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Abstract

This study aimed to determine the fatty acid ancknabal composition and cholesterol
concentration of horsemeat, and to evaluate ite tceptability by the Brazilian population. Horsat
samples M. longissimus dors) were obtained from a Parana State slaughterholise. chemical
composition revealed a low lipid (2.9%) and higlotpim content (22.5%). The concentrations of the
nutritionally important fatty acids, arachidonicichdAA, 20:4n-6) and eicosapentaenoic acid (EPA,
20:5n-3), were 2.97% and 0.43%, respectively. Théymsaturated fatty acid/saturated fatty acid
(PUFA/SFA) ratio was 0.97, which is within the remmended range. The cholesterol concentration of
40.5 mg/100 g is lower than that of other meat sastchicken, beef, mutton and pork. The sensory
evaluation revealed excellent acceptability.
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Horses Equus caballus) are usually raised for use in sports and re@eatind as working horses.
The use of horses as a meat source has been geeésiioterms of food quality despite its nutritibna
value, low cost and low fat content compared td tifabeef (Dufey, 1996). Although horsemeat is
considered a delicacy in many cultures, in Braziktrof the horsemeat produced, are exported, it v
little being targeted at the internal consumerstkat Slaughtering of horses and commercializagbn
horsemeat in Brazil are sometimes performed undeddly and usually with the objective of the
adulteration of other meat products (Jansseh., 1990). Although regulations exist for the maihgtof
horsemeat for human consumption in Brazil, therivde market is negligible, mainly because of the
prejudice against this kind of meat (Torres & Jardi985). Furthermore, the commercial preparation o
horsemeat is hampered by the absence of guideingbe processing of the meat (Junqueitral.,
2005), which further suppresses its popularity thzilian consumers.

Compared to beef, horsemeat has a large perceotagydcutaneous fat and a low percentage of
inter- and intramuscular fat (Rossier & Berger, 899vhich makes it a lean meat. The nutritional
characteristics of horsemeat currently draw sortentn despite the little information on its ntiomal
value, particularly on fatty acid (Matsuokhal., 1993) and cholesterol concentrations. Polyumated
(PUFA) and monounsaturated (MUFA) fatty acids hbaeaeficial nutritional and health values. They
contribute to a reduction in the occurrence of ukscdiseases, carcinoma of the uterine cervix and
immunological diseases. Cholesterol is present Ijn@ananimal fats (Bragagnolo & Rodriguez-Amaya,
1995). It is an essential component of cell membsaand lipoproteins, and a precursor of steroid
hormones, biliary acids and vitamin D (Maurieeal., 1994; Tapiercet al., 2003). However, when
present in large quantities, cholesterol may cacaeliovascular diseases, which necessitates its
determination in foods (Coséhal., 2002).

Therefore, the objective of this study was to eatdithe fatty acid and cholesterol composition of
horsemeat, and its taste acceptability by the Baazpopulation.

The research was based on carcasses of castrdtetionses in good health, donated by the Santa
Fé Slaughterhouse, Santa Fé Municipality, Paraate Stouthern Brazil. Slaughtered animals were nine
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to 11 years old, and had a pre-slaughter weighgingnfrom 460 to 530 kg. The chemical analysis of
muscle tissue was carried out on muscle from nomsehcarcasses.

In order to determine the chemical composition ahdracterize the fatty acid properties of the
meat, three series of samples of 900 g were taken theM. longissmus dorsi between the 12 - 14
thoracic vertebra. The muscle samples were cleahedternal fat, connective tissue and tendons. The
samples were ground in a knife mill, homogenized &inzen at -18 °C pending analysis in triplicate.
Lipid extraction was measured by the Bligh & Dyechnique (1959)protein by using the Kjeldahl
method with a conversion factor of 6.25, and meoesand ash according to AOAC (1995).

Total lipid fatty acids were transesterified with% (wt/vol) boron trifluoride in methanol (Joseph
& Ackman, 1992). The fatty acid esters were sepdréily gas chromatography in a CP 3380 (Varian,
USA) equipped with a flame ionization detector &mked silica capillary column CP Select CB (FAME)
cyanopropyl (100 m long, 0.25 mm i.d., and 0.25 gtationary phase). Gas flows were 0.6 mL/min for
the carrier gas (B, 30 mL/min for the auxiliary gas gN 30 and 300 mL/min for the flame {Hgas and
synthetic air, respectively. The sample injectipiitsatio was 1/100. The column temperature was 19
°C for 23 min and was raised to 255 °C at 20 °C/mimd kept at this temperature for 15 min. Both
injector and detector temperatures were 240 °C. imjeetion of 1.5 mL samples was carried out in
triplicate. The peak areas were determined withstifevare, Workstation version 5.0 (Varian). Fdtya
acid identification, retention times were companetth those of standard methyl esters (Sigma, Stid,o
M.O., USA) and values were also in line with thetified reference material (RM 8415) distributed by
the National Institute of Standards and Technol@NIST). Repeatability tests were performed by
injecting a pattern and a sample consecutivelyisigs a day. Reproducibility tests were also cdraet;
injecting the pattern and the sample twice a dayteee days under the same experimental conditions
No significant differences (P <0.05) were foundimsn the results obtained in either of the tests.

Cholesterol was extracted and quantified by theeaflirsaponification method described by
Al-Hasani et al. (1993). The cholesterol concentration was quauatiin a gas chromatographer 14 A
(Shimadzu, Japan) equipped with a flame ionizadietector and fused silica capillary column 25 nglon
with a 0.25 mm i.d. and a Op2n SE-30 (Quadrex, USA). The injector, column antkcler temperatures
were 260, 300, and 300 °C, respectively. The gassflused, were: 1.5 mL/min for the carrier gag),(H
25 mL/min for the make-up gas /N300 mL/min for the synthetic air and 30 L/minm the H flame gas.
The sample injection split rate was 1/150. The pea&re integrated with an Integrator-Processor CG-
300 (CG Instrumentos Analiticos). Cholesterol wdsntified by comparison with Sigma standards
(USA). Sample cholesterol was quantified afterriiethod linearity was verified by analysis of diffat
concentrations of standard cholesterol samples@®ith mg/mL of 1 5 alpha-cholestane.

Horsemeat samples of approximately 500 g were rdot small pieces (2 x 4 cm), salted (1.3%
wt/wt), homogenized and grilled in an electric Igal 160 °C with an internal temperature of thdlepli
samples of 105 °C. The samples were then servedramic dishes immediately after preparation and
under normal light. Acceptability was evaluated3fy (voluntary) meat consumer testers, 20 — 50 years

Table 1 Chemical composition and cholesterol concentraticthe M. longissimus dorsi of horses

Chemical composition 0/100 g meat + s.d.
Moisture 73.3+1.7

Ash 1.1+0.1
Protein 225+1.1

Total lipids 29+0.3
Cholesterol (mg/100 g meat) 405+£2.6

Each value is an average of nine samples (frestiysed in triplicate, with standard deviations (s.d
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Table 2 Fatty acid composition, and sum and ratio of fattids of the fat in th#. longissimus dors of
horses compared with fat from the same muscle ttirar species

Fatty acids (%) Means * s.d. Goat* Beef** Chicket**
14:0 2.30+0.24 8.27 20.4 0.03
14:1n-5 0.23+0.01 0.10 nd 0.09
16:0 25.94 £ 0.73 24.00 24.0 22.19
16:1n-9 0.35+0.04 nd nd 0.38
16:1n-7 2.88+£0.26 0.88 nd 3.79
17:0 0.46 £0.01 0.37 nd 0.16
17:1n-9 0.25+0.02 0.49 38.4 0.05
18:0 7.47 £0.23 13.14 17.9 7.51
18:1n-9 22.15+0.61 27.58 nd 35.59
18:1n-7 1.58 £ 0.03 2.62 nd 1.42
18:2n-6 22.88 £0.33 3.43 29.8 23.44
18:3n-6 7.80 £ 1.06 0.34 nd 0.18
18:3n-3 0.43+0.02 1.01 7.4 1.34
21:.0 0.42 +£0.01 0.42 nd nd
20:3n-6 0.34+£0.01 nd 0.22
20:4n-6 2.97+0.22 nd 3.3 1.37
23:0 0.19+0.01 nd nd nd
20:5n-3 0.43+0.02 nd nd nd
22:4n-6 0.92 +0.05 nd nd nd
PUFA 35.8+1.13 4.9 73.0 27.3
MUFA 27.4 £ 0.66 32.3 45.6 41.8
SFA 36.8+£0.80 62.9 47.0 31.0
n-6 349+1.13 3.9 46.6 24.2
n-3 0.86 £ 0.02 1.01 20.9 2.00
n-6/n-3 40.60 £ 1.16 3.90 2.23 12.62
PUFA/SFA 0.97+0.21 0.08 0.15 0.88

Each value is the mean of nine samples analysiiplicate.

PUFA - polyunsaturated fatty acids; MUFA - monounosated fatty acids; SFA - saturated fatty acids;
n-6 - omega-6 fatty acids, n-3 - omega-3 fatty sicRlJFA/SFA - polyunsaturated fatty acids/saturdéety acid
ratio. nd — not detected.

* Matsushitaet al. (2007); ** Padreet al. (2007); *** Boroskiet al. (2008).

of age. The testers evaluated the samples using-floere hedonic scale: 9 = like extremely, 8 = lik
very much, 7 = like moderately, 6 = like slightly,= neither like nor dislike, 4 = dislike slightly,
3 = dislike moderately, 2 = dislike very much, 1dwslike extremely, according to the methodology
described by Meilgaare al. (1987).

Analysis was processed using Statsoft Statistisordows 5.0 (1995). The results were analyzed
by ANOVA and the Tukey test, using 5% as levelighgicance.
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The values of the chemical composition and chalekteoncentration in the present study
(Table 1) are similar to those obtained by Bad&ral. (1997) who found that samples contained 0.9%,
0.98% and 19.8% moisture, ash and protein, resdgtiwhile the total lipid content (2.93%) is in
agreement with results (3.10%) reported by Devigt&menkovic (1989).

Table 2 depicts the fatty acid composition, sumfatiff acid groups and their ratios in horsemeat.
In relation to other meat species such as the @datsushitaet al. 2007), cattle (Padret al. 2007) and
chicken (Boroskiet al. 2008), the qualitative and quantitative fattydacomposition were different,
except for six fatty acids.

Hambletonet al. (1980) found that the main fatty acids in horaecasses in descending order of
concentration were oleic, palmitic and linoleicdzci In the present study the major fatty acids were
palmitic (16:0, 25.9%), linoleic (18:2n-6, 22.9%nd oleic (18:1n-9, 22.2%) acid. Therefore, althoug
the concentrations of the major fatty acids weréhiwia similar range, their relative concentrations
differed from those reported by Hambletairal. (1980). The horsemeat contains nutritionally ant@nt
fatty acids such as arachidonic acid (AA - 20:4r2®7%) and eicosapentaenoic acid (EPA - 20:5n-3:
0.43%); and 36.8% saturated fatty acids (SFA) &8% PUFA with a PUFA/SFA ratio of 0.97, which
characterize it as a healthy meat according tadference values the Department of Health and Bocia
Security (1984). It considers values lower than50a4é inappropriate for human health due to their
association with cardiac diseases. However, tregser lvalues obtained in the present experimefferdif
from those of Badiargt al. (1997) who reported 34.8% SFA, 46.5% MUFA an®¥%8PUFA.

The cholesterol concentration was 40.5 mg/100 gtnveaich is within the range of 33.2 - 57.3
mg/100 g meat found by Junquegial. (2005) in male and female horses at differentybedights.
Research indicates that this characteristic iscthirénfluenced by sex and herd handling (Sincéhial.
1990). In general, horsemeat has a low cholestmotent compared to other meat such as chicken,
mutton, beef and pork (Bragagnolo & Rodriguez-Ama@05; Souzat al. 2004).

Among the 30 meat consumer testers, the followrgeptability ratings were obtained: 15 rated
the meat as liking it extremely, 10 liked it veryuoh, four moderately and one slightly, giving a mea
test score of 8.3, which means that the produetisarial acceptability index was approximately 1086
all testers accepted the meat as excellent.

Despite its low consumption by Brazilians, horseim@as viewed as excellent in the sensory
evaluation. The cholesterol concentration of theséimeat was lower than that report for meat franeiot
species. From the nutritional point of view it ig@od source of proteins and has a low total lqmdtent.
The PUFA/SFA ratio is also within the recommendaape for a healthy diet.
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