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INTRODUCTION

Requirements of the EU consumers regarding veal qual-
ity seem quite differentiated, subject to geographical and re-
gional aspects. According to the opinion poll made in the EU, 
the most important quality traits of veal meat appear to be 
tenderness and palatability, while its colour is of minor im-
portance. Alike, veal meat consumption ranges from very 
high in the Mediterranean countries like Italy, France, Spain 
to rather low in Ireland, Finland, Sweden and virtually in-
significant in Great Britain [Tyszkiewicz, 2005a,b]. The cur-
rent average beef consumption in Poland is very low as it is 
over 2.5 kg per capita annually, in that insignificant veal meat 
share (about 0.25 kg) [Świetlik, 2005]. Peculiar consumers’ 
demands determine that meat of pale colour, mild taste and 
fine texture is sought-after. The veal meat quality is depended 
on numerous factors and the essential are a breed, dietary 
treatment and maintenance system, animal handling as well 
as post-slaughter changes rate. However, details of the sea-
son (or month) impact on veal quality are more fragmentary 
[Ngapo & Gariépy, 2006].

In retail conditions, colour is a critical sensory char-
acteristics of beef as it is experienced by consumers before 
tenderness or flavour and tends to be used as an indicator 
of perceived quality and freshness [Carpenter et al., 2001]. 
Therefore colour is probably the single greatest appearance 
factor that determines whether meat is purchased.

In the meat tenderness formation a special part play enzy-
mic processes, which occur in muscle and result from an in-

teraction between sequence groups of enzymes. A special 
function among them is served by proteolytic enzymes. They 
determine the rate of proteins metabolism throughout ani-
mal’s life, and after slaughter define the dynamics of changes 
influencing meat tenderness. The main effect of beef ageing is 
the improvement of tenderness and palatability of meat, which 
after suitable thermal preparation will more satisfy consum-
ers expectation. For practical reason, an ageing time of beef 
originating from properly fattened animals should not be less 
than 7 till 10 days at a temperature of 1-2°C. A temperature 
and post-slaughter storage life influence substantially the post 
mortem changes rate and, in a consequence, beef meat ten-
derness development [Purchas et al., 1999]. The contribution 
of the myofibrillar component to the overall tenderness of beef 
is greater than that of the connective tissue. This conclusion 
applies primarily to meat taken from young animals, which 
are composed of muscles of lower connective tissue content 
[Harris & Shorthose, 1988].

The objective of the work was to evaluate the effect 
of slaughter season of calves (spring, summer, and autumn) 
and ageing time (during 7 days post mortem) on veal quality.

MATERIALS AND METHODS

The experiments comprised material of 58 calves pur-
chased from private breeders from the central-eastern part 
of Poland. The animals were assigned to three treatment 
groups due to season of slaughter, i.e. spring (n=20), summer 
(n=20), and autumn period (n=18). Due to a low number 
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of calving in the winter season, this period was passed in anal-
ysis over. After at least 24 h – pre slaughter rest, the animals 
were weighed prior to slaughter. The stunning and slaughter 
processing of the calves were conducted in compliance with 
the technology obligatory in the meat industry and under su-
pervision of veterinary inspection.

Carcass body weight before (hot) and after chilling (cold) 
and the weight of kidneys and kidney fat were determined. 
Values of hot and cold dressing percentage were calculated. 
During the technological partition of carcass (after chilling for 
24 h at a temperature of 2°C, and relative moisture of 85%) 
the samples of musculus longissimus lumborum (MLL) were 
cut out, and then divided into 3 sections of the same length, 
weighed and vacuum packed in the PA/PE foil bags. The bags 
were cold stored at 4°C until analysed.

Conventional methods were applied to determine the prox-
imate chemical composition, i.e. water content with the drying 
method (103°C) according to the Polish Standard [PN-ISO 
1442:2000]; ash by incineration (550°C) after the Polish Stan-
dard [PN-ISO 936:2000]; crude protein content (N x 6.25) 
with Kjeldahl method by Büchi B-324 apparatus according 
to the Polish Standard [PN-75/A-04018:1975]; intramuscular 
fat level (IMF) by Soxhlet lipid extraction method using Büchi 
-B-811 equipment and n-hexane as a solvent after the Pol-
ish Standard [PN-ISO 1444:2000]. The degree of protein 
hydration (Feder’s number) was calculated as a proportion 
of water to protein content. Calorific value (energy) of meat 
(100 g) was calculated on the grounds of the content of crude 
protein and intramuscular fat. The computations were based 
on the physiological (Atwater) energy equivalents (for protein 
4.0 kcal=16.76 kJ, while for fat 9.0 kcal=37.66 kJ).

The content of total haematin pigments was determined 
with the method of Hornsey [1956] a using Varian Cary 
300 Bio spectrophotometer at 640 nm, and the haem iron con-
tent was calculated with the factor 8.82. Lipid oxidation was 
assayed by measuring 2-thiobarbituric acid reactive substanc-
es (TBARS), according to the method of Witte et al. [1970] 
using a Varian Cary 300 Bio spectrophotometer at 530 nm, 
at day 2, 3 and 7 of ageing and was expressed as milligram 
of malonaldehyde (MA) produced per kilogram of muscle.

The PQM I-KOMBI INTEK GmbH apparatus was em-
ployed to determine meat pH and specific electrical conduc-
tivity – EC (mS/cm), taking the measurements 45 min, and 2, 
3, and 7 days following the slaughter.

The colour of fresh cut meat surface following 30 min 
blooming time (samples were stored in contact with air at 4°C) 
was measured immediately after the meat had been removed 
from the vacuum bag using a Minolta CR-310 portable chro-
mameter (illumination D65, geometry 0 projection angle and 
50 mm measure area). The measurements were taken on days 
2, 3, and 7. Values were given in the colour space CIE [CIE, 
1976], where L* – lightness; a* – redness; b* – yellowness. 
A result for a sample was computed as an arithmetic mean 
from two replications on the muscle surface.

Water holding capacity (WHC) at 2, 3 and 7 days post 
mortem, was determined using three different methods. Drip 
loss (DL) was calculated by subtracting the weight of sample 
after a storage period (24 h) at chill temperature (4°C) from 
the initial weight, multiplying by 100 and then dividing by 

the initial weight. Similarly, the cooking loss (CL) was calcu-
lated as weight (grams) lost from a raw sample after thermal 
treatment (in the water bath at 70°C for 60 min), and expressed 
as a percentage of the initial sample weight. Filter paper press 
method [Grau & Hamm, 1953], was expressed as the ratio 
M/T × 100 (%), where M is the area (cm2) of the meat and T 
is the total area (cm2) [Hofmann et al., 1982].Measurements 
of meat area were determined on scanned pictures using im-
age analysis software MultiScan Base ver. 14.

Shear force – SF (N) and work – W/N (J) measurements 
were carried out using a 1-column table-top Zwick/Roell Pro-
line B0.5 machine and a Warner-Bratzler device (V-blade), 
after thermal treatment of the samples at 3 and 7 days post 
mortem. From each meat sample a minimum of five blocks 
(10×10×50 mm) were tested perpendicular to the fibres.

The data obtained were analysed statistically using 
the STATISTICA data analysis software system ver. 6 [Stat-
Soft, 2003]. On the ground of one-way analysis of variance 
the influence of season on slaughter quality of calves and 
chemical composition of veal was estimated. In order to study 
the season and ageing time effects and their interactions on 
veal quality the two-way analysis of variance was employed. 
Fisher LSD test was used to Post-hoc comparisons. 

RESULTS AND DISSCUSION

Differences were observed for hot and cold carcass weight 
and dressing percentage in the seasons compared (Table 1). 
At the not significant different slaughter weight of calves, 
the highest values of these traits were stated in spring, and 
the lowest in autumn season. The average weight of kidney, 
kidney fat and its percentage was similar in the compared 
seasons. Specht et al. [1994] obtained dressing percentage 
of light calves at 55% and heavy ones at 59%; whereas the per-
centage of kidney fat at 0.6% and 2.5%, respectively.

The chemical composition mainly determined the nutri-
tive value of meat and its processing and culinary usefulness. 
It was demonstrated that meat from the summer season had 
the highest content of water (p<0.01) and protein (p<0.05), 

TABLE 1. Parameters of carcass slaughter value in relation to slaughter 
season of calves (mean±standard error).

Specification
Season

Spring
(n=20)

Summer
(n=20)

Autumn
(n=18)

Body weight  
at slaughter (kg) 74.63±2.72 70.38±3.03 66.94±2.78

Hot carcass weight (kg) 44.96B±1.82 41.43AB±1.64 38.48A±1.29

Cold carcass weight (kg) 43.98B±1.67 40.42AB±1.57 37.53A±1.31

Hot dressing  
percentage (%) 60.24b±0.63 58.88ab±0.61 57.58a±0.72

Cold dressing  
percentage (%) 58.93b±0.52 57.46ab±0.58 56.16a±0.69

Kidneys weight (kg) 0.32±0.02 0.31±0.02 0.31±0.01

Kidney fat weight (kg) 0.66±0.13 0.59±0.09 0.44±0.06

Kidney fat percentage (%) 0.84±0.14 0.80±0.12 0.66±0.09

Means marked with different letters differ significantly: a,b – p<0.05; A,B 
– p<0.01.
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and at the same time the lowest amount of intramuscular fat 
(p<0.05), ash and haem iron (p<0.01), (Table 2). In spite 
of the differences in water and protein content, the degree 
of protein hydration (Feder’s number) was similar, and 
found in the range accepted for skeletal muscles, i.e. 3.3-
-3.8. The meat of calves slaughtered in the autumn showed 
the lowest content of protein and the highest amount of intra-
muscular fat, whereas meat of calves from the spring season 
demonstrated the highest level of ash and haem iron.

The energy value of meat is determined by the content 
of basic chemical constituents, primarily fat. Despite dif-
ferences in protein and fat content, the meat of calves had 
a similar energy value in the compared seasons. Lombradi-
-Boccia et al. [2002] reported that beef from young slaughter 
cattle was a significant source of elements in the diet, in par-
ticular of zinc, copper and haem iron, which were charac-
terised by high bio-availability. The research results obtained 
in the present study showed that veal contained the haem iron 
at the level of 50% stated in beef from young animals [Florek 
et al., 2007], and its energy value was similar to chicken or 
rabbit meat [Salvini et al., 1998].

The pH value is one of the most critical parameters of meat 
quality evaluation. Lawrie [1985] reported that the internal 
factors such as a species, race, type of muscle and individual 
variation influenced the rate and size of pH fall just like the ex-
ternal factors such as temperature of environment and extent 
of stress. The lowest pH at 45 min and 2 days after slaugh-
ter were found in calf meat from the summer, and the highest 
in that from the spring season (Figure 1). At 3 and 7 days post 
mortem the meat pH was similar in the compared seasons, 
however, lower meat pH values were observed in the spring, 
but higher in the autumn season. The initial pH decline is 
caused by glycogen degradation and accumulation of lactic 
acid, and proved the appropriate run of the meat acidifica-
tion process. The later pH rise, arising from the progressing 
alkalization caused by the release of basic products of pro-
tein breakdown throughout the post-slaughter endogenous 
changes (ageing). This tendency was also observed in our 
studies at 7 days post mortem.

The electrical conductivity (EC) is a direct measurement 
of muscle juice drip [Pliquett et al., 1990]. It is the conse-
quence of cellular membranes weakening in the muscle tis-
sue after slaughter and maintenance of water by miofilaments 
that make the fluids translocate within the intra- and intercel-
lular space [Honikel, 1993]. The meat from autumn season 
showed the highest value of electrical conductivity at 45 min 
after slaughter. However, in the following three measurements 
the meat from this season was characterised by the lowest val-
ues of EC (Figure 2). The present studies revealed an electrical 
conductivity decrease in muscles within the first 2 days after 
slaughter, and then its successive rise up to 7 days post mortem. 
Similar results were also obtained for young slaughter cattle 
by Byrne et al. [2000], and Florek & Litwińczuk [2001].

The consumers recognize veal meat freshness and tender-
ness on the grounds of meat colour, hence this trait is a major 

45 min 2 d 3 d 7 d
time

5.4

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

spring
summer
autumn

a

ab
b

b
b

a

pH

FIGURE 1. pH changes of m. longissimus lumborum in relation to slaugh-
ter season of calves and post mortem time (mean±standard error).
Means with the same letter within the same time do not differ signifi-
cantly (p<0.05).
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FIGURE 2. Electrical conductivity (mS/cm) changes of m. longissimus 
lumborum in relation to slaughter season of calves and post mortem time 
(mean±standard error).
Means with the same letter within the same time do not differ signifi-
cantly (p<0.05).

TABLE 2. The chemical composition, Feder number and energy value 
of m. longissimus lumborum in relation to slaughter season of calves 
(mean±standard error).

Specification
Season

Spring
N=20

Summer
N=20

Autumn
N=18

Chemical composition 
(g/kg)

Water 741.0A±1.9 762.1B±1.6 757.5B±2.3

Protein (N×6.25) 213.3 ab±4.5 225.0 b±4.9 208.3a±2.9

Intramuscular fat 7.9b±0.5 5.8a±0.3 14.0c±1.6

Ash 12.8 B±0.4 8.7 A±0.8 9.9 A±0.7

Haem iron (mg/kg) 10.3B±0.7 8.1A±0.4 9.1AB±0.5

Feder number 3.5±0.1 3.4±0.1 3.6±0.1

Energy value (kJ/100g) 387.2±8.6 398.9±8.4 401.8±6.6

Means marked with different letters differ significantly: a,b – p<0.05; A,B 
– p<0.01.
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criterion for the carcass classification and trade value of this 
meat. A light colour of veal is caused by a low pigment con-
centration in the muscle tissue of growing calves administered 
a diet with a low iron content, similarly to animals fed milk 
or milk-replacers. Colour being a consumer search attribute 
for fresh veal meat proves to vary in different countries, e.g. 
in France, Italy and Poland white or pale pink meat colour is 
preferred, whereas in Belgium, Portugal, Spain, Sweden, Ger-
many and Denmark veal meat of dark colour is commercially 
acceptable [Tyszkiewicz, 2005a,b].

Studying the parameters of meat colour in relation 
to the season (Table 3), there was noted the lowest haematin 
pigment content in MLL from the summer season, along with 
the highest L* value, and generally the highest proportion 
of yellowness (b*). The redness (a*) of MLL in principle did 
not differ between seasons, with the exception of measure-
ment at 7 days post mortem. Aporta et al. [1996] evaluating 
changes of CIE L*a*b* parameters of veal meat colour during 
following days after slaughter, found the L* value for the long-
issimus dorsi muscle oscillating between 37.2 to 39.2, whereas 
the a* value – from 15.4 up to 17.3. The research results ob-
tained in the present study showed an increase in the values 
of CIE L*a*b* colour parameters in the following measure-
ments at days 3 and 7 compared to day 2 post mortem. Alike, 
Oliete et al. [2006] found that extending the vacuum stor-
age time of m. longissimus thoracis (1st, 7th and 14th d) was 
related to a rise of the a* and b* parameters, showing that 

meat become more red and yellow. Also Pommier et al. [1990] 
observed greater lightness of m. longissimus dorsi (MLD) at 
144 h than 48 h after slaughter. In turn, Mandell et al. [2001] 
reported the higher value of lightness of both m. longissimus 
dorsi and m. semimembranosus on days 7 and 14 than on day 
2 post mortem. Guignot et al. [1992] confirmed a strong cor-
relation between a pigment content and most of the colour 
parameters of MLD assessed instrumentally.

Veal meat colour depends on the haem pigment content 
of the muscle and meat pH [Guignot et al., 1992; Klont et 
al., 1999]; a low haematin and ultimate pH content lead 
to paler meat. Indeed, a brighter colour of meat from calves 
slaughtered in the summer season was accompanied with 
a lower content of haem pigments (about over 10%), (Table 
3). The bright-red colour of meat is due to the oxygenated 
form of myoglobin (oxymyoglobin), whereas the oxidized 
form (metmyoglobin) is responsible for browning [Insausti et 
al., 1999]. Lipid oxidation is directly related to the formation 
of metmyoglobin during meat display [Insausti et al., 2001].

The lowest oxidative stability of intramuscular fat ex-
pressed as TBARS value showed meat from calves slaugh-
tered in the spring season in all measurements as compared 
to the other seasons. Rhee et al. [1996] suggested that the dif-
ference in haem pigments content, which is associated with 
catalase activity, could be responsible for the difference in oxi-
dative stability of meat. In turn, Min et al. [2008] reported 
that ferrylmyoglobin and/or haematin, rather than free ionic 
iron or fatty acid composition, could be primarily responsible 
for higher TBARS values in raw beef loin during storage.

McKenna et al. [2005] noted that redness (a*) was neg-
atively correlated with lipid oxidation measured by TBARS 
values. Faustman & Cassens [1990] reported a strong rela-
tionship between lipid and myoglobin oxidation. Muscle red-
ness has been used extensively as an index of discoloration 
in displayed beef [O’Sullivan et al., 2002; Yang et al., 2002]. 
The decrease in redness a* values may result from the grad-
ual formation of metmyoglobin on the meat surface, as they 
are negatively correlated [Insausti et al., 1999]. In the pres-
ent study, the meat from the summer season had lower haem 
pigments content and showed greater oxidative stability, al-
though the TBARS value was always well below the threshold 
value for rancidity of 1–2 mg/kg of meat [Watts, 1962].

According to Insausti et al. [1999], meat with a higher 
pigment content is more oxidative, and thus its colour is less 
stable. O’Grady et al. [2001] suggested that increased oxida-
tion of oxymyoglobin occurred at lower pH values. The re-
sults of this research also showed that meat from the spring 
season had the highest redness (a*) and TBARS values at 
7 days post mortem.

Loss value of fresh beef is dependent on age, sex, diet, 
pre-slaughter stress, slaughter method, time and storage tem-
perature as well as meat characteristics like, pH, content of in-
tramuscular water and fat [Lawrie, 1991]. The lowest drip loss 
at 3 and 7 days post mortem (Table 4) was observed in meat 
from the autumn season, probably as a result of the highest 
meat pH (Figure 1) and the lowest value of electrical conduc-
tivity (Figure 2).

The certain improvement was observed in water hold-
ing capacity measured as M/T ratio at 7 days post mortem 

TABLE 3. The haem pigments content, colour parameters and TBARS 
value of m. longissimus lumborum in relation to slaughter season of calves 
and post mortem time (mean±standard error).

Specification
Season

Spring
N=20

Summer
N=20

Autumn
N=18

Haem pigments 
(mg/kg) 116.28B±7.02 91.64A±4.43 103.36AB±6.18

2 days post mortem

CIE 

L* 39.35±0.95 42.11±0.96 41.24±1.60

a* 18.96±0.50 18.15±0.49 18.98±0.61

b* 2.34a±0.15 3.03b±0.23 2.92 ab±0.31

TBARS (mg MA/kg) 0.36±0.05 0.29±0.03 0.32±0.05

3 days post mortem

CIE 

L* 43.45±0.86 45.90±0.96 44.08±1.59

a* 18.87±0.43 18.93±0.45 17.93±0.78

b* 3.38A±0.15 4.15B±0.26 2.77A±0.21

TBARS (mg MA/kg) 0.41b±0.04 0.31a±0.03 0.34a±0.03

7 days post mortem

CIE 

L* 45.34±0.96 46.80±1.06 45.35±1.29

a* 21.46b±0.54 19.49a±0.50 19.31a±0.82

b* 6.03 B±0.19 5.51 B±0.30 4.18 A±0.19

TBARS (mg MA/kg) 0.45 b±0.06 0.37a±0.03 0.40ab±0.04

Means marked with different letters differ significantly: a,b – p<0.05; A,B 
– p<0.01.
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in comparison with day 3. The greater M/T ratio is an in-
dicator of water holding capacity (WHC), which indicates 
the ability of meat to retain inherent water, thus represent-
ing an essential quality parameter for both the industry and 
the consumer.

The quantity of cooking loss at 3 days after slaughter was 
similar in the compared seasons. The higher cooking loss 
at 7 days post mortem showed meat from spring, whereas 
the lowest one – that from the summer season (Table 4).

The calf meat from the summer season at 3 and 7 days fol-
lowing slaughter had the best tenderness (the lowest shear force 
and work values), (Table 4). The most tough meat was stated 
in the autumn season. However, a certain improvement of meat 
tenderness (decrease of shear force) was determined for all sea-
sons after 7 days of the conditioning period. Destefanis et al. 
[2008] have compared beef tenderness assessed by consum-
ers with Warner-Bratzler shear force measured instrumentally, 
and determined the threshold to classify tender beef at the level 
of 42.9 N. Likewise, in an earlier study Shackelford et al. [1991] 
claimed that the W-B threshold value for retail beef was 45.1 N.

The ageing time was observed to influence (p≤0.01) all 
traits of MLL (Table 5). The slaughter season of the calves 
also affected meat quality, with the exception of electrical con-
ductivity, drip and cooking loss. The interactions of the as-
sessed factors for meat pH and its colour (yellowness) as well 
as for TBARS value and cooking loss were confirmed.

CONCLUSIONS

The slaughter season of calves influenced carcass weight, 
dressing percentage, and meat quality, with the exception 
of electrical conductivity, drip and cooking loss. However, 
the ageing time was observed to influence (p≤0.01) all traits 
of m. longissimus lumborum. The interactions of the assessed 
factors for meat pH and its colour (yellowness) as well as for 

TBARS value and cooking loss were confirmed. The most fa-
vourable physicochemical traits showed meat from the sum-
mer season, i.e. the highest content of protein, and the lowest 
of intramuscular fat (p<0.05), the highest oxidative stability 
(the lowest TBARS value), and tenderness (the lowest shear 
force and work). The certain improvement of water hold-
ing capacity (measured as M/T ratio) and tenderness was 
observed for meat from all seasons on day 7 post mortem 
in comparison with day 3.
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pH ** ** **

Electrical 
conductivity(mS/cm) ns ** ns 

CIE

L* * ** ns 

a* * ** ns

b* ** ** **

TBARS (mg MA/kg) * ** *

Drip loss (%) ns ** ns

Cooking loss (%) ns ** *

M/T (%) ** ** ns

Shear force (N) ** ** ns

Work (J) ** ** ns

* – p≤0.05; ** – p≤0.01, M/T – Ratio=meat area/total area × 100.
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