
improve the fatty acid profile of dry-cured ham (and
other pork products) (Lai et al., 2006).

The chemical composition of pork, and espe-
cially the fat content, is a polygenetically determined
characteristic (Carrion et al., 2004). However, the
chemical composition of pork is also related to the
pig population genotype, nutrition and feeding man-
agement (Garnier et al., 2003). Numerous studies
indicate that loin and ham from Iberian pigs con-
tain significantly higher amounts of intramuscular
fat that those cuts in Landrace pigs (Ventanas et al.,
2007). Also, the dietary fatty acid composition pro-
vided by the pig feed is an extremely important con-
tributor to the fatty acid profile of the resultant pork.
Jiménez-Colmenero et al. (2001) showed that in-
creased amounts of unsaturated fatty acids in meat
increased the possibility of oxidation. All strategies

based on pig production make it possible to increase
concentrations of beneficial and reduce concentra-
tions of detrimental components in pork, in order to
improve human health.

Reduced fat, cholesterol and sodium con-
tent, plus reduced calories are among the most
common targets for reformulation of pork prod-
ucts with the aim of positively influencing human
health (Jiménez-Colmenero et al., 2001). Fat reduc-
tion can be achieved by combining pre-selected raw
pork meat. The cholesterol content can be reduced
by replacing fat with other vegetable materials (pea-
nut, canola, sunflower, olive), without cholesterol.
Finally, the salt content can be reduced by using lac-
tates and collagen hydrolysates as flavour enhancers.

Conclusion

Dry-cured ham has potential to be a com-
ponent of a healthy human diet, as it contains im-
portant essential amino acids and micronutrients
(trace elements and minerals). During the dry-cured
ham production process, the amino acid content
in the product actually increases due to proteoly-
sis. Therefore, these meat products should be rec-
ommended in the human diet, especially for groups
with special dietary requirements. (pregnant wom-
en and growing children). However, dry-cured ham
cannot be recommended for hypertensive consum-
ers, because of its high salt content.

Acknowledgement: The paper was part of project No 31034 funded by the Ministry of Education, Science and
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Abstract: The aim of this study was to determine the amount of histamine in canned fish samples collected from Belgrade
retail stores using ultra-performance liquid chromatography tandem mass-spectrometry. In addition, the established levels were com-
pared with the maximum levels set by US Food and Drug Administration (FDA) and European Union (EU) in order to assess the risk of
this toxic biogenic amine to the city population. Histamine was detected in 54.07% of analyzed canned fish, in concentrations ranging
from 5 to 420 mg/kg with a mean level of 60.91 mg/kg. In canned tuna, histamine levels ranged from 6 to 420 mg/kg, while in canned
mackerel the concentrations ranged from 5 to 121 mg/kg. Also, the mean histamine level in canned tuna was higher than in canned
mackerel (mean values were 60.91 mg/kg and 42.94 mg/kg, respectively). Among the tested canned fish, 20% of samples had higher
histamine levels than the maximum level prescribed by the FDA (histamine levels >50 mg/kg), indicating definite decomposition of
the fish. Histamine levels lower than 10 mg/kg were found in 51.48% of canned fish, which indicated good-quality fish products. Only

6.67% of examined production lots of canned fish had histamine levels above the regulatory limit according to the EU standard.
Keywords: histamine, canned tuna, canned mackerel, UPLC-MS/MS.

Introduction

Fish and fishery products are essential for a
complete diet, since they contain high amounts of
proteins and free amino acids, low amounts of satu-
rated fat and are also rich in omega fatty acids known
to provide significant health benefits (Babic et al.,
2015; Belicovska et al., 2015). On the other hand, if
decomposition processes occur due to bacterial ac-
tivity, enzymatic breakdown of proteins takes place,
resulting in formation of biogenic amines. The en-
zyme histidine decarboxylase is formed during bac-
terial growth, and converts histidine to histamine,
especially in scombroid and other fish with relative-
ly high free histidine levels (Zhai et al., 2012).

Scombroid fish poisoning occurs after con-
sumption of fish or fishery products containing rel-
atively high histamine levels (Lehane and Olley,
2000). This poses a significant public health and
safety concern, due to the toxicological and physi-
ological effects, as well as being a trade issue, due
to potential economic losses (Lehane and Olley,
2000, Sagratini et al., 2012). Tuna and macker-
el are the most common fish species responsible
for scombroid fish poisoning (McLauchlin et al.,

2006). Clinical symptoms of the illness are usually
mild and vary considerably, with some of the promi-
nent ones being rash, urticaria, nausea, vomiting, di-
arrhea, flushing, tingling and skin itching (7aylor,
1986). Although all biogenic amine intakes can re-
sult in clinical symptoms due to their vasoactive ef-
fects, histamine is the most commonly found amine
and the only one with regulated quantities in cer-
tain types of seafood. In relation to this, monitoring
of histamine levels has also been globally accepted
as one of the key parameters used to determine the
safety of fish and fishery products (Sagratini et al.,
2012). The European Union (EU) has established
an acceptable level of 200 mg/kg of histamine for
fish species belonging to Scombridae, Clupeidae,
Engraulidae, Coryfenidae, Pomatomidae and
Scombresocidae families (Commission Regulation
(EC) No. 1441/2007). On the other hand, the US
Food and Drug Administration (FDA) issued guide-
lines for fish and fishery products establishing a
maximum permissible level for histamine of 50 mg/
kg in any sample (FDA, 1995). In addition, hista-
mine can be a very useful indicator of good manu-
facturing practice of canned tuna and canned mack-
erel fish in oil (Frattini and Lionetti, 1998).
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The aim of this study was to determine the
amount of histamine in canned fish samples col-
lected from Belgrade (capital of Serbia) retail stores
using ultra-performance liquid chromatography
tandem mass-spectrometry (UPLC-MS/MS). In ad-
dition, the established levels were compared with
the maximum levels set by the FDA and EU in order
to assess the risk of this toxic biogenic amine to the
city population.

Materials and Methods

Sample collection

A total of 270 imported canned fish, 135 canned
tuna and 135 canned mackerel, were collected from
major Belgrade retail stores from 1% of July 2015 to
10t of July 2015. Samples were collected from three
areas of the city. Thirty different production lots were
analyzed, fifteen of each product type. The samples
were collected before their expiration date, all cans
were free from any physical damage and were stored
at room temperature in their original packaging un-
til analysis. After opening each can, oil was drained
off, a piece of the fish muscle was taken and addi-
tionally pressed in order to remove excess oil. The
analytical method used in this study was a modified
method described by Sagratini et al. (2012). The
method was validated according to the Commission
Decision 2002/657/EC. All tests were performed in
the Department for Residues of the Institute of Meat
Hygiene and Technology, Belgrade.

Preparation of standards

Histamine stock solution was prepared by
dissolving 100 mg of the analytical standard
(Histamine, Sigma-Aldrich, St Louis, MO, USA) in
5% trichloroacetic acid (TCA), in 10 mL volumetric
flask. The final concentration was 10 mg/mL. Stock
solution was stored in the refrigerator at 4°C. The
stock solution was stable for six months.

Sample extraction

A total of 1 g of each fish sample was weighed
on a technical balance (Ohouse, model “Adventurer”,
New Jersey, USA), with an accuracy of 0.01 g in
a 50 mL polypropylene tube. After addition of 10
mL 5% TCA (Sigma-Aldrich, St. Louis, MO, USA),
samples were homogenized for one minute using an
Ultra-Turrax S 18N-10 G (IKA-WerkeGmbh & Co.,
Germany) at 6000 rpm, and centrifuged at 4000 rpm
for five minutes in a centrifuge (Thermo Scientific

Heraeus™ model “Labofuge 2007, Waltham, MA,
USA). After centrifugation, supernatant was fil-
tered through nylon syringe filters (pore diame-
ter 0.45 mm) directly into the autosampler vials.
Filtered supernatant (10 mL) was injected into the
UPLC-MS/MS system.

UPLC-MS/MS

Analyses were performed on a UPLC-MS/MS
instrument consisting of a Waters Acquity UPLC
system (Waters, Milford, MA, USA) with quater-
nary pump, autosampler, column heater and tri-
ple quadrupole mass spectrometer (TQD; Waters,
Milford, MA, USA). Data acquisition and anal-
ysis were performed using MassLynx® software
(version 4.1, Waters). Chromatographic separation
of histamine was carried-out on Purospher® Star
RP-18, reversed-phase column (50%2.1 mm, par-
ticle size 2 mm; Merck, Darmstadt, Germany) at
35+1°C with an isocratic flow rate of 0.20 mL/min.
The mobile phase consisted of 10 mM ammoni-
um acetate and 0.1% of formic acid in water (mo-
bile phase A) and acetonitrile (mobile phase B) in
the ratio A:B = 65:35. The temperature in the au-
tosampler was maintained at 20+=1°C. lonization of
neutral molecules of histamine to molecular ions
was achieved using electrospray system in a posi-
tive mode (ESI +). The temperature of the ion source
was 120°C, while the temperature of the dessolva-
tation gas (nitrogen) was 350°C. Capillary voltage
and cone voltage were 4 kV and 10 V, respective-
ly. Argon was used as collision gas; collision energy
was set to 10 V. The mass spectrometer operated in
MRM (multiple reaction monitoring) mode, moni-
toring the m/z of the molecular ion (112 Da) and two
transitional products (95 Da and 64.5 Da). The tran-
sition product of 95 Da was used for quantification.

The reported limit of quantification (LoQ) of
the method was 5 mg/kg. A five-point calibration
curve (including zero) was constructed by injecting
a blank sample and four fortified blanks (fish mus-
cle found to contain less than the LoQ of histamine)
containing histamine standard corresponding to the
final concentrations of 50, 100, 250 and 500 mg/kg.
Control samples were analyzed at the beginning and
end of every batch of samples. A calibration curve of
histamine is displayed in Figure 1.

Results and Discussion

Histamine was detected in 146/270 (54.07%)
of examined canned fish samples (Table 1), while
45.93% (n=124) of examined canned fish samples
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Figure 1. Calibration curve of histamine

had histamine levels below the LoQ of 5 mg/kg
(Figure 2). These results differ slightly from data pre-
sented by Karmi (2014), who found that the overall
frequency distribution rate of histamine in canned fish
was 66.7%, whilst 33.3% of samples were free from
histamine. However, in the study of Kalantari et al.
(2015), histamine was detected in 78.9% of examined
canned fish, which is a much higher percentage com-
pared to the results obtained in the current study.
Statistical data for histamine concentrations in
canned fish obtained from Belgrade retail markets are
given in Table 1. Histamine concentrations in canned
fish ranged from 5 to 420 (mean: 52.17) mg/kg. These
results were higher than the results reported by Karmi
(2014), but lower than the results obtained by Zaman
et al. (2009). However, they were in agreement with
the data of Khezri et al. (2014). Histamine levels in

canned tuna, found in the present study, ranged from
6 to 420 mg/kg (Table 1). Histamine concentrations
in canned mackerel ranged from 5 to 121 mg/kg
(Table 1), which were higher than the results report-
ed by Tsai et al. (2005). As opposed to previous stud-
ies (Tsai et al., 2005, Yesudhason et al., 2013; Karmi,
2014), the mean histamine levels in canned tuna and
canned mackerel were 60.91 mg/kg and 42.94 mg/kg,
respectively. In addition, canned tuna contained a
higher mean histamine level than canned mackerel
(60.91 mg/kg and 42.94 mg/kg, respectively), which
was in line with the results of Karmi (2014).

Five samples of canned tuna taken from
Belgrade retail markets contained histamine lev-
els higher than 200 mg/kg (ranged from 212 to
420 mg/kg). All humans are susceptible to hista-
mine and the individual sensitivity, the amount of

Table 1. Statistical data of histamine concentrations (mg/kg) in canned fish samples obtained from Belgrade
retail markets (n = 270)

n>QL? Mean for > QLP SDe¢ SEd Min Max
Canned tuna
(n=135) 75 60.91 78.1 9.02 6 420
Canned mackerel 71 42.94 31.68 3.76 5 121
(n=135)
Total
(n = 270) 146 52.17 60.65 5.02 5 420

*Number of samples with concentrations above quantification limit. PMMean values for samples with concentrations above quantification

limit. ¢Standard deviation. 9Standard error.
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Figure 2. MRM chromatograms of histamine in canned fish sample below the LoQ

histamine in food, and the detoxification activi-
ty in the human body are the most important fac-
tors influencing the toxicological response in con-
sumers (Visciano et al, 2014). The consumption
of a portion of 250 g of fish containing 200 mg/kg

indicates that the canned fish with high histamine
levels (>200 mg/kg) found in this study posed a
health risk to consumers. In contrast, no sample of
canned mackerel contained histamine concentra-
tions higher than 200 mg/kg. In January 2014, an

of histamine was reported to cause the toxicologi-
cal symptoms of scombroid fish poisoning (Cenfters
for Disease Control and Prevention (CDC), 2000;
Food and Agriculture Organization/World Health
Organization (FAO/WHO), 2012). Hence, this

outbreak of scombroid fish poisoning occurred in 28
children (aged 2 to 5 years) who consumed canned
sardines in a kindergarten in Vojvodina province,
northern Serbia (Petrovic et al., 2016). The authors
reported that seven of the nine investigated units had
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histamine levels above 300 mg/kg, a concentration
that leads to classical intoxication symptoms. CDC
reported that scombroid fish poisoning contributes
5% of all food-related illness and 37% of all sea-
food-related illnesses, and cases of histamine poi-
soning are reported every year (Yesudhason et al.,
2013). Scombroid fish poisoning occurs worldwide,
while the US, Great Britain and Japan are coun-
tries with the highest number of reported incidents
(Lehane and Olley, 2000). One of the largest report-
ed outbreaks of scombroid fish poisoning in the US
occurred in August 2003 in California, where the
fish samples contained markedly elevated histamine
levels (from 2000 to 3800 mg/kg) (Feldman et al.,
2005). The European Food Safety Authority (EFSA)
(EFSA, 2011) reported that histamine in fish or fish-
ery products were the causative agents of more than
100 outbreaks in Europe between 2005 and 2010.

As one of the most important biogenic amines,
histamine was identified by the US FDA as the ma-
jor chemical hazard of seafood products (7ao et al.,
2011). Based on the guidelines issued by the FDA
(FDA, 2010), good-quality fishery products should
contain less than 10 mg/kg of histamine, a level of
30 mg/kg indicates significant deterioration, where-
as a level of 50 mg/kg is evidence of definite decom-
position, and therefore, fish with this level or great-
er should be declared unfit for human consumption.
Thus, analysis of histamine in fish and fishery prod-
ucts is of interest because of the toxicological risk,
but also because histamine levels can be used as
chemical indicators of fish spoilage, food quality
and degree of freshness of the product (Muscarella
etal., 2013).

According to the FDA (FDA, 2011), the num-
ber of scombrotoxin-forming fish samples necessary
to make a judgment about a lot, should not be fewer
than 18 samples per lot, unless the lot contains less
than 18 fish, in which case a sample should be col-
lected from each fish. In this study, there were few-
er than 18 samples per lot, and therefore, each can

of fish was calculated as a separate sample. The re-
sults of histamine determination in canned fish ob-
tained from Belgrade retail markets according to the
FDA criteria are depicted in Table 2. In the present
study, histamine levels of less than 10 mg/kg were
detected in 50.37% and 52.59% (in total, 51.48%)
of examined canned tuna and canned mackerel, re-
spectively, indicating good quality of products. The
results of this study are comparable with the report
by Muscarella et al. (2013), who found that 70% of
216 examined fish samples were good-quality fish
products (histamine level<l0 mg/kg). Also, in the
current study, 30.37% of canned tuna and 26.67%
of canned mackerel contained histamine levels be-
tween 10 and 50 mg/kg, indicating a lower quality
of these products (Table 2).

As can be seen in Table 2, among the tested
canned fish, a total of 54 (20.00%) exceeded the
FDA regulatory limits for histamine and were un-
safe for human consumption. Results from earli-
er studies (Karmi et al., 2014; Khezri et al., 2014)
showed that the use of poor quality fish as raw ma-
terial for canning and/or defective handling tech-
niques of fish during processing are the main rea-
sons of high percentage of unacceptable canned
fish. Histamine levels in 26 of 135 canned tuna
(19.26%) ranged from 52 to 420 mg/kg, higher
than the tolerance limit of 50 mg/kg accepted by
the FDA (Table 2) (Figure 3). In 28 of 135 canned
mackerel fish (20.74%), histamine levels were be-
tween 50 to 121 mg/kg, which were higher than the
tolerance limit of 50 mg/kg accepted by the FDA.
This result is consistent with the findings reported
by Muscarella et al. (2013), who found that 18%
of fish samples were unfit for human consump-
tion (histamine levels >50 mg/kg). Comparable
results were reported by Zarei et al. (2011), who
found that 25% of tested samples had histamine
levels higher than maximum levels prescribed by
the FDA (FDA, 1995). In contrast, Yesudhason et
al. (2013), Khezri et al. (2014) and Kalantari et al.

Table 2. The results of histamine determination in canned fish samples obtained from Belgrade retail markets
according to the US Food and Drug Administration (n = 270)

Histamine Levels (mg/kg)

n (%) <10 10 <n (%) <50" n (%) >50¢
Canned tuna (n = 135) 68 (50.37) 41 (30.37) 26 (19.26)
Canned mackerel (n = 135) 71 (52.59) 36 (26.67) 28 (20.74)
Total (n =270) 139 (51.48) 77 (28.52) 54 (20.00)

2Good-quality fish products — less than 10 mg/kg of histamine. PSignificant deterioration of fish products — a level of histamine
higher than 10 mg/kg but lower than 50 mg/kg. ¢Unfit for human consumption — a level of histamine higher than 50 mg/kg.

51



Mirjana Dimitrijevic et al.

UPLC-MS/MS determination of histamine levels in canned fish collected from Belgrade retail markets

H0OZY 6UZY U1 8
10529 6029 01 8

100 138
=
- 1.71
' \/”\Nv 3.26
Oy T L S T T
-0.00 1.00 2.00 3.00 4.00 5.00 6.00
10520 6029 01 8
100- et
1.37
< 1.39
1.75
1.84 .
0 oy J WWWWW\MQMW
AL AL WAL L WL L LR L NN B R NI B L LN B R R
-0.00 1.00 2.00 3.00 4.00 5.00 6.00
10520 6029 01 8
100+ L
°\°_
1.71
- 3.26
R e o L L R e e D e s e e
-0.00 1.00 2.00 3.00 4.00 5.00 6.00

Figure 3. MRM chromatograms of histamine in a canned tuna fish sample at a concentration of 90 mg/
kg. Chromatograms depict transitional products 112>95 Da, 112>64.5 Da and total ion count (TIC) of the
molecular ion of histamine

(2015) found that only 0.79, 6.67% % and 3.70%
of samples, respectively, exceeded the FDA regula-
tory limits for histamine.

The legislation in Serbia (Official Gazette RS
72/2010) in respect to histamine level is harmonized

with the EC Regulation 1441/2007. The exami-
nation of one production lot includes testing of
nine samples. The permitted level implies that not
more than two out of nine samples can have hista-
mine levels of more than 100 mg/kg but less than
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200 mg/kg; however, no sample can have a hista-
mine level of > 200 mg/kg, and, finally, the mean
histamine level of all nine samples must not exceed
100 mg/kg. Furthermore, the analysis can be per-
formed using HPLC analytical method, or other
methods. The results of histamine determination in

the 30 lots of canned fish obtained from Belgrade
retail markets, analyzed according to the European
Commission regulation (Commission Regulation
(EC) No. 1441/2007) are shown in Table 3. Out of
15 analyzed production lots of canned tuna, only
one (6.67%) was above the regulatory limit (Table

Table 3. The results of histamine determination in canned tuna and canned mackerel of 30 lots
obtained from Belgrade retail markets according to the EU standards

Lo eI Nootmissmgtg MO s
) histamine (mg/kg) (YES/NO)
Canned tuna
1. 0/9 0/9 4.5
2. 0/9 0/9 19.61 NO
3. 0/9 0/9 28.33 NO
4. 0/9 0/9 nd NO
5. 0/9 0/9 nd NO
6. 1/9 0/9 72 NO
7. 0/9 0/9 9.5 NO
8. 2/9 0/9 71 NO
9. 4/9 5/9 242.1 YES
10. 0/9 0/9 5 NO
11. 0/9 0/9 13.44 NO
12. 0/9 0/9 33.94 NO
13. 0/9 0/9 nd NO
14. 0/9 0/9 12.28 NO
15. 0/9 0/9 5 NO
Canned mackerel
1. 0/9 0/9 8.44 NO
2. 0/9 0/9 20.56 NO
3. 0/9 0/9 nd NO
4. 0/9 0/9 nd NO
5. 0/9 0/9 5.61 NO
6. 0/9 0/9 9.5 NO
7. 0/9 0/9 nd NO
8. 0/9 0/9 47 NO
9. 0/9 0/9 4.89 NO
10. 0/9 0/9 64.67 NO
11. 0/9 0/9 69.22 NO
12. 0/9 0/9 nd NO
13. 3/9 0/9 96.11 YES
14. 0/9 0/9 nd NO
15. 0/9 0/9 18.06 NO

nd _ pot detected (<LoQ).
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Figure 4. MRM chromatograms of histamine in a canned mackerel sample at a concentration of 5 mg/kg.
Chromatograms depict transitional products 112>95 Da, 112>64.5 Da and total ion count (TIC) of the
molecular ion of histamine

3). In addition, 1 of 15 (6.67%) examined pro-
duction lots of canned mackerel exceeded the EU
regulatory limits for histamine (Table 3) (Figure
4). Similar results were reported in the study of
Babic et al. (2015), who found that out of 97 an-
alyzed production lots, 3.09% were above the EU

regulatory limits for histamine. Likewise, compa-
rable results were reported by Muscarella et al.
(2013), who found that 5% of tested samples had
higher histamine levels than maximum levels pre-
scribed by the EU (EC Regulation 1441/2007). In
contrast, Kalantari et al. (2015) found that only
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0.79% of the total samples exceeded the EU regu-
latory limits for histamine.

On the whole, 80.00% and 93.33% of the ana-
lyzed canned fish samples were in accordance with
the FDA and EU regulatory limits for histamine, re-
spectively, indicating that the sampling scheme of
US Food and Drug Administration offers more con-
fidence that non-conforming lots will be detected
(Visciano et al., 2014). As stated in EU Regulation
1019/2013, for the detection of histamine, sin-
gle samples can be taken at retail level. Despite
the fact that the whole lot is not to be deemed unfit
for human consumption based on the result of only
one sample (unless the result is above 200 mg/kg)
(EU Regulation 1019/2013), EU regulatory limits
for histamine are fourfold higher than FDA toler-
ance limits (200 mg/kg and 50 mg/kg, respective-
ly). Also, it could be argued that the possibility of
preventing scombroid fish poisoning will be much
higher if the FDA regulatory limits for histamine are
applied, rather than the EU limits. Furthermore, on
the basis of the US FDA regulatory limits for hista-
mine, fish or fishery products can be classified ac-
cording to quality, which is not the case if EU legis-
lation is applied.

Conclusion

Histamine was detected in 54.07% of ana-
lyzed canned fish, in concentrations ranging from 5
to 420 mg/kg with a mean level of 60.91 mg/kg. In
canned tuna, histamine levels ranged from 6 to 420
mg/kg, while in canned mackerel, the concentra-
tions ranged from 5 to 121 mg/kg. Also, the mean
histamine level in canned tuna was higher than in
canned mackerel (mean values were 60.91 mg/kg and
42.94 mg/kg, respectively). After the histamine levels
in canned fish were determined, they were compared
with the FDA and EU standards. The results showed
that among the tested canned fish, 20% of samples
had higher histamine levels than maximum levels
prescribed by the FDA (FDA, 1995) (histamine levels
>50 mg/kg), indicating evidence of definite decom-
position of product. Histamine concentrations lower
than 10 mg/kg were found in 51.48% of canned fish
samples, which indicated good-quality fish products.
In addition, only 6.67% of examined production lots
of canned fish had histamine levels above the regu-
latory limit according to EC Regulation 1441/2007
(Commission Regulation (EC) No. 1441/2007).
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Predicting microbial growth: Theory and Application

Vesna V. Jankovic!, Ivan Nastasijevic!, Brankica Lakicevic'

A b s tra ct: Predictive microbiology is a recent area within food microbiology, which studies the responses of microorgan-
isms in foods to environmental factors (e.g. temperature, pH, NaCl) through mathematical functions. These functions enable scientists
to predict the behavior of pathogens and spoilage microorganisms under different combinations of factors. Predictive microbiology
models have immediate practical applications to improve microbial food safety and quality, and are leading to the development of a
quantitative understanding of the microbial ecology of foods. Predictive models in foods have developed significantly in the last 20
years due to the emergence of powerful computational resources and sophisticated statistical packages.

Modeling microbial responses in food requires the interdisciplinary collaboration of food microbiologists and mathematicians;

food technologists and computing scientists; molecular microbiologists and statisticians.
Key words: predictive microbiology, microbial ecology of food, food safety and quality.

Introduction

Predictive microbiology — or the quantitative mi-
crobial ecology of foods — represents a proactive ap-
proach to food quality and safety by accumulating in-
formation on bacterial responses related to intrinsic
and extrinsic factors characterizing the food and its en-
vironment and summarizing the responses in databas-
es and mathematical models (Bjerre, 2014; McMeekin
etal., 1997; McMeekin and Ross, 2002; Toldra, 2009).

Predictive microbiology in foods is a research
area within food microbiology intended to provide
mathematical models to predict microbial behavior in
food environments (Fakruddin et al.,2011). Although
the first predictive models date to the beginning of the
20% century, rapid development has occurred in re-
cent decades as a result of computer software advanc-
es. In addition to exhaustive knowledge of food mi-
crobiology, the predictive microbiology field is based
on important mathematical and modeling concepts
that should be previously introduced for predictive
microbiology beginners (McMeekin et al., 1997).

The different typology of predictive mod-
els allows the prediction of growth, inactivation,
or the probability of bacterial growth in foods un-
der different environmental conditions and consid-
ering additional factors such as the physiological
state of cells or interaction with other microorgan-
isms. Nowadays, predictive models have become a
necessary tool, allowing rapid responses to specific

questions. Predictive models allow the estimation
of the shelf-life of foods, define critical points in
the production and distribution process and can
give insight on how environmental variables af-
fect the behavior of pathogenic or spoilage bac-
teria. Furthermore, predictive models have been
incorporated as helpful elements into the self-con-
trol systems such as Hazard Analysis for Critical
Control Point (HACCP) programs and food safety
risk-based metrics. National and international food
safety policies are now based on the development
of Quantitative Microbial Risk Assessments stud-
ies, which is greatly supported but at the same time
is turning into an important tool for improving food
safety and quality (Fakruddin et al., 2011; Perez-
Rodriguez and Valero, 2013). Microorganisms of
interest are foodborne pathogens such as E. coli
O157:H7, Listeria monocytogenes, Salmonella spp.,
Clostridium botulinum and spoilage microorgan-
isms such as Enterococcus spp., Pseudomonas spp.
and Enterobacter spp. (Jankovic et al., 2013; 2014;
2015; Lakicevic et al., 2014; 2015; Nastasijevic,
2011; Nastasijevic, 2014; Nastasijevic et al., 2014).

History
The origin of predictive microbiology, as

pointed out by Perez-Rodriguez and Valero (2013)
is often linked to the works by Bigelow et al. (1920),
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Bigelow (1921) and Esty and Meyer (1922), in
which a log linear model was proposed to describe
bacterial death kinetics by heat. Their model found
wide application in the food industry, and especial-
ly in the canning industry. Indeed, nowadays, these
results are still applied by the food industry to re-
duce Clostridium botulinum in “low acid” canned
foods. This model simply says that at a given tem-
perature, the relative (or specific) death rate of the
bacteria is constant with time. In other words, the
percentage of the cell population inactivated in a
unit time is constant. This is a simple, logical and
understandable model, similar to those common-
ly used in physical and chemical sciences for pro-
cesses such as dissipation, diffusion, etc., when the
force that causes the decrease of a certain quantity
is constant with time (Baranyi et al., 1994; 2004).
A step forward was taken by Scott (1936), who in-
vestigated how the specific death rate depended
on the available water, quantified today by the so-
called water activity, a dimensionless number be-
tween 0 (dry) and 1 (wet). He subsequently studied
the effect of the temperature on the specific micro-
bial death rate. Modeling microbial growth was
also being done in the field of industrial microbi-
ology (Monod, 1949). During the 1960s and 1970s,
several efforts were devoted to apply mathematical
models to inactivation of pathogens (Clostridium
botulinum and Staphylococcus aureus) and growth
of spoilage bacteria (Nixon, 1971; Spencer and
Baines, 1964). Nonetheless, the great development
of predictive microbiology started during the 1980s
when computers and specific software facilitated
the development of more complex and precise mod-
els. The term “predictive” microbiology, which is
relatively recent, was coined by Roberts and Jarvis
(1983), establishing the conceptual basis of modern
predictive microbiology (Brul et al., 2008). In the
first book on the subject, McMeekin et al. (1993)
defined it as a quantitative science that enables us-
ers to evaluate objectively the effect of processing,
distribution and storage operations on the microbio-
logical safety and quality of foods. McMeekin et al.
(1993) suggested, as another possible explanation
for the development of predictive microbiology, the
marked increase in foodborne diseases during those
years together with a major awareness of the limita-
tions of the microbiological methods applied at that
time. The scientific discipline of predictive microbi-
ology aims to condense microbiological knowledge
and mathematical techniques into mathematical
models, capable of describing and predicting micro-
bial growth in various environments, mostly related
to food products (Baranyi and Roberts, 1994; Ross
and McMeekin, 1994).

Development and limitations of predictive
models

It is a general goal of food microbiologists to
know in advance the behavior of microorganisms in
foods under foreseeable conditions. To do so, exhaus-
tive control of physicochemical factors that could in-
fluence microbial growth is needed (such as t, pH, a,,
salt, etc.), as well as in-depth knowledge about the bi-
ological characteristics of the target microorganisms
(Fakruddin et al., 2011; Hajmeer and Cliver, 2002).

The premise behind the scientific basis of pre-
dictive microbiology is that microbial responses in
foods are reproducible when considered in the con-
text of several extrinsic and intrinsic environmen-
tal factors (Ross et al, 2000). This behavior can be
translated into diverse mathematical models that es-
timate microbial growth/inactivation/toxin produc-
tion/probability of growth etc. This emerging area
was redefined recently as modeling microbial re-
sponses in foods (McMeekin et al., 2002).

Several authors suggested different classifi-
cations of predictive models based on their final
purpose, the type of microorganisms to be stud-
ied, and their impact on food spoilage or food safe-
ty (Roberts, 1989; Ross and McMeekin, 2003; van
Boeckel, 2008).

Basically, predictive models are split up into
three groups: survival/inactivation models, bounda-
ry (growth/no growth) models and growth models.
Basing on their development, models can be classi-
fied as follows (Figure 1):

1. Primary models: aim to describe the kinetics
of a process with as few parameters as possi-
ble while being able to accurately define the
growth and inactivation phases. They are rep-
resented as the increase/decrease in popula-
tion density against time. Primary models de-
veloped in the 90s are still widely used, but are
mainly empirical (Baranyi and Roberts,1994;
Buchanan et al., 1997; Geeraerd et al., 2000).

2. Secondary models: describe the effect of en-
vironmental conditions (physicochemical
and biological factors) on the values of the
parameters of a primary model. Most current-
ly-used secondary models can be subdivided
into four classes (Adopted from Van Impe et
al. (2013): (i) square root models (Ratkowsky
et al., 1982; Ratkowsky et al., 2003), (ii) car-
dinal parameter models (Rosso et al., 1995;
Sautour et al., 2001), (iii) neural networks
(Geeraerd et al.,1998; Panagou et al., 2007),
and (iv) response surface models (Baranyi et
al., 1996; Geeraerd et al., 2004). Secondary
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models used for describing the effect of en-
vironmental conditions on microbial growth
include (McKellar and Lu, 2004): Arrhenius-
type models, Belehradek type models, mod-
els based on the gamma concept, cardinal pa-
rameter models, and polynomial models.

. Tertiary models: based on computer soft-
ware programs that provide an interface be-
tween the underlying mathematics and the
user, allowing model inputs to be entered
and estimates to be observed through sim-
plified graphical outputs. Whiting and Bu-
chanan (1997) called the foregoing integrat-
ed software-based model “tertiary models”.
Tertiary models are the application of the
aforementioned models, included in user-
friendly software in order that they can be
used without additional modeling; moreo-
ver, nonmodelers can use these tertiary mod-
els (Fakruddin et al., 2011). One or more of
the primary and secondary models are com-
piled to provide a prediction, generally cou-
pled with databases gathering the input pa-
rameters such as cardinal values, optimal
growth rate, and so on required for running
the simulation (McDonald and Sun, 1999).
Usually, various factors can be specified,
such as temperature, a,, pH, NaCl concen-
tration, and so on. All of these input param-
eters used in tertiary models were previous-

A

ly validated in primary and/or secondary
models. One of the main uses of such soft-
ware is in product development, since they
let the user examine the effect of formula-
tion changes on the safety of the product
without costly pilot plant trials. The soft-
ware packages that are available include:
ComBase (www. combase.cc), Sym’Previus
(www.symprevius.net), USDA pathogen
(http://www.ars.usda.gov), Food Spoilage
and Safety Predictor, (www.fssp.dtu.dk).

Predictive microbiological models are nor-
mally developed assuming that microbial respons-
es are consistent (McMeekin et al., 2002, 2010b;
McMeekin, 2007; Mejlholm et al., 2010). While pre-
dictive models can provide a cost-effective means
to minimize microbiological testing in determining
shelf-life, there may be occasions when the model’s
predictions may not be accurate, due to inconsist-
ent microbial responses and variations in the growth
media (DVFA, 2014; EC, 2005). Finally, models
cannot be applied if a validation process is not pre-
viously accomplished, which typically consists of
confirming the predictions experimentally, using a
quantitative method. The validation process is con-
ducted considering biological knowledge of the sys-
tem and statistical tools. Once models are validated
and users are aware of the limitations of the models,
they are useful tools to obtain information and make

Log CFU

stationary decline

lag i exponential

s
Time

Figure 1. Theoretical presentation of the bacterial growth curve with four phases: (i) lag phase, (i1)
exponential growth phase, (iii) stationary phase and (iv) decline (Perez-Rodriguez and Valero, 2013)
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Figure 2. Schematic development, classification, and some examples of predictive microbiology models in
food products (Adopted from Fakruddin et al., 2011; McDonald and Sun, 1999).

decisions for the following situations (A/zamora et
al., 2000a; Buchanan and Whiting, 1997):

1. Prediction of safety: Estimate the risk of
growth or survival of pathogens during food
processing.

2. Quality control: Improve systems like
HACCP (Hazard Analysis of Critical Con-
trol Points) to ensure food safety.

3. Product development: Redesign processes
and recipes, set priorities in product design
and evaluation.

4. Data analysis and laboratory planning:
The model could save resources, time, and
money.

5. Risk assessment models: Evaluate the prob-
ability that a food could cause foodborne ill-
ness

Microbial modeling and applications of
predictive microbiology

Microbial modeling

In all predictive microbiology, a prediction
must only be used as a guide to the response of
microorganism(s) to a particular set of environmen-
tal conditions (pH, ay, t). However, food businesses
should never rely solely on any predictive microbi-
ological model to determine the safety of foods and/
or processing systems (7oldra, 2009). Determining
the growth, survival or inactivation of pathogens in
food requires (FDA, 2015):

1. The determination of the intrinsic and extrin-
sic properties of the product, taking into ac-
count the storage and processing conditions,
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the possibilities for contamination and the
foreseen shelf-life.

. Consultation of available scientific litera-
ture and research data regarding the surviv-
al, growth and inactivation of microorgan-
isms of concern.

. Where necessary on the basis of these stud-
ies food businesses should also conduct ad-
ditional studies which may include:

. Laboratory-based microbiological sampling
and analysis.

. Predictive microbiological modeling.

6. Challenge tests to investigate the ability of

microorganisms of concern to grow or sur-
vive in the food product under reasonably
foreseeable conditions of distribution and
storage (no challenge testing for Campylo-

bacter spp., Shigella spp. and Yersinia enter-
ocolitica are recommended because other or-
ganisms, such as Salmonella, have similar
routes of contamination and are easier to cul-
ture and have less fastidious growth and sur-
vival requirements (FDA4, 2015).

7. Predictive microbiological models are also

useful when the shelf-life has been deter-
mined, but the product is then subject to a
minor process or formulation change (either
planned or unplanned through loss of process
control). A predictive microbiological model
can then be used to initially establish if the
change might have any effect on the safety
and shelf-life of the product. Table 1 shows
predicted pH limits for growth (p=0.5, 0.1,
0.01) of selected pathogens at various a,, and
temperature conditions (EFSA, 2012).

Table 1. Predicted pH limits for growth (p = 0.5, 0.1, 0.01) of selected pathogens at various ay and
temperature conditions (EFSA4, 2012)

Predicted pH limits at various aw, temperature and p-values
Pathogen Ay 5°Cp 10°C P 15°C P 25°C P
05 1] 01 (00105 ]| 01 (001 05 | 01 |0.01]| 05 | 0.1 |0.01
Listeria 0.99 | 476 | 4.69 | 4.61 | 445 | 439 | 434 | 429 | 424 | 419 | 423 | 419 | 4.14
MOnOCVIOCenes 098 | 484 | 4.77 | 469 | 453 | 447 | 441 | 437 | 432 | 426 | 432 | 428 | 423
(Ko tsJ(})urianis ctal 097 | 496 | 4.87 | 479 | 4.62 | 456 | 449 | 446 | 441 | 435 | 443 | 438 | 433
2002) 71096 | 510 | 5.00 | 491 | 473 | 4.66 | 4.60 | 4.56 | 451 | 444 | 454 | 448 | 443
095 | 528 | 5.16 | 5.05 | 4.86 | 4.78 | 471 | 4.68 | 4.61 | 4.55 | 4.66 | 4.60 | 4.54
0.99 4.66 | 441 | 437 | 440 | 4.18 | 4.14 | 395 | 3.91 | 3.87
Salmonella 0.98 4.85 | 461 | 456 | 456 | 435 | 431 | 423 | 4.06 | 4.01
(Koutsoumanis et al., | 0.97 - 504 | 480 | 474 | 471 | 451 | 445 | 445 | 4.18 | 4.13
2004) 0.96 524 | 498 | 492 | 486 | 4.65 | 459 | 4.66 | 429 | 4.23
0.95 547 | 517 | 5.10 | 5.02 | 4.80 | 4.73 | 4.88 | 4.39 | 4.33
Escherichia coli 0.99 531 | 510 | 489 | 446 | 433 | 420 | 3.94 | 3.83 | 3.72
0157-H7 0.98 5.16 | 5.02 | 488 | 4.63 | 451 | 438 | 4.03 | 3.92 | 3.80
(Skan;iamis et al 0.97 - 6.20 | 595 | 5.69 | 528 | 5.09 | 4.89 | 438 | 4.22 | 4.05
2007) N 0.96 - - - - 6.69 | 6.06 | 5.01 | 4.74 | 4.48
0.95 - - - - - - - - 5.80
0.99 4.85
Bacillus cereus 0.98 4.92
(Lanciotti et al., 0.97 - - - - — 5.10 - -
2001) 0.96 6.02
0.95 -
Stanhviococcus 0.99 544 | 522 | 5.03 | 479 | 4.68 | 4.59
o ri uﬁ 0.98 5.64 | 539 | 5.16 | 489 | 477 | 4.65
(Lanciotti et al 0.97 - - 597 | 5.66 | 538 | 5.06 | 490 | 4.77
2001) ? 0.96 6.66 | 6.24 | 5.85 | 540 | 5.19 | 5.00
0.95 - - - 7.39 | 6.85 | 6.36

61



Vesna V. Jankovic et al.

Predicting microbial growth: Theory and Application

Table 2. Applications of predictive microbiology (according to Fakruddin et al., 2011)

Area of Application

Example

Hazard Analysis Critical Control Point
(HACCP)

Preliminary hazard analysis identification and
establishment of critical control point(s)
Corrective actions

Assessment of importance of interaction between
variables

Risk assessment

Risk assessment

Estimation of changes in microbial numbers in a
production chain
Assessment of exposure to a particular pathogen

Microbial shelf life studies

Prediction of the growth of specific food spoilage
microorganisms
Prediction of growth of specific foodborne pathogens

Product research and development

Effect of altering product composition on food safety and
spoilage

Effect of processing on food safety and spoilage
Evaluation of effect of out-of-specification circumstances

Temperature function integration and
hygiene regulatory activity

Consequence of temperature in the cold chain for safety
and spoilage

Education

Education on safety, especially non-technical people

Design of experiments

Number of samples to be prepared
Defining suitable intervals between sampling

Applications of predictive microbiology

Some of the applications of predictive microbi-
ology are listed in Table 2.

Limitations of predictive microbiology

Even though predictive microbiology models
are widely used when correctly validated, they have
several limitations because of the complexity of mi-
crobial behavior and food systems.

Mathematical models are simplifications of
complex biochemical processes and in some cas-
es, not every important variable or factor that af-
fects the system is included in the model (A/zamora
et al., 2005; Buchanan and Whiting, 1997). Usually,
models are not designed for the same conditions in
which microorganisms exist in food systems (bio-
films, starved and unknown nutrients, among many
others), since the majority of the data to generate the
predictive models are derived from broth-based ex-
periments. It is known that bacterial pathogens are
more resistant in real food products than in broth
cultures (A/lzamora et al., 2005). Most of the models
describe changes of microbial behavior for homoge-
neous populations; nevertheless, competition among

microorganisms affects the food environment, and
models do not account for this (Lebert and Lebert,
20006).

Some models make a good description of lin-
ear relationships; but when more than one factor is
involved, reparameterization of the model becomes
necessary.

It is important the model developer clearly
specify directly or through the model what the lim-
its of the model are, i.e., what microorganisms, what
factors, what ranges of each factor and what combi-
nations of factors will give valid answers. The pres-
ence of additional inhibitory factors in a food, and
which have not been included in the model, inval-
idates the model or requires caution to be used to
interpret the predictions. Currently, growth mod-
els do not usually include factors such as anion ef-
fects from the acidulent used, phosphates, sorbates,
and bacteriocins, and humectants other than sodium
chloride. No broth models include competition from
other microorganisms. Some models developed with
foods include the “normal” spoilage microbiota, but
how this microbiota changes in species and number
with plant or season and the effect upon the mod-
eled microorganism is largely unknown (Van Impe
etal.,2013).
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Because pathogens grow in most foods, the im-
portant question, then, is whether the pathogens will
grow to a significant population before the spoilage
microbiota causes the food to be rejected by the con-
sumer. There is a need for systematic modeling of
representative classes of spoilage microorganisms
so tertiary models can then plot comparative growth
curves for both pathogenic and spoilage organisms.
For some pathogens with very low infective or tox-
ic dose, such as Listeria, Yersinia and C. botulinum,
the criteria may be growth-no growth and the spoil-
age flora has little significance unless they alter the
environment by lowering the pH or produce a bacte-
riocin (Fakrudin, 2011).

Risk analysis and predictive microbiology

Management of foodborne threats is an ongo-
ing challenge due to changes in primary and second-
ary production, microbial adaption, increases in in-
ternational trade, changes in consumer demands and
behavioral and demographic changes. Risk analysis
has been introduced as a means to face these chal-
lenges and to evaluate and control microbial risks
(Bjerre, 2014). Risk analysis includes three compo-
nents; (i) risk assessment, (ii) risk management and
(ii1) risk communication (CAC/GL 63- 2007). Risk
assessment is the scientific evaluation of known or
potential adverse health effects of a food product
and comprises: hazard identification, hazard char-
acterization, exposure assessment and risk char-
acterization (Marvin et al., 2009). The outcome of
the risk characterization is an estimate of the likeli-
hood of adverse health effects in the population due
to exposure to the hazard in question (FAO/WHO,
1995). In a quantitative microbiological risk assess-
ment, the exposure assessment describes the routes
by which the microbiological hazard can be intro-
duced, distributed and altered during the production,
distribution and consumption of a given food prod-
uct (WHO/FAO, 2004).

Predictive microbiology is of particular inter-
est in relation to evaluation of alterations in num-
bers (increase or decrease) of the hazard over time.
For quantitative risk analyses, it is often stated that
data is lacking and available data often originate
from modeling experiments with, for example, un-
realistically high initial bacterial numbers. In gen-
eral, high quality, relevant and timely data is lack-
ing (Gardner, 2004; Ross and Sumner, 2002; WHO/
FAO, 2004). In spite of that, as a means to provide
information and to fill data gaps, predictive models
for growth and inactivation can be helpful and effi-
cient tools. Predictive models, successfully validated

in growth environments comparable to the products
of concern, can be used to predict the effect of intrin-
sic and extrinsic factors on the response of the path-
ogen in question (7oldra, 2009). This quantification
is important since the effects of both spoilage and
pathogenic microorganisms are highly correlated to
the number of microbes present in the food product
at the point of consumption (Bjerre, 2014).

Future perspectives

Foods are complex feedback systems.
Generally, substantial quantities of data have been
derived from modeling studies conducted un-
der experimental conditions, but this data is of-
ten not immediately relevant to real-life condi-
tions for the pathogen, the food vehicle or the
consumer. Mathematical models are able to bridge
some gaps but are also an approximation of real-
ity. Evidently, modelers need to be diligent when
relating and extrapolating data, and using or in-
terpreting mathematical growth models and their
outcomes, particularly when conducting expo-
sure assessment and hazard characterization, as
these impact on the validity of a risk characteri-
zation. Additionally, estimation of pathogen prev-
alence and level (number) in food products is key
for exposure assessment and indispensable for the
generation of reliable risk estimates (/LSZ, 2010).
Thus, risk assessors require an understanding of
the biology and ecology of the pathogen(s), and
of the properties of food materials they investi-
gate. Often, dose-response models are the element
where least information is available. Risk assess-
ments should include an integral evaluation of the
quality of data and models that are included and
this is often accomplished by including an explic-
it evaluation concerning uncertainty and variabili-
ty in the risk characterization outcome.

Besides a move towards stochastic modeling
approaches, other subjects are also forecasted to be
a part of the future of predictive microbiology. In
2004, Bernaerts and co-workers strongly advocat-
ed for the development of more mechanistically-in-
spired predictive models in order to obtain a better
understanding of the underlying mechanisms, but
also to develop more robust models (Bernaerts et
al., 2004). McMeekin et al. (2010) suggested focus-
ing on the ecophysiology of foodborne pathogens
and to model growth responses from, for example,
thermodynamics. The introduction of systems biol-
ogy into predictive microbiology has been suggest-
ed by Brul et al. (2008) and Van Impe et al. (2013) in
order to apply “bottom-up” approaches and to work
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at the microscopic level e.g. by developing metabol-
ic network-based modeling approaches. Belief in
systems-biology as an integrated part of predictive
microbiology has also been expressed by McMeekin
et al. (2013) in order to induce a shift from empirical
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Inhibitory effect of thyme and oregano essential oils
and some essential oil components on Salmonella
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A b s tract Salmonella is a pathogen of public concern causing health and economic problems worldwide. Salmonella
Enteritidis and Salmonella Typhimurium are the serotypes most commonly recognized as causes of human salmonellosis, which is why
research is mainly dedicated to prevention or inhibition of these frequently reported serotypes, while less attention is dedicated to the
uncommon Salmonella serotypes. Outbreaks of salmonellosis caused by rarer subspecies of Salmonella are increasing, which is why
their control is needed. Essential oils derived from plants have gained attention mainly due to their antibacterial properties and poten-
tial to be used as a replacement for synthetic additives in the food industry. To the best of our knowledge, there are no literature data
about the effect of essential oils on Salmonella Give. Therefore, the aim of this study was to evaluate the effect of thyme and oregano es-
sential oils and thymol, carvacrol, cinnamaldehyde and eugenol on Salmonella Senftenberg and Salmonella Give. Results showed that
there were no differences between the susceptibility of the examined Salmonella serovars to these essential oils and active compounds.
Oregano essential oil, thymol and carvacrol exhibited greater antibacterial activity, followed by cinnamaldehyde, while the Salmonella

serovars examined were most resistant to the effect of eugenol.

Keywords: Salmonella, thymol, carvacrol, cinnamaldehyde, eugenol.

Introduction

Foodborne diseases are an important cause
of morbidity and mortality worldwide (Van et al.,
2007). Bacterial pathogens are considered to be the
most common agents causing foodborne diseas-
es and among foodborne bacteria, Salmonella is the
most common cause of illness after Campylobacter
(Carrasco et al., 2012; de Silva et al., 2013). It is es-
timated that non-typhoidal salmonellosis is the cause
of 155,000 deaths annually and of 93.8 million report-
ed cases, 80.3 million are foodborne (Majowicz et al.,
2010). The major vehicles of this pathogen are eggs,
poultry and pork, as well as other types of meat and
meat products, but Salmonella is often found in low-
moisture foods (powdered milk, chocolate, peanut
butter, infant formula), vegetables, spices, seafood,
milk and milk products (Carrasco et al., 2012; Pires
et al., 2014). Salmonella Enteritidis and Salmonella
Typhimurium followed by Salmonella Infantis are
the most frequently reported serotypes in human sal-
monellosis, but other serotypes were also involved in

salmonellosis outbreaks (de Freitas Neto et al., 2010;
Carrasco et al., 2012). The incidence of Salmonella
infections with more rare serovars is increasing
(David et al., 2007). Salmonella Senftenberg is not
one of the serotypes most commonly associated with
human infection but is a pathogen of public interest
due to its high heat resistance (Pezzoli et al., 2008;
Gurman et al., 2016). Salmonella Give was identi-
fied as the cause of some cases of illness and minced
pork and infant milk formula were detected as sourc-
es of infection (Girardin at al., 2006; Berger, 2015).
This serotype was found on beef carcasses, refrigerat-
ed and pulp meat (David et al., 2007; Perez-Montario
et al., 2012). Although infection with this serotype
is rare, the hospitalisation rates for patients infected
with S. Give are higher compared to those infected
with S. Enteritidis. This possibly indicates that this se-
rotype has a higher virulence compared to other non-
typhoidal Salmonella spp. (Girardin et al., 2006).
Salmonellosis is usually a self-limiting disease
and symptoms include fever, chills, nausea, vom-
iting, abdominal cramping, and diarrhoea (Chen et
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al., 2013). Infants, young children, the elderly and
the immunocompromised are at particular risk for
bacteraemia which occurs in 5-10% of infected per-
sons, and may progress to focal infection includ-
ing meningitis, bone and joint infection (Chen et al.,
2013; Crump et al., 2015).

Therefore, Salmonella infections are a major
human public health and economic problem in both
developed and developing countries (EFSA, 2010)
and novel strategies and methods for control of this
pathogen are needed.

A number of studies have reported essential
oils to be effective antimicrobials with potential ap-
plication in meat and in the general food industry
to increase the safety of these products. Although
Salmonella is one of the most investigated patho-
gens, there are little or no data about the effects of
essential oils or their components on uncommon
Salmonella serotypes. Considering the above, the
aim of this study was to evaluate the effects of thyme
and oregano essential oils, thymol, carvacrol, euge-
nol and cinnamaldehyde on Sa/monella Senftenberg
and Salmonella Give.

Materials and Methods

Essential Oils and Active Compounds

Thymol, carvacrol, cinnamaldehyde and
eugenol were purchased from the manufacturer
(Essentico, Kula, Serbia). Oregano and thyme essen-
tial oils, extracted by the steam distillation method,
were purchased from the manufacturer (Herba doo,
Belgrade, Serbia). The major components of thyme
(Thymus vulgaris) essential oil, determined by GC-
MS analysis, were thymol and p-cymene followed
by linalool, y-terpinene and 1,8-clineole and of oreg-
ano (Origanum vulgare) essential oil were carvacrol
followed by p-cymene, trans-B-caryophyllene, linal-
ool, y-terpinene and thymol. Other chemical com-
pounds were in lower concentrations. Essential oils
were kept in dark glass bottles at 4°C.

Antibacterial Assay

The antibacterial effects of oregano and thyme
essential oils, thymol, carvacrol, eugenol and cinna-
maldehyde on Salmonella enterica subsp. enterica
serovar Senftenberg (6.7:g,m,s :-) and Salmonella
enterica subsp. enteric serovar Give (3,10:1.v:1.7)
were studied. Salmonella Senftenberg (Veterinary
Institute Subotica, Serbia) was isolated from ani-
mal feed and Sa/monella Give (Veterinary Institute
Subotica, Serbia) from poultry meat.

The susceptibility of Salmonella isolates to
essential oils and active compounds was investi-
gated by the broth microdilution method (CLSI
1999; CLSI 2009). Broth microdilution method
was performed in sterile U-bottom microtitre plates
(Spektar, Serbia). The inoculum density was set to
0.5 McFarland (approximately 1-2x 108 cfu mL™"),
diluted 10 times (1-2x 1107 cfu mL") in sterile sa-
line and 5 pL of this suspension was inoculated in
0.1 mL of CAMHB-Cation Adjusted Mueller-Hinton
Broth (Becton, Dickinson and Company, Sparks,
USA) to reach a final inoculum of 5 x 10* cfu well .
Active substances were diluted in DMSO (Serva,
Heidelberg, Germany) and added to CAMHB at lev-
els from 2560 ug mL~! to 1.25 pg mL~! by two-fold
dilution in 96-well microtitre plates. After inocu-
lation, plates were incubated at 37°C for 24 hours.
Minimal inhibitory concentration (MIC) was deter-
mined as the lowest concentration of an antimicro-
bial agent that prevents visible growth of a micro-
organism in broth dilution susceptibility test (CLSI,
2006). From wells without visible growth, 10 pL
was subcultivated onto CAMH Agar and incubated
at 37°C for 24 hours. Growth of less than five colo-
nies was taken as the minimal bactericidal concen-
tration (MBC) as it represented a kill ratio of over
99.9% (CLSI, 1999). Amikacin (Sigma-Aldrich,
USA) in the range of 64-0.03 pg mL~! was used as
control.

Results and Discussion

Results of the antimicrobial activity of thyme
and oregano essential oils, thymol, carvacrol, cinna-
maldehyde and eugenol on the Salmonella serovars
studied are presented in Table 1.

The antibacterial effects of the essential
oils used in this study were previously reported
(Boskovic et al., 2015). As hydrophobic liquids, es-
sential oils interact with the lipid membrane of bac-
terial cells, causing the collapse of the proton motive
force and depletion of the ATP pool, thus changing
the membrane permeability and leading to leakage
of the inner cell components and eventually to cell
death (Ultee et al., 2002; Burt, 2004; Bajpai et al.,
2012). Essential oils also affect potassium ion reflux
and cause coagulation of cytoplasm (Burt, 2004;
Bakkali et al, 2008).

Results from a number of studies confirmed
that Gram-negative bacteria, including Salmonella
spp. are more resistant to effects of essential oils than
Gram-positive bacteria due to their outer membrane
which covers the cytoplasmic membrane and their
peptide-glycan layer, which acts as a barrier against
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Table 1. The minimum inhibitory concentrations of oregano and thyme essential oils and active compounds
against Salmonella spp.

Minimum inhibitory concentration (ug mL™")

Essential oils Active compounds Antibiotic
Oregano Thyme Thymol  Carvacrol  Cinnamaldehyde Eugenol  Amikacin
S. Senftenberg 320 640 320 320 640 1280 1
S. Give 320 640 320 320 640 1280 0.25

hydrophobic macromolecules (Holley and Patel,
2005; Hyldgaard et al., 2012; Esteban et al., 2013).

In the current study, results showed that both
Salmonella serovars were equally sensitive to orega-
no and thyme essential oil, thymol, carvacrol, cinna-
maldehyde and eugenol, showing minimum inhibi-
tory concentrations of 320 ug mL™!, 640 ug mL,
320 ug mL1, 320 pg mL!, 640 pg mL" and 1280
png mL1, respectively.

The high antimicrobial activity of thyme and
oregano essential oils has been attributed to their
phenolic components such as thymol and carvacrol
(Bajpai et al., 2012; Bassolé and Juliani, 2012). In
the present study, oregano essential oil exhibited a
stronger antibacterial effect than thyme essential oil,
probably as a result of the higher content of phenolic
compounds (data not shown). Because essential oils
are complex mixtures containing a number of com-
ponents, the antimicrobial activity cannot be attribut-
ed to single compound (Bajpai et al., 2012; Boskovic
et al., 2013). Nevertheless, in the present study, car-
vacrol and oregano essential oil (which comprised
77.6% carvacrol) exhibited the same antibacteri-
al effect. Other authors also reported the antibac-
terial effects of thyme and oregano essential oil on
Salmonella spp. (Bajpai et al., 2012). Still, most of
these studies have been conducted on S. Typhimurium
and S. Enteritidis and so there are few literature data
about the effect of essential oils on S. Senftenberg.
Cherrat et al. (2014a) reported the antibacteri-
al effect of Laurusnobilis and Myrtuscommunis es-
sential oils against S. Senftenberg. In their study,
Laurusnobilis showed greater antimicrobial activ-
ity but the reported MIC values were much high-
er than those found for essential oils in the present
study. Menthapulegium, Saturejacalamintha and
Lavandulastoechas also exhibited an antimicrobi-
al effect on S. Senftenberg but in higher concentra-
tions, 4 uL mL~!, 14 uL mL~! and 14 pL mL"!, re-
spectively (Cherrat et al., 2014b). Nanasombat and
Lohasupthawee (2005) examined the effect of differ-
ent essential oils obtained from spices on nine sero-
types of Salmonella which were potential pathogens

and most commonly isolated from fresh and ferment-
ed meat, including S. Senftenberg. This serotype was
the most or equally sensitive to cardamom, corian-
der, cumin, kaffir lime peel and ginger essential oils
(MIC 0.2 uL mL") less sensitive to mace and nut-
meg essential oils (MIC 8.3 uLL mL!) and most re-
sistant to garlic (MIC 47.6 uL mL™"), kaffir lime leaf
and holy basil essential oils (MIC >62.5 uL mL™").
The MICs obtained for essential oils in their study
were higher than those determined in the present
study but it should be noted that they used an inocu-
lum concentration of 107cfu mL~! in contrast to our
study where an inoculum concentration of 10* cfu
well™! was used. Differences between the effects of
essential oils towards bacteria are mainly attributed
to its chemical profile (Burt, 2004; Boskovic, 2013).

Strain biodiversity, among other factors, in-
fluences the antimicrobial resistance of Salmonella
(Mazzarrino et al., 2015). Differences were not ob-
served between tested serovars of Sa/monella in the
present study, but as Boskovic et al. (2015) reported,
the same essential oils were shown to be more ef-
fective against S. Typhimurium and thyme essential
oil was more effective against S. Enteritidis. Lu and
Wu (2010) did not find differences between the sus-
ceptibility of four Salmonella serovars (S. Kentucky,
S. Senftenberg, S. Enteritidis and S. Typhimurium)
to thyme essential oil, thymol and carvacrol. They
obtained higher MIC values for thyme essential oil
than those in the present study, and thymol exhibit-
ed the strongest antibacterial activity against all four
Salmonella. Results from the present study showed
that thymol and carvacrol exhibited stronger anti-
bacterial activity than cinnamaldehyde and eugenol,
with an obtained MIC value of 320 ug mL™! for both
Salmonella serovars.

A number of studies showed that among constit-
uents of essential oils, carvacrol and thymol exhib-
ited the greatest antibacterial activity which is why
these substances are the most investigated and mech-
anism of their action is well described (Burt, 2004).
Thymol is structurally analogous to carvacrol, but
the locations of the hydroxyl groups are at a different
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location on the phenolic ring. Both phenols interact
with the outer membrane of gram-negative bacteria,
releasing lipopolysaccharides and increasing the per-
meability of the cytoplasmic membrane to ATP and
potassium ions (Burt, 2004; El Abed et al., 2014).
As mentioned above, a high percentage of phenolic
compounds, including eugenol as well as carvacrol
and thymol, are considered to be responsible for the
antimicrobial activity of essential oils (Burt, 2004),
but in the present study, eugenol exhibited the lowest
antimicrobial activity against both tested Salmonella
serovars with an obtained MIC value of 1280 ng
mL-!. Apart from essential oils containing phenols,
essential oils containing significant amounts of al-
dehydes, such as cinnamaldehyde, showed high an-
tibacterial activity (Bassolé and Juliani, 2012). The
mode of action of cinnamaldehyde, the main com-
ponent of cinnamon essential oil, is not still fully un-
derstood. Cinnamaldehyde, depending on the added
concentration, inhibits different enzymes involved
in cytokinesis or less important cell functions, acts
as an ATPase inhibitor and perturbs cell membranes
(Hyldgaard et al., 2012; Shen et al., 2015). It has
been suggested that cinnamaldehyde inhibits cytoki-
nesis (Hyldgaard et al., 2012). In the present study,
cinnamaldehyde exhibited a moderate antibacterial
effect. In contrast, Zhou et al. (2007) reported that
cinnamaldehyde (MIC 200 mg L-') was more effec-
tive against S. Typhimurium than thymol and car-
vacrol (400 mg L"). The MICs reported in the pre-
sent study for thymol and carvacrol were lower and
these results may be caused by different sensitivity

between the Salmonella serovars studied. Amikacin
was used as a positive control. As was expected,
amikacin showed a greater antimicrobial effect than
the essential oils and active compounds. S. Give was
more susceptible to amikacin than S. Senftenberg.
Amikacin has a different mechanism of action com-
pared to essential oils; while essential oils act mainly
on the cell membrane, amikacin inhibits translation
and amino acid misincorporation, and thus bacteri-
al protein synthesis, by binding to rRNA (Lopez-Diez
et al., 2005). Different modes of action could explain
differences between susceptibility of Salmonella se-
rovars to the antimicrobial substances examined.

Conclusion

Despite invested efforts to control Salmonella,
this pathogen is still a public health problem. As
many pathogens, Salmonella can also be inhibited
by essential oils. The results of this study showed
that oregano and thyme essential oils and active
compounds, in differing concentrations, exhibited
antibacterial effects on Salmonella Senftenberg and
Salmonella Give. Oregano essential oil, thymol and
carvacrol exhibited the greatest effect on both tested
Salmonella serovars. Taking into account that there
are little or no data about the effect of essential oils
on the two examined serovars of Salmonella, further
research should be undertaken in food substrates to
confirm the antimicrobial effects of essential oils
and active compounds on these Salmonella serovars.
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Abstract: The goal of this study was to explore attitudes and habits of Serbian preschool children to consumption of meat
and fish. Altogether, 60 preschool children from 5 to 7 years old participated in this study. The results showed that 100% of preschool
children eat meat and fish. Results showed that 75% of respondents consumed meat once a day. Data analysis of fish consumption
frequency showed that participants consumed fish once a week (75%). The most frequently consumed meat was poultry. Preschool
children preferred river fish in their diet over sea fish. Also, parental influence in this childhood period is significant.
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Introduction

Healthy eating habits are essential for the nor-
mal growth and development of preschool chil-
dren and to prevent nutrition-related diseases later
in life (Dietz, 1994). Food habits that develop dur-
ing childhood are maintained as children entered
school (Singer et al, 1995), and dietary choices of
elementary school-aged children track into adoles-
cent (Kleder et al, 1994). Healthy eating habits in
childhood are important because they help prevent
undernutrition, growth retardation, and acute child-
hood nutrition problems, such as obesity, coronary
heart disease (CHD ), type-2 diabetes, and stroke
(Nicklas and Hayes, 2008).

Although food habits are not stable and un-
changing during a person’s lifetime, a basis for
healthy food habits can be created in early child-
hood. Children’s food habits can be assumed to be
influenced by their parents’ food habits and choic-
es (Nicklas et al, 2008). Parents can influence their
children’s food choice by making specific foods
available and by acting as models for their behav-
iour in specific situations. Parental acceptance of
meat nutritional recommendations in their own di-
etary practices may serve to underline attempts to
ensure healthful dietary practices of the children
(Brewis and Gartin, 2006). Therefore, it is con-
ceivable that parental behaviours and child feeding

practices interact with genetic predispositions to
promote the development of problematic eating be-
haviours or less nutritious food choices in children.
Food preferences play a central role in food choices
and consumption, and can be described as a general
predisposition for particular food, an expressed de-
gree of liking (Nicklaus et al, 2008).

The purpose of this study was to provide in-
formation about meat and fish consumption by
Serbian preschool children in the Republic of
Serbia. Heavy food is integral part of Serbian tra-
ditions and culture. For many Serbian families, a
meal without meat is a rare exception (Sarcevic et
al, 2013). On the other hand, consumption of fish
is not as frequent as is recommended in most coun-
tries (FAO, 2008). European public authorities rec-
ommended two to three meals that include fish per
week. The field of children’s food choice and be-
haviour remains challenging and no children’s
preferences, purchase behaviour and consumption
of food category as well as specific brands within
a food category.

Materials and Methods

The sample frame for this research consisted of
preschool children from one public kindergarten in
one Belgrade municipality in the Republic of Serbia.

TInstitute of Meat Hygiene and Technology, Kacanskog 13, 11000 Belgrade, Republic of Serbia;
2Scientific Veterinary Institute Novi Sad, Rumenacki put 20, 21000 Novi Sad, Republic of Serbia
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Convenience sampling was used and a ques-
tionnaire was distributed to all preschool children’s
parents who agreed to participate after they were in-
formed about the goals of this research and to pro-
vide information about children’s eating habits with
respect to consumption of meat and fish. A total of
60 preschool children, aged 5—7, participated in this
study.

Parents participated in the investigation instead
of their children, and they were asked to fill out a
questionnaire designed by authors to collect appro-
priate data. Descriptive statistics, analysis of vari-
ance (ANOVA) and post-hoc Tukey-Kramer HSD
test were used for analysis of collected results. Data
were arranged and analysed using Microsoft Office
Excel software.

Results and Discussion

In this study, we started the investigation from
the hypothesis that preschool children usually con-
sume meals prepared at home, created by their par-
ents. Parents’ education and nutritional knowledge
might have long-term effects on health outcomes.
Vereecken et al. (2004) have established that better
maternal nutritional knowledge was associated with
better diets for children, although their influence in-
creased with child age. Results of our survey pre-
sented in Table 1 showed that 100% of respondents
ate meat and fish.

Table 1. The percentage of responses to the
question Do you eat meat/fish?

Meat Fish
Yes No Yes No
60 0 60 0
100% 0 100% 0

Parental acceptance of nutritional recommen-
dations for meat in their own dietary practices may
serve to underline attempts to ensure healthful di-
etary practices of the children (Brewis and Gartin,
2006). In Figure 1, results showed that there was no
significant difference between the answers “I like it
very much” and “I like it” and they can be consid-
ered as one group of answers to the question “Do
you like to eat meat?”. Almost 90% of responses to
the question “Do you like to eat meat?” were in this

group.

(. 1

88
0 0

| like it very | like it Itis good |don'tlikeit |don'tlike it
much at all

J

Figure 1. Level of preference in consumption
of meat by preschool children (different letters
indicate statistical significance, P<0.05)

Answers to the question “Do you like to eat
fish?” showed that “I like it” was reported by fewer
than half of them (Fig 2). Results of ANOVA dem-
onstrated that there was no significant difference be-
tween the number of respondents stating “I like it
very much” and “It is good”. However, no respond-
ents replied “I don’t like it” or “I don’t like it at all”,
as was the case for the question “Do you like to eat
meat?”.

( 7
Do you like to eat fish?

| like it very [ like it Itis good |don'tlikeit I|don'tlike it

much at all
. J

Figure 2. Level of preference in consumption of
fish by preschool children (different letters indicate
statistical significance, P<0.05)

The ratios between the answers “I like it very
much” and “T like it” for consumption of meat and
fish imply that preschool children prefer to eat meat
rather than fish, which is in line with Serbian eating
culture and cuisine.

The most common answer to the question
“What kind of meat do you usually eat?” (Fig 3)
was poultry (98.33%), then pork (51.67%) and then
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( )

What kind of meat you usually eat?
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Poultry Pork Beaf/Veal Lamb Venison
k J

Figure 3. Preference for species of meat consumed
by preschool children (different letters indicate
statistical significance, P<0.05)

followed beef/veal (16.67%) and lamb (13.33%),
with no significant difference between these two
meat species (P>0.05). Similarly to our investiga-
tion, in 2007, the Australian National Children’s
Nutrition and Physical Activity Survey was conduct-
ed to provide data on nutrition and meat consump-
tion of Australian children (Bowen et al, 2012). The
data indicated that 90% of enrolled children, aged
4—8 years, consumed poultry, pork, beef/veal and
lamb, which is very close to the results we obtained.
Also, this is in accordance with previous statements
regarding the position of meat in Serbian attitudes
and eating habits, as a very nutritious food in every-
day use (Sarcevic et al, 2013).

( )

What kind of fish you usually eat?

4¢
| —")
River fish Sea fish Salmon Seafood Canned fish
\s J

Figure 4. Preference for type of fish consumed
by preschool children (different letters indicate
statistical significance, P<0.05)

Results showed that responses to the question
“What kind of fish do you usually eat?”” can be sort-
ed into three groups (Fig 4). River fish was the most
favoured kind and comprised the first group, sea fish
and canned fish comprised the second group, and the
third group consisted of salmon and sea food, which
were the least preferred types of fish.

Results of statistical analysis shown in Figure
5 showed that there was no significant difference
between children’s preference for consumption of
trout, common carp and catfish. The children en-
rolled in the study consumed silver carp and pan-
gasius less often than the other three types of riv-
er fish.

( )

River fish

31~

Trout Common carp Catfish Silver carp  Pangasius

& J

Figure 5. River fish consumption by preschool
children (different letters indicate statistical
significance, P<0.05)

Marine fish

o z
e———
Mackerel Scorpionfish  Gilt-head bream  European
seabass
- J

Figure 6. Sea fish consumption by preschool
children (different letters indicate statistical
significance, P<0.05)

Preschool children consumed more mackerel
than any other type of marine fish (Fig 6). In Fig
6, no significant differences were observed in con-
sumption frequency of scorpion fish and European
sea bass, and these fish seem to be neglected by re-
spondents.
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Canned fish

Tuna Sardines Mackerel
N\ y,

Figure 7. Canned fish consumption by preschool
children (different letters indicate statistical
significance, P<0.05)

Data analysis of the kinds of canned fish con-
sumed showed that, unlike sea fish consumption,
mackerel was consumed the least frequently, and
tuna was the most favoured canned fish.

Statistical analysis of responses demonstrates
that 3/4 of participants consumed meat once a day
(Fig 8). There were no observed significant differ-
ences between the other answers. Data analysis
of fish consumption frequency showed that many
participants (75%) consumed fish once a week.
No differences were noticed between the other an-
Swers.

For both questions regarding place of con-
sumption (Figs 9 and 10), Do you eat meat pre-
pared at...? and Do you eat fish prepared at...?,
reported answers in this survey showed that 100%
of parents routinely prepared meat and fish meals
at home. Children sometimes ate meat or fish out-
side the home, but these occasions were relative-
ly rare.

How frequent do you eat meat?

e e =

Once a Once a 3 times 2 times Several
day week per week per week times per
jweek

. J

-
Do you eat meat prepared...?
- ] .
P T ekm
At home At fastfood McDonald’s In restaurants
shops restaurants
. J
Figure 9. Reported place of meat consumption
(different letters indicate statistical significance,
P<0.05)
s p
Do you eat fish prepared...?
— e 58 6°
] N
At home At fastfood McDonald’s In restaurants
shops restaurants )
Figure 10. Reported place of fish consumption
(different letters indicate statistical significance,
P<0.05)
s N

How frequent do you eat fish?

I'nﬁ'-i'-

Once a Once a 2-3 times Once per
week month per week 2 weeks

Figure 8. Frequency of meat and fish consumption by preschool children
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Figure 11 Method of food preparation for meat and fish consumed by preschool children (different letters
indicate statistical significance, P<0.05)

Results of ANOVA showed that no statistical
differences were observed for the method of meat
preparation, except for boiling, which was rarely
used. The preferred kinds of fish preparation were
roasting in the oven and frying, less favoured was
grilling, while stewing, boiling and utilisation in
complex dishes containing non-fish ingredients
were not used at all.

Conclusion
Parental influence on preschool children’s at-

titudes and habits with regard to consumption of
meat and fish is predominant and hence in some part

interpretation of survey results should be considered
with caution. According to the results of our survey,
we can conclude:

* Preschool children consumed meat rather
than fish;

= Fish is not consumed as often as is recom-
mended by European Union authorities;

= Preschool children consumed river fish rath-
er than sea fish;

= For preschool children, meals were prepared
in 100% of the homes, which should give
parents the opportunity to provide education
on proper nutrition. The impact of restau-
rants and fast food was negligible.

Acknowledgment: This paper was supported by Ministry of Education, Science and Technological Develop-
ment, Republic of Serbia, through the funding of Project No 31034 and Project No 46009.
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