Identification of horses as a possible factor of safety of horse meat
Summary
Horse meat can be a valuable substitute for beef in cookery, firstly because of its chemical composition, i.e., the fact that due to low
content of fat (3%) horse meat is easy to digest and it is suitable even for a d:er The goal of rh:s paper was to determine the factors
which can affect the safety of horse meat, so there was considered legisl of equidae and andon
one example from the practice there was performed simulation of control of de//very of horses to s/aughrerhouse processing into an
approved slaughtering fac/llty for equldae for the perrod of one calendar year. A conclusion was made from the obtained results that
by applying of the of equidae (ANON, 2009) there was established an uninterrupted
traceability from the farm of b:rrh to fa(rllty and shif were acc ied by the i ion on the food chain. A
problem could appear by opening of the market toward the EU, from the aspect of f the approach of ir ion of
Commission Regulation (EC) No. 504/2008 in member countries of the EU, due to which there is a need for strengthening the capacity
in terms of marking and identification of equidae in the Republic of Croatia and creating a base of equidae migration modeled after
the one for cattle.
Keywords: identification and marking of horses, horse meat, safety of horse meat

Identifikation von Pferden als méglicher Faktor der Sicherheit von Pferdefleisch
Zusammenfassung
Pferdefleisch kann ein werter Ersatz fiir Rindfleisch in der Kochkunst sein, in erster Linie wegen seiner chemischen Zusammensetzung
und der Tatsache, dass Pferdefleisch wegen seiner niedrigen Fettmenge (3 %) leicht verdaulich ist. Es ist sogar fiir die Didterndhrung
geeignet. Das Ziel dieser Arbeit war, Faktoren festzustellen, die auf die Sicherheit des Pferdefleisches einen Einfluss haben kénnen.
Deshalb wurde die Legislative iiber den Verkehr von Hufneren und deren Folge in Betracht gezogen. Auf einem Beispiel aus der Praxis
wurde die Simulation der Kontrolle der in das dafiir igte Schlachtobjekt fiir Huf-
tiere fiir die Periode von einem Kalenderjahr durchgefuhrr Aus den bekommenen Resultaten wurde der Beschluss gefasst, dass durch
die g der Di hrift Gber die und von Huftieren (ANON, 2009) laufendes Folgen hergestellt
worden ist, u.zw. vom Wirtschaftshof der Geburt bis zum Sch/achtobjekr. Diese Lieferungen wurden mit den Angaben (iber die Fiitte-
rungskette versehen. Mit der Eréffnung des EU-Marktes konnte das Problem entstehen, u.zw. vom Aspekt der Nicht-Ausgeglichenkeit
beziiglich Durchfiihrung der Vorschriften der Kommission (EC) Nr. 504/2008 in den EU-Staaten. Deshalb besteht das Bediirfnis nach
der Stdrkung von Kapazitéten im Sinne der Kennzeichnung und der Identifikation von Huftieren in Kroatien, und das Bediirfnis nach
Schaffung der Migrationsbasis fiir Huftiere laut jener fiir die Rinder.
Schliisselwdrter: Identifikation und Kennzeichnung der Pferde, Pferdefleisch, Sicherheit des Pferdefleisches

Individuazione del cavallo come possibile fattore di
Sommario

La carne equina puo essere un valido sostituto della carne bovina in cucina, soprattutto per la sua composizione chimica, ossia per
il suo basso contenuto di grassi (3%) che ne fa una carne facilmente digeribile, anzi adatta a un'alimentazione dietetica. Lo sco-
po di questo lavoro consiste nell'individuare i fattori che possono influire sulla sicurezza della carne equina. In questo senso é stata
analizzata la normativa vigente in materia di commercio degli equidi e di tracciabilita, e su un esempio pratico é stata effettuata la
simulazione dei controlli del trasporto dei cavalli al macello in una struttura di macellazione autonzzam per equld’ nell’ arca diun
anno solare. Dai risultati ottenuti si conclude che, con I'applicazione del ull'identific gli equi-
di (ANON, 2009), ¢ possibile I'assoluta tracciabilita dell'animale dall'azienda di nascita alla struttura della macellazione, e che ogni
carico é accompagnato dai dati sulla filiera agroalimentare. Problemi in quesro senso potrebbero insorgere con I'apertura del mer-
cato all'Unione europea, nel senso delleterogeneita dell'approccio all’ del della C issic (EC) numero
504/2008 nei paesi membri dell’ UE, per cui esiste la necessita di rafforzare le capacita nel della marcatura e dell'i

degli equidi in Croazia, e della creazione di una banca dati sulla migrazione degli equidi sul modello di quella creata per i bovini.
Parole chiave: identificazione e marcatura dei cavalli, carne equina, sicurezza della carne equina

icurezza della carne equina
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Physico-chemical, colour and
textural properties of horse salami
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scientific paper

Sazetak

A study of physico-chemical properties and instrumental measurement of colour and texture was carried out on seven different
brands of traditional homemade dry fermented horse salami from Pakrac area. Basic physico-chemical properties, pH values and
salt content showed significant variability (p = 0.05), except for the values of aw. Textural and colour parameters (L*, a* and b*) also
showed significant (p = 0.05) variability, especially hardness and a* value. This can be related to different recipes (different mass frac-
tion of pork back fat used in recipes) and casing (different diameter) used by different producers and with different drying - ripening
stages of the investigated samples.

Keywords: Horse salami, traditional manufacturing technology, physico-chemical properties, texture profile analysis (TPA), colour
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Introduction

Traditional production of Horse sa-
lami is related to Italian minority in
villages in the surroundings of towns
Pakrac and Lipik (Western Slavonia
region). This product in the past was
“the dish of the poor", today itis high-
ly appreciated autochthon Croatian
meat product with great potential
for the protection of geographical
indications and/or designations of
origin. Although horse meat has a
high nutritional and mineral value,
its use for human consumption is
negligible due to the feeling of a sort
of “cannibalism” towards an animal
loved as a pet or a sport companion
(Martuzzi el al,, 2001). Horse meat
used for the production of Horse sa-
lami was obtained from horses that
were slaughtered at the end of their
working life. The meat had no appre-
ciable organoleptic and nutritional
characteristics revealed by a very
dark red colour and fat possessed
a yellow colour and was tough due
to maturation of connective tissue

(Tateo et al., 2008). Horse salami has
specific sensorial properties (smell
and taste), which mainly originate
from being dried and smoked, and
from ripening, enzymatic, lactic acid
bacteria and moulds activity. The
recipe for Horse salami is 130 years
old and the only difference from pro-
ducer to producer is in mass fraction
of pork back fat used in the recipe (12
—15%). The production of traditional
Horse salami mainly takes place on
small farms in small amounts and it
is seasonal in character and charac-
terised by weather condition from
one year to another.

Because of that, there is a great
need for the standardization of pro-
duction. Similar dry sausages from
Spain (Chorizo de Pamplona and
Salchichon) and lItaly (Felino and
Milano salami) have been intensive-
ly studied for their physical-chemical
composition, colour and textural
properties (Dellaglio et al., 1996;
Perez-Alvarez et al., 1999; Gimeno et

al., 2000; Bruna et al., 2003). There is
no existing information in scientific
literature on this dry sausage, which
could contribute efficiently to its
characterization

The aim of this study was to ex-
amine, for the first time textural and
colour properties of Horse salami
from Pakrac area, which can be a
starting point for the protection of
geographical indications and desig-
nations of origin, and receiving the
protected geographical indication
(PGI) or protected designations of
origin (PDO), according to the EU
Council Regulation (EC) No 510/2006
and EU Commission Regulation (EC)
No 1898/2006.

MATERIAL AND METHODS

The manufacturing

process

Seven samples of traditional horse
salami with highest grades were
collected from different producers
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I, colour and textural properties of horse salami

(Western Slavonia) during the an-
nual competition held in city Pakrac.
All samples had been prepared ac-
cording to the traditional processing
procedures without any additives
such as nitrites or ascorbic acid add-
ed. The traditional production starts
at the end of November and lasts
until March or April. Horse salami is
made from the meat of older (more
than 5 years) worn out horses, main-
ly Hrvatski posavac breed. After the
slaughtering the fat and connective
tissue are carefully removed from
horse meat.

This is especially important for
fat, because horse fat has unpleas-
ant smell and taste. The meat is then
grinded trough a grinding plate
with holes of 6 mm in diameter and
placed in special container with a
hole for decantation overnight (min.
12 hours). Grinded horse meat is
then mixed with pig back fat in the
amount of 12 - 15%. Before mixing
with horse meat the pig back fat is
grinded trough a grinding plate
with holes of 10 mm in diameter.
The mixture of meat and fat is then
mixed with salt in the amount of 2.2
- 2.5%, red paprika in the amount
of 0.2%, hot paprika in the amount
of 0.2 - 0.3%, garlic in the amount
of 0.1 - 0.3%, black pepper in the
amount of 0.2 - 0.3%. The mixture is
then stuffed only into a horse thinin-
testine, collagen casings (50 cm long
and 50 mm in diameter) or beef thin
intestine. Thereafter, the Horse sa-
lami is smoked with dry hard wood
(hornbeam, beech and its sawdust)
every few day (3 - 4 hours) for four
weeks. The temperature and rela-
tive humidity at this stage should
be 18 to 20 °C and 70 to 90%. After
the smoking, the Horse salami is left
for the ripening stage. This stage
is the longest and it should last for
more than 2 months in a dark room
with the temperature from 14 to 17
°C and relative humidity 70 to 80%.
After this stage Horse salami is ready
for consumption.

Table 1 General composition of Horse salami

Brand Moisture (%) Fat (%) Protein (%) Collagen (%)
1 27.86°+0.06 2866'+0.13 31.23°+0.08 3.69%°+0.25
2 2549°+0.14 33354031 27.557+0.15 3.88° +0.12
3 22.5°+0.02 36529012 32.78°£0.12 1.48°+0.17
4 20.87¢+0.01 40.03°+0.03  30.42°+0.02 3.06*+0.35
5 20.86°+£0.03  41.52°£007  23.279£0.14 2.88+0.18
6 20.819+0.01 37.01°£0.13 32.35°+0.08 1.11°£0.01
7 18.98°+0.04  39.81°+0.11 30.70° +0.02 245+ 054

Values are means +SD of triplicate. Values in the same column with different supercripts (a-f) are

significantly different (p > 0.05)

Table2a,, pH and salt content of Horse salami

Brand pH
1 4.71¢£0.01

2 465'+0.01

3 4849001

4 5.56°+0.02

5 486+ 0.01

6 6.74*+0.02
593°+0.01

salt (NaCl) (%)

0.82°+0.01 3.709+0.03
0.85*+0.01 4.25°+0.03
0.85*+0.01 3.49°+£0.08
0.88*+0.01 3.93°+0.04
0.85* +0.07 3.51°+£0.04
0.90° £0.01 3337001
0.87°0+0.01 4.78°£0.05

Values are means £SD of triplicate. Values in the same column with different supercripts (a-f) are

significantly different (p > 0.05)

Physico-Chemical analysis

The samples were cut into small
pieces and homogenized in a knife
mill Gridomix GM 200. The pH level
was measured in a homogenate of
the sample mixed with distilled wa-
ter (1:10) with pH/lon 510 - Bench
pH/lon/mV Meter (Eutech Instru-
ments Pte Ltd/ Oakton Instruments,
USA). Water activity (a,) was deter-
mined using a Rotronic Hygrolab 3
(Rotronic AG, Bassersdorf, Switzer-
land). The FoodScan Meat Analyser
was used to determine moisture,
total protein, total fat and collagen
according to the AOAC 2007. 04. Salt
(sodium chloride (NaCl) was deter-
mined according to the ISO method
nb.1841. All measurements were
conducted at room temperature (20
E28G6)N

Textural analysis (TPA)

Texture profile analysis (TPA) tests
were performed using a TA.XT2i SMS
Stable Micro Systems Texture Analyz-
er (Stable Microsystems Ltd., Surrey,
England) equipped with a cylindri-

cal probe P/75. This involved cutting
samples in 1.5 cm thick slices, which
were compressed twice to 60% of
their thickness. Force-time curves
were recorded at across-head speed
of 5 mms™ and the recording speed
was also 5 mms’'. The following pa-
rameters were quantified (Bourne
1978): hardness (g), the maximum
force required to compress the sam-
ple, springiness (mm), the ability of
the sample to recover its original
form after the deforming force was
removed, cohesiveness the extent
to which the sample could be de-
formed prior to rupture and chewi-
ness (g-mm) work required to masti-
cate the sample before swallowing,
which is calculated hardness - cohe-
siveness - springiness.

Determination of colour

Colour measurements (L*, a¥,
and b* values) were taken using a
Hunter-Lab Mini ScanXE (A60-1010-
615 Model Colorimeter, Hunter-Lab,
Reston, VA, USA). The instrument
was standardized each time with a

hemical, colour and textural pre

Table 3 Instrumental colour measurement of Horse salami

Brand s

33.29¢+1.13
3476°+1.12
30.69°+1.23
36.74°+1.06
39.02°+1.29
33.719+1.35
35.91°+1.24

NGO WL s wN =

a* b*
12.94°+0.86 11.70%+0.51
14.31°£0.63 11.91%+0.54
6.25/+0.63 8.67¢+053
17.30°+0.78 12.16°+0.82
16.36°+0.78 1565+ 1.40
17.26°£0.93 11.58> +1.30
13.37¢+0.91 11.87°+0.88

Values are means +SD of eight measurements. Values in the same column with different super-

cripts (a-f) are significantly different (p > 0.05)

Table 4 Textural properties of Horse salami

Brand  Hardness(g)  PTNIINESS  Copesiveness  Chewiness
(g-mm)
1 216392451431 060°£006  048'£004 629.84°+172.41
2 241788£3912 06294011 0554004 82451+ 18257
3 171002420549 06594004 0564003  622.18°+107.59
4 1127.83°+532.98  0.65“+0.06 0.63°+0.03 425.04°+179.05
5 689.749+30230 071°£004 0724002  357.01°%179.23
6 1156.45° + 354.51 0.77°+£0.03 0.71°+£0.03 635.12°+210.53
7 163308°£149.99 067<£004 063005  681.14%+8925

Values are means +5D of eight measurements. Values in the same column with different super-

cripts (a-d) are significantly different (p > 0.05)

white and black ceramic plate (L*0
=93.01,2*0=-1.11, and b*0 = 1.30).
The Hunter L*, a*, and b* values cor-
respond to lightness, greenness (-a*)
or redness (+a*), and blueness (-b*)
or yellowness (+b*), respectively.
The colour measurements were
performed on horse salami at room
temperature (20 + 2 °C).

Data analysis

Three determinations for general
composition and eight for texture
and colour parameters were meas-
ured from each sample. Experimen-
tal data were analyzed by the analy-
sis of variance (ANOVA) and Fisher’s
least significant difference (LSD),
with significance defined at p < 0.05.
Statistical analysis was carried out
with Statistica ver. 7.0 StatSoft Inc.
Tulsa, OK. USA.

RESULTS AND DISCUSION
Basic chemical compositions of
seven brands of Horse salami are

given in Table 1. Moisture content
of Horse salami varied significantly
(p < 0.05) among brands and were
similar to Spanish Chorizo and Sal-
chichon (Gimeno et al., 2000; Rubio
et al,, 2008) and higher than in Sla-
vonian homemade Sausage and Sla-
vonian kulen (Kovacevi¢ el al., 2010;
Kovacevicelal., 2009), but lower than
in samples of Horse salami reported
by Simi¢ and Miokovi¢ 2008. Accord-
ing to the actual Croatian legislation
the maximal moisture content in dry
sausage is 40% (N.N. 131/2012). All
samples of horse salami had mois-
ture content below the prescribed
level. Protein content of Horse sala-
mi showed high variability (p < 0.05)
(protein contents were in range from
27.55 to 32.78 %) and it was higher
than protein content in Chorizo and
Salchichon (Muguerza et al., 2001;
Rubio et al,, 2007) and similar as in
Slavonian homemade Sausage and
Slavonian kulen (Kovacevi¢ el al,
2010; Kovacevic el al., 2009). Fat con-

s of horse sala

tent shoved high variability among
brands (p < 0.05) which is in agree-
ment with the values reported by
Simi¢ and Miokovi¢ (2008) and can
be related to different recipes used
by different producers (Table 1).

a,, pH and salt content of seven
brands of Horse salami are present-
ed inTable 2. g, did not showed sig-
nificant variation (p < 0.05) among
brands and it was similar as a, of
Slavonian homemade Sausage and
Slavonian kulen (Kovacevi¢ el al,
2010; Kovacevic el al.,, 2009).

pH value of fermented sausages
has been recognized as fermenta-
tion indicator, as well as like an indi-
cator of ripening stage (Hagen et al,,
2000; Salgado et al., 2005; Revilla et
al., 2005). In this study, variations in
pH values between seven different
brands were significant (pH values
varied between 4.97 and 5.55). The
variations in pH suggest different
stages of drying - ripening between
the collected brands. In scientific lit-
erature, average mass fraction of salt
in stuffing for dry sausages ranged
from 2.0% to 2.6%, and in final prod-
uct from 3,3% to 4,3% (Ockerman
and Basu, 2007; Stahnke and Tjener,
2007). In this study mass fraction of
salt (NaCl) in samples of horse sa-
lami was in the range from 3.33% to
4.78% and it was similar as in Slavo-
nian homemade Sausage and Sla-
vonian kulen (Kovacevic el al,, 2010;
Kovacevi¢ el al, 2011).

L*a*b* system values are shown
in Table 3. The lightness (L*) values
of all brands ranged from 30.69 to
39.02, the redness (a*) of all brands
ranged from 6.25 to 17. 30 and the
yellowness (b*) from 8.67 to 15.65
and they all varied significantly (p
< 0.05). Especially large variation of
L* and a* values can be related with
the nature of horse meat (the meat
from older horses has very dark red
color) (Tateo et al., 2008; Markov et
al, 2010.).
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Compared to other studies on
other dry fermented sausages from
Spain and Croatia (Anserona et al,,
1997; Fernandez-Fernandez et al.,
1998; Gimeno et al., 2000; Muguerza
et al, 2001; Muguerza et al, 2002;
Kovacevic el al., 2009; Kovacevic el
al, 2010) all L*a*b* system values of
Horse salami were lower. The lower
L* and a* values can be explained
by the nature of the sample (horse
meat is darker and redder than pig
meat).

The lower b* (yellowness) values
of Horse salami are probably related
to the lower content of yellow carot-
enoids (B-carotene and cryptoxan-
thine) coming from paprika spice,
since this spice is used in smaller
amounts then in Chorizo, Slavonian
homemade Sausage and Slavonian
kulen production (Kovacevi¢ el al.,
2009; Kovacevic el al., 2010).

Results of the texture profile analy-
sis are presented in Table 4. It is obvi-
ous that some significant differences
(p < 0.05) can be observed between
different brands of Horse salami, es-
pecially in the hardness. Only two
brands of Horse salami had hardness
over the 2000 g. This phenomenon
can be related with different ripen-
ing stages of collected brands, the
use of casings with different diam-
eters (horse and beef small intestine
and collagen casings) and different
mass fraction of fat used in the rec-
ipe. During the drying-ripening pro-
cess, Horse salami loses water, and
other, different fermentation, prote-
olytic and lipolytic processes occur.
This could be one of the reasons for
the variability in texture profiles be-
tween the analyzed brands.

In comparison with the results of
some other authors (Gimeno et al.
2000; Gimeno et al. 2001; Muguerza
et al. 2001; Bruna et al. 2003; Revilla
et al. 2005; Salgado et al. 2005; Ru-
bio et al. 2008; Kovacevic el al,, 2010),
who evaluated similar fermented
sausages, such as Spanish Chorizo

and Salchicon, an Croatian Slavo-
nian Kulen, Horse salami has lower
values for hardness and springiness.
Values of cohesiveness springiness
for Horse salami were similar to
these values for the Slavonian Kulen
(Kovacevic el al., 2010).

CONCLUSION

There were significant differences
(p < 0.05) in the basic composition,
pH values, salt content, TPA and col-
our parameters of Horse salami. This
shows that producers still use very
different recipes in the production
of Horse salami (different mass frac-
tion of pork back fat), horse meat
of different origin, different casings
(different diameter) and that the an-
alysed samples were not in the same
drying - ripening stages.
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