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Introduction

Meat consumption is increasing worldwide due 
to rapid population growth and urbanization. This 
has resulted in increased concerns and challenges 
when it comes to meat safety and hygiene. Therefore, 
the meat safety regulations should be implemented 
from farm, slaughterhouse, processing, storage, dis-
tribution, retail outlets up until the products reach 
the consumers (Sofos and Geornaras, 2010). During 
the food production process, each step of produc-
tion is controlled and has a set of specific rules. The 
process of hazard analysis and critical control point 
(HACCP) is a systematic, science-based approach 
process control, designed to prevent, reduce or elim-
inate identified hazards in food products (Kukay et 
al. 1996). Therefore, a food business operator (FBO) 
is obligated to achieve compliance with these regu-
lations. FBOs must apply compulsory self-checking 
programs following the HACCP approach.

The slaughterhouse is an indispensable part of 
the meat processing chain, being the place where an-
imals are humanely killed to produce meat and meat 

products, and the entire process is under the supervi-
sion of an official veterinarian. Codex Alimentarius 
guidelines deal with hygiene of animals presented 
for slaughter: “the degree of contamination of the 
external surfaces of the animal is likely to compro-
mise hygienic slaughter and dressing, and suitable 
interventions such as washing, or shearing are not 
available” (Codex Alimentarius, 2005). Regulation 
EU 853/2004 lists requirements that FBOs operat-
ing slaughterhouses must comply with, and one of 
them is that animals must be clean. Strict mainte-
nance of good abattoir hygiene practices is of central 
importance to ensure both public health protection 
and meat quality. Implementation of good manu-
facturing practices (GMP) as well as HACCP for 
slaughterhouses and meat processing facilities plays 
a major role in enhancing the safety of meat prod-
ucts (Bohaychuk et al., 2011). Generally, it is accept-
ed that the HACCP approach is the most effective 
way of reducing or eliminating contamination dur-
ing food processing. For successful implementation 
of a HACCP system, it is necessary to have data on 
microbiological contamination, since the carcasses 
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A hygiene report regarding slaughter process of pig and 
cattle carcasses for 2017 in Serbia
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Milijana Babic2, Branko Velebit1

A b s t r a c t: For the successful validation and verification of the HACCP system, a food business operator is obliged, among 
other duties, to have continuous microbiological data of carcasses which are followed by a certain dynamic that the subject himself pre‑
scribed. To obtain these data, it is necessary to perform systematic monitoring of indicator microorganisms. The most important meat 
hygiene indicators are Total Viable Counts (TVC) and Enterobacteriaceae (EC). TVC are defined as indicators of overall slaughter 
hygiene (equipment, environment, tools, workers), while EC are indicators of faecal contamination on carcasses. The aim of this study 
was to determine the microbial contamination of cattle and pig carcasses, level of hygiene of the slaughter process as well as whether 
variations hygiene levels were related to seasonality in Serbia during 2017. The year was divided into four quarters of three months 
each, while the microbiological results were classified into three levels of hygiene status (unsatisfactory, satisfactory or acceptable). 
The highest percentage of the results surveyed during the entire study was at a satisfactory hygiene level. Furthermore, we found there 
were differences in results between the quarters, which could be associated with seasonality. The best microbiological results, and so 
the best hygiene of carcasses, was recorded in the period April, May, June, while the worst microbiological results were observed in 
the period of July, August and September.
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can be contaminated despite the absence of visible 
dirt (Tergney and Bolton, 2006). Scientific research 
has shown that with regard to long-term hygienic 
conditions in abattoirs, regular microbiological ex-
amination of the carcasses provides reliable conclu-
sions (Zweifel and Stephan, 2003). This microbio-
logical data can also be used for compliance with 
abattoir-specific performance criteria (Zweifel et al., 
2005). In order to obtain these data, it is necessary to 
perform systemic monitoring of indicator microor-
ganisms (Brown et al., 2000).

Regulation (EC) No. 2073/2005 and Serbian 
Regulation (Official Gazette of the Republic of Serbia, 
No. 72/10, 2011) require the obligatory control of hy-
giene indicators in slaughter processes. The most 
important meat hygiene indicators are Total Viable 
Counts (TVC) and Enterobacteriaceae (EC). TVC 
are defined as indicators of overall slaughter hygiene 
(equipment, environment, tools, workers), while EC 
are indicators of faecal contamination on carcasses 
(Martelli et al. 2017). Following the indicator micro-
organisms, allows indirect monitoring of the presence 
of pathogenic microorganisms such as Salmonella 
spp., Listeria monocytogenes, Campylobacter jeju‑
ni/coli, Escherichia coli and Yersinia enterocolitica 
(Nørrung et al., 2009). These food-borne pathogens 
are still considered as important sources of human in-
fections (Nørrung et al., 2009).

Analysis of data which were collected from 
slaughterhouses in Serbia in 2017 was conducted to 
understand the microbiological contamination of cat-
tle and pigs carcasses, as well as establish the level 
of hygiene of the slaughter process for each animal. 
Further analysis of the obtained data should estab-
lish whether there are any variations in the hygiene 
results and if they exist, any relationship with sea-
sonality.

Materials and methods

Abattoirs and carcass sampling

The study encompassed abattoirs with differ-
ent production capacities in Serbia, and which were 
regularly subjected to veterinary inspection. A total 
of 554 wetdry swabs were collected during one year 
for cattle carcasses and 769 swabs were collected 
for pig carcasses. Following national regulations on 
the general and specific food hygiene requirements, 
we took samples in the production and processing 
phases. The number of samples by month was in 
line with the selfcontrol plans developed by HACCP 
teams in every abattoir. Samples were obtained by 
the wet-dry swab technique from four different sites 

(4 × 100 cm2; cattle: neck, brisket, flank, and rump; 
pig: back, cheek, ham, and belly) of one half of each 
chosen carcass, as stipulated by SRPS ISO 17604 
(ISO, 2016). Sampling was conducted by an author-
ized and trained laboratory technician and swabs 
were taken from five cattle and/or five pig carcass-
es randomly selected at the end of slaughter line, af-
ter the final wash but before chilling. Sample test-
ing was performed by an ISO 17025 (ISO, 2005) 
accredited laboratory in accordance with respective 
ISO methods for TVC and EC enumeration.

TVC and Enterobacteriaceae enumeration

Each sample, consisting of four swabs, was 
added to 100 mL BPW (Oxoid, UK) and homoge-
nized for 1 min in a stomacher (Laboratory Blender, 
Stomacher 400). TVC was obtained by inclusion of 
1 mL of the suspension (M) and a series of 10-fold 
dilutions (10−1, 10−2, 10−3) in duplicate into Plate 
Count Agar plates ([PCA] Oxoid, UK). EC counts 
were obtained by spread plating 1 mL of the sus-
pension (M) and a series of 10-fold dilutions (10−1, 
10−2, 10−3) in duplicate onto Violet Red Bile Glucose 
Agar plates ([VRBGA] Oxoid, UK). Five charac-
teristic colonies per plate were confirmed follow-
ing SRPS ISO 21528−2:2009 (oxidase test and 
glucose fermentation test). The media was incubat-
ed as described above, according to SRPS EN ISO 
4833−1:2014 and SRPS ISO 21528−2:2009. TVC 
and EC were calculated according to SRPS EN ISO 
7218:2008/A1:2014. Bacterial recovery was ex-
pressed as log10 colony-forming units (cfu)/cm2 and 
calculated as described in SRPS ISO 18593:2010, 
using the following formula:

cfu cm⁻2 = N × F / A × d

N = the number of cfu in 1 mL of dilution liquid (or 
neutralizing liquid);

F = the amount, in millilitres, of dilution fluid (or 
neutralizing liquid) in the tube or homogenizer bag;

A = is the area swabbed, in square centimetres;

d = is the dilution corresponding

Analysis of results

The year was divided into four quarters of three 
months. The first quarter (Q1) was January, February 
and March, the second quarter (Q2) comprised 
April, May and June. The third (Q3) comprised July, 
August and September, while October, November 
and December made up the fourth quarter (Q4).

All carcasses were classified into the follow-
ing hygiene categories: unsatisfactory, satisfactory 
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and acceptable, according to Anonymous (2017). For 
cattle carcasses, unsatisfactory results were those 
counts above 4.3 log cfu cm⁻2 for TVC and above 
1.8 log cfu cm⁻2 for EC. Acceptable results were 
those counts below 4.3 log cfu cm⁻2 for TVC and be-
low 1.8 log cfu cm⁻2 for EC. Satisfactory results were 
those equal to or below 2.8 log cfu cm⁻2 for TVC and 
equal to or below 0.8 log cfu cm⁻2 for EC. Pig car-
casses were deemed unsatisfactory if they had more 
than 4.3 log cfu cm⁻2 TVC and more than 2.3 log cfu 
cm⁻2 for EC; acceptable pig carcasses had less than 
4.3 log cfu cm⁻2 for TVC and less than 2.3 log cfu 
cm⁻2 for EC. Microbial levels on satisfactory pig car-
casses were equal to or below 3.3 log cfu cm⁻2 for 
TVC and equal to or below 1.3 log cfu cm⁻2 for EC.

The obtained microbial results/data were ana-
lysed using Microsoft Office Excel 2016.

Results and Discussion

In Serbia in 2017, cattle carcass contam-
ination levels ranged from 0.0 log cfu cm⁻2 to 
3.7 log cfu cm⁻2 for TVC and from 0.0 log cfu cm⁻2 

to 2.4 log cfu cm⁻2 for EC, while pig carcass con-
tamination levels ranged from 0.0 log cfu cm⁻2 to 
3.88 log cfu cm⁻2 for TVC and 0.0 log cfu cm⁻2 to 2.7 
log cfu cm⁻2 for EC.

Cattle carcasses

TVC values for cattle carcasses

In Q1, TVC levels on cattle carcasses were 
within the satisfactory range (equal to or less than 
2.8 log cfu cm⁻2) in 85.5% of tested cattle carcass-
es, while in 14.5 % of tested carcasses, TVC levels 
were within the acceptable range, between 2.8−4.3 
log cfu cm⁻2. In Q2, 92.86% of tested carcasses were 

classified in the satisfactory hygiene group, and 
the remaining 7.14% were in the acceptable group. 
Altogether in Q3, 85.62% of carcasses belonged to 
the satisfactory group, while the rest (14.38%) were 
within the acceptable group. In Q4, we established 
that 82.71% of carcasses belonged in the satisfacto-
ry group, while the remaining 17.29% were classi-
fied in the acceptable group (Figure 1).

EC values for cattle carcasses

EC levels in Q1 were lower than 0.8 log cfu 
cm⁻2 in 95.42% of tested carcasses, which therefore, 
belonged to the satisfactory group, while 3.05% had 
a level between 0.8 log cfu cm⁻2 and 1.8 log cfu cm⁻2, 
which put them in the acceptable group. Some cat-
tle carcasses (1.53%) had an EC level higher than 
1.8 log cfu cm⁻2, and therefore, they belonged to 
the unsatisfactory group. In Q2, 97.14% of pig car-
casses belonged to the satisfactory group and the re-
mainder (2.86%) belonged to the acceptable group. 
In the third quarter, EC levels on cattle carcasses 
were within the satisfactory range in 86.93% of test-
ed cattle carcasses, while in 7.84% of tested carcass-
es, EC levels were within the acceptable range and 
the remaining 5.23% of carcasses were within the 
unsatisfactory group. In Q4, 88.72% of tested car-
casses belonged to satisfactory group, 7.52% of car-
casses were within the acceptable range and 3.76% 
were classified as unacceptable (Figure 2).

Pig carcasses

TVC values for pig carcasses

The results of tested pig carcasses in Q1 showed 
that for TVC, 97% fell into the satisfactory group 
(equal to or less than 3.3 log cfu cm⁻2), while 3% be-
longed to the acceptable group (4.3−3.3 log cfu cm⁻2). 

Figure 1.  Trend analysis of Total Viable Count for cattle carcasses in 2017
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In Q2, 99% of tested carcasses were within the sat-
isfactory group, and 1% were within the acceptable 
group. In Q3, 98% of tested carcasses belonged to 
the satisfactory group and 2% of pig carcasses be-
longed to the acceptable group. In Q4, 96% of pig 
carcasses belonged to the satisfactory group, while 
4% of tested carcasses were within the acceptable 
group (Figure 3).

EC values for pig carcasses

EC values for pig carcasses in Q1 were such that 
99% of tested pig carcasses belonged to the satisfac-
tory group (equal to or less than 1.3 log cfu cm⁻2) and 
1% of carcasses belonged to the acceptable group 
(1.3−2.3 log cfu cm⁻2). Similar results were observed 
in remaining quarters, where 99% of tested carcass-
es in Q2, 98% in Q3 and 96% in Q4 were within the 

satisfactory group, while 1% of pig carcasses in Q2, 
2% in Q3 and 4% in Q4 belonged in the acceptable 
group. In Q3, 1% of tested carcasses were classified 
in the unsatisfactory group (Figure 4).

TVC and EC are indicators for hygiene process 
in slaughterhouses (Delhalle et al., 2008). Following 
these two parameters indicates the overall hygiene 
(TVC) in the slaughterhouses, as well as faecal con-
tamination (EC) of the carcasses. In 2017 (divided 
into four separate periods), we observed that over 
82% of the studied cattle carcasses had satisfacto-
ry TVC levels (≤ 2.8 log cfu cm⁻2). However, the 
results were different for each quarter. Among the 
four annual quarters, Q2 had the highest percentage 
of carcasses with satisfactory hygiene status accord-
ing to TVC levels. After that time, the percentage of 
carcasses with satisfactory hygiene status decreased 

Figure 2.  Trend analysis of Enterobacteriaceae for cattle carcasses in 2017

Figure 3.   Trend analysis of Total Viable Count for pig carcasses in 2017
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during Q3 and Q4. Q4 had the highest percentage 
of carcasses with acceptable hygiene status accord-
ing to TVC levels. Similar results were obtained for 
EC levels, where the highest percentage of carcass-
es with a satisfactory hygiene status was observed 
in Q2. Q1, Q3 and Q4 were periods when carcass-
es had unsatisfactory EC levels (> 4.3 log cfu cm⁻2), 
and this was especially true for Q3, when over 5% 
of carcasses had unsatisfactory EC levels. This dif-
ference between quarters can probably be related to 
the colder and warmer parts of the year. Rony et al. 
(2007) came to a similar conclusion in their research, 
in which they confirmed the differences in the micro-
bial levels on carcasses between these two periods of 
the year. Barco et al. (2014) highlighted that the sea-
son appears to have a direct impact on EC counts on 
beef carcasses, associating low counts with the dry 
season and cold months. Every step from the farm, 
through transport, storage, general hygienic condi-
tions in the slaughterhouse and activities before and 
during slaughter can have an impact, which can be 
seen by microbiological analysis. If we observe the 
farm, during the warmer months, animals use a high-
er amount of water; they also try to cool down in dif-
ferent ways. All of this results in a higher percentage 
of dirty animals, and therefore, a special focus on 
animals with dirt of faecal origin is required during 
the hotter, summer months. The transport of animals 
to slaughterhouses in the summer months should be 
given special attention, since any failure made dur-
ing transport will have consequences on the micro-
biological results of the carcasses. The hide of dirty 
animals is the most important source of contam-
ination for carcasses, in particular during skinning 

operations. Bacteria including important foodborne 
pathogens can be transferred from hides onto car-
casses via direct or indirect contact (Brichta‑Harhay 
et al., 2008). By the fact that the animals are dirti-
er, the possibility of contamination of the carcass-
es is greater. Nastasijevic et al. (2008) stated that in 
cattle carcass processing, one of the main concerns 
is related to observed soil and faecal contamination 
of carcasses and cross contamination during storage. 
The percentage of cattle carcasses which belonged 
to the unsatisfactory group in our study is proba-
bly because these carcasses had a greater potential 
for contamination with EC (Zweifel et al., 2004). It 
should also be noted that slaughterhouses of differ-
ent sizes were included in the current study.

Treatment of pig carcasses is different from 
cattle carcasses, because during pig processing, the 
carcasses pass through various characteristic and 
specific technological procedures. Due to this, mi-
crobiological contamination of pig carcasses is spe-
cific and one should expect different microbiolog-
ical results and hygiene status compared to cattle 
carcasses. Raseta et al. (2015) obtained medium 
levels of 2.87 log cfu cm⁻2 for TVC and 1.05 log 
cfu cm⁻2 for EC levels on pig carcasses in a single 
slaughterhouse located in Banat, Serbia, for a period 
of one year. Out of all pig carcasses examined in our 
study, over 95% of them belonged to the satisfac-
tory group. Observing TVC, the yearly period with 
the highest percentage of carcasses belonging to the 
satisfactory hygiene group was Q2, while the worst 
results occurred during Q4. Similarly poor results 
were obtained for EC in Q3, during which some car-
casses were classified in the unsatisfactory group. 

Figure 4.  Trend analysis of Enterobacteriaceae for pig carcasses in 2017
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These results differ from the results of Mrdovic et 
al. (2017) who carried out research in one district in 
Serbia and found that TVC levels of pig carcasses 
were within the satisfactory range in 74.33% of test-
ed carcasses and EC levels of carcasses were within 
satisfactory range in 100%, for a period of six years 
(2011−2016). These variations of results could re-
flect the improvement of hygienic conditions in 
slaughterhouses, which naturally, is an objective to 
strive for.

Conclusion

The hygienic conditions of slaughter are a fo-
cal point in the food chain. Despite the challenge 
of analysing results obtained from slaughterhouses 
of different sizes, the results obtained in this study 
indicate that the highest percentage of carcasses 
have satisfactory/acceptable levels of TVC and EC 

contamination. These results showed that most of 
the examined slaughterhouses keep managing and 
maintaining high quality standards. However, the 
percentage of carcasses with higher levels of TVC 
and/or EC contamination, and so classified as un-
satisfactory, shows there are still opportunities for 
improvement. Attention must be paid to every link 
in the food chain from the farm, through the trans-
port, residence of the animals in lairage and on the 
slaughter processing line in order to achieve the best 
performance. Hygiene in a slaughterhouse must 
be at a high level, as must the education of work-
ers who should have regular training in accordance 
with new scientific knowledge. A high degree of hy-
giene and quality should be maintained throughout 
the year. Special attention should be paid during the 
summer months, during which a higher percentage 
of carcasses classified as unsatisfactory from the 
point of view of microbial contamination was ob-
served in this survey.

Disclosure statement: No potential conflict of interest was reported by authors.
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Introduction

Animal welfare is considered an important fac-
tor of an overall ‘food quality’ concept. Recently, 
there has been growing awareness and interest by 
the major stakeholders, e.g. industry, scientific com-
munity and consumers, in how animal welfare could 
also significantly impact food safety (EFSA, 2012). 
The safety of the food chain is indirectly affected by 
welfare of animals farmed for food production, due 
to the close links between animal welfare, animal 
health and food borne diseases. Namely, the gas-
trointestinal tract of farm animals can be colonized 
by enteric, food borne pathogens, e.g. Salmonella, 
Campylobacter, human pathogenic Shiga toxin-pro-
ducing E. coli (STEC), and Yersinia, and their sub-
sequent dissemination into the human food chain 
is a major public health and economic concern for 
the food (meat) industries (Rostagno, 2009). Stress 
factors and poor welfare can lead to increased sus-
ceptibility to disease among animals and can in-
tensify fecal shedding of food borne pathogens in 
the pre-slaughter phase: on-farm, in transport/live-
stock markets and in abattoir lairage (Buncic et al., 
2013). Increased fecal shedding subsequently can 
increase the pre-slaughter cross-contamination of 
animals’ skin with soil and fecal material during 
the transport and lay-over in lairage via contacts: 

animal-litter-animal, animal-floor-animal and an-
imal-animal. In a study carried out by Berends et 
al. (1997), it was reported that the initial source of 
pig carcass contamination was the carrier pig itself 
(70%), while the remaining 30% of the carcass con-
tamination was related to the hygiene of slaughter 
and dressing.

Furthermore, poor hygienic practices during 
slaughter/dressing (e.g. evisceration) can additional-
ly contribute to cross-contamination of pig carcass-
es and increase the probability for transfer of path-
ogens onto meat (Petruzzelli et al., 2016). These 
hazards can pose risks to consumers through meat 
consumption and provoke common food borne in-
fections such as salmonellosis, yersiniosis, campy-
lobacteriosis, or STEC infections.

Over recent years, several scientific opinions 
and guidelines on pig and cattle welfare at slaugh-
ter were developed. These documents were mainly 
focused on specific monitoring indicators to eval-
uate the effectiveness of stunning methods (EFSA, 
2013a; 2013b). For instance, the current European 
Union legislation defines requirements for protec-
tion of animals at the time of killing, which is sup-
ported by the statement that “improving the protec-
tion of animals at the time of slaughter contributes 
to higher meat quality and indirectly has a positive 
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impact on occupational safety in slaughterhous-
es” (EC, 2009). The US legislation does not define 
regulatory requirement for a written systematic ap-
proach to humane handling, but provides a guideline 
with current thinking on the systematic approach to 
humane handling of livestock (USDA FSIS, 2013). 
With a systematic approach, establishments should 
focus on treating livestock in such a manner as to 
minimize excitement, discomfort, and accidental in-
jury the entire time they hold livestock in connec-
tion with slaughter. Therefore, an establishment 
may choose to develop and implement a written an-
imal handling program that effectively addresses the 
most important aspects of animal welfare. Evidently, 
although official guidelines in the EU and US on 
specific, pre-slaughter animal welfare indicators ex-
ist, they do not necessarily reflect specific welfare 
issues associated with abattoir lairage. Animal wel-
fare implications for microbial process hygiene at 
slaughter/dressing are not considered in available 
literature.

Increased fecal shedding of food borne patho-
gens by animals intended for slaughter, due to high-
er levels of stress, as well as poor maintenance of 
abattoir lairage, e.g. slick floors (causing animals to 
slip and fall), poorly designed holding pens (insuffi-
cient space allowance) associated with management 
of lay-over time in lairage, inadequate environmen-
tal conditions (high or low temperature, high humid-
ity, poor ventilation) could subsequently introduce 
higher levels of microbial load (including patho-
gens) to the slaughter line. This could affect the pro-
cess hygiene at slaughter/dressing and increase the 
public health risk for consumers (Grandin, 1996) 
due to increased exposure to foodborne pathogens. 
Therefore, this study aimed to cover two aspects: a) 
assessment of pig welfare in abattoir lairage based 
on specific animal-based categories, and b) impact 
of pig welfare in abattoir lairage on microbial pro-
cess hygiene at slaughter.

Materials and methods

Company’s profile

The study was conducted in one meat pro-
cessing company. The company had two separated 
slaughter lines (pig and cattle) with registered ca-
pacity of 240 pigs/h and 30 cattle/h. The total space 
of lairage where pigs were kept prior to slaughter 
was composed of four holding pens (HP) and occu-
pied in total: 342 m2 (HP1: 99 m2; HP2: 85 m2; HP3: 
59 m2 and HP4: 99 m2).

Pre‑slaughter phase

The company had two lairage units, one for 
pigs and another for cattle. Each lairage unit had 
its own unloading ramp. In this study, we evaluated 
lairage and farm/transport factors that could contrib-
ute to pig welfare prior to slaughter (Table 1).

Lairage

Hygienic‑technical conditions. A team of three 
assessors evaluated the empty lairage in order to 
assess the position of premises versus the loading 
ramp and the corridor leading to the slaughter line, 
as well as to assess the general hygienic-technical 
conditions of holding pens.

Environmental conditions. The assessors meas-
ured: the level of lairage illumination, using the light 
intensity measuring instrument, a pocket-sized Lux 
meter (Testo 540, Germany); the ventilation, using 
an anemometer for quick and precise measurements 
of air flow speed, direction and volumetric flow 
rate (Testo 417, Germany), and; the ambient tem-
perature, using a digital thermometer (Testo 905i, 
Germany). The ambient temperature was recorded 
once per week in the morning hours (between 6–7 
am), corresponding with the start of operations in 
the abattoir, during February, March and April; this 
included the temperature measurements during the 
three scheduled visits to the meat company. Overall, 
12 measurements of the ambient temperature were 
conducted during the study and the average month-
ly temperature was calculated for each of those three 
months.

Pre‑slaughter sampling. A total of 3286 pigs 
were monitored over three scheduled visits in 
February (visit 1), March (visit 2) and April (visit 3), 
through deliveries to the abattoir in 13 consign-
ments. The variables that were observed or meas-
ured are presented in Table 1. Delivery time, breed/
age, lay-over time in lairage, weight of pigs and 
space allowance were recorded and measured on the 
day of arrival by the lairage supervisor appointed by 
company’s general manager, while other data (farm 
of origin, farm location, housing system), includ-
ing animal identification and health status report is-
sued by the official veterinarian at the farm of ori-
gin, were collected by assessors from the company’s 
lairage reception recordkeeping during each of three 
scheduled visits.

Assessment of animal‑based categories. Cri teria 
intended for assessment of animal welfare in abattoir 
lairage are scarce in available literature. Therefore, 
the protocol recommended by the European Food 
Safety Authority (EFSA) intended for assessment 
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of on-farm pig welfare (EFSA, 2012) was adapted 
in this study and used in the abattoir lairage and at 
the slaughter line to evaluate the factors that could 
contribute to pigs’ welfare scores (Table 2). This ap-
proach is based on a group level assessment of an-
imal-based categories, e.g. the factors that could 
contribute to pigs’ welfare scores, in the lairage (an‑
te‑mortem) and at the slaughter line (post‑mortem). 
In this study, the assessment protocol was applied in 
two stages: 1) assessment of welfare-related factors 
of pigs in the abattoir lairage (pre-slaughter), and 2) 
assessment of internal organs and carcasses at slaugh-
ter line (post-slaughter). The EFSA protocol uses the 
presence/absence of some of the animal-based cate-
gories (Table 2) and also uses given scores based on 
the availability of preventive measures.

Delphi method (scoring). The scoring of wel-
fare of the fattening pigs in abattoir lairage was con-
ducted using the Delphi method (Yousuf, 2007). A nu-
merical scoring system ranging from 0 (impossible 
to prevent hazard through short-term management) 
to 5 (full prevention possibility, the hazard can be 
prevented/eliminated almost instantly, on-the-spot) 
was used. Three experienced assessors participated 
in this survey; each assessor had more than seven 
years of professional experience working within the 
meat industry extension program. For each hazard 
in Table 2, the assessor visually observed the pigs in 

the abattoir lairage. The assessment was carried out 
in the abattoir lairage, and afterwards, the three as-
sessors compared their scores while still on the ab-
attoir premises. Mean values were calculated from 
the three assessor scores for each animal-based cate-
gory. The highest score (5) corresponded to a ‘man-
agement definition’ as follows: a) management is 
anything that the responsible persons (be it animal 
owner or stockperson) can easily do themselves (e.g. 
moving barriers/gates) almost instantly, on-the-spot, 
but should exclude major activities, such as new 
buildings or replacing structural features of existing 
stables; b) management encompasses changes that 
can be made in a short term (to be implemented and 
consequences seen within a short period, but exclud-
ing long term management plans); c) management 
includes changes within the long term, without con-
sideration of potential financial constraints (i.e. as-
suming that the manager can always take decision to 
change, if wanted). The lowest score (0) correspond-
ed to the lowest management potential, e.g. con-
struction-related housing, which also requires sig-
nificant financial input and is time consuming.

In this study (Table 3), we also used the termi-
nology ‘space allowance’ (FAWC, 2013) which de-
notes the space per animal (m2/head) or ‘capacity’ 
(the maximum number of animals in a specific hold-
ing pen).

Table 1.  The variables assessed or measured in lairage related to abattoir premises, farms and traceability 
information

Hygienic-technical conditions

general hygienic-technical conditions of holding pens

position of lairage

loading ramp

corridor to slaughter line

Environmental conditions

lairage illumination

ventilation (air flow speed, direction, volumetric flow rate)

ambient temperature

Pre-slaughter sampling

delivery time

farm of origin

farm location

housing system

breed/age

weight of pigs

lay-over time

space allowance
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Table 2.  Summary of animal-based categories for fattening pigs (adapted from EFSA, 2012)

1Animal-based category Pig category
(fattening pigs)

Score
(0–5)

Lesions

Skin lesions 
Vulva lesions
Tail lesions
Ear lesions
Shoulder sores
Foot lesions

Total score
Mortality
(dead on arrival and dead in 
lairage)

Mortality rate

Total score

Disease signs
(in lairage: ante-mortem &
at slaughter: post-mortem)

Coughing
Sneezing
Laboured breathing
Twisted snout
Rectal prolapse
Scouring
Constipation sign
Skin inflammation or discolouration
Ruptures and hernias
Local infection sign
Neurological disorder sign (tremor)
Tear staining
(indicating eye irritation, e.g. by ammonia)
Swollen bursae 
(resulting from excessive pressure on bony areas)
2Lung and respiratory tract pathologies in slaughtered 
pigs
Gut pathologies in slaughtered pigs
Heart pathologies in slaughtered pigs
Liver pathologies in slaughtered pigs
Joint pathologies in slaughtered pigs
Other pathologies in slaughtered pigs
(e.g. lymph node infection, abscesses)

Total score

Injurious behaviour

Tail-biting
Ear-biting
Flank-biting
Vulva-biting
Aggression resulting in injury

Total score
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1Animal-based category Pig category
(fattening pigs)

Score
(0–5)

Other behaviours

Persistent investigatory behaviour
(directed at pen-mates or pen-fittings)

Exploratory behaviour
(involving diverse behavioural elements, e.g. directed 
towards manipulable materials, not pen mates)

Activity level
(increased in specific circumstances as predictor of 
tail-biting)

Mounting behavior score

Play behaviour score

Social isolation
(self-separation from the group as indicator of illness or 
pain)

Feeding and drinking behaviour – abnormal or presence 
or absence – (from automated records)

Qualitative behavior assessment score

Total score

Thermoregulation

Panting

Huddling and shivering

Body temperature

Lying location
(lying in dunging or other inappropriate area due to 
spatial or thermal inadequacy)

Lying posture
(sterna lying due to spatial or thermal inadequacy)

Total score

Mutilations Tail intact or docked

Total score

Other measures

Approach to humans score
(fear of humans or positive reaction to humans)

Manure on the body score
3Acute phase proteins
(at present only pigMAP in blood or meat juice is 
practicable)

Locomotion score

Slipping and falling

Body condition score
(under nutrition or sickness or incorrect feeding leading 
to a low score – bad welfare conditions)

Tail posture
(as predictor of tail-biting or indicator of disease)
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Human approach test. The human approach 
test took place in abattoir lairage. A total of 120 pigs 
were observed (one batch included 10 pigs from 
each of four holding pens; in total, 40 pigs per vis-
it), over the three visits. The test was carried out in 
the four holding pens where fattening pigs intend-
ed for slaughter were placed. Assessors wore jump-
suits and boots which had been freshly cleaned be-
fore every test. One assessor approached carefully 
and stood still in front of each of the four holding 
pens, for one minute. The pigs could generally use 
their snouts to make contact with the boots or the 
legs of the assessor. During that time, the other two 
assessors recorded which pigs made physical con-
tact with the person and noted the latency of the 
pigs (LC) to touch the first assessor. Pigs which did 
not contact the assessor in the test time of 60 s were 
scored as having the maximum latency time (latency 
to the first escape attempt/LEA = 60 s). Each pig had 
an ear tag with an individual number and the latency 
was recorded for each individual pig.

Physiological measurements. The rectal temper-
atures of selected fattening pigs were recorded. Six 
pigs that approached the assessor in the human ap-
proach test and had no visible signs of disease were 
randomly selected from each of the four holding pens. 

The selected pigs were restrained in the lairage pen 
and rectal temperature was measured with the digital 
thermometer (Nasco C28178N, US); the selected pigs 
did not necessarily originate from the same farm.

Post‑slaughter phase

In the post-slaughter phase, meat pH/temper-
ature of carcasses was measured; process hygiene 
levels at slaughter were also determined.

After slaughter (60 min post-slaughter), initial 
pH and temperature (pH/Temperature meter Testo 
205, Germany) were measured in 15 selected pig 
carcasses on each of three visits, to reveal the poten-
tial distress of pigs prior to slaughter; pH and tem-
perature measurements were taken at the middle re-
gion of the LTL muscle (muscularis longissimuss 
thoracis et lumborum). In total, pH and temperature 
was measured in 45 selected pig carcasses.

Process hygiene sampling. The sampling was 
carried out in the abattoir lairage and on the slaugh-
ter line. In the lairage, six samples were taken in a 
systematic way (i.e. three samples from the floor 
of the holding pen and three samples from the cor-
ners between concrete walls of the holding pen). The 
samples were taken with sponge covering 1000 cm2 

1Animal-based category Pig category
(fattening pigs)

Score
(0–5)

Total score

Insufficient space
or
too high stocking density

Rest and sleep disruption

Stress and lesions

Behavioural restriction

Damaging behavior from pen mates
(biting, massaging, belly nosing, etc.).

Pain due to leg problems.

Being tail bitten.

Total score

Rest and sleep disruption

No comfortable lying place, insufficient solid floor or no 
bedding material like straw

Inappropriate pen design:
Inadequate separation of dunging and lying area and 
other inadequacy (feeders, drinkers, etc.)

Inappropriate pen lay out: open sides to pens

Total score

TOTAL

Legend: 1Animal-based category: “a response of an animal or an effect on an animal” (EFSA, 2012); 2Post-mortem animal-based cat-
egories; 3Acute phase proteins in blood or meat juice were not considered in this study
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for each swabbing. The sponge samples were wetted 
with 10 mL of maximum recovery diluent (MRD, 
Oxoid UK), packed in a stomacher bags (19 x 30 
cm, Nasco, Whirl-pak, USA) and transported with-
in 3–4 h in a cool bin at <4°C to laboratory and pro-
cessed on a same day; only the presence/absence of 
Salmonella spp. was examined in these lairage envi-
ronmental samples (ISO 6579:2002).

Five pigs were individually identified in the ab-
attoir lairage (i.e. black color mark on the back) for 
subsequent sampling on the slaughter line. Sponge 
swab samples were taken from four sites on the car-
casses of the five pigs (rump, back, flank and jowl) 
(ISO 17604:2015) using a 100 cm2 sterile template 
and one sponge per site, at four locations along the 
slaughter line: lairage/after stunning; after scalding/
singeing/polishing (pre-evisceration); after eviscer-
ation; and after the final wash. Swabs were packed 
in a stomacher bags (19 x 30 cm, Nasco, Whirl-pak, 
USA), transported within 3–4 h in a cool bin at <4°C 
to the laboratory, and processed (see below) on the 
same day.

For each sponge swab sample of pig car-
casses, the levels of process hygiene indicators, 
e.g. Total Viable Counts (TVC) (ISO 4833:2003), 
Enterobacteriaceae (EC) (ISO 21528–2:2004), 
generic E. coli (GEC) (ISO 16649–1:2001) and 
Coliforms (ISO 4832:2006) were determined to ver-
ify the process hygiene level at slaughter/dressing. 
Further, the presence/absence of Salmonella spp. 
was also determined in these pig carcass swab sam-
ples (ISO 6579:2002).

The four counts for TVC/EC/GEC/Coliforms 
per carcass were first converted into log CFU/cm2, 
those log values for each of the four sampling sites/
carcass were summed, and then the mean log CFU/
cm2 per carcass was calculated. As the EU legisla-
tion (EC, 2005) set limits for daily log mean counts, 
this was calculated from the five sampled carcass-
es. However, it has to be taken into account that EU 
process hygiene assessment legislation relates only 
to the final carcasses, and not to carcasses at earli-
er stages of the slaughter line that were sampled in 
this study.

Statistical analysis. Statistical  analysis of the 
results was conducted using the software GraphPad 
Prism version 5.00 for Windows (GraphPad Software, 
San Diego, California USA). The group of pigs ex-
amined on one visit was considered as the experimen-
tal unit. The parameters obtained at ante-mortem and 
post-mortem assessment (animal-based measure cate-
gories) were described by descriptive statistics (mean, 
standard deviation, range). Relationships between an-
te-mortem animal -based categories’ scores, obtained 
by the Delphi scoring method and microbiological 

status of carcasses (TVC, EC, GEC, Coliforms) were 
determined by Fisher’s exact test. Values of p<0.05 
were considered significant.

Results and discussion

The hygienic-technical and environmental con-
ditions in the abattoir lairage, status of pigs prior to 
slaughter, as well as observation of animal-based 
categories, human approach test, pH and tempera-
ture of dressed carcasses and microbiological pro-
cess hygiene at slaughter/dressing were addressed in 
this study.

Observation in pre‑slaughter phase

Hygienic‑technical conditions in lairage

The unloading ramp from truck to lairage was 
sloped at a 15° uphill angle. The isolation room for 
pigs potentially unfit for slaughter and requiring ad-
ditional veterinary examination was in accordance 
with regulations.

Loading facilities and holding pens for pigs 
were made of a solid concrete non-slipping floor; 
flooring surfaces were uniform in appearance and 
mostly free from puddles and excessive cracks. Slats 
in holding pens were positioned in the proper direc-
tion so that pigs could walk across the slats instead 
of parallel with them. No intensive light and/or water 
reflections were observed under the slats, which fa-
cilitates the movement of animals. Drains were prop-
erly located outside the areas where animals walk. 
Watering (round pipe posts) and feeding facilities 
were installed so as to allow easy and smooth access 
by animals. However, some surfaces which came into 
contact with animals, including sharp corners, were 
not smooth and rounded. The majority of holding pen 
gates were equipped with tie-backs to prevent them 
from swinging out into the alley, except one. On the 
other hand, guillotine gates were adequate, coun-
ter-weighted and padded on the bottom. No differ-
ences regarding hygienic-technical conditions in the 
lairage across our three visits were observed.

Environmental conditions in lairage

The lairage was dimly illuminated, which sup-
ported the tendency of animals to move more eas-
ily in comparison to brightly illuminated space, as 
recommended by Grandin (1996). The lairage was 
well-ventilated and also had equipment available 
for water spraying and cooling of pigs. However, 
the steel gate strike posts did not have rubber stops 
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to reduce noise and were operated manually. Major 
differences in ambient temperature (Table 3) were 
measured in our three separate visits, but other en-
vironmental conditions in the lairage were similar 
across our three visits.

Status of pigs prior to slaughter

Deliveries of fattening pigs intended for 
slaughter usually occurred in the early afternoon 
hours (between 1pm and 6pm). The pigs originat-
ed mostly from farms with controlled housing sys-
tems (e.g. biosecurity and herd health surveillance 
programs), belonging to the company’s own supply 
chain (>90%). Most of the farms were located in the 
region with an average transportation time to the ab-
attoir of 7–8 h, while only a few farms were locat-
ed in relative proximity, with an average transporta-
tion time of 3–4 h. Fattening pigs were of Landrace 
breed (80%), as well as Yorkshire or Berkshire 
(20%). The live weights of animals arriving in the 
abattoir lairage ranged from 95–110 kg. All fattening 
pigs intended for slaughter were accompanied with 
a valid veterinary health certificate, issued by the lo-
cal veterinary authority, stating the health status of 
each animal, including the traceability. Upon arriv-
al in abattoir lairage, the pigs’ access to feed was re-
stricted for up to 12 h prior to slaughter in order to 
prevent diarrhea and possible cross-contamination 
of carcasses during slaughter (i.e. scalding, eviscera-
tion); drinking water was available at all times from 
an appropriate watering system-ound pipe posts.

Observation of animal‑based categories

During our three visits to the abattoir, the space 
allowance ranged from 0.39–1.00 m2/pig (Table 
3). These findings were not in line with recom-
mendations for space allowance in abattoir lairage 
of 0.66 m2/pig, as suggested by Weeks (2008), but 
were in accordance with the Royal Society for the 
Prevention of Cruelty to Animals ‘Freedom Foods 
scheme’ (RSPCA, 2014); this scheme applies the 
minimum total area for pigs (m2 per animal) of 
0.15 when <100 pigs, and 0.225 when <101–250 in 
a holding pen. In available literature, space allow-
ances for groups of animals of a uniform weight 
(Spoolder et al., 2008; Weeks, 2000; Faucitano, 
2010; FAWC, 2013, RSPCA, 2014) or space allow-
ances during transport (Sutherland et al. 2010) are 
usually described. In this study, the live weight of 
pigs intended for slaughter ranged from 95–110 kg 
and this created some difficulty in specifying the 
area allowance when animals within one group were 
of relatively different weights. The management of 

space allowance can be effectively performed by the 
company itself, with the responsible person moving 
flexible barriers/gates and so adjusting the available 
space within the holding pen based on the dynamic 
of the incoming animals. However, space manage-
ment will also require careful planning of the slaugh-
ter logistics which should include scheduling the 
truck deliveries to reduce waiting times for unload-
ing, as well as lay-over in abattoir lairage prior to 
slaughter. Such adjustment could be a cost-effective 
approach to fulfilling animal welfare requirements, 
because it should not require expensive reconstruc-
tion/adaptation of the lairage and it can be imple-
mented and/or performed in a short period of time.

The relatively long pre-slaughter lay-over times 
in abattoir lairage observed in this study (>14 h; 
Table 3) were not associated with fighting, aggres-
sive behavior or excessive skin damage as reported 
in a study carried out in a Dutch abattoir (Geverink 
et al.,1996), as well as in other studies conducted 
in Spain (Guàrdia et al., 2009) and the UK (Weeks, 
2008). On the other hand, this was in line with a 
study in which it was observed that most fighting 
and aggressive behavior among pigs in abattoir 
lairage occurs within the first 30–60 minutes, and it 
is usually not significantly increased with up to 18 h 
of lay-over time (Fraqueza et al., 1998). Guàrdia et 
al. (2010) carried out a study in Spain and also dis-
cussed high stocking density and lairage time relat-
ed to increased risk of dark, firm, dry (DFD) meat, 
associated with pre-slaughter/on-farm fasting times 
longer than 22 h; the results from their study re-
vealed that lowering the stocking density from 0.37 
to 0.50 m2 per 100 kg pig during transport would re-
duce the risk of DFD pork by 11%, but no observa-
tions regarding the lay-over time in abattoir lairage 
and implications on process hygiene at slaughter 
were provided in that study. Also, Candiani et al. 
(2008) evaluated physiological and behavioral in-
dicators to provide useful information on pig wel-
fare on farm, but without taking into consideration 
the status of pigs in abattoir lairage. Nonetheless, it 
should always be taken into account that a longer 
lairage lay-over time allows for rest but sometimes 
may increase the risk of aggression and thereby ex-
cessive skin damage (Faucitano, 2010).

The five ante-mortem animal based-categories 
with the lowest scores, in increasing order, (Table 4) 
were ‘thermoregulation’, ‘manure on the body’, ‘in-
sufficient space’, ‘injurious behavior’, and ‘lesions’. 
Although data on animal based-categories for fat-
tening pigs in abattoir lairage in the available litera-
ture are scarce, these findings are similar to observa-
tions reported by Gispert et al. (2000) and Spoolder 
et al. (2000), who observed that major concerns in 
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fattening pigs in abattoir lairage were associated 
with the skin damage and injurious behavior. The 
findings regarding post-mortem animal-based cat-
egories revealed that the three categories with the 
lowest scores (Table 4), which could be deserving 
of being regularly monitored on the slaughter line, 
were ‘gut pathologies’, ‘lung and respiratory tract 
pathologies’ and ‘liver pathologies’. Such findings 
could be very helpful to identify animal health and 
welfare issues related to zoo-technical (e.g. venti-
lation) or biosecurity (e.g. feed disposal, manure 

management, vaccination) conditions at the farm 
of origin, as well as to provide the valuable feed-
back to farmers (Horchner and Pointon, 2011). The 
correlation analyses between five ante-mortem ani-
mal-based categories and microbiological status of 
carcasses showed that ‘manure on the body’ was as-
sociated with all defined process hygiene indicators 
(p<0.05), e.g. TVC, EC, GEC and Coliforms, while 
none of these five animal based-categories correlat-
ed with post-mortem findings (i.e. the visually ob-
served pathologies observed in internal organs).

Table 3.  Pre-slaughter conditions in abattoir lairage (three visits; n=3286)

Holding Pen
(HP)

Space allowance
m2/pig

X±SD, range

Lairage
lay-over time

X±SD

3Rectal temperature 
(°C)

X±SD, range

In-lairage ambient
temperature (°C)

X±SD, range
Visit I

HP1 0.66±0.41, 0.24–0.75 >14h (14.5±0.24) 38.5±0.25, 38.1–39.0

9±0.17, 8.7–9.3

HP2 0.70±0.56, 0.27–0.81 >14h
(14.8±0.35) 38.1±0.23, 38.0–38.8

HP3 0.39±0.18, 0.22–0.48 >14h
(14.9±0.42) 38.3±0.21, 38.1–38.9

HP4 0.49±0.37, 0.29–0.57 >18h
(18.6±0.51) 38.5±0.27, 38.0–39.3

Visit II

HP1 0.58±0.23, 0.23–0.71 >18h
(18.9±0.18) 38.3±0.18, 37.9–39.1

14±0.21, 13.8–14.2

1HP2 – – –

HP3 0.39±0.21, 0.22–0.45 >16h
(17.2±0.37) 38.2±0.22, 38.0–38.8

HP4/1 0.44±0.32, 0.33–0.58 >20h
(20.4±0.28) 39.3±0.28, 38.4–39.6

HP4/2 0.42±0.19, 0.34–0.51 >19h
(19.6±0.21) 38.1±0.23, 38.0–38.7

Visit III

 2HP1/1 0.40±0.31, 0.26–0.52 >19h
(19.2±0.29) 37.8±0.35, 37.7–38.8

12±0.19, 11.9–12.1

HP1/2 1.00±0.37, 0.29–0.1,4 >14h
(14.3±0.31) 38.2±0.23, 38.0–38.9

1HP2 – – –

HP3 0.44±0.23, 0.31–0.56 >14h
(14.8±0.36) 38.3±0.27, 38.1–39.2

HP4/1 0.46±0.34, 0.25–0.57 >16h
(16.4±0.17) 38.1±0.20, 37.9–38.8

HP4/2 0.83±0.42, 0.34–0.94 >14h
(14.1±0.19) 39.0±0.29, 38.2–39.5

Legend: HP1: 99m2(HP1/1: 49m2, HP1/2: 50m2); HP2:85m2; HP3:59m2, HP4:99m2 (HP4/1: 49m2, HP4/2: 50m2)
1The holding pen no. 2 (HP2) was not used in third visit, since no fattening pigs were kept in this pen during this time; 
2HP1/1, HP1/2, HP4/1 and HP4/2 denotes holding pens where there is a possibility to move/change the position of internal barrier/gate 
to adjust the space allowance within the respective holding pen; 3Normal temperature range for pigs: 38.7–39.8°C
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Table 4.  Scores for hazard-pig category combinations for fattening pigs in abattoir lairage

No. Animal-based measure category
Overall score (0–5)

X ± SD 
Session I Session II Session III

Ante-mortem (n=3286)

1 Lesions
3.83 ± 1.05

Session I
3.80

Session II
3.50

Session III
4.20

2 Mortality
5.00 ± 0.00

Session I
5.00

Session II
5.00

Session III
5.00

3 Disease signs
(in lairage: ante-mortem & at slaughter: post-mortem)

4.05 ± 1.83 
Session I

3.90
Session II

4.10
Session III

4.15

4 Injurious behaviour
3.80 ± 1.67 

Session I
3.90

Session II
3.4

Session III
4.1

5
Other behaviours
(persistent investigatory behavior, exploratory behavior, 
mounting behavior, social isolation, feeding and drinking 
behavior) 

3.90 ± 1.78

Session I
4.10

Session II
3.70

Session III
3.90

6 Thermoregulation
3.50 ± 1.42

Session I
3.2

Session II
3.8

Session III
3.5

7 Mutilations
4.12 ± 2.54 

Session I
3.9

Session II
3.4

Session III
4.2

8 Manure on the body 
3.65 ± 1.91

Session I
4.1

Session II
3.3

Session III
3.6

9 Insufficient space 
3.73 ± 1.21

Session I
4.0

Session II
3.4

Session III
3.8

10 Rest and sleep disruption
4,10 ± 2.15

Session I
4.1

Session II
4.0

Session III
4.2

Post-mortem (n=3286)

1 Lung and respiratory tract pathologies in slaughtered pigs
1.42 ± 0.53

Session I
1.85

Session II
0.85

Session III
1.55

2 Gut pathologies in slaughtered pigs
1.05 ± 0.21

Session I
1.25

Session II
0.70

Session III
1.20

3 Heart pathologies in slaughtered pigs
3,27 ± 1.15

Session I
3.65

Session II
2.80

Session III
3.35

4 Liver pathologies in slaughtered pigs
2.90 ± 0.94

Session I
3.25

Session II
2.50

Session III
2.95

5 Joint pathologies in slaughtered pigs
4.05 ± 0.15

Session I
4.20

Session II
3.85

Session III
4.10

6 Other pathologies in slaughtered pigs
(e.g. lymph node infection, abscesses)

3.38 ± 0.23
Session I

3.90
Session II

2.85
Session III

3.40
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Human approach test

The test showed that, out of 120 pigs observed 
over the three visits, the response of animals was 
very good, so all pigs from each batch, and from each 
holding pen, wanted to have physical contact with 
the assessor. The latency of the pigs (LC) to touch the 
assessor was always less than 60 s (Table 5).

pH and temperature of dressed carcasses 
(post‑slaughter)

pH values and temperatures of dressed car-
casses, measured 60 min post-slaughter, ranged be-
tween batches/three visits from pH 5.81 to 6.60 and 
39.5–42.0°C; after 12 h, from pH 5.62 to 5.83 and 
3.0–3.9°C, and; after 24 h, from pH 5.60 to 5.79 and 
2.20–3.50°C. These values are similar to those re-
ported in a study carried out by Dokmanovic et al. 
(2014). In our study, recorded pH/temperature val-
ues of carcasses were in line with usual values for 
the post-slaughter period and did not indicate the an-
imals had undergone excessive stress. A significant 
relationship between pre-slaughter stress and meat 

quality has been documented (Ferguson et al., 2001; 
del Campo et al., 2014). On the other hand, there 
is a lack of valid scientific data on stress-induc-
ing factors in abattoir lairage. In a study conduct-
ed in Spain, Gispert et al. (2000) collected a random 
blood samples at exsanguination to determine corti-
sol, creatine phospho-kinase (CPK), lactate, and the 
halothane genotype; it was concluded that the most 
relevant stress indicators that may influence the car-
cass and meat quality in abattoir are associated with 
environmental aspects at pre-slaughter phase, e.g. 
high stocking density, long lay-over time in lairage 
and on-line skin damage.

Microbiological process hygiene at slaughter/
dressing

Microbiological process hygiene indicators 
monitored on pig carcasses (TVC, EC, GEC and 
Coliforms) differed on the three visits (Figure 1). In 
the three visits, the carcasses were sampled at two 
stages along the slaughter line (at stunning/before 
bleeding and after scalding/singeing/polishing).

Table 5.  Human approach test carried out in abattoir lairage (three visits; n=3286)

Holding Pen (HP)
(the batch – 10 pigs)

1LC
X±SD, range

2LEA
X±SD, range

Visit I
HP1 35±0.42, 10–52 7±0.12, 3–12
HP2 24±0.53, 7–46 3±0.15, 1–8
HP3 49±0.17, 17–51 12±1.32, 9–15
HP4 53±0.34, 32–57 4±0.14, 2–7

Visit II
HP1 23±0.37, 13–41 3±0.17, 1–5
HP2 – –
HP3 44±0.27, 27–51 9±0.11, 3–14

HP4/1 48±0.31, 31–54 6±1.32, 1–12
HP4/2 52±0.23, 38–58 7±1.23, 2–15

Visit III
 HP1/1 25±0.19, 12–34 11±1.47, 4–17
HP1/2 37±0.27, 23–46 4±0.25, 1–6
HP2 – –
HP3 42±0.31, 35–49 8±0.17, 4–12

HP4/1 32±0.24, 19–43 9±1.34, 2–11
HP4/2 30±0.41, 17–40 10±0.17, 8–11

Legend: 1LC – Latency of the pigs to touch the experimenter (expressed in seconds); 2LEA – Latency to the first escape attempt (ex-
pressed in seconds; the maximum time = 60s
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Total viable counts (TVC)

The mean log TVC levels, encompassing all 
levels determined at the four stages along the slaugh-
ter line, ranged between 3.80 and 5.51 log CFU/cm2, 
2.86 and 8.26 log CFU/cm2 and between 3.12 and 
6.46 log CFU/cm2, respectively, on visits 1, 2, and 
3. The highest TVC levels were measured after stun-
ning/before bleeding (8.20 log CFU/cm2), while 
the lowest TVC levels were obtained after the fi-
nal wash/before chilling (2.80 log CFU/cm2), which 
was in accordance with the EU legislation (EC, 
2005). The TVC levels obtained after the final wash 
were slightly higher than reported in a Canadian 
study (Gill et al., 2000), but within the range report-
ed in a study carried out in Swiss abattoirs (Zweifel 
et al. 2008). Furthermore, similar TVC levels were 
reported in a four-year monitoring study conducted 
in Italy (Petruzzelli et al., 2016).

Enterobacteriaceae (EC), Generic E. coli (GEC) 
and Coliform counts

The overall EC levels observed in our three vis-
its varied considerably, ranging from lower than the 
limit of detection to 1.48 log CFU/cm2. The high-
est EC levels were observed after stunning/before 
bleeding (1.48 log CFU/cm2), while the lowest EC 
levels were obtained after scalding/singeing/polish-
ing (lower than the limit of detection). The EC levels 

after polishing were significantly lower than those 
reported by Zweifel et al. (2008) and Blagojevic et 
al. (2011).

The GEC levels varied appreciably during our 
three visits and ranged from lower than the limit of 
detection up to 2.22 log CFU/cm2. The highest GEC 
levels were observed after stunning/before bleed-
ing (2.22 log CFU/cm2), while the lowest GEC lev-
els were obtained after scalding/singeing/polishing 
(lower than the limit of detection). The results were 
similar to GEC levels reported by Gill et al. (2000) 
in a study in Canada, where 8 abattoirs with medi-
um-to-high throughput were assessed for the level 
of process hygiene. Using the E. coli performance 
criteria (FSIS, 1996), the pig carcasses in the cur-
rent study were categorised as within the accepta-
ble range.

The Coliform levels determined during our 
three visits were similar to EC and GEC levels. 
Coliform levels ranged from lower than the limit of 
detection up to 2.53 log CFU/cm2. Similarly, as with 
EC and GEC levels, the highest Coliform levels 
were observed after stunning/before bleeding (2.53 
log CFU/cm2), while the lowest values were ob-
tained after scalding/singeing/polishing (lower than 
the limit of detection). Overall, these results indicat-
ed slightly lower level of hygiene than in a study 
carried out by Gill et al. (2000), where Coliform lev-
els ranged from values lower than the limit of detec-
tion to 2.09 log CFU/cm2.
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Figure 1.  The levels of Total Viable Counts (TVC), Enterobacteriaceae (EC), generic E. coli (GEC) and 
Coliforms expressed in log CFU/cm2 at four sampling sites on pig carcasses1, obtained in three sampling 

sessions; sampling points along the slaughter line: stunning/before bleeding and scalding/singeing/polishing.
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The levels of EC, GEC and Coliforms can be 
a useful indicator of abattoir-specific hygienic lev-
el (Zweifel et al. 2008). However, none of the afore-
mentioned studies reflected on the interface between 
animal welfare in abattoir lairage and process hy-
giene at slaughter.

Salmonella spp.

No Salmonella was detected on pig carcasses 
or in environment surface samples taken from the 
abattoir lairage, which was in line with the EU cri-
teria for this hazard (≤5 positive carcasses out of 50, 
respectively; EC, 2005). Another study conducted in 
the same region in Serbia also found low Salmonella 
occurrence on carcasses (Nastasijevic et al., 2016).

Interface between animal‑based categories and 
slaughter process hygiene

Relationships between pig welfare variables 
(transportation time, animal-based categories, space 
allowance, lay-over time in lairage, ambient temper-
ature), and microbial load values at slaughter were 
determined. The transportation time (3–8h from 
farm of origin to abattoir) observed in our three vis-
its was not reflected in bacterial loads on carcasses 
(TVC, EC, GEC, Coliforms). Space allowance cou-
pled with the lay-over time in lairage and ambient 
temperature tended to be related to process hygiene, 
as the lowest levels of hygiene indicators were ob-
served in the first visit, where in-lairage space al-
lowance was adequate, the lay-over time was short-
er than in visits 2 and 3, and the ambient temperature 
was also lower than in visits 2 and 3 (Table 3, 
Figure 1). However, the trends were non-significant. 
Nonetheless, after all these circumstances, we meas-
ured lower microbial loads on carcasses, e.g. in vis-
it 1, the TVC, EC, and GEC levels reached a peak 
of 5.5 log CFU/cm2, 0.8 log CFU/cm2 and 2.0 log 
CFU/cm2, respectively compared to higher levels 
in visits 2 and 3, where the highest confirmed TVC 
levels were 8.1 and 6.4 log CFU/cm2, respectively, 
EC levels were 1.4 and 1.2 log CFU/cm2, respective-
ly and E. coli levels were 2.2 and 2.1 log CFU/cm2, 
respectively (Figure 1). Among the ten selected an-
te-mortem animal-based categories of importance 
for animal welfare, it was evident that the ‘manure 
on the body’ correlated with microbial loads on car-
casses. ‘Insufficient space’, ‘lesions’, ‘injurious be-
haviour’, ‘feeding and drinking behaviour’ and ‘rest 
and sleep disruption’ tended to correlate to microbi-
al load levels to some extent; for instance, the high-
er scores given for those animal-based categories 

meant better process hygiene levels were measured, 
although no statistical correlation was found.

Other ante-mortem animal-based categories, 
‘mortality’, ‘disease signs’, ‘thermoregulation’, and 
‘mutilation’ were not correlated with levels of pro-
cess hygiene. The post-mortem animal-based cat-
egories for fattening pigs with the poorest scores 
were ‘gut pathologies’, ‘lung and respiratory tract 
pathologies’ and ‘liver pathologies’. The categories 
‘gut pathologies’ and ‘liver pathologies were associ-
ated with microbial loads on carcasses but not sig-
nificantly, in terms that higher scores for those cate-
gories were associated better process hygiene levels, 
while ‘lung and respiratory tract pathologies’ did 
not correspond with microbial levels on carcasses. 
This finding also revealed that these three post-mor-
tem categories should be regularly monitored at the 
slaughter line.

These findings highlight the importance of the 
animal-based category ‘manure on the body’ as im-
portant for both aspects – pig welfare in abattoir 
lairage, as well as for the level of process hygiene 
at slaughter. Improved status of pig welfare in ab-
attoir lairage, associated with pre-slaughter assess-
ment of animal-based categories, e.g. visual evalu-
ation of animal cleanliness, can be a useful tool for 
maintaining control of the overall slaughter process 
hygiene and may be effective in reducing microbial 
contamination of carcasses (Delhalle et al., 2008).

Conclusion

The safety of the food chain is indirectly affect-
ed by welfare of animals farmed for food produc-
tion, due to the close links between animal welfare, 
animal health and food borne diseases. Stress factors 
and poor welfare can lead to increased susceptibili-
ty to disease among animals and can intensify fecal 
shedding of food borne pathogens in the pre-slaugh-
ter phase: on-farm, in transport/livestock markets 
and in abattoir lairage. This could affect the process 
hygiene at slaughter/dressing and increase the public 
health risk for consumers. In this study, the European 
Food Safety Authority protocol intended for assess-
ment of on-farm pig welfare was adapted to be used 
for assessment of welfare of fattening pigs in abat-
toir lairage. This approach is based on a group level 
assessment of animal-based categories. The results 
indicated that transportation time was not correlated 
with bacterial loads on carcasses (TVC, EC, GEC, 
Coliforms), while space allowance coupled with 
the lay-over time in lairage and ambient tempera-
ture tended to correlate with process hygiene; better 
space allowances, shorter lay-over times and higher 
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temperatures were associated (but not statistically 
significantly) with lower microbial loads on carcass-
es. The ante-mortem animal-based categories for fat-
tening pigs in abattoir lairage with the lowest scores 
were ‘thermoregulation’, ‘manure on the body’, ‘in-
sufficient space’, ‘injurious behavior’ and ‘lesions’. 
However, only manure on the body had any correla-
tion or impact on process hygiene levels. Therefore, 
focus should be put, in particular, on ‘manure on 
the body’ category. The post-mortem animal-based 

categories for fattening pigs with the lowest scores 
were ‘gut pathologies’, ‘lung and respiratory tract 
pathologies’ and ‘liver pathologies’. This finding re-
vealed that these three categories should be regu-
larly monitored on the slaughter line, as they could 
provide valuable feedback to the farm of origin, and 
reflect on the farm biosecurity level. Further and 
deeper research is needed to understand better the 
interface between animal welfare variables in abat-
toir lairage and slaughter process hygiene outcome.

Acknowledgment: We would like to thank to the meat industry “Yuhor”, Jagodina, Serbia for its support in 
providing the full access to the production facilities needed to carry out this study.

Disclosure statement: No pontential conflict of interest was reported by authors.

References

Berends, B. R., VanKnapen, F., Snijders, J. M., & Mossel, D. 
A. (1997). Identification and quantification of risk factors 
regarding Salmonella spp. on pork carcasses. Internation‑
al Journal of Food Microbiology, 36, 199–206.

Blagojevic, B., Antic, D., Ducic, M., & Buncic, S. (2011). Ra-
tio between carcass-and skin-microflora as an abattoir 
process hygiene indicator. Food Control, 22, 186–190.

Buncic, S., Steinhauserova, I., Smulders, F., Paulsen, 
P., Braun, P., Albert, T., & Steinhauser, L. (2013). 
The Food Research, Safety and Training Network 
(FRST-NET) initiative, step one: Issues relevant for meat 
safety assurance at abattoir level. http://www.maso-inter-
national.cz/wp-content/uploads/2013/04/maso-interna-
tional-2012-2-page-083-093.pdf (accessed on 9 Septem-
ber 2016).

Candiani, D., Salamano, G., Mellia, E., Doglione, L., Bruno, 
R., Toussaint, M. & Gruys, E. (2008). A Combination of 
Behavioral and Physiological Indicators for Assessing Pig 
Welfare on the Farm. Journal of Applied Animal Welfare 
Science, 11, 1–13.

Del Campo, M., Brito, G., Montossi, F., de Lima, J. M. S., & 
San Julián, R. (2014). Animal welfare and meat quality: 
The perspective of Uruguay, a “small” exporter country. 
Meat Science, 98, 470–476.

Delhalle, L., De Sadeleer, L., Bollaerts, K., Farnir, F., Sae-
german, C., Korsak, N., Dewulf, J., De Zutter, L., & 
Daube, G. (2008). Risk factors for Salmonella and hy-
giene indicators in the 10 largest Belgian pig slaughter-
houses. Journal of Food Protection, 71, 1320–1329.

Dokmanovic, M., Velarde, A., Tomovic, V., Glamoclija, N., 
Markovic, R., Janjic, J., & Baltic, M. (2014). The ef-
fects of lairage time and handling procedure prior to 
slaughter on stress and meat quality parameters in pigs. 
Meat Science, 98, 220–226.

EC. (2005). Commission Regulation (EC) No 2073/2005 of 15 
November 2005 on microbiological criteria for foodstuffs.

EC. (2009). Council Regulation 1099/2009 on the protection of 
animals at the time of killing.

EFSA. (2012). Scientific Opinion on the use of animal-based 
measures to assess welfare in pigs. EFSA Journal, 10, 
2512.

EFSA. (2013a). Scientific Opinion on monitoring procedures at 
slaughterhouses for pigs.

EFSA Journal, 11, 3523.
EFSA. (2013b). Scientific Opinion on monitoring procedures at 

slaughterhouses for bovines.
EFSA Journal, 11, 3460.
Faucitano, L. (2010). Effects of lairage and slaughter condi-

tions on animal welfare and pork quality. Canadian Jour‑
nal of Animal Science, 90, 461–469.

FAWC. (2013). Space allowances in slaughterhouse lairage 
(Farm Animal Welfare Committee. http://www.defra.gov.
uk/fawc (accessed on 2 September 2016).

Ferguson, D. M., Bruce, H. L., Thompson, J. M., Egan, A. F., 
Perry, D., & Shorthose, W. R. (2001). Factors affecting 
beef palatability – Farmgate to chilled carcass. Australian 
Journal of Experimental Agriculture, 41, 879–892.

Fraqueza, M. J., Roseiro, L. C., Almeida, J., Matias, E., San-
tos, C., & Randall, J. M. (1998). Effects of lairage tem-
perature and holding time on pig behaviour and on car-
cass and meat quality. Applied Animal Behaviour Science, 
60, 317–330.

Geverink, N. A., Engel, B., Lambooij, E., & Wiegant, V. M. 
(1996). Observations on behavior and skin damage of 
slaughter pigs and treatment during lairage. Applied An‑
imal Behaviour Science, 50, 1–13.

Gill, C. O., Dussault, F., Holley, R. A., Houde, A., Jones, T., 
Rheault, N., Rosales, A., & Quessy, S. (2000). Evalu-
ation of the hygienic performances of the processes for 
cleaning, dressing and cooling pig carcasses at eight pack-
ing plants. International Journal of Food Microbiology, 
58, 65–72.

Gispert, M., Faucitano, L., Oliver, M. A., Guardia, M. D., 
Coli, C., Siggens, K., Harvey, K., & Diestre, A. (2000). 
A survey of pre-slaughter conditions, halothane gene fre-
quency, and carcass and meat quality in five Spanish pig 
commercial abattoirs. Meat Science, 55, 97–106.

21



Ivan Nastasijevic et al. Evaluation of pig welfare in lairage and process hygiene in a single abattoir

Grandin, T. (1996). Animal Welfare in Slaughter Plants. 29th 
Annual Conference of American Association of Bovine 
Practitioners. Proceedings, 22–26. http://www.grandin.
com/welfare/general.session.html (accessed on 29 August 
2016).

Guàrdia, M. D., Estany, J., Balasch, S., Oliver, M. A., 
Gispert, M., & Diestre, A. (2009). Risk assessment of 
skin damage due to pre-slaughter conditions and RYR1 
gene in pigs. Meat Science, 81, 745–751.

Guàrdia, M. D., Estany, J., Balasch, S., Oliver, M. A., 
Gispert, M., & Diestre, A. (2010). Risk assessment of 
DFD meat due to pre-slaughter conditions in pigs. Meat 
Science, 70, 709–716.

Horchner, P. M. & Pointon, A. M. (2011). HACCP-based pro-
gram for on-farm food safety for pig production in Aus-
tralia. Food Control, 22, 1674–1688.

ISO 16649–1. (2001). Microbiology of food and animal feed-
ing stuffs – Horizontal method for the enumeration of be-
ta-glucuronidase-positive Escherichia coli – Part 1: Colo-
ny-count technique at 44 degrees C using membranes and 
5-bromo-4-chloro-3-indolyl beta-D-glucuronide.

ISO 6579. (2002). Microbiology of food and animal feeding 
stuffs – Horizontal method for the detection of Salmonel‑
la spp.

ISO 4833. (2003). Microbiology of food and animal feeding 
stuffs – Horizontal method for the enumeration of micro-
organisms – Colony-count technique at 30 degrees C.

ISO 21528–2. (2004). Microbiology of food and animal feed-
ing stuffs – Horizontal methods for the detection and enu-
meration of Enterobacteriaceae – Part 2: Colony-count 
method.

ISO 4832. (2006). Microbiology of food and animal feeding 
stuffs – Horizontal method for the enumeration of coli-
forms – Colony-count technique.

ISO 17604. (2015). Microbiology of the food chain – Carcass 
sampling for microbiological analysis.

Nastasijevic, I., Tomasevic, I., Smigic, N., Milicevic, D., 
Petrovic, Z., & Djekic, I. (2016). Hygiene assessment of 
Serbian meat establishments using different scoring sys-
tems. Food Control, 62, 193–200.

Petruzzelli, A., Osimani, A., Pasquini, M., Clementi, F., Ve-
trano, V., Paolini, F., Foglini, M., Micci, E., Paoloni, 
A., & Tonucci, F. (2016). Trends in the microbial con-
tamination of bovine, ovine and swine carcasses in three 

small-scale abattoirs in central Italy: A four-year monitor-
ing. Meat Science, 111, 53–59.

Rostagno, M. H. (2009). Can stress in farm animals increase 
food safety risk? Foodborne Pathogens and Disease, 
6(7), 767–776.

RSPCA (2014). RSCPA welfare standards for pigs. http://sci-
ence.rspca.org.uk/sciencegroup/farmanimals/standards/
pigs (accessed on 29 August 2016).

Spoolder, H. A. M., Edwards, S. A., & Corning, S. (2000). 
Legislative methods for specifying stocking density and 
consequences for the welfare of finishing pigs. Livestock 
Production Science, 64, 167–173.

Sutherland, M. A., Bryer, P. J., Davis, B. L. & McGlone, J. J. 
(2010). A Multidisciplinary Approach to Assess the Wel-
fare of Weaned Pigs During Transport at Three Space Al-
lowances. Journal of Applied Animal Welfare Science, 13, 
237–249.

USDA FSIS. (1996). Guidelines for Escherichia coli Test-
ing for Process Control Verification in Cattle and Swine 
Slaughter Establishments. http://www.fsis.usda.gov/wps/
wcm/connect/cebac8d0–954b-4cc2-abcf-205ad4f4d-
dcd/Guideline_for_Ecoli_Testing_Cattle_Swine_Estab.
pdf?MOD=AJPERES (accessed on 7 September 2016).

USDA FSIS. (2013). FSIS Compliance Guide for a System-
atic Approach to the Humane Handling of Livestock. 
http://www.fsis.usda.gov/wps/wcm/connect/da6cb63d-
5818–4999–84f1–72e6dabb9501/Comp-Guide-Sys-
tematic-Approach-Humane-Handling-Livestock.
pdf?MOD=AJPERES (accessed on 7 September 2016).

van Erp-van der Kooij, E., Kuijpers, A. H., Schrama, J. W., 
van Eerden-burg, F. J. C. M., Schouten, W. G. P., & 
Tielen, M. J. M. (2002). Can we predict behaviour in 
pigs? Searching for consistency in behaviour over time 
and across situations. Applied Animal Behaviour Science, 
75, 293–305.

Weeks, C. A. (2008). A review of welfare in cattle, sheep and 
pig lairages, with emphasis on stocking rates, ventilation 
and noise. Animal Welfare, 17, 275–284.

Yousuf, M. I. (2007). Using experts’ opinions through delphi 
technique. Practical Assessment, Research and Evalua‑
tion, 12, 8.

Zweifel, C., Fischer, R., & Stephan, R. (2008). Microbiologi-
cal contamination of pig and cattle carcasses in different 
small-scale Swiss abattoirs. Meat Science, 78, 225–231.

Paper received: 19.01.2018
Paper corrected: 13.03.2018.
Paper accepted: 8.03.2018.

22



meat technology
Founder and publisher: Institute of Meat Hygiene and Technology, Belgrade

UDK: 637.5'62.05(497.11)
ID: 265914380

https://doi.org/10.18485/meattech.2018.59.1.3

Introduction

The meat production process has several steps 
and each of them is significant for production of 
safe and quality product. Consumption of beef meat 
ranks in third place in Serbia, after pork and poul-
try (Ostojic et al., 2006). Improving carcass per-
formance and meat quality traits are the main ob-
jectives of most research carried out in the beef 
production area. Meat quality is an important crite-
rion that influences consumer decisions to purchase 
beef (Baltic and Boskovic, 2015; Djordjevic, 2016). 
Local demand is partially covered by imported beef 
because domestic production can not fulfill the re-
quirements of the local market. In order to improve 
the current local situation, it is necessary to enhance 
and maintain agro-economic policies and strengthen 
the primary production. Some of the possible solu-
tions for better production and quality are improv-
ing the qualities of breeding stock, nutrition and an-
imal breeding technology (Aleksic et al., 2011; Sefer 
et al., 2015). Development of greater beef produc-
tion volumes, improved beef meat quality and place-
ment of higher-value meat on the market require 
improvement to the quality of meat from carcass-
es. Understandably, this refers to the edible parts of 
the carcass, carcass conformation and the carcass fat 

coverage, plus processing quality and sensory prop-
erties (Sretenovic et al., 2011; Ostojic‑Andric et al., 
2012).

The quality of the slaughtered animals is a sub-
ject of interest for both primary production and the 
meat industry. Based on the estimated value and 
classification of carcasses, it is possible to appropri-
ately compensate producers i.e. the owners of ani-
mals, but also to assess the market value and industry 
profit. In order to assess carcass quality (meatiness) 
more thoroughly, parameters such as: slaughter 
weight, age of animal, carcass weight, carcass yield, 
carcass conformation, fat coverage, musculature 
length (m. longissimus dorsi) etc. should be consid-
ered. Animals are classified based on age, sex, phys-
iological status and meatiness (Stamenkovic and 
Radovanovic, 2004). Carcass classification should 
be performed in slaughterhouses immediately after 
the veterinary examination and measurement of the 
carcasses weight.

In developed countries, quality is taken into ac-
count through a balanced approach of carcass meat 
quality assessment. The SEUROP classification 
system, used in the EU, enables prediction of the 
amount of meat in the carcass (EC No. 1249, 2008), 
which is the basis for determining the selling price 
of each animal. Given that monetary compensation 
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depends on the achieved quality, it is also an incen-
tive for the improvement of cattle breeding, zoot-
echnical conditions including hygiene, and wel-
fare and health of animals in primary production. 
Slaughterhouses in which over 75 animals are 
slaugh tered weekly (annual average) are obliged to 
apply the SEUROP classification system. The selec-
tion of personnel involved in this activity is of great 
importance and they require adequate education and 
training. The uniformity of the carcass quality as-
sessment is achieved by precisely defined rules that 
include parameters and criteria in the corresponding 
regulations that concern: the category of carcass ac-
cording to age and physiological status (calves, el-
derly calves, heifers, young bulls, castrated male an-
imals and cows), carcass processing at slaughter for 
classification and categorization, criteria for scor-
ing the carcass parameters of conformation and the 
fat tissue degree coverage. As already emphasized, 
carcass meat quality assessment has material signif-
icance since it enables payment for meat on the ba-
sis of quality achieved, and therefore, the SEUROP 
system has been further improved with subclasses 
within each class in order to determine the quantity 
of meat in the most complete manner.

The aim of the present study is to examine 
young bull carcass quality in a Serbian slaughter-
house according to slaughter weight, carcass yield, 
carcass conformation, and fat coverage degree, the 
criteria used in EU countries.

Materials and methods

The study was conducted from July 10 2014 to 
August 4 2014 in a slaughterhouse in Raska district, 
Serbia. The examination included carcasses of 100 
slaughtered young bulls of the domestic Simmental 
breed, aged about one year from purchase.

Slaughter weight was measured after unloading 
at the slaughterhouse, while carcass weight was de-
termined 45 minutes after slaughter, both on scales 
with accuracy of ±0.5 kg.

Carcass weight included the processed carcass 
without the following: internal organs (with the excep-
tion of the kidneys, which were included), skin, head, 
lower parts of legs (separated at the lower part of the 
carpal, tarsal joints were included), large blood vessels, 
spinal cord and the genital organs.

Carcass conformation and fat coverage were 
determined 45 minutes after slaughter, according to 
SEUROP classification (EC No. 1249, 2008). Based 
on the carcass conformation, carcasses were clas-
sified into six classes: S (superior): all profiles ex-
tremely convex; exceptional muscle development, 

double-muscled carcass type; E (excellent): all pro-
files convex to super-convex; exceptional muscle 
development; U (very good): profiles on the whole 
convex; very good muscle development; R (good): 
profiles on the whole straight; good muscle devel-
opment; O (fair): profiles straight to concave; aver-
age muscle development; and P (poor): all profiles 
concave to very concave; poor muscle development.

Carcass fat coverage was estimated by numer-
ical grades, from: 1 (low): none up to low fat cover; 
2 (slight): slight fat cover, flesh visible almost eve-
rywhere; 3 (average): flesh, with the exception of 
the round and shoulder, almost everywhere covered 
with fat, slight deposits of fat in the thoracic cavity; 
4 (high): flesh covered with fat, but on the round and 
shoulder still partly visible, some distinctive fat de-
posits in the thoracic cavity; to 5 (very high): entire 
carcass covered with fat; heavy fat deposits in the 
thoracic cavity.

Statistical analysis was performed using the 
statistical package Stats Soft INC (Statistica For 
Windows, version 6.0 computer program manual 
Tulsa, Stat Soft Inc., 1995). Descriptive statistical 
parameters (mean, standard deviation, standard er-
ror of the mean, minimum, maximum, and coeffi-
cient of variation) are presented in Table 1.

Results and discussion

Table 1 shows the average mean slaughter 
weight, carcass weight and carcass yield of all 100 
cattle carcasses.

Results from Table 1 show that average cattle 
slaughter weight was 518.77 kg with a coefficient of 
variation of 10.74%. The mean carcass weight was 
275.21 kg with a coefficient of variation of 10.4%. 
The mean carcass yield was 52.61% and ranged 
from 48.00 to 63.00%.

According to statistical data in Serbia, the av-
erage weight of adult animals before slaughter dur-
ing 1995 to 2000 was 478 kg and from 2006 to 2011 
was 504 kg (Dokmanovic et al., 2014). Lower weights 
compared to our results could be due to the fact that 
in those data, cattle were not separated by age and 
sex. Aleksic et al. (2002) showed the average animal 
weight before slaughter was 592.7 kg, hot carcass 
weight with the lard was 329.9 kg, while average 
carcass yield was 55.66%. Similar results were found 
by Ostojic et al. (2007), who reported Simmental bulls 
weighed 579 kg after 477 days, while the average 
carcass yield was 57.1%. In the same study, cross-
breeds of Charolais and Limousine of younger age 
(446 and 443 days) achieved higher body weight at 
the end of fattening (621 kg and 590 kg, respectively). 
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Drca (2009) reported that male domestic Simmental 
type cattle from three different producers in Serbia 
had carcass yields between 54.20% and 55.40%. 
Similar results were reported by Lukic et al. (2016), 
who showed the average slaughter weight of male 
Simmental beef cattle was 586.9 kg. The average 
carcass yield of male Simmental beef cattle was 
56.56% (Lukic et al., 2016), which is higher than 
the Simmental carcass yield in our study (52.61%). 
Among 54 young Simmental bull carcasses, the av-
erage weights of two groups of cattle were 478.40 kg 
and 569.42 kg (Petrovic et al., 2016). Average carcass 
yield was 51.87% (total for both groups), and ranged 
from 42.00 to 57.00% (Petrovic et al., 2016). Ciric et 
al. (2017) found mean slaughter weight of domestic 
Simmental bulls was 583.9 kg, while average car-
cass yield was 56.32%. Similar results were deter-
mined by Petrovic et al. (2017), who showed the av-
erage slaughter weight of male Simmental beef cattle 
was 516.23 kg with coefficient of variation of 10.47%, 
while average carcass yield was 52.37% and ranged 
from 39.00 to 63.00%. Finally, Petrovic et al. (2017) 
analyzed 80 young bull carcasses and found the 

average live weight was 497.74 kg with a coefficient 
of variation of 5.83%, while average carcass yield 
was 52.74%, ranging from 42.00 to 59.00%.

The following parameters are used for cat-
tle carcass classification in the EU (EC No. 1249, 
2008): carcass weight, conformation, meatiness, as 
well as the development of the prime cuts (round, 
the back and the shoulders), fat coverage degree, 
etc. A favorable conformation (excellent) of carcass-
es implies that all profiles are extremely well devel-
oped and convex. The round in excellent carcasses 
has a convex profile, the back is well developed and 
wide and the shoulders are filled and well-formed. 
Poor or unfavorable carcass conformation is char-
acterized by concave, poorly developed leg, nar-
row back, straight shoulders and convex bones. Fat 
coverage refers to the amount and arrangement of 
subcutaneous, kidney and pelvic fat and residues 
on the inside surfaces of the chest and abdominal 
cavity. Fat protects the meat from oxidation, slows 
down the surface drying of meat, reduces the tough-
ness and contributes to good juiciness and aroma 
(Vukovic, 2012). From a quality point of view, it is 

Table 1.  Average slaughter weight, carcass weight and carcass yield of young domestic Simmental bulls 
(n=100) in a slaughterhouse in Serbia

Parameter Slaughter weight (kg) Carcass weight (kg) Carcass yield (%)

Mean±standard deviation 518.77±55.74 275.21±28.6 52.61±2.14

Standard error 5.6 2.8 –

Minimum 376.0 210.0 48.00

Maximum 652.0 342.0 63.00

Coefficient of variation (%) 10.74 10.4 –

Figure 1.  Percentage of carcass classes O and R 
among the studied cattle

Figure 2.  Percentage of studied cattle with degrees 
of carcass fat tissue coverage
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considered as favorable that a beef carcass has a uni-
form and well-distributed, continuous, but not too 
thick, layer of fat.

Figure 1 shows the results of carcass classifi-
cation according to SEUROP classification, while 
Figure 2 shows the results of carcass classification 
according to fat coverage degree (n=100). In terms 
of SEUROP classification, only two categories were 
observed among our studied cattle: O (fair) (n=41) 
and R (good) (n=59). Regarding degree of fat cov-
erage, three categories were determined (2, 3 and 4). 
One carcass was labeled as category 2. More car-
casses were labeled as category 3 (n=71) than cate-
gory 4 (n=12).

Similar results were obtained by Petrovic et al. 
(2016) who evaluated class of carcass based on the 
conformation as O for 77.5% of carcasses and as R 
for 22.5% of carcasses. The carcass fat tissue cov-
erage degree was rated as 3 for 88.75% and 4 for 
11.25% of carcasses (Petrovic et al., 2016). Petrovic 
et al. (2017) analyzed fat tissue coverage in 123 
young bull carcasses. Their results showed three cat-
egories of fat cover (2, 3, 4), similar to our current 
study. More (n=107) carcasses were classified as 
category 3 than category 2 (1 carcass) or category 4 
(15 carcasses) (Petrovic et al., 2017). In research by 
Petrovic et al. (2017) for all 80 young bull carcass-
es, only two categories, in terms of class were seen: 
O (fair) (n=62, 77.5%) and R (good) (n=18, 22.5%). 

Regarding fat tissue coverage, two categories were 
determined: 3 (mid coverage) and 4 (high coverage). 
More carcasses were labeled as category 3 (n=71, 
88.7%) compared to number of carcasses labeled as 
category 4 (n=9, 11.2%).

Meat quality can be affected by pre-slaughter 
factors and post slaughter factors of animals includ-
ing gender, age, feeding, animal handling, animal 
welfare, slaughter of animal, genotype of animals. 
In the EU, beef carcass classification for conforma-
tion and fatness plays an important role in interna-
tional meat trade marketing. This is why meat price 
in the market depends on carcass conformation.

Conclusion

Based on the results and their critical consider-
ations the following can be concluded:

 ▪ The mean carcass weight was 518.77±55.74 kg;

 ▪ The mean carcass yield was 52.61±2.14% and it 
ranged from 48.00 to 63.00%;

 ▪ Carcasses were evaluated as having conforma-
tion O in 41% of cases and as R in 59% of cases;

 ▪ The carcass fat tissue coverage degree was rat-
ed as 2 for 1%, 3 for 12% and 4 for 87% of car-
casses.
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Introduction

The lipid content and fatty acid (FA) composi-
tion differ greatly within fish species depending on 
various conditions, including the type and availability 
of food and/or feed, the state of the ecosystem inhab-
ited by the fish, the environmental conditions, season, 
and age (Kaçar et al., 2016; Ljubojevic et al., 2013a; 
Ivanovic et al., 2015). However, fish feed is the most 
responsible of these factors for the FA profile of fish, 
and evidence suggests that under similar farming con-
ditions fish feed rich in n–3 FAs decreases the n–
6/n–3 PUFA ratio in the fish tissue (Tesic et al., 2014). 
The FA composition of farmed fish differs from the 
FA composition of fish from open waters (Ljubojevic 
et al., 2013b). The growing demand for food in dense-
ly populated or less developed countries is partially 
satisfied through aquaculture with cyprinid fish spe-
cies (Jeney & Jian, 2009). The farming of cyprinid 
fish species is more developed in Asia and in central 
and eastern European countries (Váradi et al., 2012). 
The dominant form of cyprinid production is the 

semi-intensive farming of common carp (Cyprinus 
carpio L.) where the diet of the fish is based primarily 
on a combination of natural food and supplementary 
feed (cereals, such as wheat, maize and barley) (Mráz 
et al., 2012). To improve the production and nutri-
tional value of the carp over the last decade, cere-
als have been replaced by pelleted and extruded feed 
(Tkaczewska et al., 2014). Research into carp aqua-
culture became more focused on the evaluation of the 
supplemental feed type that is essential for increasing 
carp production (Ciric et al., 2015) and on nutrition-
al quality of the fish under the influence of different 
food/feed type (Böhm et al., 2014).

Although carp production is widespread in the 
world, data on the nutritional quality of marketa-
ble carp are limited in the literature. In Serbia, carp is 
also the most cultivated fish species, and is considered 
as a valuable fishery product and a traditional dish. 
Therefore, the aim of this study was: (a) to evaluate the 
influence of three supplementary diets (maize, extrud-
ed and pelleted feed) on the proximate composition 
and FA profile of marketable common carp collected 
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from three commercial fish farms using semi-inten-
sive farming conditions, and (b) based on the obtained 
data to derive conclusions about the nutritional quality 
of the carp offered to commercial market.

Materials and methods

According to the opinion of the Ethics 
Commission of the Institute of meat hygiene and 
technology (Opinion No. 3294) all experimental 

procedures conducted in this study have been per-
formed in accordance with the national Animal 
Welfare Act (2009).

Samples

For the study, two and a half years old mar-
ket-sized carp (n=8) were obtained in October 2015 
from three commercial carp farms from batches of 
fish harvested for the market. The fish farms were 

Figure. 1  The geographical positions (GPS data) of the fish farms. (Zivaca: Carp supplementary fed maize) 
latitude 44.73, longitude 20.18; Ecka: (Carp supplementary fed extruded feed) latitude 45.24, longitude 

20.36; Despotovo: (Carp supplementary fed pelleted feed) latitude 45.45, longitude 19.54)
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located in Vojvodina, the lowland part of Serbia 
(Fig. 1), and all of them practiced semi-intensive aq-
uaculture.

From April until they were harvested for the 
market, in October 2015, the carp were fed commer-
cial diets supplemented with maize (Carp1), extrud-
ed feed (Carp2), which consisted of 61% maize, 30% 
soybean meal, 3% fish meal, 3% yeast, 0.8% chalk, 
0.2% lysine, 1% vitamin premix and 1% other ingre-
dients, and pelleted feed (Carp3), which consisted of 
28% soybeans, 5%  fish meal, 6% yeast, 22% wheat, 
30% maize, 6.4% soybean meal, 0.8%  chalk, 0.20% 
lysine, 1% vitamin premix, 0.8% monocalcium 
phosphate and  0.1% salt. The mean body weights of 
the live fish at harvest were 1,834±443 g for Carp1 
fed maize, 1,984±322 g for Carp2 fed extruded feed, 
and 2,235±423 g for Carp3 fed pelleted feed. The 
proximate and FA composition of the supplementary 
diets are shown in Table 1.

After the fish were caught, the percussive stun-
ning method has been carried out (EFSA, 2009), 
and afterwards the slaughtered fish were transport-
ed to the laboratory in coolers with ice. After remov-
al of the skin, heads, tails, fins, and intestines, the 
fish were deep-frozen and maintained at −25 °C un-
til analysis, but no longer than two weeks. Before 
the analysis, the frozen fish were allowed to equil-
ibrate at room temperature for an hour. The ob-
tained fish fillets were individually disintegrated in 

a CombiMax 600 blender (Braun GmbH, Kronberg, 
Germany).

Proximate composition

The protein content (N × 6.25) in the fish 
was determined using the Kjeldahl procedure on a 
Kjeltec Auto 1030 Analyser (Manual book, Tecator, 
Höganäs, Sweden). The moisture content was deter-
mined by drying the sample at 103±2°C to a con-
stant mass based on the ISO 1442:1997 method. 
The total fat content was determined by extraction 
with petroleum ether in a Soxhlet apparatus, after 
the sample was hydrolysed with acid, based on the 
ISO 1443:1973 method. The ash content was deter-
mined gravimetrically through dry ashing in a muf-
fle furnace at 550±25°C based on the ISO 936:1998 
method.

Fish feed was analysed for its lipid (ISO 
6492:1999), moisture (ISO 6496:1999), ash (ISO 
5984:2002) and crude protein contents (Kjeldahl 
method using a conversion factor of 6.25 for the to-
tal nitrogen). The crude fibre content was determined 
using a standard method with intermediate filtration 
(ISO 6865:2000). The nitrogen-free extract (NFE) 
was calculated by adding the values obtained for 
moisture, crude protein, lipid, crude fibre and ash, 
and subtracting the sum from 100. All proximate 
composition analyses were performed in triplicate.

Table 1.  Proximate and FA composition of the diets

Proximate composition (%) Maize Extruded feed Pelleted feed
Crude protein 8.58 24.96 22.22
Lipids 4.47 8.17 5.43
Moisture 11.64 9.66 8.27
Ash
Crude fibre

1.10
1.71

6.81
3.12

6.61
3.17

Nitrogen-free extract (NFE) 72.50 47.28 54.30
Fatty acids (% of total FAs)
C18:2n-6 56.15 54.02 54.96
C18:3n-3 0.98 1.62 3.74
ƩSFA 13.84 14.02 15.47
ƩMUFA 28.15 27.73 25.62
ƩPUFA 58.00 58.18 58.91
n-6 57.03 54.69 55.13
n-3 0.98 3.49 3.78
n-6/n-3 58.19 15.67 14.59

FA fatty acid, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

30



Meat Technology 59 (2018) 1, 28–37

Extraction of total lipids

The total lipids used to determination the FA 
contents were extracted from fish fillets through 
accelerated solvent extraction (ASE), (ASE 200, 
Dionex, Sunnyvale, CA, USA). The operating con-
ditions were the same as previously reported (Spiric 
et al., 2010). Briefly, after consecutively loading the 
Dionex extraction cell with diatomaceous earth and 
a homogenised fish fillet sample, the cells were ex-
tracted with a mixture of n-hexane and isopropanol 
(60:40, v/v) at 100°C over two static cycles under 
nitrogen at 10.3 MPa. The solvent from the collect-
ed extracts was removed under a stream of nitrogen 
(Dionex Solvent evaporator 500) at 50°C until dry. 
The ASE method for extracting lipids from fish fil-
lets has been previously validated and accredited.

Fatty acids

FAMEs were prepared by transesterifying the 
lipids extracted through ASE using 0.25 M TMSH 
based on the ISO 5509:2000 method. The FAMEs 
were analysed on a Shimadzu 2010 gas chromato-
graph (Kyoto, Japan) equipped with a split/splitless 
injector, a fused silica cyanopropyl HP-88 column 
(J&W Scientific, Santa Clara, USA) (length=100 m, 
i.d.=0.25 mm, film thickness=0.20 µm), a flame ion-
isation detector, and a workstation. The injector and 
detector temperatures were 250°C and 280°C, re-
spectively. To achieve complete separation of the 
tested compounds, a programmed column oven tem-
perature, starting at 125ºC and ending at 230ºC, was 
applied.

The chromatographic peaks in the samples 
were identified by comparing their relative retention 
times to the FAME retention times in the Supelco 
37 Component FAME mix standard (Supelco, 
Bellefonte, USA). The relative quantities of FAs, 
which were expressed as the weight percentages of 
the total FAs, were converted to mg of FA per 100 g 
of wet fillet (wf) based on the method described by 
Exler et al. (1975).

Statistical analysis

The obtained data are reported as the mean 
values±the standard deviations. ANOVA and the 
Tukey–Kramer test were used to analyse the data at 
the level of significance of 0.05 (p≤0.05). PCA and 
LDA were performed using JMP 10 software (SAS 
Institute Inc. NC, USA https://www.jmp.com).

Results and discussion

Proximate composition

The proximate compositions (protein, total li-
pids, moisture and ash) of the market-sized carp 
supplemented with different diets are presented in 
Table 2.

The data obtained show that different diets led 
to differences in the chemical composition of the fish, 
as reported by Shearer (1994). Significant differ-
ences (p≤0.05) in protein content were observed be-
tween Carp1, which were fed supplementary maize 
(16.12%), Carp2, which were fed supplementary ex-
truded feed (17.26%) and Carp3, which were fed sup-
plementary pelleted feed (18.42%). Cirkovic et al. 
(2011) reported similar results for proteins in carp 
farmed in polyculture in carp ponds in Serbia. Carp 
fed supplementary maize contained 8.59% lipids 
(p≤0.05), a higher content than in carp fed supple-
mentary extruded feed (4.72%) and in carp fed sup-
plementary pelleted feed (5.42%). However, from 
the data presented in Table 1, the NFE content, which 
is considered as a measure of soluble carbohydrates 
such as starch and sugar in the feed, accounted for 
72.50%, 47.28% and 54.30% of the weight in maize, 
extruded and pelleted diets, respectively. Literature 
data (Henderson, 1996) demonstrates that fish diet 
rich in carbohydrates, such as maize, increased the 
synthesis of FAs and led to higher lipid content in the 
carp. Taking into consideration the geographical dis-
tribution of the fish farms, variation in amounts of nat-
ural and/or supplementary food/feed, environmental 

Table 2.  Proximate composition (% wf) of market-sized carp (Cyprinus carpio L.) (n=8)

Parameters Carp1 Carp2 Carp3 

Protein 16.12±0.92a 17.26±0.30b 18.42±0.62c

Total lipids 8.59±0.34a 4.72±0.71b 5.42±1.04b

Moisture 73.01±2.63a 75.72±0.93b 73.41±1.55a

Ash 0.96±0.04a 1.12±0.06b 1.33±0.10c

Legend: Values are means ± SD; a,b,c Means with different letters within the same row are significantly different (p≤0.05); wf wet fillet; 
n number of samples; Carp1 supplementary fed maize; Carp2 supplementary fed extruded feed; Carp3 supplementary fed pelleted feed
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conditions, etc, it can be considered that the lipid con-
tents obtained in this study are similar to other re-
ported data for the farmed carp (Cirkovic et al., 2011; 
Trenovszki et al., 2011). Regarding fat content, ac-
cording to literature data (Ackman, 1989), carp fed 
supplementary maize can be considered as a fatty 
fish (>8%), while carp fed supplementary extruded 
and pelleted feed are considered as a medium fatty 
fish (4−8%). Due to differences in the mineral content 
of the diets, the ash content among the studied carp 
differed significantly (p≤0.05), ranging from 0.96% 
to 1.33%. However, other endogenous (genetic, like 
size, sex and life cycle stage) and exogenous (envi-
ronment, like temperature, salinity, etc.) factors might 
also affect the proximate composition of the fish, in-
cluding ash content (Shearer, 1994).

Fatty acids expressed as relative percentage of 
total fatty acids

The FA compositions of the carp supplement-
ed with maize (Carp1), extruded (Carp2) and pellet-
ed feed (Carp3), expressed as percentage of the total 
FAs and mg/100 g wf are presented in table 3.

The proportions of SFAs in the carps did not 
reflect their proportions in the diets. These results 
are similar to other reported data in carp supplied 
with supplementary feed diets (Mráz et al., 2012).

The MUFA contents were 61.77% in the carp 
supplemented with maize, 43.45% in the carp sup-
plemented with extruded feed and 43.46% in the 
carp supplemented with pelleted feed, which reflect 
their contents in the applied supplementary diets. 
The content of MUFAs in the carp fed supplemen-
tary maize was significantly higher (p≤0.05) than 
in the carp fed supplementary extruded or pelleted 
feed. No significant difference was observed in the 
MUFA contents in the carp supplemented with ex-
truded and pelleted feed (p≥0.05). Among the indi-
vidual MUFAs, oleic acid (C18:1n-9) was the most 
abundant FA in the carp, and it was significantly 
higher (p≤0.05) in carp fed supplementary maize 
(50.43%) than in carp fed supplementary extrud-
ed (34.11%) or pelleted (37.83%) feed. Evidence in 
the literature (Farkas et al., 1978; Henderson, 1996) 
suggests that supplementary diets rich in carbohy-
drates (maize, wheat) lead to increased de novo syn-
thesis of oleic acid in the carp, which led to around 
1.5 times higher content of MUFAs in the carp fed 
supplementary maize compared to carp fed supple-
mentary extruded or pelleted feed.

The total PUFA content was the highest in carp 
supplemented with pelleted feed (33.48%), and was 
followed by carp supplemented with extruded feed 
(31.53%). The lowest PUFA content was observed 

in the carp supplemented with maize (12.89%). 
Differences in the PUFA contents between carps 
supplemented with extruded and pelleted feed were 
not statistically significant (p≥0.05), while carp sup-
plemented with maize contained significantly low-
er amounts of PUFAs (p≤0.05). However, the con-
tents of PUFAs in the carp were not correlated with 
the quantities of PUFAs in the supplementary feeds 
(58.00%, 58.18% and 58.91% in maize, extruded and 
pelleted feed, respectively). Linoleic acid (C18:2n-6) 
was the most abundant PUFA in carp, comprising 
10.19%, 25.01% and 28.01% of total FAs in carp sup-
plemented with maize, extruded and pelleted feed, re-
spectively. The linoleic acid (C18:3n-3) contents in 
the carps fed supplementary extruded and pelleted 
feed were 2.45 and 3.75 fold higher than in the carp 
fed supplementary maize, even though the content of 
this FA in the diets was similar (56.15%, 54.02% and 
54.96% in the maize, extruded and pelleted feed, re-
spectively). Literature data suggests that carp prefer-
entially retain PUFAs from diets (Böhm et al., 2014). 
This indicates that other effects (e.g. different meta-
bolic pathways, zooplankton levels in fishponds, etc.) 
apart from diets were involved (Henderson, 1996).

Carp supplemented with pelleted feed contained 
the highest proportion of n–6 PUFAs (30.14%), 
followed by carp supplemented with extruded 
feed (26.91%) and carp supplemented with maize 
(11.89%). The differences in the n-6 PUFA con-
tents were statistically significant (p≤0.05). The con-
tent of n–3 PUFAs was the highest in the carp sup-
plemented with extruded feed (4.62%), followed by 
the carp supplemented with pelleted feed (3.33%), 
and the lowest was in the carp supplemented with 
maize (1.00%). The differences were statistically sig-
nificant (p≤0.05). The proportion of linolenic acid, 
which was the most abundant n–3 PUFA in the carp, 
was the highest in the carp supplemented with pellet-
ed feed (2.53%), followed by the carp supplemented 
with the extruded feed (2.26%), and the lowest was in 
the carp fed supplementary maize (0.63%), which is a 
consequence of the linolenic acid content in the carp 
feed (Buchtová et al., 2007). The EPA (C20:5n-3) and 
DHA (C22:6n-3) contents were lower in the carp sup-
plemented with maize (0.11% and 0.13%, respective-
ly) and higher in the carp supplemented with extruded 
(0.58% and 1.01%, respectively) and pelleted (0.24% 
for both FAs) feed. The reason for higher quantities of 
EPA and DHA in the carp supplemented with extrud-
ed and pelleted feeds might be higher quantities of li-
nolenic acid in the diets and the increased digestibil-
ity of these diets, which affected their utilisation by 
the fish (Takeuchi, 1996). Some literature data (Böhm 
et al., 2014) indicate that different diets led to sig-
nificant variations in the MUFA, n–6 and n–3 PUFA 
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contents in the carp, as well as in our study. The low-
est n–6/n–3 ratio was established in the carp fed ex-
truded feed (5.83). Li et al. (2011) reported that low 
n3 PUFAs and high n6 PUFAs in the diets provided 
unfavourable n–6/n–3 ratios in the fish.

Data we obtained in this study indicate that nu-
tritional quality of common carp cultivated in com-
mercial farms was, to a great extent, influenced by the 
composition of the applied supplementary diets. Aside 
from selective retention of the FAs from the applied 
diets in carp tissue, the state of the ecosystem, the 
availability of the natural food in the fish farms, the 
genetic differences between carp, water temperature 
(which is closely related to regional climate), pond 

management system, etc. probably had additional in-
fluences on the nutritional quality of the carp (Mráz et 
al., 2012; Tkaczewska et al., 2014). However, Trbovic 
et al. (2016) reported that the applied pelleted feed in 
a semi-intensive farming system of carp manifested 
dominant influence compared to natural food.

Fatty acids expressed as fatty acid amounts 
(mg/100 g wf)

When FAs in the fish are expressed as mg of 
FAs per 100 g of wf (Table 3), the obtained data are 
more important for consumers and demonstrate the 
nutritional value of the fish consumed per specific 
fish serving (Karakatsouli, 2012).

Table 3.  FA composition of carp (Cyprinus carpio L.) (n=8) supplementary fed different diets (% of total 
FAs and mg/100 g wf)

Fatty acids
Carp1 Carp2 Carp3 

(% of total FA) (mg/100 g wf) (% of total FA) (mg/100 g wf) (% of total FA) (mg/100 g wf)
C14:0 0.71 ± 0.07b 58.30x 0.84 ± 0.07a 38.09y 0.46 ± 0.06c 25.55y

C15:0 0.09 ± 0.02b 7.20x 0.19 ± 0.04a 8.17x 0.13 ± 0.06b 7.26x

C16:0 18.73 ± 1.27a 1423.42x 17.81 ± 0.76ab 806.54y 16.76 ± 0.70b 886.76y

C16:1 6.95 ± 0.76a 541.68x 5.01 ± 0.83b 229.68y 3.47 ± 0.96c 189.85y

C17:0 0.12 ± 0.03b 10.37x 0.34 ± 0.08a 14.99x 0.18 ± 0.09b 9.85x

C18:0 5.16 ± 0.66a 390.99x 4.49 ± 0.28ab 203.02y 4.38 ± 0.50b 228.09y

C18:1n-9 50.43 ± 3.46a 3968.34x 34.11 ± 2.37c 1560.15y 37.83 ± 2.89b 2019.36y

C18:1n-7 2.67 ± 0.20a 211.93x 2.57 ± 0.18a 115.37y ND ND
C18:2n-6 10.19 ± 2.18c 737.25z 25.01 ± 1.73b 1125.34y 28.01 ± 1.56a 1476.88x

C18:3n-6 0.24 ± 0.05a 19.07x 0.34 ± 0.05a 15.64x 0.33 ± 0.16a 15.88x

C18:3n-3 0.63 ± 0.23b 54.62z 2.26 ± 0.23a 101.30y 2.53 ± 0.24a 133.42x

C20:1n-9 1.76 ± 0.26b 132.95x 1.76 ± 0.24b 80.27y 2.16 ± 0.17a 114.32x.y

C20:2n-6 0.31 ± 0.06c 23.76y 0.68 ± 0.09b 30.35y 0.98 ± 0.20a 52.76x

C20:3n-6 1.09 ± 0.17a 82.78x 0.88 ± 0.10b 39.61y 0.83 ± 0.09b 43.33y

C20:3n-3 0.04 ± 0.08b 2.82y 0.48 ± 0.11a 21.03x 0.07 ± 0.06b 6.36y

C22:1n-
9+20:4n-6 0.55 ± 0.12b 45.35x 1.35 ± 0.28a 59.34x 1.14 ± 0.51a 59.17x

C20:5n-3 0.11 ± 0.08b 8.62y 0.58 ± 0.14a 25.66x 0.24 ± 0.17b 12.09y

C22:5n-3 0.01 ± 0.02b 3.17y 0.28 ± 0.08a 12.47x 0.19 ± 0.12a 9.50x

C22:6n-3 0.13 ± 0.05b 11.04y 1.01 ± 0.27a 45.25x 0.24 ± 0.26b 12.79y

ƩSFA 24.57 ± 1.29a 1888.72x 23.66 ± 0.80a 1070.82y 21.91 ± 0.98b 1157.55y

ƩMUFA 61.77 ± 3.99a 4854.91x 43.45 ± 2.78b 1985.41y 43.46 ± 3.04b 2323.52y

ƩPUFA 12.89 ± 2.46b 944.94y 31.53 ± 2.41a 1416.65x 33.48 ± 1.96a 1763.01x

n-6 11.89 ± 2.29c 862.87z 26.91 ± 1.86b 1210.95y 30.14 ± 1.62a 1588.95x

n-3 1.00 ± 0.27c 72.57y 4.62 ± 0.64a 207.71x 3.33 ± 0.43b 175.57x

n-6/n-3* 11.89±2.53a 5.83±0.56c 9.05±0.81b

Legend: Values are means ± SD; a,b,c; Means (% of total FA) with different letters within the same row are significantly different 
(p≤0.05); x,y,z Means (mg/100 g) with different letters within the same row are significantly different (p≤0.05); wf wet fillet; n number 
of samples; Carp1 supplementary fed maize; Carp2 supplementary fed extruded feed; Carp3 supplementary fed pelleted feed; ND not 
detected; FA fatty acid; SFA saturated fatty acid; MUFA monounsaturated fatty acid; PUFA polyunsaturated fatty acid; * n-6/n-3 ratio
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The carp that were supplemented with maize 
cwontained significantly lower (p≤0.05) amounts 
of n–6 PUFAs than carp that were supplemented 
with extruded or pelleted feed. The amounts of n–3 
PUFAs were the highest in the carp supplemented 
with extruded and pelleted feed (p≤0.05). The quan-
tities of EPA) and DHA were higher in the carp that 
were supplemented with the extruded feed than in the 
carp supplemented with the pelleted feed. Due to the 
benefits of n-3 PUFAs on human health and particu-
larly the suppression of many diseases, the require-
ments for fish production and intake by humans is 
increasing worldwide (FAO, 2014). However, clini-
cal studies indicated that high amounts of n-6 PUFAs 
and high n-6/n-3 ratios promote the pathogenesis 

of many diseases, and an optimal n-6/n-3 ratio, be-
tween 1:1 and 4:1, is more desirable for reducing the 
risk of disease (Simopoulos, 2002). The n–6/n–3 ra-
tio we obtained was more nutritionally beneficial in 
the carp that were supplemented with the extruded 
feed (5.83) and this ratio is closer to the ratio which 
was suggested by Simopoulos (2002) as optimal one.

Statistical evaluation of data

PCA performed on the FAs expressed as a per-
centage of the total FAs in the 24 carp samples pro-
vided better insight into the data structure. A biplot 
of the PCA score values for the first two principal 
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Figure 2.  Biplot of PCA score values for the first two principal components of FAs expressed as percentage 
of the total FAs (Carp1 supplementary fed maize, Carp2 supplementary fed extruded feed,  

Carp3 supplementary fed pelleted feed)
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components of FAs expressed as a percentage of the 
total FAs is shown in Figure 2.

The analysis resulted in a two-principal-com-
ponent model that explained 71.6% of the total var-
iance. The first principal component (PC1) account-
ed for 43.2%, and the second (PC2) accounted for 
28.4%.

The score values for the first PC1 and PC2 of 
the FAs show that carp supplemented with maize 
(Carp1) were characterised by increased oleic, stear-
ic (C18:0), dihomo-γ-linolenic (C20:3n–6) and 
palmitoleic (C16:1) FA contents. The carp sup-
plemented with extruded feed (Carp2) were charac-
terised by higher contents of the DHA, eicosatrieno-
ic (C20:3n–3) FA, EPA and DPA (docosapentaenoic 
acid, C22:5n–3). Higher contents of eicosenoic 

(C20:1) and eicosadienoic (C20:2) FAs were ob-
served in the carp supplemented with the pelleted 
feed (Carp3). The PCA showed that the carp supple-
mented with the extruded or pelleted feed had great-
er linolenic, linoleic, and γ-linoleic (C18:3n–6) FA 
contents compared to the carp supplemented with 
maize.

Preliminary statistical evaluation showed that 
PCA was unsuitable to evaluate the FAs expressed 
as mg/100 g wf. Instead, LDA was applied. The first 
and the second discriminant function (Canonical1 
and Canonical2) were used to obtain the scoring 
coefficients. Canonical1 comprised 84.8%, while 
Canonical2 comprised 15.2% of the data vari-
ance. The canonical correlation, which involved 
Canonical1 and Canonical2, totalled 0.997 and 
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0.985, respectively. For discriminant analysis a total 
of 24 samples were used: eight samples from each 
group of fish. The number of misclassified samples 
was zero.

LDA of the FAs expressed as FA amounts 
(mg/100 g wf) is presented in Figure 3.

All three groups of carps are clearly separat-
ed with no overlaps. Carp1 (supplemented with 
maize) are grouped in the lower left part of the fig-
ure, and have negative values for Canonical1 and 
Canonical2. The Canonical1 and Canonical2 values 
for Carp2 (carp supplemented with pelleted feed) 
are positive, while Carp3 (carp supplemented with 
extruded feed) have positive values for Canonical1 
and negative values for Canonical2.

The differences in the FA contents among the 
groups strongly influenced the LDA grouping of 
the carp fed different diets. Carp1 differed from 
the other two groups (Carp2 and Carp3) based on 
dihomo-γ-linolenic FA contents. Carp2 differed 
from the other two groups based on palmitoleic 
FA content, and Carp3 differed from the other two 
groups based on the miristic FA content. The LDA 
of the FAs in the carp supplemented with different 

diets expressed as amounts of FAs (mg/100 g wf) 
shows that carp might be classified reliably based on 
the type of supplemental feed.

Conclusions

The results obtained in this study indicate that 
introducing supplementary diets containing extruded 
or pelleted feed instead of maize improved carp nu-
tritional quality. The obtained n–6/n–3 ratio is more 
nutritionally beneficial in the carp that were supple-
mented with the extruded feed, and this ratio is close 
to the optimal one. The PCA showed that the carp 
supplemented with the extruded or pelleted feed had 
greater linolenic, linoleic, and γ-linoleic FA contents 
compared to the carp supplemented with maize. The 
LDA of the FAs in the carp supplemented with dif-
ferent diets shows that carp might be classified re-
liably based on the type of supplemental feed. In 
general, great potential remains for improving feed 
quality and feeding strategy to achieve FA compo-
sitions of carp such that higher levels of n-3 PUFAs 
and more desirable n-6/n-3 ratios are obtained.
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Introduction

Different food choices in human history have 
resulted from complex interactions of nutritional re-
quirements, ecology, historical events and human 
logic or lack thereof (Anderson, 2005). Greenland 
Inuits consume more than 400 g of fish per day, 
vegans avoid animal-based food products while 
Maasai of Kenya and Tanzania mostly rely on 
meat and milk, but all of them have adequate nu-
trient consumption (Oniang’o, 2016; Jacob, 2016; 
Odusanya and Atanda, 2018). While our human an-
cestors ate to survive and maintain body tempera-
ture, for some of their modern descendants, food re-
quirements are far beyond the primary instinct for 
self-sustainment. For the contemporary human, 
gustatory, olfactory and visual attributes of food are 
undoubtedly important drivers of food choice and 
intake. Hence, the tendency for sensation-seeking 
and the desire to taste and explore the unknown and 
unfamiliar is deeply rooted in the long story of hu-
man evolution. In addition to this, food serves as 
a communication tool for defining one’s individu-
ality and is an indicator of religion, ethnicity and 
culture, lifestyle affiliation, class and other social 
groupings, and therefore, the maintenance of food 

habits can serve as a cohesive force in an unfamil-
iar environment (Kalenjuk et al., 2015; Henderikx, 
2017). In the modern world of hedonism, food shows 
off wealth, personal power and authority (Baltic et 
al., 2010). Moreover, consumption of special-status 
foods is utilised by elite groups and by people as-
piring to higher social ranking (Baltic et al., 2010). 
When it comes to health aspects of dietary habits, a 
vast number of literature sources over the last few 
decades have been focused on exploring the adverse 
effects of recent shifts towards indulgent, high-fat 
and high-sugar diets (Caplan, 2013). Nowadays, the 
limited time available for cooking at home and lack 
of cooking skills are the main barriers to the adop-
tion of healthy dietary choices. Therefore, mod-
ern consumers often search for pre-prepared food 
commodities that are nutritionally valuable, safe 
for use, free of additives and preservatives, afforda-
ble and feature similar sensory qualities to those of 
home-prepared food (García‑Linares et al., 2004; 
Kilibarda, 2010; Kalenjuk et al., 2015). Finally, 
apart from food’s contribution to human existence, 
longevity and physical sensations, food is intimate-
ly bound with one’s emotional state. The memories 
of personal events evoked by eating experience can 
provide strong and complex relationships to early 
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childhood experiences, or certain occasions in lat-
er life. From a psychological point of view, con-
sumer memory is a significant predictor of a food 
product’s success on the market. In this context, 
consumer memory encompasses the emotions ex-
perienced during eating and the after-effects of the 
meal all weighted and integrated by the person in 
an individual way. This emotional content from past 
eating experiences forms the basis for every con-
sumer’s future expectations, as well as for their per-
ception and appreciation of food. In spite of their 
importance, emotional responses to food triggered 
by events such as memories of a grandmother’s cui-
sine, dinner with friends or fine dining on exotic 
trips have been often neglected in food-related con-
sumer research (Drpic and Vukman, 2014; Köster 
and Mojet, 2015).

The aim of this paper is to consider the poten-
tial benefits and risks associated with consumption 
of sous vide food. Sous vide is a modern food prep-
aration technique that addresses the expectations 
of demanding consumers for minimally processed, 
safe, nutritionally valuable food which has visu-
al appeal, smell, taste and texture comparable with 
those of fresh food (Schellekens, 1996).

Brief history

The French term sous vide means “under vacu-
um”. In contrast to conventional food, sous vide food 
is vacuum-sealed in heat-stable, food-grade plas-
tic pouches, and subjected to precisely monitored 
temperatures over a pre-determined period of time 
(Schellekens, 1996; Baldwin, 2012). In recent dec-
ades, this sophisticated technique has been applied 
to plant foods, such as green bean pods, red cabbage, 
carrots and other root vegetables (Iborra‑Bernad et 
al., 2013; Iborra‑Bernad et al., 2014a; Trejo Araya 
et al., 2009), as well as meat (Vaudagna et al., 2008; 
Sánchez del Pulgar et al., 2012; Roldán et al., 2015; 
Botinestean et al., 2016) and fish (Gonzalez‑Fandos 
et al., 2004; Picouet et al., 2011; García‑Linares et 
al., 2014; Espinosa et al., 2015; Dimitrijevic et al. 
2015). While sous vide cooking has been a part of 
the food industry for years, primarily because of its 
price and efficiency, in recent times, it has become 
more affordable for application in households and 
restaurants.

The modern era of sous vide cooking began in 
the 1970s when French biochemist and microbiol-
ogist Bruno Goussault observed that by using low 
temperatures (about 60°C) to cook vacuum packed 
beef, tender cuts with a juicy texture could be pre-
pared, and according to him, that was exactly what 

consumers expected. The low-temperature food 
processing resulted in a final product that had bet-
ter sensory attributes compared to conventionally 
prepared food. In contrast to Goussault, who has 
been researching the application of sous vide tech-
niques in the food industry, European chefs have 
questioned the possibility of using sous vide tech-
niques in restaurant kitchens (Keller, 2008). These 
directions of research (scientific and culinary) have 
resulted in two different applications of the sous 
vide cooking: one is in the food industry and serves 
for production of thousands of ready-prepared 
frozen meals in factory conditions, which are in-
tended for home use after reheating; the other ap-
proach employs sous vide in restaurants and hotels 
for preparation of meals intended for uninterrupted 
in-house usage (Nyati, 2000). Nowadays, the ex-
pansion of the sous vide food market is driven by 
emerging circumstances – fewer family meals are 
prepared at home because employed parents face 
everyday challenges, struggling to integrate inflex-
ible working hours and family lives (Devine et al., 
2006), while at the same time, the numbers of sin-
gle and senior households in developing countries 
are growing, with people who are determined and 
have time to improve their dietary habits by adopt-
ing new cooking techniques. Apart from home 
consumers, the potential users of sous vide cook-
ing techniques include commercial catering, food 
retailers, hotels and restaurants, airlines, trains, 
cruise ships, defence forces, hospital kitchens, the 
health-food market and schools (Nyati, 2000).

Sous vide equipment

The preparation of sous vide food necessi-
tates higher training and monitoring costs as well 
as specialised equipment including: a) water bath 
or steam oven, b) vacuum packaging machine, c) 
pouches/vacuum bags, and d) needle thermometer. 
The vacuum packaging machine eliminates the air 
from the food packaging and draws different de-
grees of vacuum depending on the type of food-
stuff, then seals the package so it remains imperme-
able to air. As regards vacuum degree, high pressure 
is not recommended for sous vide processing of 
fish fillets, since the texture of fish is very gen-
tle, and strong pressure would damage the tissue. 
This type of food cannot be completely vacuumed, 
and the residual pressure inside the package typi-
cally amounts to 100–120 mbar. On the other hand, 
sous vide processing of root vegetables utilises high 
pressure in order to achieve the most efficient ther-
mal treatment. For firm and physically resistant 
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food ingredients, the residual pressure inside the 
package can be as low as 10–15 mbar. Plastic pol-
ymers for sous vide vacuum bags must have cer-
tain features: they must be temperature- and pres-
sure-resistant, must have low permeability to gases 
and moisture, and must have the chemical compo-
sition to provide limited migration of plastic resi-
dues to food (De Baerdemaeker and Nicola, 1995; 
Schellekens, 1996).

After sealing, the plastic pouches are com-
pletely immersed in a water bath or placed into a hot 
steam oven, in which the temperature is constantly 
monitored and adjusted (Carlin, 2014). The needle 
thermometer, which is used to monitor the tempera-
ture of cooking, should be regularly calibrated by an 
accredited laboratory.

Processing of sous vide foods

Sous vide cooking encompasses two types 
of products that differ in their production pat-
terns – cook-hold or cook-serve and cook-chill 
or cook-freeze food (Stringer and Metris, 2018). 
Cook-hold or cook-serve sous vide techniques are 
intended for uninterrupted food processing in res-
taurants and households and include the following 
steps: food preparation, vacuum packaging, heating 
or pasteurising, finishing and serving. On the other 
hand, cook-chill or cook-freeze sous vide techniques 
include food preparation, vacuum packaging, heat-
ing or pasteurising, and finally refrigerating or rapid 
freezing in industrial conditions. This ready-to-take 
type of sous vide product is intended for use at 
home after reheating or re-thermalising and serving 
(Baldwin, 2012).

In contrast to conventional cooking, the tem-
peratures of sous vide processing are typically in the 
range from 65 to 95°C, with temperatures commonly 
exceeding 70°C, but not 100°C (Schellekens, 1996; 
Carlin, 2014). There are four general time-tempera-
ture regimes for sous vide processing: i) 90°C for 10 
minutes; ii) 70°C for 2 minutes (this process results 
in a large log reduction of vegetative cells, without 
affecting spores, and the products obtained by appli-
cation of this temperature-time regime are usually 
frozen after processing); iii) minimum heating pro-
cess with optional pasteurisation; and iv) light pro-
cessing, which refers to neither cooking nor pasteur-
isation (Steward and Onyeaka, 2015).

The lowest sous vide temperatures are applied 
to fish, seafood and meat processing (50–75°C, with 
an average temperature of 55°C) and maintained for 
several hours or even days, while the highest tem-
peratures of 90–100°C (with an average temperature 

of 85°C) are applied to vegetable processing, which 
typically takes only a few minutes. For red meat 
which is cooked for less than 4 hours, the average 
temperature is 56°C, while for red meat which is 
cooked for 4 hours or more, the average tempera-
ture is up to 60°C. The average sous vide tempera-
ture for poultry is 63.5°C, egg products are prepared 
at 64.5°C and dairy products at 82°C (Stringer and 
Metris, 2018).

The shelf-life of sous vide products depends on 
both the temperature-time treatment and the storage 
temperature, and typically ranges from 6 to 42 days 
(Schellekens, 1996; García‑Linares et al., 2004).

The advantages of sous vide food

The current evidence from relevant literature 
suggests that sous vide food has a number of ad-
vantages, and the most important benefits of sous 
vide food are associated with, but not limited to: 
prevention of aerobic bacterial growth, low-risk of 
contamination after the packaging step, efficient 
heat transfer from oven or water to the food in-
side the package, minimal loss of volatile flavour 
compounds and moisture during thermal process-
ing, superior sensory quality of product and inhibi-
tion of oxidation and related off-flavours (Carlin, 
2014). Continuously monitored conditions con-
tribute significantly to the success of sous vide 
techniques, to the extent that some authorities con-
sider the name “precise cooking” more appropriate 
for this type of thermal processing than the cur-
rent designation (Keller, 2008). Furthermore, fol-
lowing a specific processing regime results in food 
product of consistent, reliable and reproducible 
sensory qualities that strongly affects consumers’ 
loyalty.

Plastic foil prevents the loss of aromatic vol-
atile compounds and water during sous vide cook-
ing, which enhances sensory attributes and con-
tributes to juiciness and tenderness of meat. 
Additionally, the meat, compressed during the sous 
vide packaging, retains many of its desirable qual-
ities, palatability, natural colour and the shape into 
which it has been formed, and this fresh appear-
ance of meat is pleasing and acceptable to consum-
ers (Roascio‑Albistur and Gámbaro, 2018). Roldán 
et al. (2015) reported the formation of volatile com-
pounds in the amino acid-involved reactions dur-
ing sous vide processing of lamb meat. As suggest-
ed, the aromatic volatiles were associated with a 
specific savoury flavour, due to which fewer spices 
and less salt was required.
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In addition to this, mild sous vide thermal treat-
ment has a superior capability to preserve nutrition-
al value of food (Baldwin, 2012; Iborra‑Bernad et 
al., 2013, 2014a; Kosewski et al., 2018) and to min-
imise the generation of chemical species known 
for their deleterious effects on human health, such 
as heterocyclic amines and polycyclic aromatic hy-
drocarbons. Mutagenic and carcinogenic poly-
cyclic aromatic hydrocarbons and the main com-
pound of concern in this group, benzopyrene, are 
formed during the incomplete combustion or py-
rolysis of organic material and become concentrat-
ed in well-cooked meat during charcoal-broiling, 
grilling and traditional smoking (Kilibarda et al., 
2009), but do not form during sous vide process-
ing. Due to the fact that sous vide’s plastic pouch-
es prevent direct contact between food and oxygen, 
the oxidation of plant pigments, chlorophyll and ca-
rotenoids is limited and the colour of vegetable tis-
sue is preserved (Rondanelli et al., 2017). Food col-
our is known to be one of the most desirable sensory 
attributes associated with freshness (Baltic et al., 
2007). Iborra‑Bernad et al. (2014a) found sous vide 
red cabbage had brighter colour, more intensive taste 
and aroma, and higher anthocyanin content than tra-
ditionally cooked cabbage.

Physicochemical characteristics of sous vide 
foods

Sous vide foods are commonly prepared with-
out the additives widely used in traditional food pro-
duction. The pH and water activity of sous vide foods 
are similar to those of the raw ingredients. In order 
to enhance the taste, salt is often added, but in con-
centrations that do not affect water activity, which is 
reported to be over 0.98, and even more often over 
0.99 in final sous vide product (Carlin, 2014).

Because of the elimination of air/oxygen dur-
ing vacuum packaging, sous vide foods provide ei-
ther strictly anaerobic conditions or contain a small 
amount of residual air/oxygen that should theoreti-
cally inhibit the growth of strictly anaerobic bacte-
ria. However, this is not the case in practice – it has 
been shown that growth and reproduction of strict 
anaerobes is possible despite the presence of low 
levels of oxygen (Baldwin, 2012; Djordjevic et al., 
2016; Stringer and Metris, 2018). Due to the fact 
that the physicochemical features of sous vide foods 
are suitable for the growth of a wide range of bac-
teria, which is further supported by low process-
ing temperatures, much of the research dealing with 
sous vide processing has been focused on the micro-
biological safety of sous vide products.

The safety of sous vide products

The research dealing with sous vide food and 
related issues since the 1990s has mainly focused 
on exploring the effects of sous vide cooking on ex-
tending food sustainability. Apparently the research 
outcomes and contribution to knowledge in the field 
of food science have been substantial, since to date, 
no case of foodborne disease caused by sous vide 
food has been recorded in scientific literature (Peck 
et al., 2006).

The majority of sous vide processing includes 
long-term (in the bacteriological sense) treatment in 
the temperature danger zone between 4 and 60°C. 
Such circumstances would normally allow path-
ogens to grow and reproduce to numbers that are 
sufficient to cause foodborne disease (Stringer and 
Metris, 2018). The safety of sous vide products most-
ly relies on: (i) temperature control during cooking, 
(ii) rapid cooling, and (iii) temperature control dur-
ing storage (Schellekens, 1996; Gonzalez‑Fandos et 
al., 2005).

As shown by a number of studies, the presence 
of pathogens in final sous vide products most like-
ly results from those microorganisms being in raw 
ingredients and surviving during processing. The 
pathogens of concern in sous vide food can be di-
vided into four categories. The first category is that 
of the vegetative bacteria that are unable to grow 
at refrigeration temperatures, such as Escherichia 
coli, Salmonella, Vibrio, Staphylococcus aureus and 
Campylobacter. These bacteria are predominant-
ly inactivated by pasteurisation. The second cat-
egory includes vegetative bacteria that can grow 
and reproduce at refrigeration temperatures such as 
Listeria monocytogenes, Yersinia and Aeromonas. 
Most of these bacteria are sensitive to pasteurisa-
tion temperatures, but some cells can survive mild 
heat treatment. The third category of concern is the 
psychrotrophic spore-forming pathogenic bacte-
ria that are able to survive pasteurisation treatments 
and then grow and reproduce at low storage temper-
atures (Church and Parsons, 1993). These include 
non-proteolytic Clostridium botulinum, enterotox-
igenic E. coli and spore-forming, psychrotroph-
ic Bacillus cereus. Finally, the fourth category is 
the mesophilic spore forming bacteria that are able 
to survive pasteurisation treatments, but are una-
ble to grow and reproduce at refrigeration temper-
atures, such as proteolytic Clostridium botulinum, 
mesophilic B. cereus and Clostridium perfringens 
(Stringer and Metris, 2018).

Vacuum packed sous vide food could provide 
favourable conditions for the growth and repro-
duction of anaerobic bacteria, ideal for one of the 
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major biological hazards cited for sous vide process-
ing, C. botulinum (Nyati, 2000). Clostridium botuli‑
num type E is able to grow and produce toxin at 3°C 
(Briley, 1992; Jay, 1992; Gould, 1999; Kilibarda, 
2010). Furthermore, any leakages in the seal and/
or packaging bags could result in contamination of 
sous vide product with other types of pathogens dur-
ing production or storage (Nyati, 2000).

Cook-hold or cook-serve sous vide techniques 
are considered relatively safe due to the fact that the 
food is consumed immediately after preparation, 
usually with a delay of not longer than two hours, 
during which food is stored at temperatures above 
54.4°C to prevent or slow down the reproduction of 
pathogenic bacteria (Baldwin, 2012; Carlin, 2014; 
Stringer and Metris, 2018). For these types of sous 
vide products, the pathogenic bacteria of concern 
are Salmonella and pathogenic E. coli because they 
are relatively heat resistant and a small number of 
vegetative bacteria can cause alimentary infection in 
immunocompromised people (Baldwin, 2012).

On the other hand, cook-chill or cook-freeze is 
more popular, involving food products that are con-
sumed reheated after days or weeks of cold storage. 
In these foods, the pathogenic bacteria of concern 
are L. monocytogenes, B. cereus and C. botulinum 
(Baldwin, 2012, Carlin, 2014; Stringer and Metris, 
2018). L. monocytogenes is generally considered to 
be the most heat-resistant vegetative pathogen, and 
in food with high water activity, it can grow anaer-
obically below 4°C (Dimitrijevic et al., 2008). For 
this reason, pasteurisation is a critical control point 
for the prevention of Listeria growth in cook-chill 
or cook-freeze sous vide food. The European Union 
guidelines recommend the minimum heat treatment 
for sous vide pasteurisation is equivalent to heating 
at 70°C for two minutes (ECFF, 2006; Stringer and 
Metris, 2018).

B. cereus and C. botulinum are considered im-
portant pathogens in heat-treated foods, because of 
their ability to produce spores and toxins. Therefore, 
the recommended shelf-life of sous vide foods is 
limited to 10 days (Peck et al., 2008), except if the 
storage temperature is below 2.5°C, when shelf-life 
should not exceed 90 days (Baldwin, 2012). 
According to Baldwin (2012), shelf-life and stor-
age temperature of sous vide foods are critical fac-
tors for preventing spores of non-proteolytic C. bot‑
ulinum from outgrowing and producing neurotoxin. 
Although sous vide vacuum packs contain some re-
sidual oxygen, it might not be sufficient to inhib-
it the growth and reproduction of strictly anaerobic 
species such as Clostridium, which could grow in-
side the product (Kilibarda, 2010; Carlin, 2014).

It should be noted that consumption of sous 
vide food could be also associated with non-bac-
terial infection or intoxication risks from Norwalk 
virus, Rotavirus and hepatitis viruses, and par-
asites such as Trichinella, Taenia, Toxoplasma, 
Cryptosporidium and Giardia. It is very important 
to design guidelines for the safe production of un-
heated foods where the presence of such pathogens 
is a risk (Stringer and Metris, 2018). Proper design 
and implementation of a hazard analysis and criti-
cal control point (HACCP) system with its prereq-
uisite programes (good manufacturing practice/good 
hygienic practice) is considered the best preventive 
measure for foodborne illnesses generally. The food 
safety criteria related to biological hazards for sous 
vide processing are mainly based on HACCP, which 
is recommended at all stages of sous vide produc-
tion, storage and distribution for control of microbi-
ological and other hazards. This includes trained per-
sonnel using specialised time-temperature recorders 
to monitor potential temperature abuse at all stag-
es of production and storage (Roascio‑Albistur and 
Gámbaro, 2018). Furthermore, the use of high-qual-
ity, HACCP-controlled ingredients is critical for as-
suring high-quality and safety of final products, as is 
the uniform heating of the food that is achieved by 
complete soaking in a water bath.

The optimal growth temperature of most path-
ogenic bacteria is between 30 and 50°C, whereas in-
hibition of bacterial growth and reproduction starts 
at temperatures above 52.3°C. Thus, the core tem-
perature of sous vide food during processing should 
not be below 54.4°C and it should be maintained for 
6 hours. When the prepared sous vide food is served 
immediately after thermal processing, no risk of 
pathogen growth exists. However, if sous vide prod-
uct is frozen for later use, freezing must be conduct-
ed rapidly and immediately following the thermal 
procedure to prevent/limit risks, e.g. toxin produc-
tion by C. perfrigens during the formation of spores. 
Furthermore, storing sous vide food in vacuumed 
pouches is appropriate for preventing recontamina-
tion, while toxin production by C. botulinum and B. 
cereus is prevented by proper storing at correct tem-
peratures in a refrigerator or freezer (Baldwin, 2012; 
Stringer and Metris, 2018).

The nutritional quality of sous vide food

The fact that sous vide food is processed in low 
oxygen environments, under mild and precisely con-
trolled temperatures is important for preserving the 
nutritional content of final product without ignor-
ing consumers’ sensorial experience and satisfaction 
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(Iborra‑Bernad et al., 2014b). In contrast to conven-
tional cooking, the plastic pouches used in sous vide 
minimise the loss of minerals and can enhance their 
bioavailability (Ronadelli et al., 2017). Da Silva et 
al. (2017) confirmed these findings by exploring 
the bioavailability of calcium, cooper, iron, potassi-
um and magnesium from bovine liver. In addition to 
this, sous vide food processing is superior than wide-
spread steaming and boiling in terms of preventing 
the loss of vitamins, particularly those most vulner-
able to high temperatures and the presence of oxy-
gen, including thiamine (vitamin B1), riboflavin (vi-
tamin B2) and ascorbic acid (vitamin C) (Petersen, 
1993; Creed, 1995). Furthermore, the content of an-
thocyanins and polyphenols in sous vide vegetables 
remains comparable to that of fresh plants (Baardset 
et al., 2010; Iborra‑Bernad et al., 2015; Renna et 
al., 2014), and a number of studies have confirmed 
that sous vide red onion, shallot, broccoli, toma-
to, green beans, artichokes, carrots, parsley root 
and cauliflower retain their antioxidative potential 
(Kosewskia et al., 2018; Guillén et al., 2017).

Adding small amounts of fat to food ingredi-
ents prior to vacuum sealing prevents adhesion of 
proteins to the pouch cooking surfaces and improves 
texture, juiciness and flavour of final product. The 
plastic barrier significantly limits diffusion of ox-
ygen into the food and subsequent oxidation of li-
pids, which is important for preserving the quality 
and health benefits of essential polyunsaturated fatty 
acids in human nutrition (Pavlicevic et al., 2014). As 
confirmed by Schellekens (1996), the oxidation of 
unsaturated fatty acids was less pronounced in sous 
vide fish than in fish prepared at the higher tempera-
tures during traditional cooking.

Conclusions

Sous vide food processing confers numerous 
advantages with regards to the quality of the final 
products, primarily the preservation of nutritional 
ingredients in foods, and the excellent sensory char-
acteristics such as well-preserved colours, rich fla-
vours, and intense tastes. Sous vide satisfies, to a 
significant extent, the demands of consumers who 
are searching for quality, nutritionally valuable food 
with sensory properties similar to those of raw food. 
As regards safety of sous vide food, special attention 
should be paid to choice of raw ingredients, contin-
ual control of processing (temperature/time regime), 
temperature control during storage and proper deter-
mination of shelf-life of the final product. While sous 
vide food products can be considered safe, this does 
not mean that foodborne illness outbreaks will nev-
er happen, particularly when having in mind the spe-
cific features of sous vide processing, i.e. mild heat 
treatment and avoidance of preservatives. Therefore, 
it is important to strictly adhere to the requirements 
of prerequisite programs (good manufacturing prac-
tice/good hygienic practice) and to safety criteria 
based on the HACCP approach. As a modern food 
preparation technique, sous vide provides opportu-
nities for restaurants and food industries to expand 
their product base and, thus, achieve greater profits 
and become more competitive on the market. By ap-
plying well-designed marketing, sous vide process-
ing should help food manufacturers gain consumers 
who are interested in healthy diets and new food ex-
periences.

Disclosure Statement: No potential conflict of interest was reported by the authors.
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Introduction

Honey is a sweet and flavourful natural product 
produced by honey bees, Apis mellifera, and which is 
consumed for its high nutritive value and its contri-
bution to consumer health (Habib et al., 2014). The 
composition of honey is variable and depends on its 
floral source or botanical origin and geographical re-
gion (Ivanovic et al., 2015; Matovic et al., 2018). 
The quality of honey is mainly determined by phys-
ico-chemical and microbiological characteristics. 
The physico-chemical quality criteria of honey are 
well specified by the EC Directive 2001/110 (EU, 
2002) and national regulations (Official Gazette, 
2009; Official Gazette, 2011). The major criteria of 
interest are moisture content, electrical conductiv-
ity, ash, reducing sugars, free acidity, diastase ac-
tivity and hydroxymethylfurfural (HMF) content 
(Alvarez‑Suarez et al., 2010; Lazarevic et al., 2012). 
The manipulation of honey (heating) and its possible 
adulteration is reflected by many of these parameters 
(Celechovská and Vorlová, 2001; Karabagias et al., 
2017). Damage caused by heating can be evidenced 

by measuring quality control parameters, such as di-
astase activity and hydroxymethylfurfural (HMF) 
content (Bodganov et al., 1997; Tosi et al., 2008). 
HMF is usually absent in fresh and untreated hon-
ey (Matovic et al., 2018), but its concentration is re-
ported to increase as a result of heating processes 
(Fallico et al., 2006) or due to long storage. For this 
reason, HMF is a recognized parameter related to the 
freshness and quality of honey. Also, the activity of 
diastase is related to its structure, which can be mod-
ified by denaturation and heating (Tosi et al., 2008).

Bosnia and Herzegovina produces different 
types of honey, since honey production is a tradi-
tional practice well-implemented in several regions. 
The detailed characterisation of the different honey 
types existent in Bosnia and Herzegovina is impor-
tant, because it will allow the establishment of tech-
nical specifications, thus limiting the possibility of 
adulteration (Grujic and Komic, 2012). Honey qual-
ity must be analytically controlled with the aim of 
guaranteeing its declared specifications. Also, con-
sumers have increasing interest in monofloral hon-
eys (acacia, linden, sunflower etc.) to the detriment 
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of multifloral honeys (blossom honey). According 
to other research, honey has functional properties 
which promote human health (Giorgi et al., 2011).

The information available on the physico-chem-
ical characteristics of honeys of differing botani-
cal origins produced in Bosnia and Herzegovina is 
limited. Therefore, the current study was conduct-
ed to assess the physico-chemical properties compo-
sition of honeys (acacia, sage, linden, chestnut, hon-
eydew and blossom honey) available in Bosnia and 
Herzegovina during 2016−2017.

Materials and methods

A total of 78 honeys (nineteen samples of aca-
cia, three samples of sage, eight samples of lin-
den, three samples of chestnut, three samples of 
honeydew and forty-two samples of blossom hon-
ey) collected from different locations in Bosnia and 
Herzegovina (BiH) (Figure 1) during 2016−2017 
were provided by the Food Safety Agency of BiH 
(http://www.fsa.gov.ba/fsa/bs/). Among the 78 hon-
eys, 26 were imported (from Serbia or Croatia), 
while 52 were produced by local beekeepers, but 
purchased on the retail market. The botanical or-
igin of all honeys was established based on their 

declarations, sensory characteristics and geograph-
ical origins. All honeys were kept in their original 
packages at 20−21°C in the dark before laboratory 
analysis. Triplicate samples of each honey were then 
taken to establish physico-chemical parameters.

All physico-chemical parameters of honey were 
investigated using International Honey Commission 
(2009) recommended standard methods or official 
analysis methods from the Association of Official 
Analytical Chemists (AOAC, 1990). Physico-chemical 
parameters of honey were evaluated according to 
the BiH regulation (Official Gazette, 2009; Official 
Gazette, 2011) and European Council Directive 
2001/110/EC (2002). The minimum quality require-
ments for honey’s physico-chemical parameters ac-
cording to these regulations are presented in Table 1.

The reducing sugar and sucrose contents were 
analysed following Codex Alimentarius Committee 
on Codex standard for honey (2001), using HPLC 
with refractometric detection, with results present-
ed in percent (%). The moisture content was estimat-
ed from the refractive index of all honey samples, us-
ing an ABBE refrectometer (CETI, Medline, UK). All 
measurements were performed at 20°C, after waiting 
for 6 min for equilibrium and results were convert-
ed to percent (%). Electrical conductivity (EC) was 
determined in a 20% (w/v) honey solution using a 

Figure 1.  Map of the geographic origins of examined honeys from Bosnia and Herzegovina
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conductometer (CyberScan, Thermo Scientific). The 
method for the determination of EC is described in 
Bogdanov et al. (1997), and results are presented as 
mS/cm. Determination of HMF was by the Winkler 
method, according to the Harmonised Methods of the 
European Honey Commission (Bogdanov et al., 1997). 
A Shimadzu UV-1800 spectrophotometer was used, 
and results are presented as mg/kg. Diastase activity 
was measured according to the Harmonised Methods 
of the European Honey Commission (Bogdanov et 
al., 1997), expressed as the diastase number, Schade 
units. The free acidity was determined by the titrimet-
ric method (using NaOH and HCl). The solution was 
titrated with 0.05N NaOH at a rate of 5 ml/minute un-
til pH 8.50 was achieved, and results are presented as 
mEq/kg. Water-insoluble content was measured by 
the gravimetric method and is expressed as % of ma-
terial insoluble in water. Twenty grams of honey were 
diluted with water and filtered and washed carefully. 
The presence of sugars was tested by the addition of 
1% phloroglucinol in ethanol to some filtrate and then 

a few drops of concentrated sulphuric acid. The cru-
cible was dried at 135°C for an hour. The following 
equation was used (where m = mass of dried insoluble 
matter and m1 = mass of honey taken):

Insoluble Matter (%) = m/m1  × 100
Analysis of the results was conducted us-

ing GraphPad Prism version 7.00 for Windows 
(GraphPad Software, San Diego, CA, USA, www.
graphpad.com). All parameters are described by 
means±standard deviation. Pearson’s correlation (r) 
was used to determine relationships among different 
physico-chemical parameters.

Results and discussion

Table 2 illustrates the sugar content (reducing 
sugar and sucrose contents) of different honeys. The 
mean reducing sugar content of the examined hon-
eys ranged from 59.57±12.93 g/100g (honeydew) to 

Table 1.  Values of physico-chemical parameters for honey, according national and international regulations 
(Official Gazette, 2009; Official Gazette, 2011; Council Directive 2001/110/EC, 2002)

Parameter Criteria*
Glucose and fructose content Blossom honey 60 ≤

Honeydew honey, blends of honeydew honey with 
blossom honey 45% ≤

Sucrose content In general: Not more than 5%
Moisture In general: Not more than 20%
Electrical Conductivity In general: Not more than 0.8

mS/cm
HMF In general: Not more than 40 mg/kg
Diastase activities In general: Not less than 8
Water-insoluble content In general: Not more than 0.1%
Free acidity In general: Not more than 50 meq/kg

* The criteria for physico-chemical parameters of honeys of declared origin are presented in detail in regulations (Official Gazette, 
2009; Official Gazette, 2011; Council Directive 2001/110/EC, 2002).

Table 2.  Reducing sugars and sucrose in honeys (n=78) of differing botanical origins  
(mean ±standard deviation)

Botanical origin Reducing Sugars (g/100g) Sucrose (g/100g)
Acacia (n=19) 72.26±6.53 2.55±1.06
Sage (Salvia officinalis L.) (n=3) 72.80±2.80 2.63±1.00
Linden (n=8) 73.36±3.99 2.44±1.25
Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 73.57±5.62 1.73±0.45
Honeydew (n=3) 59.57±12.93 2.47±0.89
Blossom (n=42) 71.11±6.20 2.95±1.51
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73.36±3.99 g/100g (chestnut). Reducing sugar lev-
els in all honeys was acceptable according to Codex 
Alimentarius (2001), except honeydew honey, 
which had a value (59.57±12.93 g/100g) lower than 
the Codex limit. El Sohaimy et al. (2015) showed 
that fructose and glucose are the dominant sugars in 
honey, and together, they make up the reducing sug-
ars specified in the international standard for hon-
ey established by Codex Alimentarius Commission 
(with a level of not less than 60 g/100 g) (Codex 
Alimentarius, 2001).

The sucrose content of the examined honeys 
was from 1.73±0.45 g/100 g (chestnut) to 2.95±1.51 
g/100 g (blossom). All honeys had acceptable su-
crose content according to national and international 
regulations, which state sucrose should be not more 
than 5 g/100 g (Codex Alimentarius, 2001).

Several previous studies have been published 
on the use of physico-chemical parameters for char-
acterisation of honeys from different production re-
gions (Piazza and Persano, 2004, Mărghitaş et al., 
2009; Grujic et al., 2011; Grujic and Komic, 2012; 
Lazarevic et al., 2012; Matovic et al., 2018). As the 

result of comparing quality characteristics, water 
content, electrical conductivity and free acidity of 
honey were the most important parameters for clas-
sification of analysed honeys according to their ge-
ographical origin. The moisture contents and elec-
trical conductivities of the honeys are presented in 
Table 3. The moisture content in all honeys indicat-
ed a proper degree of maturity, in compliance with 
the national and international regulations, which 
state moisture in honey should be not more than 
20% (Official Gazette, 2009; Official Gazette, 2011; 
Council Directive 2001/110/EC, 2002). This param-
eter is very important for the shelf life of honey dur-
ing storage. The moisture contents of Bosnia and 
Herzegovinian honeys were similar to previously 
reported moisture levels in other European honeys 
(Oddo and Piro, 2004; Lazarevic et al., 2012; Grujic 
and Komic, 2012; Matovic et al., 2018).

The electrical conductivity of the examined 
honeys is shown in Table 3. The lowest mean elec-
trical conductivity was obtained for acacia hon-
ey (0.13±0.15 mS/cm) and the highest mean elec-
trical conductivity was measured in chestnut 

Table 3.  Moisture content and electrical conductivity of honeys (n=78) of differing botanical origins  
(mean ±standard deviation)

Botanical origin Moisture (%)
Electrical 

Conductivity (mS/
cm)

Acacia (n=19) 16.00±1.33 0.13±0.15

Sage (Salvia officinalis L.) (n=3) 17.49±0.28 0.17±0.10

Linden (n=8) 16.71±0.98 0.16±0.08

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 16.63±1.00 0.48±0.19

Honeydew (n=3) 15.54±0.75 0.27±0.19

Blossom (n=42) 16.86±1.38 0.31±0.28

Table 4.  HMF and diastase activity of honeys (n=78) of differing botanical origins  
(mean ±standard deviation)

Botanical origin HMF (mg/kg) Diastase activity 
(Schade number)

Acacia (n=19) 31.36±33.87 10.19±8.33

Sage (Salvia officinalis L.) (n=3) 44.67±53.61 11.07±10.27

Linden (n=8) 24.25±16.80 18.86±10.53

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 32.37±8.06 14.83±7.25

Honeydew (n=3) 18.37±8.41 12.73±11.03

Blossom (n=42) 30.79±50.68 23.37±14.35
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honey (0.48±0.19 mS/ cm). Electrical conductivity 
is a good criterion for the botanical origin of hon-
ey (Adenekan et al., 2010). The honeys from dif-
ferent botanical and geographical origins in Bosnia 
and Herzegovina were within the standard limit (not 
more than 0.8 mS/cm) (Codex Alimentarius, 2001).

The HMF and diastase activity of honey avail-
able in Bosnia and Herzegovina is reported in Table 
4. HMF concentrations of honeys ranged from 
18.37±8.41mg/kg (honeydew) to 44.67±53.61 mg/
kg (sage honey). However, HMF concentrations of 
some samples of acacia, sage, linden, and blossom 
honey were above the maximum limit of 40 mg/kg 
as recommended by European Union (EU Directive 
110/2001). The high concentration HMF is report-
ed to have genotoxic effects and mutagenic potential 
on humans (Janzowski et al., 2000). Several factors 
have been reported to influence the levels of HMF, 
such as temperature and time of heating, storage 
conditions and floral source (Fallico et al., 2006; 
Anacleto et al., 2009; Vranic et al., 2017; Matovic 
et al., 2018). Also, previous studies on HMF in hon-
ey have reported a considerable increase in its con-
centration when honey is stored at room temperature 
(Khalil et al., 2010). Turhan (2009) demonstrated 

that honey should be consumed within six months 
of harvesting.

The mean diastase activities of the honeys 
were from 10.19±8.33 (acacia) to 23.37±14.35 
Schade units (blossom). The current law stipulates a 
minimum value of 8.00 Schade units (EU Directive 
110/2001). Same samples of all our honeys were less 
than than 8 Schade units. Similar to HMF content, 
the activity of diastase can be used as an indicator of 
heating, if the honey has been subjected to heating 
above 60°C (Matovic et al., 2018). Tosi et al. (2008) 
showed that diastase activity loss occurred as tem-
perature increases, and decrease in diastase activi-
ty was more evident at higher rates of temperature 
increase.

Table 5 shows the water-insoluble content 
and free acidity of our honeys. The honeys ana-
lysed had water-insoluble contents ranging from 
0.01±0.009 g/100g (sage honey) to 0.46±1.15 g/100g 
(linden honey). Acacia, sage, chestnut, honeydew 
and blossom honeys had the greatest water-insoluble 
contents. Linden honey had values higher than the 
maximum limit of water-insoluble contents allowed 
by BiH legislation (0.1 g/100g) (Official Gazette, 
2009; Official Gazette, 2011). This physico-chemical 

Table 5.  Water-insoluble content and free acidity of honeys (n=78) of differing botanical origins (mean 
±standard deviation)

Botanical origin Water-insoluble 
content (g/100g)

Free acidity  
(mEq/kg)

Acacia (n=19) 0.02±0.01 12.43±7.13

Sage (Salvia officinalis L.) (n=3) 0.01±0.009 15.87±6.17

Linden(n=8) 0.46±1.15 20.40±6.61

Chestnut (Castanea sativa mill. Fam. Fagacea) (n=3) 0.03±0.02 16.20±3.14

Honeydew (n=3) 0.03±0.02 19.03±12.75

Blossom (n=42) 0.04±0.07 23.56±10.49

Table 6.  Correlations (Pearson’s correlation coefficients – r) between physico-chemical parameters of  
acacia honey

Parameter Free Acidity Electrical 
Conductivity Moisture HMF Diastase 

activity

Free Acidity – 0.65** −0.034 0.19 0.186

Electrical 
Conductivity – – −0.08 −0.12 0.509*

Moisture – – – −0.33 0.226

HMF – – – – −0.594**
* P<0.05; **P<0.01
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parameter was used when a significant portion of 
the honey collected was harvested by pressing the 
combs. However, nowadays, almost all commer-
cial honey is harvested by centrifugation, although 
wax is a major source of water-insoluble contamina-
tion (Bogdanov et al., 1997; Liberato et al., 2013). 
Similar results for the water-insoluble content in 
honey were reported in a study of acacia and linden 
honeys in Serbia (Vranic et al., 2017; Matovic et al., 
2018).

The mean free acidity values of hon-
ey ranged from 12.43±7.13 mEq/kg (acacia) to 
23.56±10.49 mEq/kg for blossom honey. Free acidi-
ty values of all examined honeys were below the le-
gal limit (lower than 50 meq/kg), and concord with 
results presented in other studies (Lazarevic et al., 
2012; Vranic et al., 2017; Matovic et al., 2018). Free 
acidity is an important parameter for honey. Higher 
values for free acidity can be indicative of fermenta-
tion of sugars into organic acids and is related to the 
deterioration of honey. The variation in free acidi-
ty among different honeys can be explained by their 
diverse botanical origins, the presence of different 
organic acids, and differing geographical origins or 
harvest season (da Silva et al., 2016).

Correlations between different physico-chemi-
cal parameters of acacia and blossom honeys are pre-
sented in Tables 6 and 7, respectively. The regression 
analysis clearly indicated that free acidity content in 
honeys significantly correlated with electrical con-
ductivity. Khalil et al. (2010) showed that storage 
duration, free acid, total acidity, pH and lactone lev-
els significantly correlated with HMF concentration 
in honey. The positive correlation between diastase 

activity and moisture content can be explained by the 
increase of the enzyme activity in water. Similar re-
sults were found by Gomes et al. (2010). HMF con-
tent was strongly negatively correlated with diastase 
activity in acacia honey (r  =  −0.594). Therefore, 
those two parameters are inversely proportionate 
to each other. This is in agreement with other stud-
ies (Thrasyvoulou, 1986; Sahinler and Gul, 2005; 
Kędzierska‑Matysek et al., 2016).

A positive correlation occurred between free 
acidity and electrical conductivity in blossom hon-
ey (r  =  0.50; P<0.001). A weak correlation was also 
found between free acidity and moisture content 
(r  =  0.28) in blossom honey (Table 7). Therefore 
data from both honeys (acacia and blossom) com-
bined with statistical analysis indicate that free acid-
ity and electrical conductivity could provide ways to 
assess honey quality. Similar results were presented 
by Khalil et al. (2010) and Celechovská and Vorlová 
(2001). The HMF was negatively correlated with 
moisture content (r  =  −0.16). This is in agreement 
with Meda et al. (2005). A significant negative cor-
relation was found between HMF and diastase activ-
ity in blossom honey (r = −0.384; P<0.05).

Conclusion

Results show that in 2016 and 2017, a great 
number of honeys in Bosnia and Herzegovina were 
of insufficient quality to satisfy regulatory require-
ments. In the future, the quality of honey will need 
to be monitored in order to improve its quality over 
the whole territory of Bosnia and Herzegovina.
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Table 7.  Correlations (Pearson’s correlation coefficients – r) between physico-chemical parameters of 
blossom honey

Parameter Free Acidity Electrical 
Conductivity Moisture HMF Diastase 

activity

Free Acidity – 0.50*** 0.28 −0.06 0.373

Electrical 
Conductivity – – −0.01 −0.25 0.564***

Moisture – – – −0.16 0.122

HMF – – – – −0.384*
* P<0.05; ***P<0.001

51



Jelena Ciric et al. Characterisation of Bosnia and Herzegovina honeys according to their physico‑chemical properties during 2016−2017

References

Adenekan, M. O., Amusa, N. A., Lawal, A. O. & Okpeze, V. 
E. (2010). Physico-chemical and microbiological proper-
ties of honey samples obtained from Ibadan. Journal of 
Microbiology and Antimicrobials, 2(8), 100−104.

Alvarez-Suarez, J. M., Tulipani, S., Díaz, D., Estevez, Y., Ro-
mandini, S., Giampieri, F. & Battino, M. (2010). Anti-
oxidant and antimicrobial capacity of several monofloral 
Cuban honeys and their correlation with color, polyphe-
nol content and other chemical compounds. Food and 
Chemical Toxicology, 48(8−9), 2490−2499.

Anacleto, D. A., Souza, B. A., Marchini, L. C. & Moreti, A. C. 
(2009). Composicao de amostras de mel de abelha Jataı 
(Tetragonisca angustula latreille, 1811). Ciencia e Tecno‑
logia de Alimentos, 29, 535–541.

AOAC. (1990). Official Methods of Analysis.15th edn. Pp. 770–
771. Virginia, USA: Association of Official Analytical 
Chemists, Inc.

Bogdanov, S., Martin, P., Lüllmann, C., Borneck, R., Flami-
ni, C., Morlot, M., Heretier, J., Vorwohl, G., Russ-
mann, H., Persano-Oddo, L., Sabatini, A. G., Marca-
zzan, G. L., Marioleas, P., Tsigouri, K., Kerkvliet, J., 
Ortiz, A. & Ivanov, T. (1997) Harmonised methods of 
the European honey commission. Apidologie (extra is‑
sue), 1−59.

Celechovská, O. & Vorlova, L. (2001). Groups of honey-phys-
icochemical properties and heavy metals. Acta Veterinar‑
ia Brno, 70(1), 91−95.

Codex Alimentarius. (2001). Revised Codex standard for hon-
ey. Codex Stan 12−1982: Rev.1 (1987)., Rev. 2, 2001. 
www.fao.org/docrep/w0076e/w0076e30.htm

Council Directive 2001/110/EC. (2002). Official Journal of the 
European Communities, 10, 51–52.

da Silva, P. M., Gauche, C., Gonzaga, L. V., Costa, A. C. O. & 
Fett, R. (2016). Honey: Chemical composition, stability 
and authenticity. Food Chemistry, 196, 309−323.

El Sohaimy, S. A., Masry, S. H. D. & Shehata, M. G. (2015). 
Physicochemical characteristics of honey from different 
origins. Annals of Agricultural Sciences, 60(2), 279−287.

Fallico, B., Arena, E., Verzera, A. & Zappala, M. (2006). The 
European Food Legislation and its impact on honey sec-
tor. Accreditation and Quality Assurance, 11, 49–54.

Giorgi, A., Madeo, M., Baumgartner, J. & Lozzia, G. C. 
(2011). The relationships between phenolic content, pol-
len diversity, physicochemical information and radical 
scavenging activity in honey. Molecules, 16(1), 336−347.

Gomes, S., Dias, L. G., Moreira, L. L., Rodrigues, P. & Este-
vinho, L. (2010). Physicochemical, microbiological and 
antimicrobial properties of commercial honeys from Por-
tugal. Food and Chemical Toxicology, 48(2), 544−548.

Grujic, S. & Komic, J. (2012). Classification of honeys from 
three geographical regions based on their quality control 
data. Quality of life, 5 (1−2).

Grujic, S., Grujic, R., Popov-Raljic J. & Komic, J. (2011). 
Characterization of Black Locust (Robinia pseudoacacia) 
honey from three geographical regions of North-West 
Bosnia and Herzegovina. Proceedings. 7th Internation-
al Congress of Food Technologists, Biotechnologists and 
Nutritionists, (pp.). Opatija, Croatia, 274−278.

Habib, H. M., Al Meqbali, F. T., Kamal, H., Souka, U. D. & 
Ibrahim, W. H. (2014). Physicochemical and biochemi-
cal properties of honeys from arid regions. Food Chemis‑
try, 153, 35−43.

International Honey Commission (2009) Harmonised Meth-
ods of the International Honey Commission www.
bee-hexagon.net/en/network.htm.

Ivanovic, J., Baltic, M. Z., Jelic, D., Janjic, J., Boskovic, M., 
Markovic, R. & Starcevic-Dokmanovic, M. (2015). Re-
search of production volume and market turnover of honey 
from 2004 to 2014. Veterinarski Glasnik, 69(5−6), 467−478.

Janzowski, C., Glaab, V., Samimi, E., Schlatter, J. & Eisen-
brand, G. (2000). 5-Hydroxymethylfurfural: assessment 
of mutagenicity, DNA-damaging potential and reactivity 
towards cellular glutathione. Food and Chemical Toxicol‑
ogy, 38(9), 801−809.

Karabagias, V. K., Karabagias, I. K. & Gatzias, I. (2017). 
The impact of different heating temperatures on physico-
chemical, color attributes, and antioxidant activity param-
eters of Greek honeys. Journal of Food Process Engineer‑
ing. DOI: 10.1111/jfpe.12668.

Kędzierska-Matysek, M., Florek, M., Wolanciuk, A., 
Skałecki, P. & Litwińczuk, A. (2016). Characterisation 
of viscosity, colour, 5-hydroxymethylfurfural content and 
diastase activity in raw rape honey (Brassica napus) at 
different temperatures. Journal of Food Science and Tech‑
nology, 53(4), 2092−2098.

Khalil, M. I., Sulaiman, S. A. & Gan, S. H. (2010). High 5-hy-
droxymethylfurfural concentrations are found in Malay-
sian honey samples stored for more than one year. Food 
and Chemical Toxicology, 48(8−9), 2388−2392.

Lazarevic, K. B., Andric, F., Trifkovic, J., Tesic, Z. & Milo-
jkovic-Opsenica, D. (2012). Characterisation of Serbian 
unifloral honeys according to their physicochemical pa-
rameters. Food Chemistry, 132(4), 2060−2064.

Liberato, M. D. C. T. C., Morais, S. M. D., Magalhães, C. E. 
D. C., Magalhães, I. L., Cavalcanti, D. B. & Silva, M. 
M. D. O. (2013). Physicochemical properties and min-
eral and protein content of honey samples from Ceará 
State, Northeastern Brazil. Food Science and Technology 
(Campinas), 33(1), 38−46.

Mărghitaş, L. A., Daniel, D., Moise, A., Bobis, O., Laslo, L. 
& Bogdanov, S. (2009). Physico-chemical and bioactive 
properties of different floral origin honeys from Romania. 
Food Chemistry, 112(4), 863−867.

Matovic, K., Ciric, J., Kaljevic, V., Nedic, N., Jevtic, G., Vask-
ovic, N. & Baltic Z. M. (2018). Physico-chemical param-
eters and microbiological status of honey produced in an 
urban environment in Serbia. Environmental Science and 
Pollution Research. DOI: 10.1007/s11356−018−1659−1.

Meda, A., Lamien, C. E., Millogo, J., Romito, M. & Nacoul-
ma, O. G. (2005). Physiochemical analyses of Burkina 
Fasan honey. Acta Veterinaria Brno, 74(1), 147−152.

Oddo, L. & Piro, P. (2004). Main European unifloral honeys: 
descriptive sheets. Apidologie, 35, 38–81.

Official Gazette. (2009). Bosnia and Herzegovina. Pravilnik o medu 
i drugim pcelinjim proizvodima i Pravilnik o metodama za 
kontrolu meda i drugih pcelinjih proizvoda. No. 37, 222.

52



Meat Technology 59 (2018) 1, 46–53

Official Gazette. (2011). Bosnia and Herzegovina. Pravilnik 
o izmjenama i dopunama pravilnika o medu i drugim 
pcelinjim proizvodima. No. 25, 90.

Piazza, M. G. & Persano Oddo, L. (2004). Bibliographical re-
view of the main European unifloral Honeys. Apidologie 
35, 94–111.

Sahinler, N. & Gul, A. (2005). Effect of heating and storage on 
honey hydroxy methylfurfural and diastase activity. Jour‑
nal of Food Technology, 3, 152−157.

Thrasyvoulou, A. T. (1986). The use of HMF and diastase as 
criteria of quality of Greek honey. Journal of Apicultural 
Research, 25(3), 186−195.

Tosi, E., Martinet, R., Ortega, M., Lucero, H. & Ré, E. (2008). 
Honey diastase activity modified by heating. Food Chem‑
istry, 106(3), 883−887.

Turhan, K. (2009). Effects of thermal treatment and storage on 
hydroxymethylfurfural (HMF) content and diastase activ-
ity of honeys collected from middle Anatolia in Turkey. 
In Innovations in Chemical Biology, Springer, Dordrecht, 
233−239.

Vranic, D., Petronijevic, R., Stojanovic, J. Dj., Koricanac, 
V., Milijasevic, J. B. & Milijasevic, M. (2017). Physic-
ochemical properties of honey from Serbia in the period 
2014−2016. In IOP Conference Series: Earth and Envi‑
ronmental Science, IOP Publishing, 85, 1, 012058.

Paper received: 8.03.2018.
Paper corrected: 9.05.2018.
Paper accepted: 14.05.2018.

53



meat technology
Founder and publisher: Institute of Meat Hygiene and Technology, Belgrade

UDK: 613.281(497.11)(091) ; 641.56(497.11)(091)
ID: 265894924

https://doi.org/10.18485/meattech.2018.59.1.7

Introduction

At a geographic, historic crossroads between 
East and West, Serbia has always been, and still is, 
interesting economically, politically and militari-
ly to other, larger states. Hence, there were frequent 
conflicts (in the twentieth century alone there were 
five), shifting borders and population migrations. 
All of this has had a significant impact on the overall 
life of the people of Serbia, as well as on their cui-
sine, food preparation, food habits and their whole 
culinary culture. Serbian cuisine, without exaggera-
tion, can be described as a gastronomic cauldron, a 
mixture of different cuisines, being the legacy of the 
original homeland with influences from Greece and 
Rome plus Byzantium, the East and the West. That 
makes Serbia host to a heterogeneously contrasting 
variety of foods.

Serbian cuisine can be regarded as very tasty 
and moderately spicy, able to satisfying to all the 
senses. Meat, especially barbecued meat and differ-
ent types of roast meat, has an important place, and 
most ordinary meals contain at least one meat serving 
(Sarcevic et al., 2011) Traditional Serbian dishes are 
very generous, while ingredients are not expensive 

and preparation is not complex. Generally, Serbian 
people like to prepare food and enjoy consuming the 
resultant meals. The term “national cuisine” can be 
used only conditionally, because there is no truly ho-
mogenous national cuisine.

Culinary culture is an important and insep-
arable part of the cultural heritage of each nation. 
Foods that are consumed, customs and habits related 
to food preparation and behavior at the table are part 
of the spiritual riches and heritage of each nation 
that is transmitted from generation to generation.

Traditional Serbian cuisine in the Middle 
Ages

There are almost no data about the cuisine of 
Serbian people in the centuries after their arrival in 
the Balkans. These Slavic peoples certainly brought 
with them their cuisine traditions. For these massive, 
strong people, adept in boat making and skilled fish-
ermen, the Balkans was an arid environment. Their 
Slavic homeland was rich with pastures and water. 
However, the Balkan Peninsula did have pastures 
and forests, which provided the means for animal 
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husbandry, and hence, the use of milk and meat in 
local diets. It is believed that the early Slavs also 
brought the today almost forgotten and certainly 
lost, breed of pig, the siska pig (Baltic et al, 2013, 
Hrasnic et al., 1964). Serbia still has traditional pig 
breeding and it is quite understandable that pork 
continues to be the most common type of meat. In 
medieval Serbia, pigs and sheep were the most com-
mon and cherished meat animal species. Meat was 
sold fresh, and professional butchers are mentioned 
in various Serbian cities of the time. Butchers had 
to comply with different regulations, particularly 
those regulating prices. Besides fresh meat, people 
traded in salted meat. Meat was usually dried and 
used in winter. Meat products (smoked meat, sau-
sages) were also familiar, especially in coastal areas. 
Medieval communities utilized significant amounts 
of wild game meat (wild pigs, chamois, deer, roe 
deer, hares, wild ducks, geese, partridges, pigeons). 
Besides meat, the most important product of animal 
origin was cheese, and by medieval times, several 
kinds of cheese were produced. Fish (freshwater and 
marine) also played an important role in the local 
cuisine. Fresh fish was sold in retail markets in cit-
ies situated on the shores of the sea or rivers, but 
salted fish was also accessible to consumers inland. 
Besides fish, other seafood (octopus, crabs, clams) 
was available on the tables of the rulers, feudal lords 
and nobles, and during fasting periods in local mon-
asteries (Marjanovic‑Dusanic and Popovic, 2004).

Among foods of plant origin, bread prepared 
from cereals (wheat, barley, millet, oats or sorghum) 
took pride of place. Vegetables (cabbage, garlic, 
onion, radishes, turnips, pumpkins, melons, len-
tils, broad beans, peas, poppy seeds, rice) and fruits 
(walnuts, hazelnuts, pears, apples, cherries, cherry, 
rowan) were used in the local cuisine. Foods of plant 
or animal origin were prepared with the addition of 
fat, tallow or oil, particularly olive oil. Lard was ex-
tensively used in the daily cuisine because ordinary, 
poorer people mainly bred pigs (Spremic, 2004).

At that time in Serbia, people had two meals 
daily, so breakfast was introduced later from the 
West. By the mid-nineteenth century, people ate 
mainly stews, and the spoon was the main, and often 
only, cutlery item. However, while European peo-
ples had, for six or seven centuries, eaten relative-
ly fatty foods and with their fingers, from the time of 
the Nemanjic dynasty, Serbs at court and the nobili-
ty ate with golden forks. In fact, the German emper-
or Frederick Barbarossa, on his crusade, was host-
ed by Serbian Prince Stefan Nemanja in Nis during 
1189, and experienced eating with a fork for the first 
time (Baltic et al, 2010c).

For the average Serbian host, the collapse of 
the Serbian state and the arrival of the Ottoman 
Empire was not much influence on the cuisine. They 
ate twice a day (lunch before midday, between 10.00 
and 11.00 and an evening meal before dusk). For 
those who worked in the fields, an additional snack 
meal was prepared.

Traditional Serbian cuisine in the 19th up to 
the mid-20th century

In the 19th century, Europeanization engulfed 
all areas of public and private life in Serbia. It was 
quite understandable for the country to desire its 
place in Europe, after centuries spent under Ottoman 
occupation. The influx of foreigners (diplomats, 
merchants, governors) influenced life in Serbia, the 
changes at first visible among upper social classes, 
but which soon spread to the middle class. The most 
interesting changes occurred in the private lives of 
wealthy, urban families, and the greatest changes 
were around the position of women and their house-
hold duties. The housewife was now tasked with su-
pervising domestic chores and taking care of guests 
and how they were served. Cooking was left to the 
maidservant and food purchases to the house boy. 
The changes were also reflected in food preparation 
and serving. In the best hotel in Belgrade at the time, 
Novo Zdanje, breakfast was served at eight o’clock, 
lunch at noon (daily four different meals, and on 
Thursdays and Sundays, six meals), while dining 
was a la carte (Grujic, 1992).

We cannot say with certainty which meals were 
on the menu of the mid-19th century, but it is known 
that the food was simple but plentiful. Soup, boiled 
beef (Rindfleisch) and stewed vegetables were con-
sumed daily, but on Thursdays and Sundays, roast 
meat and on Sundays, cakes, were prepared. Cheese 
and fruit were always available. Remainders of 
stews and cheese were served for dinner, and dur-
ing winter, this meal was supplemented with mut-
ton or fried sausages (Zujovic, 1986). Great feasts 
were infrequent, but on Sundays, friends were in-
vited to lunch. Guests would come every day for 
brunch (pork crackling, offal sausages – kavur-
ma – and cheese) (Zujovic, 1986). Breakfast was 
served between seven and eight o’clock, lunch be-
tween midday and one o’clock, and dinner at sev-
en in the evening. The eating times of urban fam-
ilies were maintained until the Second World War, 
and choice of meals changed as the country grew 
and contacts with other European nations expanded. 
In one cookbook from 1877, many recipes for dish-
es from different backgrounds and requiring various 
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ingredients were recorded (Popovic Midzina, 1877). 
The hostess had to take into account the balance be-
tween different dishes, ensuring there were not more 
soups than solid foods, or more sweets than savoury 
foods. Mixed dishes were intentionally created to 
produce enticing menus. In the menu prepared by 
Stojan Novakovic (1913), lunch options were: pu-
reed bean soup with fried bread, veal stew with 
dumplings and butter-taiga for desert; hamburg-
er steak, roast potatoes, dumplings with cheese and 
fruit, or; green soup, beef with horseradish sauce, 
lentils with bacon, veal chops and vegetables. For 
dinner, according to the same source (Novakovic, 
1913), choices were: fried chicken, potatoes boiled 
in salted water and fruit; veal chops, spinach and 
fruit, and; chicken with white sauce, donuts and 
fruits. Naturally, official lunches and dinners offered 
different fare from the daily diet. At the official din-
ners at the Obrenovic’s court, meals were served in 
a certain order. Thus, for dinner on 13 December 
1894, the following items were served: poultry soup; 
Rhine salmon in a crayfish sauce; garden stake; gar-
nished lobster; quail with rice; goose liver pate à la 
Parisienne; pineapple; pheasant on a spit; peas with 
roasted bread pieces; chocolate candy; ice cream 
and fruit. In the United Kingdom in 1913 during the 
reign of King George V, the following were served 
for one dinner: Indian-style soup; crab; lamb fillet; 
poultry meat in aspic; quail with vegetables; cold 
meat jelly; asparagus with sauce; and various types 
of cakes, strawberries and wild berries. Comparing 
these official Serbian and English royal family din-
ners, it is clear the Serbian court did not lag behind 
the table of the King of England. Everyday court 
lunches and dinners were more simple: soup; fish 
as an appetizer; roast meat as the first main course 
poultry as a second main course; cheese and fruit for 
dessert (Colak‑Antic, 2004).

After the First World War, urban society was 
so modernized that wealthy households sometimes 
ordered in food, despite the fact that they had their 
own servants. Complicated, savory specialties for a 
cold buffet were usually ordered in, such as goose 
liver in aspic or hot roll of puff pastry stuffed with a 
filling of brain, mushrooms and chicken meat. One 
respectable Belgrade family had 26 dinner guests 
who were served soup, spinach pie, meat pie, ham 
with horseradish, cauliflower salad with mayon-
naise, celery with goose liver pate sandwiches, pas-
try with ham, sweets and fruit. 

Food is just one segment of culture, but it is 
an excellent indicator of the real state of society. 
From the 1850s until the Second World War, mid-
dle class society in Serbia lived and ate according 
to European standards. The diet changed, especially 

in urban environments in which different cultures 
intersected. A new meal was accepted (breakfast 
was introduced into the daily menu), attitudes to-
wards food changed and eating times during the day 
were modified. These changes occurred not only in 
Belgrade, but spread to other Serbian cities (Colak‑
Antic, 2004).

People in rural areas lived and ate differently to 
the urban population. Rural meal patterns depended 
on the seasons and cycles of agricultural production. 
From late spring to early autumn, food was balanced 
and diverse, because there was plenty of fresh vege-
tables and fruits. Despite the hard field work at this 
time of year, food consumption was moderate and 
meals were light but frequent (four meals a day). In 
winter, the diet was more uniform, and people ate a 
greater proportion of fatty foods in larger portions. 
From this it could be concluded that people were 
moderately behaved when the nature was gener-
ous, until at the time of shortages, people ate plenty 
of food. In rural areas, some customs were retained 
steadfastly, to become rituals. So, the holiday roast 
pig or lamb was always prepared by male mem-
bers of the household. For feasts (the family patron 
saint feast, weddings, funerals), many different dish-
es were prepared, most of which included meat (or 
fish if the celebration was at a time of fasting), but 
all the dishes were just a prelude to the main course. 
This was a spit-roasted pig or lamb, which stood in 
the middle of the table, taking a central and impor-
tant place in the table presentation (Prosic‑Dvornic, 
2004).

The beginnings of active culinary literacy in 
Serbia in the late 19th and early 20th century was re-
lated largely to the female population, best shown 
through a real explosion of cookbooks which started 
to be published. These cookbooks, beside recipes, 
contained advice and instructions for housewives. 
Spasenija Pata Markovic wrote one of the most fa-
mous cookbooks which was published in 1907 and 
has had 24 editions to date. In the Introduction, 
among other things, she wrote: “Food is what keeps 
us alive. And that is why is not irrelevant what a per-
son eats, how much he eats and how the meal is pre-
pared. The diversity of food and different ways of 
preparing food are of great importance for the hu-
man body. Only diversified food can provide all the 
ingredients we need: proteins, fat, starch, sugar, var-
ious salts, vitamins, etc., and the lack of these in-
gredients contributes to a variety of disorders in the 
body” (Markovic, 1907). This way of thinking about 
food is completely in line with the modern approach 
to nutrition. From 1907 until today, cookbooks, 
with various types of content, and with different 
scopes and purposes, became numerous and found 
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their way into the hands of many satisfied custom-
ers. Serbs from the mid-19th century onwards gen-
erally had three meals a day (the newly-introduced 
breakfast, plus lunch and dinner) and the most abun-
dant was, and is, lunch. Until the mid-19th centu-
ry, the only two meals were lunch and dinner, as is 
practiced in monasteries today. It is interesting that 
Nikola Tesla wrote: “It is natural that a person eats 
twice a day” (Janic, 2010).

Traditional Serbian cuisine in the second 
half of the 20th century

The peoples living in Serbia during the sec-
ond half of the 20th century have had exposure to a 
very a rich and interesting culinary culture, which is 
the result of the country’s geographic location, and 
contacts and influence from other cultures, especial-
ly Oriental and Central European ones, but is also 
due to the hedonistic habits and material develop-
ment of the populace in the country. In the 20th cen-
tury, much has changed in the world and in Serbia, 
especially after the Second World War. Much of 
what for centuries has been our heritage, has, within 
a brief moment in history, become worthless, obso-
lete. Restaurants have contributed to the standardi-
zation of cuisine in Serbia, and eventually to mak-
ing gastronomy’s ordinary shop window that of fast 
food. Over a considerable period of time, sit-down, 
more traditional restaurants (as opposed to those that 
are largely fast food outlets) have been replaced by 
ethnic and fusion restaurants that often do not pay 
much attention to traditional cuisine (Baltic et al., 
2010c).

Today, the real symbol of Serbian national cui-
sine, above all, is grilled meat. Our meals can ap-
pear greasy and heavy to many foreigners, which is 
a result of the fact that in Serbia, pork is the most 
common type of meat consumed (it accounts for 70 
to 80% of consumed meat). Pork and/or lard have 
been the subject of many debates, and very fre-
quently have been accused of causing cardiovas-
cular diseases in humans. However, recently, the 
opinion that lard has been groundlessly and unsci-
entifically demonized as causing cardiovascular dis-
eases has started to be heard (Baltic et al. 2010b; 
Boskovic et al., 2015). Regardless, though, of warn-
ings of the catastrophic consequences that consum-
ing fatty foods has on the human body at any age, 
fatty but delicious dishes always have strong appeal 
to human desires and appetites. Fat is not only nu-
tritious and a basic requirement in human nutrition, 
but is also a food supplement that enriches and in-
tensifies the flavor of other ingredients. Man is has 

always attributed great and manifold significance to 
fat. Lard, regardless of the part of the world and cu-
linary traditions, has long enriched meals premised 
heavily on grains or other forms of carbohydrate. 
Fat, whether vegetable, dairy or animal fat, and no 
matter what culinary tradition, improves meals pre-
pared from vegetables and other plant ingredients. 
It is known that breaded and fried foods carry large 
amounts of fat, but these fats also contribute to the 
diversity and fullness of meal taste (Baltic et al., 
2010c).

In the latter part of the 20th century and to 
date, globalization has induced large and signifi-
cant, sometimes serious or even irreparable damage 
in the food culture of nations, including our own. 
Globalization has led to a loss of traditional cui-
sine, since large, multinational companies have in-
terests that we all have the same diet and that eve-
ryone purchases food from the same manufacturers. 
Environmental changes, the race for economic prof-
it and need to produce more food have contributed 
to the disappearance of traditional varieties of fruit, 
vegetables and animal breeds, plus a number of 
fish species. The basic human right to life and food 
should include the right to enjoy food. This implies 
that societies and communities have some respon-
sibility for preserving their own food cultures and 
traditional methods of food preparation in order that 
food enjoyment is feasible in the future, all in ac-
cordance with the principles of sustainable develop-
ment (Pulen, 2004a).

Industrial production in all areas, including 
that of food, has wrought a series of changes. In in-
dustrial food production, the distribution system 
is the weak link between food and those who con-
sume it. The culinary sector has now moved outside 
the household, and the food distribution system al-
lows a wide variety of plant and animal products 
to be at our disposal, thus significantly changing 
the system of decision-making about our cuisines. 
Industrialization encroaches on the social function 
of the kitchen and partially excludes the act of eat-
ing from those of food preparation and indeed, from 
the kitchen. Industrialization has, in fact, two sides: 
production and transformation. In the production 
of foods of animal origin, animal nutrition has be-
come a thing apart from human consumption of the 
food, so that foods like meat, eggs and dairy prod-
ucts have become devoid of animal attributes. In 
small manufacturing households that keep animals 
for their own use, and where the animals live in “a 
state of nature”, animals are treated and cared for 
similarly to people. The animal is man’s companion, 
enjoys a very special status and becomes the sub-
ject of enormous attention (Pulen, 2004b). This is 
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confirmed by customs from our region, including 
that of women getting up at the moment oxen (work-
ing cattle) passed by them. Also, dairy cows or work-
ing livestock were practically never slaughtered for 
consumption in their own household (Baltic et al., 
2010a). Transformation in the food industry implies 
the efforts of industry to offer consumers something 
that has an identity, which is not anonymous, which 
is not without spirit, and which is acceptable social-
ly. This is confirmed by the data showing modern 
food producers want to ameliorate the connotations 
of industrial food production by using advertising 
to draw consumers closer. This is usually achieved 
by pictures that are linked to traditional cuisine or 
food production, or product names such as “grand-
ma’s cake”.

Industrialized food is produced in vast quan-
tities, and it may be, overall, less recognizable and 
famous than traditional food, but more worrisome. 
Food, however, is not an ordinary consumer prod-
uct; it enters the body, taking part in the maintenance 
of its integrity, but also in the construction of per-
sonal identity. Food binds man to nature, cuisine and 
behavior at the table in each society, and harbors 
a unique relationship between nature and culture. 
Industrialized food disturbs that arrangement and 
can cause issues that provoke fear, so that consum-
ers now question where their food comes from, what 
changes it has suffered and who has handled it?

Food preservation, transport speed and tem-
perature control have enabled food to be transferred 
from one to the other end of the world. Food in all 
its forms, from the seeds of plants to live animals 
to ready-to-eat meals, is now shipped from country 
to country by major road, sea, rail and air services. 
At the same time, it is not rare that traditional meals 
are found in exotic places, to which they were never 
previously linked. However, relocation and moving 
food – globalization of the food industry – have also 
contributed to the fact that man today, as never be-
fore, has a variety of affordable food (Pulen, 2004a).

This millennium is an era when we have in-
creasingly less time for long feasts and when every-
one lives faster. This acceleration of life dictates in-
sipidity. People in the modern world have come to 
the fact that they cannot afford to lose a single mo-
ment of time. In an effort to save that precious time, 
by consuming fast food, we have chewed over our 
futures and our own souls. “I keep time,” said the 
Romanian poet Jon Karajon. As a result, we have 
come to the point that we have lost part of our souls 
and may now be trying to turn back, if this is at all 
possible (Domazet, 2004).

Fast food is not a novelty in modern diets. 
In fact, fast food has existed since the time when 

people began to gather in public places to trade, so-
cialize or participate in any joint activities. Markets, 
fairs, streets and squares and all other places of pub-
lic assembly, are all traditional social places where 
special diets were developed, intended primarily for 
passengers or strangers passing through. When talk-
ing about modern fast food, speed and convenience 
are the most important characteristics, all in order to 
meet the requirements arising out of a specific type 
of demand. At the same time, it is important to pre-
serve many elements of the traditional meal. When 
fast food is consumed, there is no cutlery, no dish 
washing, no tables, no chairs surrounding it. Fast 
food has long been accepted throughout the world, 
so the main aim of modern producers is not to com-
pletely satisfy our hunger, but to make their products 
enjoyable, practical and regularly consumed (Janjic 
et al., 2015). Previously, prior to globalization, fast 
food was in accordance and harmony with the cul-
ture and environment in which it was created and 
in which it put down roots. However, only after the 
Second World War was it accepted all over the plan-
et, so it is now a kind of global culinary tradition and 
habit that knows no cultural barriers, and, thereby, 
must meet a huge number of different culinary tradi-
tions and flavors (Rozen, 2004) .

This type of nutrition probably originally ap-
peared among travelers and farmers. The main de-
sirability of fast food is the fact that the humans sim-
ply love to hold food in their hands, because that 
enables the experience of unparalleled closeness 
and intimacy with the food that is consumed. This is 
one of the reasons why, and to what extent, the hum-
ble but popular sandwich can be almost a complete 
meal, since a mixture of ingredients can go together 
between two slices of bread. The variety and mix of 
different tastes, aromas and textures from the food 
from which a sandwich is prepared are an enjoyable 
mixture. Sandwiches can be open, that is, prepared 
so that various foods and spices, alone or in appeal-
ing combinations, are applied to one slice of bread. 
Among many people, including those in Serbia, 
this slice of bread was, until recently, but now more 
rarely, usually smeared with lard, lightly salted and 
spiced with sweet pepper.

The expansion of fast food and all phenome-
na related to it appears to have occurred because of 
what fast food offers to consumers – direct and effi-
cient food access. This primarily refers to the satis-
faction felt by consumers because of their complete 
sensory stimulus due to the presence of favorite in-
gredients, the fullness of taste, texture and aroma. 
Fast food feels good to most of the people who con-
sume it; it offers meals and tastes to consumers 
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which people have always sought after and craved, 
and which they have not always managed to afford.

In contrast, globalization and industrializa-
tion of food has also led to the fact that the prod-
ucts are standardized and uniform. This is often the 
reason for the loss of specific sensory characteris-
tics. Despite strong pressure from international com-
panies to place their products, national and region-
al efforts to preserve the cuisine specifics of any one 
country and one people have not vanished. Thus, in 
Serbia, cabbage with pork and rustic bread appears 
on city restaurant tables and take-out outlets, as do 
baked potatoes, various kinds of meat grilled over 
charcoal, local meat products and products from lo-
cal fields, opposing industrial products from mul-
tinationals. In some countries, the movements de-
scribed as new cuisine from local soil, which have 
many activities including, for example, publication 
of ethnic cuisine recipes, have become guardians of 
traditional gastronomy. This, however, often isn’t 
just a book of old, traditional recipes, but can also 
include local habits and dining customs through-
out the history of the region or country, anecdotal 
records of evening gatherings and older carnivals, 
and old photographs of related scenes. International 
companies such as McDonald’s are largely aware of 
this type of movement and adapt the fast food they 
offer to local habits. Thus, while in the US, chips are 
served with ketchup, in France, the accompaniment 
is mayonnaise (Rozen, 2004; Janjic et al., 2015).

However, we cannot say that fast food has no 
opponents. The Slow Food movement is registered 
to date in about 150 countries, including in Serbia. 
Proponents of this movement have revolted against 
the quick and unhealthy eating of food and fast life 
of the modern world, the disappearance of people’s 
interests in the food they eat and the disappearance 
of local culinary traditions. The Slow Food move-
ment encourages slow and prolonged enjoyment of 
food from harvest to consumption, but also aware-
ness of our permanent responsibility towards food 
and its origins (Baltic et al., 2010).

The gastronomic map of Serbia today

The gastronomic map of Serbia is based on ge-
ographically and historically defined areas, as well 
as similarity of gastronomic culture, and so is divid-
ed into four regions (Vojvodina, Central and Western 
Serbia, Eastern Serbia and Southwest Serbia). The 
cuisine of Vojvodina is significantly different to 
the cuisine of other parts of Serbia. This is under-
standable considering the influence from Austrian, 
German, Hungarian and Slovakian cuisines. This 

cuisine is characterized by significant use of pasta. 
Some municipalities within the region have a spe-
cific population composition. This is because set-
tlers from different parts of former Yugoslavia after 
the Second World War brought with them their own 
habits in eating and preparing meals, and which have 
now been maintained for over 60 years. This means 
that their third generation descendants are now pre-
paring those dishes in traditional ways (Zagorac 
et. al, 2010). Meat is often cooked in sauces, like a 
stew, or eaten as roast. A characteristic stew is pre-
pared with mutton, chicken, fish, beef, venison or 
rooster. Another traditional dish is smoked fish, such 
as perch or bream. Famous meat products include 
sausages like kulen and other types of fermented 
sausages, Petrovska klobasa, sausages for roasting, 
dry ham and bacon. In Vojvodina there is long tra-
dition of production of fermented sausages of var-
ious diameters, ham and bacon. Fermented sausage 
are produced maily from pork meat (Sremski ku-
len, Lemesko sausage, Sremska sausage, Petrovska 
klobasa) (Baltic et al., 2011). These sausage types 
have protected geographical indication (PGI). 
Almost forgotten meat dishes include wild-style 
quail, minced meat with cabbage (galupci) and fried 
pork brains. Vrsac ham, produced in the middle of 
Banat in Vojvodina, also has PGI status. Lemesko 
sausage, Petrovska klobasa and Vrsac ham are pro-
duced exclusively in artisanal conditions, typically 
smallholder households. Sremska sausages, Sremski 
kulen and Sremska salami are produced in industri-
al and also in artisanal conditions. Traditional meat 
products such as fermented sausages, ham and ba-
con are produced in the period from November un-
til April because of favorable climatic conditions 
(colder seasons) (Vukovic et al., 2011a; Vukovic et 
al., 2011b; Ikonic et al., 2010; Ivanovic et al., 2016; 
Stevanovic et al., 2016). 

Central and Western Serbia, regions between 
the Morava and Drina Rivers and to the south to 
Kraljevo, are regions of traditional livestock produc-
tion. Here, people consume significant amounts of 
meat and milk products. Among them, some of the 
finest prosciutto and kajmak (a clotted, fermented 
heavy cream) are produced on Zlatibor Mountain. 
This area is characterized by chicken, lamb and 
veal soups, boiled and roast meats (particular-
ly pork), fried and roasted dishes such as janija (a 
shallow-fried and then braised beef dish), mutton 
with potatoes, coarsely chopped fermented cabbage 
slow-boiled with several types of meat, podvarak 
(sauerkraut with ribs and/or other meats smothered 
with a sour cream-based custard and baked), sar-
ma (here, minced meat and rice wrapped in sauer-
kraut leaves and boiled), kopacki pasulj (beans with 
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meat, ribs and bacon), moussaka (here, baked, lay-
ered sliced potato interspersed with pre-fried minced 
meat), spit-roast lamb, furnance-burnt lamb, pork 
and veal, lamb or chicken baked under charcoal ash, 
jellied calf`s head with tripe – an icon of national 
cuisine from Loznica town – boiled lamb, tobacco 
crackling (finely shaven pork crackling) and pork 
hams.

In western Serbia, especially in the area of 
Zlatibor, beef and pork ham (made with pieces of 
meat from the back and leg) and Uzice bacon (made 
with pork bone side without the neck and shoulder 
musculature without forelegs, back and leg with-
out shank) are traditionally produced. These prod-
ucts are protected by geographical indications and 
are produced from November to April in artisa-
nal household and industrial conditions through-
out the year (Troeger et al., 2007; Stevanovic et al., 
2016). In Western Serbia, pork (tobacco) crackling 
from Valjevo (produced by thermal treatment of adi-
pose tissue and oil-producing parts of the meat, neck 
and shoulder of pigs) has protected designation of 
origin. This pork crackling is produced both under 
household and industrial conditions (Stevanovic et 
al., 2016) .

Eastern Serbia, with its natural beauty and eco-
logically preserved areas with ethnic and ethnolog-
ical variety, is full of culinary surprises. Authentic 
Danube fish dishes (gap, perch or carp) are charac-
teristic of Smederevo town. Sarma here is prepared 
with vine leaves and minced meat, while chicken 
stew comes from the Vlaska region.

In eastern Serbia, Pozeravac sausage has geo-
graphical protection. This is fermented sausage with 
prepared from pork meat and hard fat tissue with 
20% beef. The products are produced in industrial 
and household conditions (Stevanovic et al., 2016).

South Serbian cuisine can be regarded as typ-
ical of the Balkan Peninsula, with its influences 
from Bulgaria, Greece and Turkey. Barbecued (here, 
meaning charcoal-grilled) minced meat patties from 
the area around Leskovac are one of the most popu-
lar meat products with protected geographical name 
and origin (Stevanovic et al., 2016). In southern 
Serbia, dishes such as janija (here, a soup of sheep 
meat and vegetables), sprza (a kind of young lamb, 
roasted and with crispy skin) and roasted turkey on 
banica (a type of turkey pie) are popular.

In the gastronomy of Southwest Serbia, a 
strong oriental influence in noticeable, which is in 
accordance with the harsh climatic conditions (cold 
winters). Beef and sheep meat and sausages named 
sudzuk are commonly found in local diets.

Gastronomic events in Serbia

Food is a very important part of tourism, and 
according to the World Trade Organization, is a key 
factor in the development of the world economy. It 
provides structured jobs, infrastructure and devel-
opment. Tourism is currently ranked fourth place in 
the world economy. It is of particular importance for 
developing countries, and hence, for Serbia, since 
it can significantly contribute to economic recov-
ery. An interesting sector of tourism includes spe-
cific, sometimes targeted events such as festivals, 
traditional ceremonies, parades, expositions etc. 
Such events are global phenomena, and they equal-
ize the attendees (regardless of their status), allow 
them to indulge, and perhaps even carry them away, 
even if briefly, from the humdrum and stress of eve-
ryday life. One of the basic characteristics of such 
events is the desire that they remain as they are, pro-
viding unique experiences for all visitors. In Serbia, 
events include some with a long tradition such 
as Vukov Sabor, going since 1933, and the Guca 
Trumpet Festival, held annually since 1961. Among 
the most popular events in 2016 were the Belgrade 
Beer Fest (900,000 visitors), Guca Trumpet Festival 
(900,000 visitors) and the Barbecue Festival in 
Leskovac (500,000 visitors). Clearly, Serbian gas-
trofestivals can attract great attention from visitors 
(http://www.turistickisvet.com). Besides the Ba rbe-
cue Festival, significant events related to meat are 
the Bacon Festival in Kacarevo, a Smoked Ham 
event in Mackat, Sausage Festival in Turija and the 
Valjevo Pork Crackling Festival, as well as many 
other local and less well-known showcase events 
(Baltic et al., 2010a).

Food, in the context of the agricultural and food 
industries is, without doubt, an important resource 
in Serbia, although its position in the overall econo-
my of Serbia is not high. The local cuisine is one of 
the most interesting aspects to tourists, often leav-
ing the strongest impression and is also the reason 
for the re-arrival of many visitors. In Serbia, about 
one thousand different events are held annually, and 
in 2016, the Trumpet Festival in Guca and Exit in 
Novi Sad (fundamentally a music festival) produced 
income of 2.5 million euros (http://www.turistickis-
vet.com). Numerous events in Serbia, in which var-
ious rural associations participate, have become an 
interesting resource for the development of rural 
tourism. In Serbian villages, people still largely con-
sume traditional foods and foster, in simple and har-
monious ways, the culture of dining. This leaves a 
very good impression on tourists. Besides, knowl-
edge and tastes are intimately intertwined. Today’s 
interest in eating locally should enhance a general 
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desire for living in a time and place with no fear, 
with a feeling of being protected by the known, and 
consuming foods that have kept their identity. The 
identity crisis in some European countries is partial-
ly linked to the food crises. For example, France, 
since 1990, has conducted an inventory of all that 
is being threatened by oblivion, including the coun-
try’s gastronomic heritage (Pulen, 2004 b).

It is a fact that food is not only a theme in pri-
vate life, but also in media. Television shows pro-
mote culinary artristy and world-famous chefs as 
well as foodie destinations and food production. 
Culinary stories are of interest to many viewers, re-
gradless of their occupation, social status and gender.

Conclusion

From the time Slavs arrived in the Balkan 
Peninsula, meat has played an important role in 
Serbian cuisine. This especially applies to pork meat, 

which remains the most common type of meat in the 
diet of Serbian people. Serbian cuisine and and our 
use of meat has changed under different influences, 
whether it be from the impact of other national cui-
sines, or whether these changes resulted from indus-
trialization, especially in the second half of the 20th 
century. Such changes have affected cuisines world-
wide, not just those in Serbia. Globalization and in-
dustrialization in the food sector tend to suppress 
traditional national cuisines. Therefore, practically 
all countries of the world are making enormous ef-
forts to preserve local culinary traditions as a part of 
the cultural heritage of each nation. Preserving tra-
ditional cuisine has special significance for tourism. 
In Serbia too, in many different ways, people are ac-
tively trying to preserve local culinary traditions, in-
cluding those around meat production and consump-
tion. This is, among other things, being achieved 
through the long-time promotion of various festivals 
dedicated to local culinary traditions for meat and 
meat products
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Vegetarianism through time and space

The anatomical features that allow predators 
to effectively stab and kill their prey include a wide 
mouth opening, blade-shaped molars for flesh rip-
ping, a massive temporalis muscle and a jaw joint 
located in the same plane as the teeth. According 
to evolutionary theory, these anatomical features of 
carnivores are more primitive than herbivore adapta-
tions, which suggest that herbivores are basically car-
nivores that adopted significant anatomical modifi-
cations consistent with a plant-based diet (Provenza 
et al., 2015). These modifications are  reflected in a 
small oral cavity opening, flat and spade -like inci-
sors for peeling and biting, an herbivore -style jaw 
joint that is more efficient for crushing and grind-
ing plant tissue, and carbohydrate-digesting en-
zymes in saliva, all of which are features of mod-
ern human anatomy (Mills, 1996). However, the 
most striking anatomical differences between carni-
vores and herbivores are related to the stomach and 
intestines (Danowitz and Solounias, 2016). A sin-
gle-chambered stomach, lengthening small intestine 
and a shrinking distensible colon in humans can be 

considered as appropriately designed for digestion 
of soft and pulpy plant food (Armelagos, 2014).

Although observations of comparative anat-
omy disclosing the herbivorous nature of humans 
have often been often cited as core arguments for 
vegetarian diets, the fact that some herbivores ex-
hibit anatomical features consistent with carnivo-
rous diets and vice versa clearly suggests that the 
anatomy of the gastrointestinal tract is not the only 
feature that predicts food-related behaviour of an an-
imal species (Ramalanjaona et al., 2016). Another 
factor that has had a significant bearing on human 
food selection throughout history was the strug-
gle for survival in new climatic conditions. In this 
terms, an omnivorous diet was one of the evolution-
ary advantages (Spencer, 1996).

The term ‘vegetarianism’ refers to a wide spec-
trum of dietary patterns characterised by an empha-
sis on plant foods and avoidance of animal foods. 
Ovovegetarians consume eggs, lactovegetarian’s 
diet consists of legumes, grains, fruits, nuts and veg-
etables, together with milk and dairy products, while 
semivegetarians restrict the type of meat to only 
fish (pescovegetarian), poultry (pollovegetarian), 
or both fish and poultry (pesco-pollovegetarians). 
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Finally, the strictest form of vegetarianism is vegan-
ism, and it involves avoidance of all foods of ani-
mal origin, including eggs and milk (Lanham‑New, 
2009). The main goal of this review is to briefly 
summarise current knowledge on health advantag-
es and disadvantages associated with vegetarian di-
ets in order to provide a better understanding of the 
effects such a specific food choice exerts on human 
health.

Throughout history, different people have cho-
sen vegetarian dietary patterns for a variety of rea-
sons, including to demarcate important common 
cultural grounds. The first philosophical arguments 
for animal food avoidance dating back to ancient 
Egypt were related to the belief in transmigration i.e. 
reincarnation of souls. In the centuries that followed, 
avoidance of animal foods was adopted among an-
cient Greeks and Indians, while ethical principles 
supporting a plant-based diet were instilled in the 
teaching of Pythagoras and Buddha. Nowadays, 
among a variety of non-religious motivations for 
adopting a meat-free diet, the most highly ranked 
are weight loss, potential health benefits, disgust 
of meat smell and consistency, and moral impera-
tives to preserve the environment and avoid sacri-
ficing animals (Fox and Ward, 2008b). In modern 
societies, vegetarianism can also be perceived as a 
cue to individual identity, with certain psychological 
factors or life events having been shown to provoke 
sudden rejection of meat (Fox and Ward, 2008a). In 
contrast to multiple ethical justifications for vegetar-
ianism that have their roots in religion and philoso-
phy of ancient civilisations, the scientific evidence 
for the health effects of vegetarian diets is relative-
ly recent, emerging in the 19th century. The last but 
not least reason for adopting a plant-based diet is the 
environmental impact of food production, which re-
mains a matter of scientific debate. In terms of bio-
logical diversity and habitat loss, human consump-
tion of animal-based foods/products is estimated to 
be among the most negative factors affecting the 
preservation of terrestrial ecosystems (Machovina et 
al., 2015). Some researchers estimate that switching 
from an animal-based diet to vegetarianism is a fea-
sible tool for climate change mitigation that would 
contribute to a three-fold reduction of greenhouse 
gas emissions (Marlow et al., 2009), while more re-
cent research suggests that increased intake of fruits, 
vegetables, dairy and seafood might pose a high-
er risk for the environment due to relatively high 
greenhouse gas emissions per calorie produced (Tom 
et al., 2015). Probably the most feasible explanation 
is offered in the recent study of Rosi et al. (2017), 
which showed that some vegan diets had greater 
negative environmental impacts than non-vegetarian 

diets. This suggests that the individual variability of 
dietary habits is more important than the type of diet 
itself.

Vegetarianism is not the only food phenom-
enon on the rise over recent decades. Namely, the 
two-fold increase in global meat consumption over 
the last 50 years has placed a significant burden on 
the environment, leading to unbalanced diets, par-
ticularly in industrialised areas and emerging coun-
tries, mainly Brazil and China (Baltic et al., 2010a; 
Sans and Combris, 2015; Odusanya and Atanda, 
2018). Among developing countries, India is a no-
table exception because a significant proportion of 
the population (up to 35–40%) follows a tradition-
al vegetarian diet and has done so for many gener-
ations (Ponzio et al., 2015). The study of Vranken 
et al. (2014) based on data from 120 countries re-
ported an inverted U-shaped relationship between 
meat consumption and income level, complement-
ed by the remark that at a turning point between in-
come levels of US$32,000 to US$55,000, average 
meat consumption will stagnate or even decline. In 
compliance with this, the number of vegetarians is 
significantly increasing in some of the most afflu-
ent countries, although it still comprises a relative-
ly small proportion of the population. Nowadays, 
approximately 9% of Germans, 8% of Canadians, 
and 3% of United States, United Kingdom and 
Australian citizens declare themselves as vegetar-
ians. Apart from income, culture plays an impor-
tant role in dietary preferences – in traditional so-
cieties, milk and meat are rated as more masculine 
foods than vegetables, and male meat-eaters are 
perceived as being more masculine than vegetari-
ans. Rozin et al. (2012) analysed 23 world languag-
es that use gendered pronouns, and confirmed that 
meat was associated with the male gender across 
most of them.

As regards personal characteristics, a typical 
vegetarian is described as a female of higher social 
status and academic or vocational qualifications, al-
though these attainments need not be reflected in 
income. Interestingly, Gale et al. (2007) showed 
that higher IQ at a young age remains a statistical-
ly significant predictor of vegetarianism, even af-
ter accounting for social class, sex and academic or 
professional qualifications. On the other hand, al-
though vegetarianism is supported by scientific re-
search, emerging supermarkets and trendy restau-
rants that offer access to soy products and healthy 
foods, consumers of restrictive plant-based diets are 
often confronted with various challenges and social 
alienation because of their choices and beliefs. As 
noted by Menzies and Sheeshka (2012), five central 
food values, i.e. taste, health, time, cost, and social 
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relationships, have the potential to significantly un-
dermine people’s commitment to a vegetarian diet 
chosen largely for health or moral reasons.

Health benefits of vegetarianism

Vegetarian diets contain high amounts of di-
etary fibre, n-6 fatty acids, vitamins C, B9 and E, 
magnesium, potassium, carotenoids, plant sterols 
and many other phyto-chemicals, which are com-
monly associated with numerous health benefits. 
The wide range of antioxidants in a plant-based diet 
prevents oxidative stress that plays an important role 
in carcinogenesis and development of endothelial 
dysfunction, and in the initial steps of pathogenesis 
in atherosclerosis (Chauveau et al., 2013). Unlike 
other types of vegetarianism, a vegan diet implies 
lower intake of saturated fatty acids, cholesterol, 
calcium, vitamin B12 and D, as well as a higher in-
take of dietary fibre (Fields et al., 2016).

To date, a large body of evidence has shown 
that a vegetarian diet is associated with significant-
ly lower prevalence of overweight and obesity, as 
well as with a lower risk of cardiovascular hospital 
admission and 32% less mortality. As concluded by 
Crowe et al. (2013), even after accounting for body 
mass index, vegetarians remain 28% less likely to 
develop ischemic heart disease. A recent meta-anal-
ysis (Yokoyama et al., 2014) examining the relation-
ship between vegetarian diet and blood pressure has 
shown that a diet excluding meat, but involving reg-
ular consumption of dairy products, eggs and fish 
was associated with 4.8–6.9 mm Hg lower systol-
ic blood pressure, compared to an omnivorous diet. 
The estimated reduction in blood pressure was as-
sociated with 9% decreased risk of death from cor-
onary heart disease and can be equated to the health 
benefits of a 5 kg weight reduction or a low-sodi-
um diet.

In addition to this, the vast number of studies 
that have explored the link between plant-based di-
ets and malignant diseases reported the overall risk 
of cancer is somewhat lower in vegetarians com-
pared to omnivores. However, when it comes to the 
location and type of cancer that can be prevented 
by plant-based diets, findings are rather scarce and 
inconclusive (Key, 2017). The prospective cohort 
study of Bradbury et al. (2014) aimed at exploring 
the associations between fruit, vegetable and/or fi-
bre intake and cancer risk and included more than 
500,000 participants from 10 European countries. 
According to the results, the risk of gastrointesti-
nal tract cancer and liver cancer was inversely as-
sociated with excessive consumption of plant-based 

foods, while for lymphoma, as well as for stomach, 
cervix, biliary tract, pancreas, prostate, kidney, en-
dometrium and bladder cancer, no significant asso-
ciation was reported between incidence and total in-
take of fruit, vegetables or fibre. Similarly, Gilsing 
et al. (2016) reported that after accounting for con-
founding factors, vegetarians, pescovegetarians and 
1 day-per-week meat-eaters did not have a reduced 
risk of postmenopausal breast, lung or prostate can-
cer compared to those consuming meat on a daily 
basis.

The largest body of epidemiological data re-
lates to the risk of colorectal cancer and excessive 
consumption of red and processed meat (Chauveau 
et al., 2013), but the results also turned out to be 
divergent (Boskovic and Baltic, 2016). A recent 
study (Michelle et al., 2015) with 77,659 partic-
ipants showed that vegetarians have a 22% low-
er risk of developing all colorectal cancers com-
pared to non-vegetarians with a similar background. 
Furthermore, the authors emphasised that eating a 
pescovegetarian diet was associated with the low-
est risk of colorectal cancer (a 43% risk reduction 
compared with omnivores), while the risk of colo-
rectal cancer in semivegetarians (risk reduction 
of 8%) was closest to the risk that meat consum-
ers face (Michelle et al., 2015). A similar conclu-
sion was reported in a meta‐analysis and systemat-
ic review of prospective cohort studies by Godos et 
al. (2017). According to their findings, the risk of 
colorectal cancer was lower in the population that 
consumed a semivegetarian diet (relative risk 0.86) 
and pescovegetarian diet (relative risk 0.67) when 
compared to non-vegetarians (Godos et al., 2017). 
However, in contrast to this, Koushik et al. (2007) 
followed 756,217 men and women for 6 to 20 years 
and showed that excessive intake of fruit and vege-
tables was not strongly associated with colon cancer 
risk reduction.

The controversial findings in the current lit-
erature are driven by the fact that studies exploring 
the relationships between diet and health face two 
main challenges. First, it is difficult to discriminate 
the specific effects of vegetarian diets from those 
lifestyle factors that are often associated with veg-
etarianism, such as lighter body mass index, high-
er levels of physical activity, and lower prevalenc-
es of smoking and alcohol consumption. In addition 
to this, it remains unclear whether the established 
health benefits of vegetarian diets can be attribut-
ed to the avoidance of red meat, avoidance of pro-
cessed meat, limited intake of saturated fatty acids 
and cholesterol, increased intake of fruit, legumes, 
vegetables, grains nuts, and soya protein-foods, or to 
all or combinations of these.
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Although nutritionally dense, red meat 
with high fat content and processed meat are of-
ten mentioned as risk factors for cancer develop-
ment. According to the results of a study including 
450,000 participants, the overall risk of cardiovas-
cular and malignant mortality increases by 18% for 
every 50 grams of processed meat per day, due to 
the presence of carcinogenic nitrosamines, as well 
as the high content of cholesterol and saturated fats 
(Rohrmann et al., 2013). The core results of the study 
remained the same after taking into account the lev-
el of physical activity, smoking, alcohol consump-
tion and other factors that can confound the relation-
ship between nutrition and morbidity (Rohrmann et 
al., 2013). Furthermore, a positive association be-
tween excessive red meat consumption and colo-
rectal cancer was found in a large number of cohort 
studies (Bouvard et al., 2015). In addition to this, 
high intake of red meat was associated with pancre-
atic and prostate cancers, while consumption of pro-
cessed meat was strongly related to stomach cancer 
(Bouvard et al., 2015). In a review of meta-analyses, 
Yip et al. (2018) concluded that 21 morbidity bur-
dens were significantly associated with meat intake, 
with the highest dose-response for a 50 g increase in 
processed meat daily intake for oesophageal, stom-
ach and colon cancer, as well as for coronary heart 
disease and cardiovascular mortality. Furthermore, 
the highest dose-response for each 65 g increase in 
red meat daily intake was detected for endometrial, 
oesophageal and lung cancer.

The abundance of fruits and vegetables in veg-
etarian diets overlaps with conventionally recom-
mended healthy dietary patterns, which leads us to 
the conclusion that a significant share of health ben-
efits associated with vegetarianism comes from in-
creased intake of plant-based foods, even though 
these benefits seem to remain rather restricted to car-
diovascular health. The study of Aune et al. (2017) 
showed increasing fruit and vegetable daily intake 
by 200 g decreased the relative risk of stroke to 0.84, 
of coronary heart disease to 0.92 and of cancer mor-
bidity to only 0.97. Furthermore, by reviewing the 
epidemiological evidence on diet and cancer, Key et 
al. (2004) concluded that consumption of fruits and 
vegetables probably reduces the risk of gastrointes-
tinal cancers located in the oral cavity, oesophagus, 
stomach and colorectum.

Apart from cancer, high fruit and vegetable 
intake as well as vegetarian diets have been asso-
ciated with lower risk of diabetes type II (Cooper 
et al., 2015; Appleby and Key, 2016). Furthermore, 
some authors mention auxiliary impacts of restric-
tive vegetarian diet on gut health. Namely, Bauer 
and Yeh (2014) showed that vegans displayed a gut 

microbiota that was most distinct from that of om-
nivores, but was not always significantly different 
from that of vegetarians, with a reduced concentra-
tion of pathological species and abundance of pro-
tective species. The unique gut microbial profile 
might be a key feature linking veganism with pro-
tective health effects.

Health hazards associated with plant-based 
diets

While higher intake of plant foods and mod-
erate amounts of saturated fatty acids, cholester-
ol and processed meat can be considered beneficial 
for health, the existing evidence from cohort stud-
ies suggests that the complete elimination of animal 
foods might not be associated with additional bene-
fits for human health (Godos et al., 2017). Meat is a 
source of biologically valuable proteins, long chain 
n-3 fatty acids, essential trace elements (iron, cop-
per, manganese, iodine, zinc, selenium), vitamin D 
and several B vitamins (Baltic et al., 2010; Ivanovic 
et al., 2016; De Smet and Vossen, 2016). Therefore, 
the potential drawbacks of vegetarian diets mostly 
refer to the reduced supply of essential amino acids, 
n-3 fatty acids, vitamin B12, zinc, iron and calcium 
(Petti et al., 2017).

Vegetarian diets are abundant in n-6 fatty acids 
(linoleic acid), while lower serum levels of n-3 fat-
ty acids, i.e. eicosapentaenoic acid (EPA) and doc-
osahexaenoic acid (DHA), which are thought to be 
important for immune, cognitive and cardiac func-
tions, have been reported in vegans (Pavlicevic et 
al., 2014). Plant-derived linolenic acid can be con-
verted to EPA and DHA in vivo, but the conversion 
rate is rather slow and vegan sources of n-3 fatty ac-
ids are limited to canola oil, flaxseed and flaxseed 
oil, and olive oil (McEvoy et al., 2012).

Iron deficiency is a cause of anaemia in ap-
proximately 30% of the population in wealthy coun-
tries, particularly in urban residents and young fe-
males. The vegan population exhibits an even higher 
tendency for anaemia, not because their iron intake 
is below recommended levels, but because non-hae-
me iron from plants is less bioavailable and because 
plant-abundant diets contain substances such as 
phytic acid and polyphenols/tannin, which can im-
pair mineral absorption.

A vast number of studies aimed at exploring 
vegan health with respect to vitamin B12 deficien-
cy, since B12 requirements cannot be met without 
animal-based food intake or supplementation, and in 
affected people, B12 deficiency and the accompa-
nying haematological symptoms can be mimicked 
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by folic acid intake, which is high in vegan diets 
(Baltic et al., 2010; McEvoy et al., 2012). Although 
plasma levels of vitamin B12 are lower in the en-
tire vegetarian population than in meat-eaters, cas-
es of pronounced vitamin B12 deficiency with sub-
sequent haematological and neurological damage, 
such as central nervous system demyelination, have 
been reported only in vegans (Kapoor et al., 2017). 
This is because followers of less strict vegetarian di-
ets, such as ovolactovegetarians, lactovegetarians 
and semivegetarians, obtain B12 through consump-
tion of cheese, eggs, milk, and artificially fortified 
products. Apart from haematological and neurolog-
ical effects, vitamin B12 deficiency is shown to be 
associated with atherosclerosis. As reported by Woo 
et al. (2014), low intake of meat, egg or dairy prod-
ucts in poor residents of northern Chinese rural com-
munities and consequent vitamin B12 deficiency 
have been associated with impaired arterial endothe-
lial function and increased thickness of carotid inti-
ma-media.

In addition to vitamin B12 deficiency, plant-eat-
ers who avoid animal-based protein might be lack-
ing several key nutrients, including sulphur ami-
no acids, iron, zinc and omega-3 fatty acids, which 
can be associated with the elevated blood levels of 
homocysteine and decreased high-density lipopro-
tein levels often reported in vegans (Ingenbleek and 
McCully, 2012). In order to meet the daily require-
ments and decrease vulnerability to atherosclerosis, 
vegans should be encouraged to take vitamin B12 
supplements and consume walnuts as a source of n-3 
fatty acids (Li, 2011).

The relationship between vegetarian diets and 
skeletal integrity was a matter of scientific debate 
due to the fact that it is challenging to distinguish be-
tween the effects of diet and certain lifestyle factors 
(e.g. physical activity, smoking and caffeine intake) 
on bone health. The EPIC-Oxford study (European 
Prospective Investigation into Cancer and Nutrition 
– University in Oxford) performed between 1993 
and 1999 showed veganism poses a risk of calcium 
and vitamin D deficiency, particularly for people liv-
ing in northern latitudes with low sunlight exposure 
(Crowe et al., 2011). Nevertheless, more recent find-
ings have shown the daily average vitamin D intake 
of vegans has increased noticeably by almost 12-
fold in the last 20 years due to newer dairy replace-
ment products that are typically fortified (Dagbasi et 
al., 2015). Moreover, the lower bone density in peo-
ple consuming plant-based diets was confirmed, but 
it cannot be considered as clinically relevant as no 
significant differences in osteoporotic fracture rates 
between vegetarians and non-vegetarians were reg-
istered (Chauveau et al., 2013).

Vegetarianism and vulnerable population 
categories

One of the conclusions of the EPIC-Oxford 
study, that recruited more than 65,000 subjects of 
which approximately 50% were meat-eaters, was 
that mean energy intake was 14% lower in vegans 
than in non-vegetarians (Davey et al., 2003). While 
the mean fat intake was similar, the contribution of 
saturated fats to total energy intake was significantly 
lower in vegetarians. Moreover, vegetarianism has 
been shown to precede different eating disorders as-
sociated with low energy consumption and increase 
the risk of developing anorexia nervosa (Aloufy and 
Latzer, 2016).

Despite the aforementioned assumptions and 
facts, it has been convincingly highlighted that a 
vegetarian diet can be nutritionally adequate for 
all stages of the life cycle from infancy to old age 
(Chauveau et al., 2013). While experts claim that 
vegetarian diets can be adequate and while the ma-
jority of vegetarians interpret their nutrition as a tran-
sition to a new and healthier nutrition, some studies 
have shown that some vegetarians attribute their per-
ceived decline in health or well-being to meat avoid-
ance (Menzies and Sheeshka, 2012). A healthy diet 
is designed to provide the body with all essential nu-
trients and sufficient energy, but as a vegetarian diet 
becomes more restrictive, adequate daily energy in-
take becomes more difficult to achieve. Unlike pro-
teins in animal foods, those in plant-based foods are 
less digestible and are often deficient in one or more 
essential amino acids, and thus, human requirements 
for a well-balanced intake of amino acids in vege-
tarians can be met only if a variety of plant foods is 
consumed. Furthermore, monotonous vegetarian di-
ets are nutritionally inadequate and without the ap-
propriate monitoring and supplementation can re-
sult in severe nutrient deficiencies with detrimental 
health effects. The study of Satija et al. (2017) based 
on a sample of 166,030 women and 43,259 men 
found an unhealthful plant-based diet which empha-
sised consumption of refined grains was linked to an 
equal risk of coronary heart disease as that of regular 
animal-based food intake.

As regards infants, study showed that the 
 majority of vegan children grew and developed 
 normally, although they tended to be smaller in stat-
ure and lighter in weight than the general popula-
tion of their age, and their intake of energy, calci-
um, vitamin D, B2 and B12 were usually below the 
recommendations (Di Genova and Guyda, 2007; 
Rogne et al., 2017). Ten years ago, an Internet 
search of the terms ‘vegan’ and ‘children’ produced 
1,380,000 hits (Di Genova and Guyda, 2007), 
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suggesting numerous parents were considering lim-
iting their child/children to the most restrictive type 
of plant -based diet.

Healthy eating habits in childhood are of vital 
importance for prevention of under nutrition, growth 
retardation, and a number of other nutrition-related 
issues (Djordjevic et al., 2016). Due to higher nu-
trient requirements relative to body weight, vegan 
children are more likely than adult vegans to face 
nutritional deficiencies that adversely affect their 
bone mineral content, growth, as well as their mo-
tor and cognitive development. Bulky plant food 
with a high content of dietary fibre can restrict ener-
gy intake in children and lead to lower mean weight 
(Katz and Meller, 2014). Furthermore, vitamin B12 
deficiency in toddlers results in severe, long-term 
megaloblastic anaemia and neurological disorders, 
including impaired cognitive performance and intel-
ligence, as well as poor spatial ability and short-term 
memory (Rogne et al., 2017).

Conclusions

The current evidence from long-term studies 
based on large population samples and using meth-
odology that precludes bias and confounding factors 
is too scarce to resolve the issue of a single best diet, 
but the weight of evidence strongly supports healthy 
dietary patterns while allowing for variations in food 
choice. While the positive effects of a less restrictive 
vegetarian diet on cardiovascular health are beyond 
doubt, the data show relatively small differences in 
overall cancer risk between vegetarians and non-veg-
etarians. In the absence of direct evidence, claims for 
the superiority of vegetarianism, and particularly its 
restrictive forms, are probably exaggerated. However, 
every diet that contains limited amounts of processed 
foods, moderate amounts of animal foods, and an 
abundance of fruit, vegetables and whole cereals will 
likely be nutritionally adequate, consistent with the 
current nutritional recommendations, and associated 
with health promotion and disease prevention.

Disclosure Statement: No potential conflict of interest was reported by the authors.
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