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Abstract: In order to develop a microbiological starting point for sheep meat production from Central Highlands of
Mexico, the aim of the current research was to evaluate their microbiological and physico-chemical quality from
slaughterhouses. Carcasses, utensils and workers’ hands samples were taken according to NOM 092-SSA1-1994,
Official Chilean Standard NCh-ISO 17025 of 2005, NF V08-060 Microbiology of food and animal feedings stuffs
and European Union Council and Parliament Regulations. The microbiological quality was analyzed by Mesophilic
Aerobic, Total Coliforms and Fecal Coliforms values. Most of the slaughterhouses were close to the Superior Limit
Permitted (MLP) for Mesophilic Aerobic values (3, 59 log;o UFC/mL) on sheep carcasses. Even though there were
no fecal coliforms found on sheep carcasses, they have been found on knives, tables and workers’ hands in most of
the slaughterhouses. In the physico-chemical variables initial and ultimate pH (45 min and 24 h), initial and ultimate
temperature (45 min and 24 h), lightness (L*), redness (a*), yellowness (b*) and tenderness were evaluated and
there were significant differences among variables except for initial Temperature (p < 0.05). In conclusion, although
the physico-chemical characteristics were acceptable the Microbiological values overpass the MLP for Mesophilic
Aerobic and Fecal Coliform haven’t been found any correlation between both of them at the analyst moment.
However, because of the high sheep meat production in the Central Highlands of Mexico and these microbiological
characteristics it has been concluded that is required a shared responsibility among the productive sector and from
the government in order to regulate that production.
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1. Introduction of meat is the additional contributions during
Sheep in Mexico is oriented to the production of dressing, storage, transportation and distribution
meat and is mainly distributed in the states of Mexico (Alarcon et al., 2006).
and Hidalgo. The most frequent breeds are: Suffolk, The lack of sanitary conditions at the
Charollais, Rambouillet, Texel, Pelibuey and Dorper. slaughterhouse  contributes to  microbiological
The most important characteristics of meat are: contamination, because the meat offers a high
juiciness, tenderness and flavor, they give more nutrimental environment, which generates
weight to the quality and impact in the decision to pathologies for the consumer. In spite of the few
purchase (Cuellar, 2007). information on these cattle physico-chemical and
In Mexico the consumption of this food is by health characteristics is very important the
the traditional culinary process called Barbacoa and knowledge within the Central Highlands because of
recently fins cuts. This is the main activity of the its great marketing (FAO, 2007; Signorini et al.,
Municipalities belonging to the Central Highlands of 2006).
the State of Mexico. Being the main gatherer and Therefore, the aim of the present investigation
seller of this meat the Municipality of Capulhuac was to evaluate the physico-chemical and
with 1,968 slaughtered heads annually and 685 t of microbiological characteristics of sheep meat from
meat monthly (Arteaga, 2011; SIAP, 2012). slaughterhouses at the Central Highlands of the State
The quality factors that have influence on this of Mexico.
product include ante mortem (breed, feeding, gender,
fasting, transportation, loading and unloading) and 2. Material and Methods
post-mortem periods (stunning, dressing, chilling and The study was conducted for six months, from
cutting). Therefore, if these factors are not adequately August, 2013 to February, 2014. Six inspections were
performed quality is affected. In fact, sanitary quality made per abattoir every fifteen days in the
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Municipality of Capulhuac, State of Mexico. The
physicochemical analyses were carried out in the
Laboratories of Veterinarian Medicine and Animal
Husbandry Faculty, UAEMex and UNAM Topilejo
Unit. The microbiological analyses were carried out
in the Laboratory of Agricultural Product Quality,
Faculty of Agricultural Sciences, UAEMex.

The study was available only on three of the
eight slaughterhouses of the Municipality whose
production volume was 420 t monthly. Carcasses,
knives, tables and workers’ hands samples were
taken according to Standard NCh-ISO 17025
Official, 2005 and European Union Council and
Parliament Regulations.

1.1 Physico-chemical meat characteristics

After slaughtering, pH 45 min and pH 24 h were
measured between the 12" and 13" rib of the
carcasses with a potentiometer HANNA HI99163, in
agreement to AOAC methodology (1990). Objective
color was determined using a Minolta Chroma Meter
CR-400 (Honikel, 1998). Finally, tenderness was
made under the measure of effort or strength to shear
by Warner-Bratzler in the muscle Longissimus dorsi
according to AMSA method (1992).

1.2 Study of microbiological characteristics

1.2.1 Evaluation of carcass sanitary
characteristics

For microbiological analyses a non-destructive
method was used in agreement with Standard NCh-
ISO 17025 Official, 2005 and European Union
Council and Parliament Regulations. Microbiological
inocules were taken from four points of the carcass:
flank, thorax lateral, brisket and breast (swabbing
area 100 cm?). Samples were prepared under the
Official Mexican Standard NOM-110-SSA1-1994
Goods and Services “Preparation and dilution of food
samples for microbiological analysis”. Mesophilic
Aerobic Bacteria, Total and Fecal Coliforms counts
were made according to Standards NOM-092-SSA1-
1994 (Standard Methods Agar BIOXON), NOM-
113-SSA1-1994 and NF V08-60 (1996) from the
Association Francaise de Normalisation (AFNOR),
respectively. For the last two, Violet Red Bile Agar
(BIOXON) was used.

1.2.2 Evaluation  of  slaughterhouse
sanitary characteristics
Hands (swabbing area 20 cm®), tables

(swabbing area 10 cm?®), knives (both faces and
edges) were sampled up at the time of carcasses
sampling according t 2005. Microbiological
quantifications for Mesophilic Aerobic, Total and
Fecal Coliforms were made according to the
mentioned standards.

1.3 Experimental design

A completely random design was performed
including a variance analysis (p < 0.05) for abattoirs.
Significant differences were compared using a DMS
test (p < 0.05) with the software Stat Graphics Plus
5.0 (1999-2000). The analyzed microorganisms’ data
(Mesophilic Aerobic, Total and Fecal Coliforms)
were reported in log;p CFU/mL. The Mesophilic
Aerobic microorganisms were compared with
European Union Council and Parliament Regulations
Maximum Permissible Limits (MPL), which
indicates the MPL (< 3.5 log;y CFU/mL). Total
Coliforms Standard has not been taken into account,
nonetheless for this study was considered as quality
indicator. Fecal Coliforms samples should not exceed
1.5 10g10 CFU/mL.

3. Results
2.1. Meat physico-chemical characteritics

The data in Table 1 showed pH 45 min, pH 24
h, T 45 min, T 24 h, color with the values of lightness
(L*), redness (a*) and yellowness (b*) and
tenderness variables.

Regarding to pH 24 h significant differences
among slaughterhouses were found, the stated rank
for this parameter is from 5,5 to 5,7. Abattoirs 1 and
3 generated the highest values. Concerning to
temperature, slaughterhouse 3 is within the normal
ranks, 15 °C. In lightness (L*) significant differences
among abattoirs were found. In addition, the highest
redness (a*) and yellowness (b*) values were found
in abattoir 1 and 3, respectively. Moreover, the last
one got the highest shear force value (tenderness).

Table 1 Physico-chemical Characteristics of sheep meat

Variable Abattoir 1(p £ SD) Abattoir 2(p £ SD) Abattoir 3(p £+ SD) P —value
pH 45 6.17 +0.24° 6.02+0.16° 6.27 £0.35° 0.0052
pH 24 5.95+0.21° 5.70 £0.31° 5.89 +0.26° 0.0000
Temperature 45 min (°C) 19.03 £1.15 18.46 +£2.28 19.16 £2.73 0.3503NS
Temperature 24 h (°C) 17.02 + 1.47° 15.11 £2.55° 1631 + 1.38° 0.0000
L* 39.34 £ 7.08° 3422 £527 31.61 £4.88" 0.0000
a* 14.05 +2.49° 12.30 £2.14" 11.54 £3.37° 0.0000
b* 6.39 +147° 8.74 + 1.56° 731 +1.65° 0.0000
Tenderness 3.01 £0.76" 3.62+0.97° 493 +1.75° 0.0002

NS= Not Significant; SD= Standard Desviation; p= Arithmetic Mean; p< 0,05
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2.2. Meat microbiological characteristics
Mesophilic Aerobic values for carcasses, knives
and tables have been found significant differences,

where standing out abattoir 3 presented the highest
values overflowing
variable had no significant differences (Table 2).

the

MLP. Workers’

hands

Table 2. Mesophilic Aerobic Microorganisms, for carcasses, knives, workers’ hands and tables variables

?ﬁ)egsnggg /Arflrli)tﬂ):ICSD) Abattoir 1 Abattoir 2 Abattoir 3 P —value
Carcasses 3,40+0,20° [3,55+0,30° [3,63+026° |0,0000
Knives 3,26+0,14° [3,54+021° [3,88+0,36° |0,0000
Workers’ hands 3,50 + 0,05 3,55+0,18 3,64 £ 0,22 0,1986NS
Tables 3,49+0,17° [3,58+0,14> [3,71+0,27° [0,0013

NS= Not Significant; SD=Standard Deviation; p< 0,05

For Total Coliforms in carcasses and knives,
significant differences were found, where abattoir 2
got the highest values. While, there were no

significant differences for workers’ hands and tables
variables (Table 3).

Table 3. Total Coliforms Microorganisms for carcasses, knives, workers’ hands and tables

;ligtgal (C:%llljtz;ris L SD) Abattoir 1 Abbatoir 2 | Abattoir 3 P - value
10 -
Carcasses 1,39+0,63* [2,1+0.43° [1,86+0,62° [0,0000
Knives 1,34+0,36° [2,0+0,60° [1,75+0,60° [0,0012
Workers’ hands 1,96 £0,16 2,1+048 2,05+0,36 0,0873NS
Tables 1,95 +0,33 1,9+ 0,44 2,03 + 0,69 0,0607NS

NS= Not Significant; SD = Standard Deviation; p < 0,05

There were significant differences (p < 0.05) in
fecal coliforms analyses for carcasses and knives,
especially in abattoir 2 with the highest values

exceeding the MLP. In contrast, there were no
significant differences on worker’s hands and tables
(p = 0.05) (Table 4).

Table 4. Fecal Coliforms Microorganisms for carcasses, knives, workers’ hands and tables

Ez(zgalsci(i?t;orirrﬁs +SD) Abattoir 1 Abattoir 2 Abattoir 3 P — value
10 —
Carcasses 1,4+ 0,58° 1,4+0,65 [1,25+0,77° [0,0002
Knives 1,38+0,52° |[1,6+0,41 [1,87+0,63" [0,0239
Workers’ hands 1,33+£0,69° [1,8+0,36° [1,42+0,57* [0,0052
Tables 1,61+044 [1,3+0,57 1,9+ 0,73 0,3923NS

NS= Not Significant; SD = Standard Deviation; p < 0,05

4. Discussions

In this study the initial pH (45 min) average was
6,62; this value is slightly higher to the reported by
Maltin et al. (2003) who mentioned that in the early
post mortem period when lactate accumulation does
not lead a reduction in pH 6,0 — 6,4. Muscle pH in
well-fed animals and pre-slaughter fasting is close to
neutrality (6,8 to 7,2) (Forrest, 1975, Lawrie, 1985).

The ultimate pH (24 h) mean for the current
research was 5,84, which matches with Komprda et
al., (2012) reported that a pH for lambs at 24 h after
slaughtered between 5,8 - 5,74, and Kuchtik et al,
(2012), between 5,63 — 5,77. The pH found in this
study decreased appropriately from 6,27 to 5,70 after
slaughtering and, this fall is suitable for acceptable

meat characteristics by consumers according to
Devine et al., 1993. Forrest (1975) and Lawrie (1985)
mentioned in their research that ph decreased at 24 h
post mortem to a rank from 5,4 to 5,5; this values are
slightly lower than those reported by the authors
mentioned above.

The lowest pH found in this study was 5,70 and
the highest was 6,27. Both results are included in the
rank of 4,5 to 9,0, where the pH has a significant
effect on viability and microorganisms’ growth,
especially Gram negative bacteria. When it is below
it limits not only the cells growth, but also they lose
viability (Ray and Bhunia, 2008). This parameter
measure is used as an indicator to evaluate its shelf
life and quality.
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Significant differences were found in color
characteristics L*, a* and b* (Table 1). L* values in
this research were from 39,34 to 31,61 similar to
Mariezcurrena et al. (2013), who reported a value of
35,95 for imported meat from New Zealand. Novelo
et al. (2008) who evaluated the effect of refrigeration
temperature and airing period length on Holstein
steers’ meat quality obtained a value of 36,1 at 24 h
after slaughtering. All these investigations suggested
that these L* values are appropriated for consumers.

On the other hand, one of the most important
qualities in purchase decision is the cherry red color
(a*), which is associated with freshness and quality
(Brewer et al., 2001, Mancini and Hunt, 2005). In
this research significant differences were found in a*
among slaughterhouses, however, a* rank values
were 11,54 to 14,50, according to Mariezcurrena et
al. (2013) for national meat 14,37 and lower than
those reported by Vignola (2009) 15,41. Positive
values of a* indicates red color and negative values
of a* indicates green, between them brown color is
found. The last two are undesirable colors for
consumers. These values are designated by the
chemical state and type of myoglobin present on
meat. Consequently, it is suggested that color results
pointed that myoglobin exists in an appropriate
chemical state for a suitable meat color, otherwise, a*
values related with brown color are derived from
oxidation states of myoglobin, while more myoglobin
oxidation is  existed more  metmyoglobin
concentration is found, one of the factors that
promoted these values is the presence of oxygen,
which promoted the growth of microorganisms. In
this work the meat had a proper red color and

microorganisms’ counts were under Official
Standards.

Yellowness (b*) values found in this study were
6,39 to 8,74 similar to those reported by

Mariezcurrena et al. (2013) for national meat 6,13
and for imported meat 7,41, and with Vignola et al.
(2009) that recorded a value of 6,95. b* indicates the
position between primary colors Y/B (yellow/blue)
(Salédkova, 2012). Positive values of b* indicates
yellow color and negative values of b* indicates blue.

When b* increased L* decreased, which
suggests that increases in glycolytic potential
promote acidity, paleness (lower L*), and yellowness
(greater b*) (Meadus and Maclnnis, 2000).
Glycolytic potential indicates the capacity for
anaerobic metabolism by accounting for the various
substrates found in muscle that can be converted to
lactic acid (Mancini and Hunt, 2005).

Tenderness values obtained in the current work
were from 3,01 kg to 4,93 kgy, these results matched
with Novelo ef al. (2008) who recorded a value of 3,2
kgs and were lower than those reported by

54

Mariezcurrena et al. (2013) for national meat 5,0 kgg.
Boleman et al. (1997) classified meat as “very
tender” when shear force with a Warner-Bratzler cell
is lower than 3,59 kg;, while when it is higher than
5,90 kg; is considered as “tough”. According to the
above mentioned all the studies described above had
tender meat.

Tenderness is considered the main meat quality
parameter and acceptance. According to MLA (2006)
a meat with a mean value of 3,5 kg; is accepted by
consumer. In addition to this, Alliance Group Limited
(2010) stated that a meat with a shear force of greater
than 11 kgs is considered tough.

Finally, over time meat is tenderer due to
bacterial load. It should be noted that in this work
was not evaluated shelf life.

Carcasses  and  slaughterhouse
characteristics

The results of this study showed that mesophilic
aerobic microorganisms loads are suggested as
relevant because of it was sampled immediately after
slaughtering. Similar reports, as Desdemona et al.
(2011) quantified over rib and hindquarter with 1,2
and 3,6 log;y CFU / g, respectively, even though it
was at 24 h post mortem and cooling under sanitary
conditions of Type Federal Inspection (TIF). In this
report it was obtained 3,59 log;o CFU /mL, with no
cooling conditions. Including a higher attachment to
European Union Council and Parliament Regulations
will improve these bacterial loads as Sumner et al.
(2002) estimated with 2,8 log;, CFU/mL who
attached to this regulation.

Official Mexican Normativity for Total
Coliforms LMP it is not considered for fresh meat but
to include it could suggest estimation for some
Bacterial Generous such as Citrobacter and
Enterobacter. This kind of contamination could stay
in the meat storage at cooling conditions producing
some toxins. Then, it is suggested to include it or to
establish LMP for these values in row meat.
Regarding to Total Coliforms Quantification there is
not enough scientific reports useful to compare the
present results.

Official Mexican Standard (NOM) don’t include
Fecal Coliform Testing for raw meat, this is
estimated only in cooked meat because of their
termotolerancy. Then fecal coliforms couldn’t
survive to thermal conditions during the cooking.
However, this project includes not only Fecal
Coliform Testing, but also Total Coliform Testing,
which is used as a presumptive testing. In fact, Total
Coliform medium used could allow some other no
Coliform Genus (i. e. Aeromonas) that could produce
important toxins. Therefore, it is proposed that the
relevant mesophilic species from this Genus must be
studied. On the other hand, even though that Fecal

sanitary
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Coliforms were found in living (worker’s hands) and
not living surfaces (knives and tables) and that these
values were close to NF V08-060 Regulations. It
didn’t ensure fecal contamination because they has
been sampled after their use in slaughtering
procedures.

However, the results of this study are in the
MPL for the Regulations mentioned, therefore, for a
second time a tracing of Good Manufacture Practices
will improve sanitary characteristics found in
carcasses, enamelware and workers’ hands.

5. Conclusions

In conclusion, physicochemical characteristics,
mainly pH has been necessary for an acceptable meat
quality by the consumer. However, microbiological
characteristics require a shared responsibility among
productive sector and government in order to regulate
sheep carcasses production at the Central Highlands
of the State of Mexico.

In spite of the overpassed MPL Official
Mexican Standards found, the meat physicochemical
characteristics haven’t been affected. Consequently,
It has been recommended an adequate cooking for
the consumers and that the suggested shared
responsibility includes more Official Standards for
more potential meat pathogens identification.

Acknowledgements:

The authors would like to acknowledge the
Mexican National Council for Science and
Technology (CONACYT) for the financial support
for this project. To the slaughterhouses owners who
permitted the access to their installations and to the
Facultad de Ciencias Agricolas, Universidad
Autonoma del Estado de México, for their
unconditional held.

Corresponding Author:

Dra. Ana Tarin Gutiérrez Ibanez

Facultad de Ciencias Agricolas

Universidad Autonoma del Estado de México
E-mail address: atarini@uaemex.mx

References

1. Alarcon, R.A.D., Duarte, A.J.O., Rodriguez,
A.F.A., & Janacua, V.H. (2006). Incidencia de
carne Palida-Suave-Exudativa y Oscura-Firme-
Seca en cerdos sacrificados en la region del Bajio
en México. Técnica Pecuaria en México. 43:335-
346.

2. Alliance Group. Research into Lamb Meat
Quality. In association with Abacus Bio Limited

3. AMSA. (1992) Guidelines for meat color
evaluation American meat Science. Chicago IL:
Association National Live Stock and Meat Board.

55

10.

11.

12.

13.

14.

15.

16.

AOAC. (1990). Official methods of analysis of the
association of analytical chemists 15th Edition.
Association of Official Analytical Chemists, Inc.
Arlington, Virginia. 931. 985.35.

Arteaga, C.J.D. (2011). Situacion, retos de la
Ovinocultura en México: carne. Sistema de
productos ovinos.

Boleman SJ, Boleman SL, Miller RK, Taylor JF,
Cross HR, Wheeler TL, Koohmaraie M,
Shackelford SD, Miller MF, West RL, Johnson
DD, Sawell JW, 1997. Consumer evaluation of
beef of known categories of tenderness. Journal of
Animal Science 75: 1521-1524.

Brana, V.D., Ramirez, R.E., Rubio, LM.S.,
Escalante, S.A., Urrutia, T.G., Arenas, M.M.L.,
Partida, P.J.A., Alquicira, P.E., & Rios, R.F.G.
(2011). Manual de Analisis de la Calidad en
Muestras de Carne, SAGARPA.

Bravo, T. A., & Brehme, R. W., (2011). NCh-ISO
17025 Oficial Procedimiento para el muestreo
microbiolégico en plantas faenadoras de
exportacion. Ministerio de Agricultura Servicio
Agricola y Ganadero.

Brewer, S. J., Wilsol, J. E., & McKeith. F. (2002).
The effect of pig genetics and palatability, colorant
physical characteristics of fresh loin chops. Meat
Sci, 61: 249-256.

Cuellar, R.L. (2007). Perspectivas de la
produccion ovina en México para el afio 2010.
Revista del Borrego, 47.

Commission Regulation (EC) Directive 471/2001
of 8 June 2001 laying down rules for the regular
checks on the general hygiene carried out by the
operators in establishments according to Directive
64/433/EEC  on health conditions for the
production and marketing of fresh meat and
Directive 71/118/EEC  on health problems
affecting the production and placing on the market
of fresh poultry meat. Official Journal of the
European Union, L 165, 48-53.

Desdémona, M. E., Soto, S. S., Santos, L. E. M., &
Ortega, G. J. A. (2013) Caracteristicas
fisicoquimicas, sensoriales y microbioldgicas de la
carne de ovino con diferente tiempo de reposo.
Portal Veterinaria, PV ALBEITAR 22.

Devine, C. E., Graathuis, A. E., Muir, P. D. &
Chrystall, B. B. (1993)‘The Effect of Growth Rate
and Ultimate pH on Meat Quality in Lambs’, Meat
Science,35: 63-77.

FAO. (2007). Classical swine fever, FAO regional
office for Latin America and the Caribbean.
Forrest, J. C.; Aberle, E. D.; Hedrick, H. B.,Judge,
M. D. & Merkel, R. A. (1975) Principles of Meat
Science. W. H. Freeman and Company.

Honikel, K.O. (1998). A repeat national survey of
muscle pH values in commercial pig carcasses.
Meat Science. 49:425-443.



Life Science Journal 2015;12(1)

http://www.lifesciencesite.com

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Honikel, K. O. (1998). Reference methods for the
assessment of physical characteristics of meat.
Meat Science, 49(4), 447457

Kadim, I.T., Mahgoub. O., Al-Marzooqi, O.,
Khalaf, S., Al-Sinawi, S.S.H., & Al-Amri. LS.
(2009). Effects of transportation during the hot
season and low voltage electrical stimulation on
histochemical and meat quality characteristics of
sheep longissimus muscle. Livestock Science.
126:154-161.

Komprda T, Kuchtik J, JaroSova A, Drackova E,
Zeméanek L, Filip¢ikk B. Meat quality
characteristics of lambs of three organically raised
breeds. Meat Science 2012;91:499-505.

Kuchtik J, Zapletal D, Sustova K. Chemical and
physical characteristics of lamb meat related to
crossbreeding of Romanov ewes with Suffolk and
Charollais sires. Meat Science 2012;90:426-430.
Lawrie, R. A. (1985). Residual glycogen at high
ultimate pH in horse muscle. Biochimica et
biophysica acta, 17 (2), 282 — 3.

Maltin, C., Balcerzak, D., Tilley, R., & Delday, M.
Determinants of meat quality: tenderness. (2003).
Proceedings of the Nutrition Society. 62: 337-347.
Mancini, R. A., & Hunt, M. C. (2005). Current
research in meat color. Meat Science, 71(1), 100—
121.

Mariezcurrena, M. D., Salem, A. Z. M., Tepichin,
C., Rubio, M.S., & Mariezcurrena, M. A. (2013).
Physical, chemical and sensory factors of Mexican
and New Zealand sheep meat commercialized in
Central of Mexico. African Journal of
Agricultural. Vol. 8(28), pp. 3710-3715.

Meadus, W. J., & Maclnnis, R. (2000). Testing for
the RN - gene in retail pork chops. Meat Science,
54(3), 231-237.

Meat technology update. Cutting eage technology
for the meat processing industry. (2000). Shepp
meat eating quality. Food Science Australia,00/3.
Norma Oficial Mexicana NOM-009-Z0O0O-1994.
Bienes y servicios. Proceso sanitario de la carne.
Diario Oficial de la Federacion.

Norma Oficial Mexicana NOM-110-SSA1-1994.
Bienes y servicios. Preparacion y Dilucion de
Muestras de Alimentos para su Analisis
Microbiologico. Diario Oficial de la Federacion.
Norma Oficial Mexicana. NOM-092-SSA1-1994.
Bienes y Servicios. Método para la cuenta de
bacterias aerobias en placa. Diario Oficial de la
Federacion.

Norma Oficial Mexicana. NOM-113-SSA1-1994.
Bienes y Servicios. Método para la cuenta de

1/1/2015

56

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

microorganismos Coliformes Totales en placa.
Diario Oficial de la Federacion.

Norma Oficial Mexicana NOM-033-Z0O0O-1995.
Sacrificio humanitario de los animales domésticos
y silvestres. Diario Oficial de la Federacion.
Microbiology of food and animal feedings stuffs.
Enumeration of thermotolerant coliforms by
colony-count technique at 44°C. Routine method.
Association  Frangaise = de  Normalisation
(AFNOR).

Novelo, B. R., Franco, S. J., Bianchi, B. O., Fedd,
B. O., Bentancur, M. O., benia, A. P., Stefanell, F.
V. (2008).Efecto de la temperarura de
refrigeracion sobre la calidad de la carne de
novillos Holstein a lo largo de la maduracion.
Técnica Pecuaria México, 46 (2):137-143.

Phillips, J. M. (2003). Effects of supplementary
seleniumsource on the performance and blood
measurements in beef cows and their calves.
Journal of Animal Science, 81, 856—864.

Ray, B. & Bhunia, A. (2008). Fundamental Food
Microbiology, 492

Ripoll, G.L., Gonzélez, C .L., Molino, F., Calvo, J.
H., & Joy, M. (2013) Effects of finishing period
length with vitamin E supplementation and alfalfa
grazingon carcass color and the evolution of meat
color and the lipid oxidation of light lambs. Meat
Science.906-913.

Salakova, A. Instrumental measurement of texture
and color of meat and meat products. (2012).
Department of Meat Hygiene and Technology.
Faculty of Veterinary Hygiene and Ecology.
University of Veterinary and Pharmaceutical
Sciences Brno. Brno, Czech Republic

Signorini, P. M, Civit, G.S., Bonilla, P.M,,
Cervantes, RM.E., Calderon, V.M., Pérez, M.A.,
Espejel, M.M.P., & Almanza. R.C. (2006).
Evaluacion de riesgos de los rastros y mataderos
municipales.

Summer, J., Petrenas, E., Dean. P., Dowsett, P.,
West. G., Wiering, R., & Raven, G. (2003).
Microbial contamination on beef and sheep
carcases in South Australia. International Journal
of Food Microbiology 81 255— 260.

Vignola, G., Lambertini, L., Mazzone, G,
Giammarco, M., Tassinari, M., Martelli, G., &
Bertin, G. (2009). Effects of selenium source and
level of supplementation on the performance and
meat quality of lambs. Meat Science, 81, 678—685.
Watanabe, A., Daly, C.C., & Devine, C.E., (1996).
The effects of the ultimate pH of meat on
tenderness changes during aging. Meat Science.
42, 67-78.



