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Abstract
J.R. Silva, G. Tomic, E. Cavieres, A. Mansilla and P. Oviedo. Study of the effect of ante mortem rest
time upon pH, water holding capacity and muscle color. Pork exportation has increased considerably
during the last 10 years in Chile, so this product should fulfil international quality standards. The presence
of meat abnormalities reduces directly its quality. The most important detrimental problems found in meat
is the dark, firm and dry cut (DFD), associated to beef cattle, and the pale, soft and exudative (PSE) defect
often developed in pork due to the high stress susceptibility of this kind of animals. It is widely known that
ante mortem rest time has a direct influence in the pork quality and PSE can be minimized with 2 to 4 h
rest time period. A rest time prior slaughter of 6 h for cattle is stated by the Chilean sanitary regulation,
which is also applied to pigs. However being that pig is a different specie, it has been necessary to determine
what the optimum rest time could be. With this purpose, fifteen samples of topside pork were obtained from
a lorry of 170 animals; each group was subjected to 0, 2, 4 or 6 h ante mortem rest period. The pH, water
holding capacity (WHC) and color were analysed 45 min and 24 h, post mortem. Furthermore, the effect
of transportation from two origins, Melipilla (90 km, 1.5 h away from the slaughterhouse) and Nancagua
(240 km, 3.5 h away from the slaughterhouse) was evaluated. Results demonstrated that parameters measured
within 24 h post slaughter had a significant effect on the final meat quality. Normal pH values (Melipilla
pH= 5.85; Nancagua pH= 5.65) were obtained with 2 h of rest prior to slaughter. Regardless of the origin,
the best WHC were obtained from samples taken from animals subjected to 2 h rest time (Melipilla, 24.86
and Nancagua, 25.96). The nearest exportation standards for color parameters were obtained with 2 h rest
time either from animals coming from Melipilla (L = 43.40; a = 6.13; b = 9.75) or Nancagua (L = 44.16;
a = 5.49, b = 9.71). Based on these results, it was concluded that in a short distance and with 2 h of rest
before slaughter, pH, WHC and color values were near normal for pork quality.
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INTRODUCTION
Pork consumption has increased steadily since the
80s in Chile and exports has increase significantly
(US $118 million during 2002), representing 65%
of the sector's total exports (ANIC, 2004; SAG,
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2003), followed by poultry and ovine meat (Rocha,
2004). The Poultry Producers Association of Chile
(APA) has estimated an average meat consumption
of 100 kg per inhabitant, including 30 kg of pork
for year 2010. This has been favored by the means
of production, the development of quality assurance
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mechanisms, favorable zoosanitary conditions,
commercial agreements, economic stability and
mainly by pork quality.
In addition to its flavor and texture, pork meets daily
nutritional requirements for human beings. It is an
excellent source of vitamin B, especially thiamin and
riboflavin (B12); minerals, calcium, phosphate, iron
and potassium, and has a high nutritonal value with
a combination of all essential amino acids in a
biologically available manner. On the other hand,
due to genetic advances of the last few decades, very
lean meats have been produced with very low
saturated fat content. This means that even greater
medium-term demand for this kind of meat is
anticipated. European countries will probably cease
to be worldwide exporters, and may even need to
import this product due to shortage. This could lead
to the expansion of Chilean pork production in order
to eventually supply the European market.
Pork quality is a very important issue, animal welfare
is not only an ethical duty for producers, but also
ensures better quality and enhanced economic benefits
for production. Stress produced by improper preslaughter hog management causes muscle acidosis.
Under stress, the pig muscle does not receive enough
oxygen and produces lactic acid, leading to pale,
soft, exudative meat (PSE), which directly affects
color, texture and water holding capacity (WHC)
(Hofmann, 1988; Lawrie, 1998; Velazco, 2001).
The Food Health Code (Ministry of Health, Chile,
2001), indicates that animals must be confined at
least 6 h before slaughter in order to allow for rest
and ante mortem examination. However, there are
no specific regulations for hogs, poultry, caprines
and other animals. Based on the results of this study
the Ministry of Health, Technical Form Nº 62 (2002)
considers 2 h of ante mortem rest for hogs.
Several factors influence pork quality including
the environment (temperature and humidity), ante
mortem treatment, genetic aspects, sex, etc. (Warris,
1996, Velasco, 2001, Knowles 2004). Different
studies indicate that ante mortem rest time less
than 6 h minimize the appearance of PSE in pork
meat (Stalik, 1991; Grandin, 2000). For this reason,

the present study aimed to analyze how the ante
mortem rest time affects pork, with the hypothesis
that ante mortem rest of less than 4 h reduces the
presence of PSE defects in pork meat, which should
improve the market quality of the meat product.
MATERIALS AND METHODS
Agrícola AASA hogs, from farms located in
Melipilla (Fundo San José) and Nancagua (Fundo
Leñadura), 90 and 240 km (approximately 1.5 and
3.5 h travel time) from the cold storage plant, were
studied. This study was carried out within a join
venture between Frigorifico Lo Valledor
(processing, pH and sampling determinations),
and the Research Laboratory, from the Department
of Food Science and Technology of Technology
Faculty, Universidad de Santiago de Chile (WHC
and color determinations). As part of this
investigation 15 hog carcasses were analyzed
from all trucks carrying 170 carcasses each, with
ante mortem resting times of 0. 2, 4, and 6 h. The
parameters studied were pH, color, and water
holding capacity (WHC) from samples taken
from the inner portion of the carcass leg (top
side) at 45 min after slaughter and 24 h of cold
storage (0-4 ºC).
After the carcass was eviscerated and certified by
the Metropolitan Environmental Health Service
(SESMA, Chile), the sample was identified and
pH was determined once the meat temperature
stabilized between 40-42 °C (Wirth, 1980;
Hofmann,1988). A pork sample (5 x 4 x 1 cm)
taken from the same area was kept in airtight bags
at 0° C for later color determinations (Rocha, 2000;
Aburto and Gallegos, 2001) and WHC (Amo,
1986; Warris, 1995; Aguirre, 1999). This process
was repeated using the same carcasses after 24 h
with temperatures between 0 and 4º C.
Water holding capacity (WHC) assessment. This
was performed using the technique described by
Hall (1996) introducing a sample of 2.5 g pork mass
into 2.5 x 9 cm conical tubes with an inner screen
of approximately 3 cm2 in order to separate the
centrifuged sample from the liquid. From there the
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tube and screen (m1) were weighed, and a cut was
extracted from the leg (1. 3 cm in diameter and 0.5
cm thick, weighing approximately 2.5 g), (m2) and
later introduced into the tube. This was centrifuged
at 5,900 rpm for 15 min, the sample was removed,
and the tube was weighed together with the
centrifuged liquid (m3). The WHC samples taken
at 45 min and 24-h post mortem, was determined
in identical manner and expressed in a percentage
basis according to the following formula:

Color determination. Color was determined using the
CIELAB system, color space (L, a and b), and
HunterLab equipment, Mini Scan XE Plus 405/0-L
(Hunter Associates Laboratory, Inc., Reston-Virginia,
USA), which was standardized as format Nº 3, D65/10
and calibrated daily before performing measurements.
Sample measurements using both systems were taken
perpendicularly to the muscle fiber. From there the
sample was placed in direct contact with the equipment's
source of light, varying position 6 times, and thus 6
values were registered for the L, a and b coordinates,
the average of each and its respective standard deviation.
Color was determined for 45-min and 24-h post mortem
samples in identical manner.
Statistical analysis. Results obtained for each of
the parameters evaluated were randomly analyzed
for variance, separately for each location, with
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four rest time treatments and 15 replications per
treatment. The averages were separated according
to the Student Newman Keuls Comparison (p =
0.05), using the SigmaStat version 2.0 program.
(Jandel Corporation, California, USA, 1995).
RESULTS AND DISCUSSION
Effect of ante-mortem rest on pH. With pH < 5.8
measured 45 min after slaughter there is certainty
of having PSE pork meat and with pH < 6.3 but >
5.8 there is only a probability of obtaining this kind
of pork meat (Stalik, 1991). Hence, it should be
possible to obtain PSE meat from pork samples
from Melipilla (without ante mortem rest, pH 6.28),
and Nancagua (with 6 h of rest, pH 6.21) (Table 1).
According to the analysis of variance, resting time
has not significant effect on pH determined 45 min
post mortem in samples taken from both farms,
Melipilla (p = 0.078) and Nancagua (p = 0239)
(Figure 1, Table 1). Notwithstanding, this had a
significant effect (p< 0.0001) on pH determined 24
h post mortem. Upon comparing average pH values
obtained from Melipilla hog samples, there were
significant differences (p = 0. 05) between 2 and 0,
4 or 6 h of ante mortem rest (Table 1). Similarly, the
average pH values of hog samples from Nancagua
showed significant differences (p = 0.05) only when
comparing 2 vs. 6 h and between 0 vs. 6 h or 6 vs.
4 h of ante mortem resting time (Table 1).
Melipilla

pH

pH

Nancagua

Rest time (h)

Rest time (h)

Figure 1. Ante mortem rest time effect on pH, in meat samples from pigs coming from two different farms, Melipilla
and Nancagua, located 90 and 240 km far from the slaughterhouse. Bar=standard deviation.
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Table 1. Statistical analysis of ante mortem rest time on pH and water holding capacity (WHC) at 45 min and
24 h, in pigs from two farms from Chilean Central Zone (Melipilla and Nancagua).
Farm
origin1

Ante mortem
rest time, h

pH post mortem

Water holding capacity

Melipilla

0
2
4
6

0,75 h
6.28±0.29a2
6.33±0.25a
6.47±0.23a
6.50±0.26a

24 h
5.56±0.49a2
5.85±0.64b
5.37±0.15a
5.39±0.11a

0,75 h
14.68±7.02c2
17.05±10.66b
17.41±6.70b
10.75±4.92a

24 h
22.71±5.15a2
24.86±4.95a
23.22±10.36a
24.56±3.39a

Nancagua

0
2
4
6

6.43±0.32a
6.47±0.42a
6.43±0.32a
6.21±0.24a

5.48±0.25b
5.65±0.33b
5.41±0.17b
5.20±0.12a

16.67±8.00a
18.42±7.74a
12.19±4.94a
17.61±9.47a

21.24±6.13a
25.74±6.67b
24.40±4.27b
25.96±4.22b

1
2

Farms from Melipilla and Nancagua located 1,5 h and 3,5 h time transport respectively .
Average of 15 samples followed by the same letters are not statistically different according Student Newman Keuls (p = 0.05).
Analysis made only for significant analysis of variance (p < 0.05). ± = Standard deviation.

According to the results indicated in Figure 1
and considering that 5.8 is the pH threshold for
PSE occurrence , it was deduced that the samples
obtained from animals with 0, 4 and 6 h of resting
time manifested PSE defects in hogs from
Melipilla due to the fact that the pH levels were
5.56; 5.37 and 5.39, respectively. Likewise, with
hogs from Nancagua, for 0, 4 and 6 h ante mortem
rest the pH levels were 5.48; 5.41 and 5.20,
respectively and therefore it was possible that the
meat from these animals develop PSE as well.
Melipilla hog samples coming from 2 h resting
time, evidenced higher pH levels than those from
Nancagua (pH = 5.85 and 5.65 respectively),
which suggests that with longer transportation
distances, the hogs were exposed to stress factors
for a longer time, which may have caused an
increase in the amount of lactic acid produced.
From the analysis of variance (Table 1) statistically
significant differences between different rest
times (p < 0.001) were shown for 24-h post
mortem pH levels at both farms (Melipilla and
Nancagua) . The average pH values obtained with
2 h resting time for animals from Melipilla and
6 h for those from Nancagua were statistically
different from the other rest times (Table 1).

Effects of ante mortem rest on water holding
capacity (WHC). Due to the scarcity of referential
data for pork WHC, a range was determined for
different resting times, using a significance test
(α) at p = 0.05 the average (X) and two times the
standard deviation (2S), for both 45-minute and
24-h post mortem measurements.
Hogs from Melipilla with 4-h ante mortem resting
time, 45 min after slaughter had greater WHC
(Figure 2), slightly higher than with 2 h of rest.
Twenty-four hours after slaughter the WHC
increased for all the resting times studied, and
was the greatest for hogs with 2 h of resting time.
Analysis of variance determined the existence of
a significant effect for measurements carried out
45 min later (p = 0.003), and a non-significant
effect for measurements performed 24 h later
(p = 0.11).
A greater WHC was observed at 45 min after
slaughter, according to results indicated for hogs
from Nancagua (Figure 2) 2-h ante mortem rest
showed. After 24 h the WHC increased for all rest
times, resulting to be slightly greater with 6 h
(WHC = 24.56), immediately followed by those of

VOL 32 No2 MAY - AUGUST 2005 (on line)

105

Melipilla

WHC (%)

WHC (%)

Nancagua

Rest time (h)

Rest time (h)

Figure 2. Ante mortem rest time effect on water holding capacity (WHC), in meat samples from pigs coming from two
different farms, Melipilla and Nancagua, located 90 and 240 km far from the slaughterhouse. Bars = standard deviation.

2 h (WHC = 24.86). However, since the difference
between both aforementioned WHC results was
low (1.2%), the 2 h period was used for the purposes
of this study. The above as well as the resulting
high standard deviations may be attributed to
individual hog response factors.
Hog samples from Nancagua analyzed 45 min
after slaughter showed no statistically significant
differences for different) with resting time of 2
h (p = 0.138). However, for 24 h post mortem
there were statistically significant differences
between different resting times (p < 0.001). Upon
comparing WHC averages obtained with different
hog samples from Nancagua there were
statistically significant differences between the

samples with 0 h of resting time and the other
resting times studied (Table 1).
Effect of ante mortem rest on color. Color parameter
L* which reflects luminosity, showed no statistically
significant differences between the farms in terms
of different resting times, but there were differences
between 45 min and 24 h (Melipilla p45 = 0.006
and p24 = 0.703, Nancagua p45 = 0.032 y p24 =
0.003) (Table 2).
The difference in red color is characterized by the
value +a. It may be considered that there were no
statistically significant differences between the
farms for this parameter in terms of different resting
times, but there were differences measured between

Table 2. Statistical analysis of color in meat of pig coming from Melipilla and Nancagua.
Time
45 min
24 h
h
L1
a1
b1
L1
a1
Melipilla
0
37.60±0.29
5.54±0.23
7.66±0.10
43.88±0.38
7.23±0.20
2
36.83±0.28
5.53±0.17
7.51±0.10
43.40±0.34
6.13±0.13
4
36.28±0.24
6.19±0.16
7.46±0.10
43.63±0.45
6.67±0.21
6
34.21±0.26
6,39±0.15
7.06±0.10
42.83±0.18
6.08±0.14
Nancagua
0
36.74±0.33
6.06±0.18
7.87±0.12
45.48±0.36
5.89±0.18
2
37.09±0.36
5.10±0.13
7.81±0,06
44.16±0.44
5.49±0.22
4
36.88±0.24
5.11±0.14
7.56±0.09
45.95±0.29
5.35±0.11
6
38.28±0.27
5.18±0.08
8.15±0.07
48.17±0.24
5.51±0.11
L = Luminosity, a = red color; b = yellowness. ± standar desviation

1

b1
10.45±0.12
9.75±0.13
9.94±0.11
9.33±0.07
10.34±0.09
9.71±0.14
10.16±0.08
10.83±0.06
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45 min and 24 h post mortem (Melipilla p45 = 0.013
y p24 = 0.005, Nancagua p45 = 0.122 y p24 = 0.838).
Likewise, in terms of the characteristic +b which
reflects yellowness, there were no statistically
significant differences between the farms related to
resting time, but there were differences in the hours
of measurement (Melipilla p45 = 0.194 y p24 = 0.005,
Nancagua p45 = 0.004 y p24 =0.007).
Color reference values were estimated (via the
Hunterlab system), using Frigorifico Lo Valledor
pork exportation standards (Santiago, Chile). This
is due to the fact that the reference hogs evidenced
the same genetic line and were treated under the
same conditions as those of this study.
Resting times of 2 and 4 h measured 24 h after
slaughter using samples from Melipilla resulted the
closest to the reference values. (L = 43.40; a = 6.13;
b = 9.75 and L = 43.63; a = 6.67; b = 9.94
respectively). Likewise, the samples from Nancagua,
with 2 and 4 h of resting, obtained 24 h after
slaughter, were the closest to normal in terms of
color parameters (L= 44.16; a = 5.49; b = 9.71; L
= 45.95; a = 5.35; b =10.16, respectively). Values
measured 45 min after slaughter varied substantially
from those measured 24 h after slaughter.
The degree of stress caused by subjecting hogs to
adverse conditions before slaughter was one of
the factors responsible for pork PSE defects. Both
PSE and normal pork with pH levels, less than 6.3
but greater than 5.8 is often found 24 h after
slaughter and therefore it is necessary to measure
pH levels in the first 45 min in order to estimate
possible changes in quality. 45-min post mortem
pH level measurements do not ensure final behavior
of pH, WHC and color characteristics unless pH
is equal to or less than 5.8. Twenty-four hour post
slaughter pH is a determining factor in the final
characteristics of pork, because at this time most
biochemical processes have finished. It was seen
that hogs with 2 h rest before slaughter evidenced
pH values closer to normal and higher WHC values.
It was also determined that in the case of hogs
with a 2- to 4-h ante mortem rest, color parameters

close to reference parameters were obtained. Thus,
it can be indicated that the optimum ante mortem
rest for pork given the transportation and slaughter
conditions of this study was 2 h in order to reduce
the incidence of PSE defects in pork.
RESUMEN
Las exportaciones de carne de cerdo se han
incrementado durante los últimos 10 años en Chile,
lo que ha obligado a cumplir con estándares
internacionales de calidad. Entre los problemas
detectados afectan directamente la calidad de la
carne de cerdo, ha sido el DFD (Dark, Firm, Dry
= Oscuro, Firme, Seco), generalmente presente en
carne de vacuno y PSE (Pale, Soft, Exudative =
Pálido, Blando, Exudativo) más frecuente
observado en carne de cerdo debido a la gran
susceptibilidad de éstos animales al estrés. Es
ampliamente conocido que el tiempo de reposo
ante mortem tiene una influencia directa en la
calidad de la carne de cerdo. Si éste reposo fluctúa
entre 2 y 4 h se minimiza el defecto PSE. El
Reglamento Sanitario de los Alimentos, del
Ministerio de Salud, Gobierno de Chile, en el
Artículo 82, establece que el reposo ante mortem
de las reses debe ser de 6 h como mínimo,
incluyendo los cerdos. Dado que el cerdo es una
especie diferente se consideró necesario establecer
un óptimo de reposo para ellos en Chile. La
investigación consideró el muestreo de carne de
cerdo (posta negra), eligiendo al azar 15 cerdos
de cada camión de 170 animales, con 0, 2, 4 y 6
h de reposo ante mortem. A cada muestra se le
midió pH, capacidad de retención de agua (CRA)
y color (utilizando reflectancia con Hunterlab
Miniscan XE Plus), a los 45 min y a las 24 h post
mortem. Además se evaluó el efecto de la distancia
de transporte, tomando dos orígenes Melipilla y
Nancagua a 90 y 240 km de distancia y con 1,5 y
3,5 h de transporte, respectivamente. Los resultados
demostraron que los parámetros medidos a las 24
h post faena fueron determinantes para la medición
de calidad de la carne de cerdo. Con 2 h de tiempo
de reposo ante mortem los valores de pH estuvieron
dentro de rangos normales (Melipilla = 5,85 y
Nancagua = 5,65). Para CRA los mejores resultados

VOL 32 No2 MAY - AUGUST 2005 (on line)

se obtuvieron de Melipilla con 2 h de reposo ante
mortem (24,86%) y lo mismo para Nancagua
(25,74%). En cuanto a color los valores más
cercanos para los estándares de exportación se
obtuvieron con 2 h de reposo ya sea en cerdo
provenientes de Melipilla (L = 43,40; a =6,13; b
= 9,75) o de Nancagua (L = 44,16; a = 5,49; b =
9,71). Se concluye que los valores de pH, CRA y
color más cercanos a valores normales esperados
para carnes de cerdo de buena calidad, se obtuvieron
con 2 h de reposo ante mortem y con distancias
más cortas de transporte.
Palabras clave: Calidad de carne, cerdos, estrés
animal, reposo.
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