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Abstract

The objective of this study was to quantify the effects of the factors including age at slaughter and slaughter season on certain carcass charac-

teristics in cull cows. Data from 159 Holstein-Friesian cull cows were used and the cows were divided into three age groups including, very 

young (<2 years), young (2-3years) and mature (>3years). Statistical analysis was carried out by the least-squares method as applied in a gen-

eral linear model (GLM). Results indicated that mature cull cows were characterised by higher live weight, carcass weights, and bone content, 

whereas, young cull cows were characterised by higher carcass dressing values. In addition, autumn was significantly associated with higher 

live weight, bone content percentage, and processing loss, whereas, summer was associated with higher carcass dressings and chilling loss. No 

significant differences were observed in values of total meat yield and percentage and yields of valuable cuttings. The present results may be 

useful for the evaluation of factors influencing the decision to cull dairy cows.   
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Introduction

The sale of cull cows contributes to the overall profit of 
dairy herds and is one of the most important sources of 
meat production in Europe countries.1 In general, culled 
cows are sold directly for salvage values and the turnover 
represents a revenue source for dairy farms. The optimum 
culling rate exhibits an important economic property in 
terms of farm profitability, such that it has been suggested 
to be between 25% and 30%.2,3 However, culling rates have 
gradually increased because of multiple problems in dairy 
cattle management.  
The common reasons for culling are reproductive failure, 
low milk production, mastitis and udder problems, and 
old age.2,4,5 While many factors are likely to contribute to 

the decision to cull dairy cows, as mentioned above, stud-
ies indicate reproductive failure as the primary reason for 
culling.5-7 
The decision to cull is a complex one.2 Factors influencing 
the decision to cull dairy cows can be divided in two cate-
gories: the first one comprises cow factors, such as age and 
lactation rank, health status, milk production, reproduc-
tive performance, and disposition. The second comprises 
economic factors, including milk and carcass price, the 
price and availability of replacement heifers, and the farm-
er’s attitudes.2,5,8 

Holstein-Friesian breed is accepted as a significant pre-
mier dairy breed, and in addition, this breed is predomi-
nant among cattle breeds in Turkey. Accordingly, Holstein 
cull cows and the bulls are important sources for red meat 
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production. It is obvious that, the main source of red meat 
is the cattle with the population of 17 042 506 in Turkey. 
In 2018, 1 118 695 tons of red meat was produced, and of 
this production, 1 003 859 tons (89.73 %) were composed 
of beef.9 The demand for red meat has gradually increased 
with the population growth rate and the economic dynam-
ics. This situation has also led to a necessity to efficient da-
tabases and the detailed studies on beef production.
The characteristics of cull cow carcasses are expected to be 
highly variable with respect to their excessive heterogene-
ity in age and body condition.1 It seems that, at present, 
there is a need for studies on assessment of carcass traits 
and further-processing characteristics in culled dairy cows. 
Although cull cow carcasses have a significant impact on 
meat production, the relevant studies are quite limited in 
the literature. Taken altogether, the aim of this study was 
to determine carcass characteristics of Holstein-Friesian 
cull cows marketed in South Marmara Region of Turkey 
and to investigate the effects of slaughter age and season 
on final weight, carcass traits and further-processing char-
acteristics. 

Materials And Methods
Data collection
Data from a total of 159 carcasses from purebred Hol-
stein-Friesian cull cows was used in the present study. No 
animal care and use committee approval is required for 
this work because experiments were conducted on only 
marketed cattle carcasses. All animals originated from a 
commercial farm, located in the South Marmara region of 
Turkey (Balıkesir province), with the same feeding prac-
tices and management systems and they were recorded 
for the Turkish Ministry of Food, Agriculture, and Live-
stock Pedigree Project and Cattle Breeders Association. 
Cows were housed in free-stall barns and milked thrice 
daily. Only data with relevant records of slaughter weight 
and carcass traits were used in subsequent analyses. Vari-
ables of live weight and carcass traits were recorded during 
two seasons (summer and autumn). Maximum and mini-
mum ambient air temperatures (°C) in the slaughterhouse 
were 32.5±1.9 and 17.8±0.9 in summer and 17.1±1.4 and 
6.08±1.7 in autumn and relative humidity percentages (%) 

were 72.5±0.2 and 60.7±2.4 in the same seasons, respec-
tively. For this particular analysis the animals were divided 
in three age groups according to their chronological age 
at the time of slaughter as follows: very young (<2 years), 
young (2-3 years), and mature (>3 years) (Table 1). Prior to 
slaughter, live weight of each cow was recorded. All cattle 
were slaughtered in a commercial slaughterhouse of Bursa 
Province of Turkey. The duration of transport from farm 
to slaughterhouse was approximately 1 h. All animals were 
slaughtered in compliance with the current national reg-
ulations applied in slaughterhouses. Carcass dressing fol-
lowed a standardised protocol without removing the sub-
cutaneous fat cover and keeping the kidney and pelvic fat. 
Hot carcass weight was taken approximately 1 h post-mor-
tem. Carcasses were split into two sides with tail on the 
right side of the carcass and chilled at 4 °C for 24 h in a 
ventilated room. Thus, cold carcass weight and chilling loss 
were determined. The dressing percentage was calculated 
based on both hot and cold carcass weights, as (hot carcass 
weight or cold carcass weight / live weight) × 100. 
Carcasses quartered at the 12th/13th rib, bodies of the tho-
racic vertebrae were removed by sawing to the point where 
they joined the spinous processes and ribs. The sirloin tip 
was removed by cutting across the anterior end of the mus-
cle in a line with the anterior edge of the aitch bone, where-
as, the strip loin was separated from the round on a line 
between the aitch bone and the posterior end of the 5th 
sacral vertebra.10 Each retail cut was weighed on precision 
scale (100 g sensitivity) and weights of valuable cuts were 
determined. Bone content, total meat yield, and valuable 
cuts were determined and their proportions (%), including 
bone content percentage, meat (boneless) percentage, and 
percentage of valuable cuts were calculated on the basis of 
cold carcass weight. Valuable cuts included rib, roast, sir-
loin, cutlet, striploin. Processing loss was calculated based 
on the boneless meat yield and expressed as the percentage 
of meat weight loss in further-processing.
Data analyses
Collected data were analysed using Minitab statistical 
package (MINITAB, Pennsylvania, USA, version: 17.1.0). 
Analysis of variance (ANOVA) was performed, and main 
factors (age and slaughter season), as well as their inter-
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actions (age × season), were studied by means of the least 
squares method, using the general linear model (GLM) 
procedure, and accepting differences between variables if 
P<0.05. The following model was selected to analyse live 
weight and carcass traits:

Yijkl = µ + Si + Aj + Ik + eijkl

where: Yijkl represents the studied traits, µ is the overall 
mean, Si  is the fixed effect of slaughter season (i = summer 
and autumn), Aj is the fixed effect of age group (j= 1, 2, and 
3), Ik is the fixed effect of the age × season interaction, and 
eijkl is random error.  
In order to analyse total meat yield and valuable cuts, cold 
carcass weight was added to the above-mentioned model 
as a covariate, as follows:

Yijklm = µ + Si + Aj + Ik + β Cl + eijklm

where: Yijklm represents the studied traits, µ is the overall 
mean, Si is the fixed effect of slaughter season (i = summer 
and autumn), Aj is the fixed effect of age group (j= 1, 2, and 
3), Ik is the fixed effect of the age × season interaction, β Cl 

is the regression effect of cold carcass weight, and eijklm is 
random error.  
Two-way interaction of age × season was statistically 
non-significant (P>0.05) and hence was excluded from 
subsequent statistical analyses. In the case of significant 
differences, means were compared using the Tukey’s test.

Results And Discussion
Least square means and analysis of variance are given 
for the effects of slaughter age on live weight and carcass 
traits in Table 2. As expected, highly significant differences 
among age groups were observed in live weight (P<0.001), 

hot carcass weight (P<0.001), hot carcass dressing (P<0.01), 
cold carcass weight (P<0.001), and cold carcass dressing 
(P<0.01). Results indicated that mature cows (>3 years) 
had +97.50 kg and +83.60 kg higher live weight; +59.83 
kg and +40.65 kg higher hot carcass weight; and +58.11 
kg and 39.21 kg higher cold carcass weight compared to 
very young (<2 years) and young (2-3 years) groups, re-
spectively. Similarly, Bazzoli et al5 reported that young cull 
cows had lighter carcasses and carcass weight increased 
with age at slaughter until 5 to 6 years. It is worth noting 
that, these researchers indicated that young cull cow car-
casses received the greatest value and carcass price. They 
also reported that carcass price of cows (>3 years) seemed 
to be fixed, whereas carcass value tended to increase up to 
5-6 years of age, after which the value decreased. In this 
respect, economic factors such as carcass prices, prices of 
valuable cuts, and feed costs should be widely evaluated in 
order to earn maximum income possible.
Concerning meat production, evaluation of optimum 
slaughter age plays an important role in achieving maxi-
mum net return and profitability.11,12 In the present study, 
young (2-3 years) group showed higher hot carcass dress-
ing (+2.09 % and +0.71 %, respectively) and cold carcass 
dressing (+3.86 % and +0.77 %, respectively) compared to 
very young (<2 years) and mature (>3 years) groups (Table 
2). A possible explanation for these results may be relat-
ed to fatness, since the proportion of fat in carcasses in-
creases and the relative proportion of muscles decreases, 
as animals become older.13,14 These findings are consistent, 
in part, with those reported by Litwinczuk et al15 who sug-
gested that dressing percentage in heifers was higher com-
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Table 2. Least Square Means (±SE) obtained for the effect of slaughter age on live weight and carcass traits
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pared to cows. Dressing percentage is an important indica-
tor in the evaluation of carcass characteristics and it rose 
with increasing slaughter weights. Moreover, evaluation of 
dressing percentage may present indicative results for both 
meat quantity and quality, because the rise in dressing per-
centage, as growth proceeds, is a direct result of increasing 
fatness.16 Taken together, present results may be not only 
useful for further studies, but also for a sustainable and 
profitable dairy management.
Regarding bone content (kg), pronounced differences were 
observed among age groups (P<0.01). Mature group had 
+9.70 kg and 6.42 kg higher bone content compared to 
very young and young groups, respectively. It has been as-
sumed that, bone content decreases when carcass weight 
increases. Although evaluation of bone content may reflect 
some breed-specific characteristics, it could also be related 
to differences in carcass weight.17 However, this interpre-
tation was not substantiated in this study, because mature 
cull cows had the highest carcass weights, and they also 
had the highest bone content. As indicated by Harte and 
Conniffe,18 the percentage yield of bone depends on the 
degree of fatness of the carcass. The results of the present 
study may thus be related to the proportions of subcuta-
neous and intermuscular fat. No significant differences 
among age groups were observed in terms of chilling loss, 
bone content percentage, total meat yield, meat percent-
age, valuable cuts, percentage of valuable cuts, and process-
ing loss (Table 2).
Least square means, shown in Table 3, indicated that live 
weight and some carcass traits differed significantly by 
slaughter season at different levels of significance. In this 

context, cull cows slaughtered in autumn had +31.97 kg 
higher live weight compared to those slaughtered at sum-
mer season. On the other hand, hot carcass dressing and 
cold carcass dressing were significantly higher in summer 
season (P<0.01 and P<0.05, respectively). Here, it should be 
noted that there was no significant effect of slaughter sea-
son on hot carcass weight and cold carcass weight (P>0.05). 
The effect of slaughter season on chilling loss was found 
to be statistically significant (P<0.001). Cull cows slaugh-
tered in summer had 1.45 % higher chilling loss compared 
to cows slaughtered in autumn. On the other hand, these 
animals exhibited 1.39 % less bone content percentage. In 
further-processing, autumn season was significantly asso-
ciated with higher processing loss (P<0.001). Carcasses of 
cows which slaughtered in this season had 0.96 % higher 
processing loss values compared with those slaughtered in 
summer. There was no association between slaughter sea-
son and hot carcass weight, cold carcass weight, and bone 
content nor was there any association of further-process-
ing traits including total meat yield, meat percentage, valu-
able cuts, and percentage of valuable cuts with seasons in 
the present study. Differences in carcass characteristics of 
the groups based on the seasonal changes are most likely 
caused by weather conditions. Indeed, climatic variations 
may directly or indirectly affect red meat production in 
many ways. The responses of animal to seasonal changes 
may be dramatic. For instance, these variations can have 
a direct action upon the animal whereas other indirect ac-
tions are related to feeding practices, life cycles of internal 
and external parasites and survival of microorganisms that 
cause diseases.19 Hence, significant differences in carcass 
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traits between two seasons may be related to changes in 
weather conditions. 
The finishing of cull cows in the dairy herds can be an 
important activity to raise the profits of a cattle farm.20 
Considering the approximately 6.4 million total dairy cat-
tle count in Turkey 9, the number of cull cows from dairy 
herds that are eligible to enter the beef supply chain can-
not be underestimated. To our knowledge, there are limit-
ed studies on the effects of slaughter season on the carcass 
characteristics of meat derived from cull cows, and there-
fore, present results may contribute to current applications 
of culling strategies in dairy management.

Conclusions
Farmers cull individual cows for multiple reasons and 
the value of cull cows at slaughter represents an import-
ant source of income for dairy farms. Nevertheless, con-
siderable variation in cull cow carcass traits exists. Taken 
together, extensive carcass assessment of cull cows includ-
ing both environmental and economic factors may provide 
useful clues for achieving a profitable dairy management. 
The current study clearly demonstrated that carcass traits 
of cull cows were highly influenced by age at slaughter and 
slaughter season. Cull cows older than three years of age 
were characterised by higher live weight, carcass weights, 
and bone content, whereas, cull cows at two to three years 
of age were characterised by higher carcass dressing values. 
Concerning slaughter season, autumn was significantly as-
sociated with higher live weight, bone content percentage, 
and processing loss, whereas, summer was associated with 
higher carcass dressings and chilling loss. The present re-
sults could therefore be useful for future studies on carcass 
traits of dairy cull cows.
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