
Conservation of Cervus elaphus meat in modified atmospheres

H. Vergaraa,*, L. Gallegoa, A. Garcı́ab, T. Landete-Castillejosb

aDepartamento de Ciencia y Tecnologı́a Agroforestal, Escuela Técnica Superior de Ingenieros Agrónomos,
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Abstract

This study examines the effect of three types of modified atmospheres, each with a different gas composition (A:40% CO2+60%

N2; B:80% CO2+20% O2; C:80% CO2+20% N2), on the development of meat quality of Cervus elaphus in order to suggest a gas
composition that best preserves this type of meat. Meat quality was assessed by examining pH, colour as L* a* b* values, drip loss
(DL), cooking loss (CL) and shear force (SF). In samples of group A, pH values tended to be higher in all storage periods than
those packed with 80% CO2 and significant differences (P<0.001) among the groups were found at 16 d of storage. Gas compo-

sition affected a* and b* parameters (P<0.001), in samples packed with O2, the b* values were higher than in other groups, while
the opposite was true in a* values. Similar values of DL and CL were observed for all treatments and both parameters increased
over time. SF values decreased with ageing, with similar values observed for all treatments.

# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Deer is considered as the most recently domesticated
species (Fletcher, 1998), and today deer (Cervus elaphus)
farms provide a efficient use of land and also high-
quality products, while offering a type of livestock that
does not damage the environment (Milne, 1994).
Although few farms raise deer in Spain, the introduction
of this animal onto farms is quite feasible, specially
because deer is a native animal well-adapted to the climate
of the peninsula. According to data from the Federation
of European Deer Farmers’ Association (FEDFA) in
Spain, there are ten farms, with an annual production that
constitutes 1.5% of European production.

In addition, deer meat is very rich in protein and low
in fat (21 and 1.2%, respectively) and in relation to
phosfolipids half of the acids are polyunsaturated
(Manley & Forss, 1979; Drew & Seman, 1987). Despite
the fact that deer meat is considered a luxury product
due to its organoleptic characteristics and high price, its
consumption (presently 50 g per person and year) is
increasing in Spain, this product now representing a
viable alternative type in the consumption of meat.
However, most deer meat is exported to other countries,
thus requiring a method of preservation that permits it
to arrive at its destination without a loss in quality.

Colour, tenderness and juiciness are the most impor-
tant parameters that consumers value in meat. A great
number of factors (intrinsic and extrinsic) affect meat
quality and, therefore, the value of the product. One of
the significant extrinsic factors is the method used to
preserve meat (Sañudo, Sánchez, & Alfonso, 1998).
Modified atmosphere packing has been used for
increased distribution range and longer shelf-life. The
effects and roles of the gases normally used in the mod-
ified atmospheres (O2, CO2 and N2) have been exten-
sively reported (Church, 1994; Gill, 1996; Jeremiah &
Gibson 2001). Hood and Mead (1995) indicated that the
effects which the mixture of gas produces in meat qual-
ity, such as colour and shelf life, are the principal fac-
tors that should be considered when choosing the gas
mixture. In addition, Gill (1996) affirmed that the prin-
cipal factors to be addressed in the preservation of chil-
led meat are the retention of an attractive, fresh
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appearance for the product displayed, and the retarda-
tion of bacterial spoilage.

In a previous paper (Vergara & Gallego, 2001) we
analysed the development of the instrumental char-
acteristics of lamb meat that most influence consumer
satisfaction (colour, tenderness and juiciness) when
meat is packed in modified atmospheres with different
gas compositions (20–80% CO2). However, the most
suitable method (and therefore mixture of gas) will
depend on many factors, including the type of meat
packed, for example, beef, pork, lamb or deer meat
(Hood and Mead, 1995).

Thus, using instrumental analysis, the objectives of
this study were (1) to evaluate the characteristics that
most influence consumer satisfaction (colour, tenderness
and juiciness) in deer meat when packed in modified
atmospheres with different gas compositions and (2) to
determine a package atmosphere that best preserves the
initial characteristics of deer meat.
2. Materials and methods

2.1. Materials

One hundred and eight samples of 100 g each were
used for this study. These samples were obtained from
loins of 16-month-old female deer (Cervus elaphus) of
very similar weight (approximately 91 kg) from the flock
of the Experimental Farm (located in Albacete, Spain)
of Castilla-La Mancha University. Animals were
slaughtered using standard commercial procedures.
After slaughter, the carcasses were chilled at 4 �C for 24
h and the loins were excised. None of the carcasses
exhibited 24-h pH values higher than 5.70.

A thermoforming machine was used for packing
(model TIROPAC 1000, CONTEL, Brescia, Italy). The
samples were placed in clear semi-rigid trays (ECO-
FORM V 600 W, which have an oxygen permeability
(OP) rate of 0.4 cm3/m2 at 1 atm and 20 �C, and a cover
film with an OP of 30–40 cm3/m2 at 1 atm and 20 �C)
with a volume two times that of the meat.

Samples were randomly assigned (36 loins per treat-
ment) to one of the three types of packaging analysed
(A, B and C treatment). The following gas mixtures
used for packing were selected in order to evaluate the
increase of CO2,with or without O2, in meat quality:

Treatment A: 40% CO2+60% N2

Treatment B: 80% CO2+20% O2

Treatment C: 80% CO2+20% N2

2.2. Analysis of samples

Meat samples (nine for each type of MA and period,
i.e. 27 samples per period) were analysed at 4, 11, 18
and 25 days post-slaughter, [i.e. 2, 9, 16 and 23 days of
storage in modified atmosphere (MA)]. Samples
remained in chilled storage at 2 �C during this time.

The following variables were assessed:

� pH, measured with a penetrating electrode cou-
pled to a Crison Instrument (Barcelona, Spain)
model 507 portable pH meter.

� Colour as L*, a* and b* values were determined
30 min after each package was opened, using a
Minolta CR200 (Osaka, Japan) colorimeter
calibrated against a standard white tile.

� Drip loss (DL), expressed as a percentage of the
initial portion weight. DP was measured by the
following procedure: (1) weight of pack before
opening; (2) weight of dry sample (using a paper
towel); (3) weight of pack after washing and
drying. Water expelled (We)=(1)�(2+3);
DL=(We�100)/[We+(2)].

� Cooking loss (CL), expressed as the percentage
of loss related to the initial weight, was deter-
mined in cuts of meat of approximately 50 g
weight that were individually placed in poly-
ethylene bags in a water bath at 80 �C for 60 min.
Subsequently, the cuts were retrieved from the
bags, dried with filter paper and weighed.

� After determining CL, shear force (SF) was
determined using a TA.XT2 texture analyser
(Surrey, England) equipped with a Warner–
Bratzler device. The preparation of the samples
and the measurement of shear force were per-
formed as described by Vergara and Gallego
(2000).

2.3. Data analysis

The data were analysed using analysis of variance to
determine the effects of MA type (A, B, C) on the
parameters of meat quality: pH, colour as L*, a* and b*
values, DL, CL and SF. When the differences among
types of MA were significant (P<0.05), Tukey’s test
was carried out to check the differences between pairs of
groups. The effect of storage for each treatment packing
on meat quality was analysed using Tukey’s test at a
significance level of P<0.05. Data were analysed using
the SAS (1988) statistical package.
3. Results and discussion

3.1. pH

Table 1 shows the pH variations of deer meat
according to the type of MA and storage time. pH
values from type A samples tended to be higher in all
780 H. Vergara et al. /Meat Science 65 (2003) 779–783



storage periods than those packed with 80% CO2 (type
B and C) and significant differences (P<0.001) among
the groups were found at 16 days of storage. The lower
values of pH in groups B and C (both with 80% CO2)
may be due to the absorption of CO2 (H2CO3) in the
muscle (Jeremiah & Gibson, 2001).

The storage time caused differences in meat pH and in
agreement with other studies (Doherty, Sheridan, Allen,
McDowell, & Blair, 1996; Moore & Gill, 1987; both in
lamb meat) we also found an increase in the pH of meat.
Moore and Gill (1987) suggested that tissue breakdown
may be responsible for this increase. Also, in other
works analysing the length of chilling of venison loins
packed with 100% CO2, (Seman, Drew, & Littlejohn,
1989), pH values increased with time but only to the
12th week.

According a previous reports (Gill, 1990) that meat
pH declines when it is packed in atmospheres rich in
CO2, the increase in pH with storage time in all groups
of present study was unexpected. On the other hand, the
development of the pH values in this study is opposite
that of a previous work where the effect of MA in pre-
servation of lamb meat was analysed (Vergara and
Gallego, 2001). The present results show different
behaviour for meat of different species with the same
gas composition in pack.

3.2. Colour

Table 2 shows the differences in meat colour among
the three treatments. Until 23 days post packing, sig-
nificant differences among groups in L* values (light-
ness) were not found, but at this moment this parameter
was higher (P<0.01) in samples with low CO2 content
(group A). In this same group, L* increased (P<0.05)
after 16 days post packing but this development was not
so obvious in group B and C (80% CO2). Significant
differences (P<0.001) between groups were observed
from 9 days post packing in a* values (redness), and this
parameter was higher in group A. The development in
a* was different between all groups. From 9 days post
packing a* increased in group A (less CO2), was oppo-
site in group B, while in group C was first a decrease
and after an increase. The reasons for this different
evolution of redness are complex. As Ledward (1992)
indicated, the stability of colour depends on the O2

consumption rate in the early post mortem period, but
after ageing, the metmyoglobin-reductase activity dom-
inates once the oxygen consumption rate is reduced.
However, in samples from the A group, this parameter
increased with time until 23 days post-packing. The gas
composition of the packs affected b* (yellowness) sig-
nificantly, as this value was in general higher in the
group with O2 (group B) than in packs without O2

(groups A and C). In all groups this parameter
increased from 2 to 9 days in storage and remained
constant afterwards. The more rapid changes in this
parameter of meat group with O2 (B) suggest that this
gas is responsible for the colour. Moore and Gill (1987)
also found increases in b* values with time, in agree-
ment with our results. The increment in b* may be
associated with transformation of the meat pigment and
the formation of metmyoglobin, which is faster at an
relatively low oxygen concentration (Brody, 1970).

3.3. Drip loss and cooking loss

A high drip loss has been recognized as a dis-
advantage associated with using CO2 modified atmos-
phere packaging methods (Gill, 1986; Seman et al.,
1989). However, in this experiment (Table 3) there is an
absence of differences among the various treatments. In
addition, in the three groups (A, B and C), DL
increased significantly in the first 9 days after packing
but then remained constant in all groups (DL values
oscillated between 1.37%, at 2 days post-packing, and
4.57% at 23 days post-packaging). This is in agreement
with Zarate and Zaritzky (1985), who indicated that
most of the exudates are lost from primal cuts within
the first two weeks of their preparation. Also, CL
(Table 4) increased with time in all groups (P<0.05 in
groups A and B) and in general there were not differ-
ences between groups. On the other hand, other reports
(Seman et al., 1989) found that DL did not vary with
storage period (although these authors determined DL
at 12 and 18 weeks of storage).

3.4. Shear force

SF values are shown in Table 5. The initial values of
SF are intermediate when compared to those found by
Stevenson, Seman, and Littlejohn (1992) in the same
species (9 kg/cm2 in framed red deer with a carcass
weight of 127.9 and 95.6 kg), and with those found by
Duranti, Casoli, Coli, Cardinali, and Donnini (1994) in
Table 1

Values (means�S.E.) of pH of Cervus elaphus meat preserved in

modified atmospheres with different gas composition
Time post

packing
MA
 Analysis of

variance

Type A
 Type B
 Type C
2 days
 5.53�0.00a
 5.50�0.01a
 5.49�0.01a
 NS
9 days
 5.59�0.00b
 5.56�0.01a
 5.57�0.01b
 NS
16 days
 5.63�0.00c,x
 5.53�0.01a,y
 5.54�0.02ab,y
 ***
23 days
 5.80�0.01d
 5.78�0.03b
 5.77�0.02c
 NS
MA: modified atmosphere [Type A (40% CO2+60% N2); Type B

(80% CO2+20% O2); Type C (80% CO2+20% N2)]. NS: not sig-

nificant. Values in the same row with different letters (x–z) are sig-

nificantly different (P<0.05). Values in the same column with different

letters (a–c) are significantly different (P<0.05).

*** Indicate significance level at 0.001.
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fallow deer meat (4.68 kg/cm2, with a carcass weight of
41 kg). The differences found with other reports might
be associated with fat content, although in our study we
did not measure this parameter.
There were no significant differences between different
groups of MA for any of the ageing times. SF values
tended to decrease (P<0.05) with increasing storage
periods in all treatments. SF values varied from 2 to 23
days post packing and ranged from 7.22 to 4.3 kg/cm2.

Other studies have found that tenderness increases
with ageing in deer meat (Wiklund, Stevenson-Barry,
Duncan, & Littlejohn, 2001), and also in other species
such as lamb (Jeremiah, Tong & Gibson, 1997; Pinkas,
Voinova, & Popoviska, 1978). The absence of differences
in SF between groups of different gas composition is also
found in other species, for example, lamb (Vergara &
Gallego, 2001) or beef (Bell, Penney, & Moorhead,
1996).
4. Conclusions

With this study we have observed the evolution of the
main parameters that affect deer meat quality, pH, colour
Table 2

Values (means�S.E.) of colour (L*, a*, b*) parameters of Cervus elaphus meat preserved in modified atmospheres with different gas composition
Coordinate
 Time post packing
 Type A
 Type B
 Type C
 Analysis of variance
L*
 2 days
 32.86�0.27a
 32.85�0.32a
 32.69�0.43ab
 NS
9 days
 32.35�1.16a
 34.38�0.34b
 34.70�0.31b
 NS
16 days
 34.25�0.28ab
 33.42�0.39ab
 33.77�0.42ab
 NS
23 days
 35.46�0.44b,x
 33.12�0.44 ab,xy
 31.36�1.22a,y
 **
a*
 2 days
 17.67�0.76a
 16.24�0.69a
 17.58�0.69a
 NS
9 days
 18.72�1.19ab,x
 7.56�0.30b,y
 10.11�0.71b,y
 ***
16 days
 21.38�0.39bc,x
 7.68�0.26b,z
 13.31�1.71b,y
 ***
23 days
 22.04�0.66c,x
 7.06�0.20b,z
 17.83�0.87a,y
 ***
b*
 2 days
 6.20�1.12a,x
 7.53�0.35a,y
 5.89�0.34a,x
 ***
9 days
 7.73�0.28b,x
 9.73�0.23c,y
 8.55�0.22b,x
 ***
16 days
 8.95�0.21c,xy
 9.33�0.23bc,y
 8.53�0.22b,x
 *
23 days
 9.66�0.32c,x
 8.56�0.30ab,xy
 8.30�0.35b,y
 *
MA: modified atmosphere [Type A (40% CO2+60% N2); Type B (80% CO2+20% O2); Type C (80% CO2+20% N2)]. NS: not significant.

Values in the same column with different letters (a–c) are significantly different (P<0.05). Values in the same row with different letters (x–z) are

significantly different (P<0.05).

* Significance level 0.05.

** Significance level 0.01.

*** Significance level 0.001.
Table 3

Values (means�S.E.) of drip loss (% DL) of Cervus elaphus meat

preserved in modified atmospheres with different gas composition
Time post

packing
MA
 Analysis of

variance

Type A
 Type B
 Type C
2 days
 1.35�0.14a
 1.42�0.21a
 1.35�0.13a
 NS
9 days
 3.35�0.47b
 3.22�0.38b
 3.08�0.49b
 NS
16 days
 3.95�0.24b
 4.17�0.29b
 3.86�0.14b
 NS
23 days
 4.28�0.29b
 4.43�0.44b
 4.99�0.30b
 NS
MA: modified atmosphere [Type A (40% CO2+60% N2);Type B

(80% CO2+20% O2); Type C (80% CO2+20% N2)]. NS: not sig-

nificant. Values in the same column with different letters (a, b) are

significantly different (P<0.05).
Table 4

Values (means�e.s.) of cooking loss (%CL) of Cervus elaphus meat

preserved in modified atmospheres with different gas composition
Time post

packing
MA
 Analysis of

variance

Type A
 Type B
 Type C
2 days
 33.86�0.50a
 35.18�0.23a
 35.24�0.31
 NS
9 days
 36.01�0.37b
 36.61�0.43ab
 35.68�0.39
 NS
16 days
 36.54�0.36bc,xy
 36.97�0.26b,y
 35.75�0.28x
 *
23 days
 37.77�0.24c
 37.35�0.56b
 35.96�0.37
 NS
MA: modified atmosphere [Type A (40% CO2+60% N2); Type B

(80% CO2+20% O2); Type C (80% CO2+20% N2)]. NS: not sig-

nificant. Values in the same column with different letters (a, b) are

significantly different (P<0.05). Values in the same row with different

letters (x, y) are significantly different (P<0.05).

* Indicate significance levels at 0.05.
Table 5

Values (means�S.E.) of SF (kg/cm2) of Cervus elaphus meat preserved

in modified atmospheres with different gas composition
Time post

packing
MA
 Analysis of

variance

Type A
 Type B
 Type C
2 days
 7.02�0.78a
 7.05�0.64a
 7.57�0.87a
 NS
9 days
 5.93�0.74ab
 6.30�0.63ab
 5.07�0.46b
 NS
16 days
 5.04�0.46ab
 5.37�0.50ab
 4.10�0.50b
 NS
23 days
 3.83�0.34b
 4.23�0.37b
 4.85�0.51b
 NS
MA: modified atmosphere [Type A (40% CO2+60% N2); Type B

(80% CO2+20% O2); Type C (80% CO2+20% N2)]. NS: not sig-

nificant. Values in the same column with different letters (a, b) are

significantly different (P<0.05).
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as L* a* b* values, drip loss, cooking loss and shear
force when preserved in modified atmospheres with dif-
ferent mixtures of gas. The greatest changes in the
instrumental values of the parameters occur principally
during the first 9 days post-packing. In all treatments,
pH and water loss increased, thus making it impossible
to maintain initial meat quality in any of the groups
tested. Also, the samples in all groups turn yellow with
time (increase in b*) and this change is more rapid in
group packed in MA with mixtures containing oxygen.
In addition, the colour values (redness and yellowness)
of meat packed in MA with 40% CO2+60% N2 (type
A) suggest that this mixture is the most appropriate for
the preservation of deer meat.
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