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Abstract Most animals (63.25 %) obtained a marbling score of 2 while 19.27 % obtained a
score of 1. Marbling score was not affected by all the studied factors (P>0.05). Sex had a
significantly stronger effect on hot and chilled carcass mass (P<0.01): averages for both hot and
chilled carcass masses of males were greater than those of females. All studied traits (P<0.05),
except chilling loss (P>0.05), were influenced by age. Averages of both hot and chilled carcass
mass, both in kg and in proportion of animals with 3 yrs age were higher, but not statistically
different from those of 4 yrs animals. Most traits were significantly affected by final live mass
(P<0.01). As the final live mass increased, both hot and chilled carcass mass in kg and as a
fraction increased, and chilling loss both in kg and as a fraction decreased.
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Introduction

The number of beef cattle in Thailand is decreasing due to an increase in
agro-industries. Instead of forage crop planting, the land is now being used to
grow sugar cane, cassava, pineapple, para rubber and others. Thus, there is
insufficient beef for consumption, therefore dairy beef has become an
alternative to solve the problem. Holstein Friesian (Black and White) is a
popular dairy breed. Heifers and cows are culled from herds for several reasons,
such as failure in reproduction, illness, mastitis, decreased milk yield, etc. They
are then intensively fed for beef production. Male dairy calves are not needed
for milk production, so they are fed as growing and finishing dairy beef cattle.
At present, about 20% of beef in the market comes from these dairy cattle
(Sethakul, 2016) not only in Thailand but many countries also feed dairy cattle
for beef (Barton et al., 1997; Liinamo, 2000; Wardynski, 2012; Bazzoli et al.,
2013; Ardicli et al., 2018). In general, meat from dairy cattle has a lower price
than that of beef cattle, because dairy cattle are light muscled and have different
ribeye shape (Ledbetter, 2018). The intramuscular fat or marbling is an
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important criterion aside from chilled carcass mass for pricing. A higher
marbling score increases the price. However, few studies of dairy beef cattle in
Thailand exist, especially regarding carcass characteristics. Thus, studying
about intrinsic factors such as sex, age, and final live mass influence on carcass
traits of fattened dairy cattle would be useful for both beef and dairy cattle
farmers.

Materials and methods

167 Dairy (at least 75% Holstein Friesian) cattle, both male and female
(culled heifers and cows) reared by members of Beef Cluster Cooperative Ltd,
were sampled. Male calves were given feed concentrate, with 20 to 22 % crude
protein at 15 days old. The animals were weaned when their body mass was
more than 50 kg and they they were given feed concentrate of at least 500 g per
day for at least 7 days. They were castrated when their body mass was about
200 kg. During the first growing period (10 to 15 months old), they were fed
with 16 % crude protein concentrate at about 3 kg per day and fresh grass until
their body mass was 200 to 300 kg. In the second growing period (16 to 20
months old), they were fed with 15 % crude protein concentrate at 4 kg per day
until they reached 300 to 400 kg body mass. After that, the finishing or
fattening period started, they received TMR (Total Mixed Ration) with 12 %
crude protein ad libitum until their body mass reached 600 kg (Sawanon, 2012).
Fattening period was about 8 to 10 months. For females (heifers and cows),
after they were culled, they were intensively fattened with 14 % crude protein
concentrate and supplied with fresh grass, or by products from agro-industries,
such as pineapple peel, baby corn bark, fermented cassava, etc. Some farms fed
their animals with TMR feed. Most were fattened for 4 to 8 months until they
reached at least 500 kg. Then both male and female were transported to
slaughterhouses. There, they were given drinking water ad libitum with fasting
for 10 to 12 h. The final live or slaughter mass was determined and recorded
before slaughter.

Data from January to May 2019 was collected from two sources. The first
came from the farm for farm and animal identifications, sex and slaughter date.
The second came from the slaughterhouse for age, final live mass, hot carcass
mass and chilled carcass mass. Age was estimated by counting the pairs of
permanent incisors; 1% pair - 1% to 2 years old, 2" pair - 2% to 3 years old, 3"
pair - 3% to 4 years old, and 4™ pair - 4% to 5 years old or older than 5 years
(Taylor, 1984). The animals were slaughtered at a private commercial
slaughterhouse, in Rachaburi Province, Thailand. After stunning, bleeding,
removing of head, skin, legs, and evisceration, the carcass was cleaned and split
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into halves, then both sides of the carcass were weighed as hot carcass mass.
The carcass was chilled at 2 to 4°C for 7 days. After that it was weighed again,
as cold carcass or chilled carcass mass, then it was dissected between the 12"
and 13" rib for intramascular fat estimation. Marbling was scored on a five
points scale, where 1=devoid; 2=slight; 3=small; 4=moderate; 5=abundant;
following the TACFS 6001-2004 Standard (ACFS, 2004). Hot carcass mass
fraction was calculated from hot carcass mass divided by final live mass
multiplied by 100. Similarly, chilled carcass mass fraction divided by final live
mass, multiplied by 100. Chilling loss calculated from hot carcass minus chilled
carcass mass, and the chilling loss was computed based on hot carcass mass.

Descriptive statistics - mode (marbling score), mean, standard deviation,
minimum, and maximum - were used to analyse the data. Mode of marbling
score was 2. Although the highest point on the marbling score was 5, the
highest observed score was 4. Final live mass ranged from 427 to 840 kg. Hot
carcass mass ranged from 232.70 to 483.30 kg and chilled carcass mass ranged
from 226.10 to 473.00 kg. The average fractions of hot and chilled carcass
masses were 54.04 and 52.40 %, respectively. The average chilling loss was
10.16 kg and chilling loss in fraction was 3.04 %, respectively (table 1).

Table 1. Means, standard deviations and ranges (N=167)

Carcass traits Mean Std Dev Minimum Maximum
Marbling score'/ 27/ - 1 4
Final live mass (kg) 622.15 74.53 427.00 840.00
Hot carcass mass (kg) 336.76 47.97 232.70 483.30
Chilled carcass mass (kg) 326.60 47.25 226.10 473.00
Hot carcass mass (%) 54.04 2.75 48.38 61.01
Chilled carcass mass (%) 52.40 2.77 47.11 59.29
Chilling loss (kg) 10.16 1.76 6.30 16.20
Chilling loss (%) 3.04 0.52 2.03 4.48
1/: N=162

2/: Mode

Because the marbling score was definded as ordinal scale, frequency and
y” tests were used to analyse sex and age factors, which were estimated from
pairs of permanent incisors and final live mass groups affecting the trait. The
others traits, such as hot carcass mass, chilled carcass mass, fractions of hot
carcass mass, chilled carcass mass, chilling loss mass and chilling loss fraction
were analyzed with a general linear model:

Yijkl =u+ Si + AJ+FLWGk + €ijki

where: Yijjq is the studied trait of observed animals; ptis overall mean; S;
is fixed effect of sex of animal i™ (i=1, 2, when 1=male, 2=female), A; is fixed
effect of pair of permanent incisors | (j = 1, 2, 3, 4, when 1 to 4 were 1= 2 yrs
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old, 2= 3 yrs old, 3= 4 yrs old, and 4=5 yrs old or older); FLWGy is fixed effect
of group of final live mass k™ (k= 1, 2, 3, when 1=<550 kg, 2=550 to 650 kg,
and 3=>650 kg; ejiq is random effect of residual. If there was significant
variance in F test, differences of the LS-means would be displayed by using the
pdiff option (SAS, 1999).

Results

Factors that affected the studied traits

Analysis of marbling score showed that it was not affected by sex, age,
and final live mass (P>0.025) — see Table 2. Sex significantly influenced hot
and chilled carcass masses (P<0.01) - see Table 3. Age significantly affected all
traits (P<0.05), except chilling loss (P>0.05). Almost all studied traits were
significantly affected by final live mass (P<0.01).

Table 2. y? tests for marbling score vs sex, age, and final live mass

Asymptotic
Factors Tests ¥’ df Significance (2-
sided)
Sex Pearson Chi-Square .351° 3 .950
Likelihood Ratio .350 3 .950

22 cells (25.0%) had expected counts less than 5. The minimum
expected count was 1.27.

Age Pearson Chi-Square 12.179° 9 .203
Likelihood Ratio 11.967 9 215
11 cells (68.8%) had expected counts less than 5. The minimum
expected count was .15.

Final live mass group Pearson Chi-Square 5.627 6 466
Likelihood Ratio 5.794 6 447
% 4 cells (33.3%) had expected counts less than 5. The minimum
expected count was .86.

Table 3. P-values and R? for factors affecting carcass traits

P-values

Carcass traits Sex Age FLWGY R?

Hot carcass mass (kg) 0.0080 0.0550 <.0001 0.7498
Chilled carcass mass (kg) 0.0100 0.0414 <.0001 0.7494
Hot carcass mass (%) 0.1363 0.0317 0.0006 0.1683
Chilled carcass mass (%) 0.1627 0.0195 0.0001 0.1856
Chilling loss (kg) 0.1150 0.2612 <.0001 0.1609
Chilling loss (%) 0.6420 0.0200 <.0001 0.1676

1/: Final live mass group

90



International Journal of Agricultural Technology 2020 Vol. 16(1): 87-96

Effect of sex

Although the studied factor did not influence marbling score, about 48.1%
of female and 15.4% of male carcasses obtained a marbling score of 2 (Table 4).
About 2.5% of females had marbling score of 4, while 0.6% of male obtained
that score. It was interesting to see that most carcasses had scored 2.

Table 4. Marbling score vs sex of animal

Factor Category Marbling score Total
1 2 3 4

Sex Female Count 22 78 17 4 121
% of Total 13.6% 48.1% 10.5% 2.5% 74.7%

Male Count 8 25 7 1 41
% of Total 4.9% 15.4% 4.3% 0.6% 25.3%

Total Count 30 103 24 5 162
% of Total 18.5% 63.6% 14.8% 3.1% 100%

Averages hot and chilled carcass masses of male cattle were significantly
greater than those of females (339.10244.21 kg and 328.9624.15 kg for hot and
chilled carcass masses of males, and 324.7044.73 kg and 315.1444.66 kg for
females, respectively) - see Table 5.

Table 5. Least squares means and standard error of carcass traits vs sex of
animals

Carcass traits Sex
Female Male

LSM4SE LSM4SE
Hot carcass mass (kg) 324.7044.73°Y 339.1044.21°
Chilled carcass mass (kg) 315.1444.66" 328.9644.15%
Hot carcass mass (%) 53.78 #0.49° 54.6240.44%
Chilled carcass mass (%) 52.180.49° 52.9740.44%
Chilling loss (kg) 9.56:40.32% 10.1340.28°
Chilling loss (%) 2.9840.09% 3.0320.08°

1/: Different superscript letters indicate significantly different values within each row (P<0.01).
Effect of age

About 74.7% of animals were > 5 yrs old, but only 1.9% received

marbling score 4. Furthermore, 1.2 % of 4 yr old animals obtained the same
score. No younger animals received this score, as shown in Table 6.
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Table 6. Frequency of marbling scores vs age of animals

Factor Category Marbling score Total
1 2 3 4
Age 2 Count 1 3 1 0 5
(yrs old) % of Total 0.6% 1.9% 0.6% 0.0% 3.1%
3 Count 1 13 1 0 15
% of Total 0.6% 8.0% 0.6% 0.0% 9.3%
4 Count 5 8 6 2 21
% of Total 3.1% 4.9% 3.7% 1.2% 13.0%
>5 Count 23 79 16 3 121
% of Total 14.2% 48.8% 9.9% 1.9% 74.7%
Total Count 30 103 24 5 162
% of Total 18.5% 63.6% 14.8% 3.1% 100%

Average hot and chilled carcass masses of 3 yr old animals were the
highest, but did not significantly differ from those of 4 yr old animals, as shown
in Table 7. A similar result as mentioned above was found in fractions of hot
and chilled carcass masses. The oldest animals (>5 yrs age) showed the highest
chilling loss in fraction, but it was not significantly different from 2 yr old
animals.

Table 7. Least squares means and standard errors of carcass traits vs age of
animals

Traits Age
2 yrold 3yrold 4 yrold >5yrold
LSM4SE LSM4SE LSM4SE LSM4SE

Hot carcass mass (kg) ~ 319.12+11.30°Y  343.0946.45°  337.7945.33"  327.5943.16"
Chilled carcass mass (kg) 309.42+411.14°  333.8346.36°  327.5945.25®  317.3743.12°

Hot carcass mass (%) 52.48+1.18° 55.5340.67°  54.9140.56®  53.89+40.33"
Chilled carcass mass 50.84+1.18° 54.0340.67°  53.2440.56  52.20+40.33"
(%)

Chilling loss (kg) 9.7020.76° 9.2640.43° 10.2040.36° 10.2240.21°
Chilling loss (%) 3.1240.22% 2.7040.13" 3.0640.11° 3.1640.06°

1/: Different superscript letters indicate significantly different values within each row.
Effect of final live mass

Although the marbling score was not affected by final live mass (Table 8)
most animals (43.8%) had final live mass in the 550 to 650 kg group while 17.3%
were <550 kg. About 0.6% of the animals in the group of the highest and the
lowest final live mass obtained marbling score of 4, while 1.9% of them with
550 to 650 kg live mass scored the same.
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Table 8. Marbling score vs final live mass

Factors Category Marbling score Total
1 2 3 4
Final live <550 Count 8 15 4 1 28
mass % of Total 4.9% 9.3% 2.5% 0.6% 17.3%
(kg) 550-650 Count 8 49 11 3 71
% of Total 4.9% 30.2% 6.8% 1.9% 43.8%
>650 Count 14 39 9 1 63
% of Total 8.6% 24.1% 5.6% 0.6% 38.9%
Total Count 30 103 24 5 162

% of Total 18.5% 63.6% 14.8% 3.1% 100.0%

The final live mass influenced all traits. Table 9 shows that the highest
averages of hot carcass mass (389.1944.41 kg) and chilled carcass mass
(378.5244.34 Kkg), and the highest of fractions of hot carcass mass
(55.3340.46 %) and chilled carcass mass (53.8140.46 %) were found in animals
with mass more than 650 kg. Chilling loss of animals with live mass less than
550 kg was the lowest (8.9840.36 kg) and those with live mass more than 650
kg was the highest (10.6620.30 kg). In contrast to the fraction of chilling loss, it
found that animals with live mass heavier than 650 kg had the lowest chilling
loss (2.7440.09 %).

Table 9. Least squares means and standard error for carcass traits affected by
final live mass

Traits Final live mass (kg)
<550 550-650 >650

Hot carcass mass (kg) 280.9945.42°Y 325.5143.96" 389.19+4.41°
Chilled carcass mass (kg) 272.0145.35° 315.6243.91° 378.5244.34%
Hot carcass mass (%) 53.52+40.57" 53.7740.41° 55.3340.46°
Chilled carcass mass (%) 51.7940.57° 52.1340.41° 53.8140.46°
Chilling loss (kg) 8.9840.36° 9.8940.27° 10.6620.30°
Chilling loss (%) 3.2340.11° 3.0640.08° 2.7440.09°

1/: Different superscript letters indicate significantly different values within each row.
Discussion
We found that sex, age, and final live mass did not influence marbling

scores (P>0.025). Although age and final live mass did not affect marbling
score, we note that 9.9% and 1.9% of animals with age >5 yrs obtained
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marbling score of 3 and 4, respectively, and 6.8 and 1.9 % of animals in the
550-650 kg group obtained scores of 3 and 4. Supphakitchanon et al. (2015)
reported that marbling score increased in animals which were 4 yrs or older,
and culled dairy cows >651 kg had higher marbling scores than others (P>0.01).
Furthermore, they also found that 38.71, 41.01, 17.97 and 2.30% of culled dairy
cows obtained marbling scores of 1 to 4, which is similar to our results: 18.5,
63.6, 14.8, and 3.1% for scores 1 to 4, respectively. Our results agree with those
of Supphakitchanon et al. (2015) and Tuntivisoottikul and Limsupavanich
(2018) that most carcasses obtained scores of 2. However, we saw no carcasses
with marbling score 5, consistent with Supphakitchanon et al., whereas
Tuntivisoottikul and Limsupavanich found that highest marbling score 5 was in
female dairy cattle with 4 pairs of permanent incisors. This may simply be the
smaller sample size (162 heads) of our study relative to the 571 heads in the
previous study.

Male dairy cattle had on average both hot and chilled carcass masses
greater than those of females, but the hot:chilled ratios did not differ. Male
cattle were raised more intensively with a longer fattening period, than females
(heifers and cows). Chainam and Opatpatanakit (2016) also reported that the
average hot and chilled carcass masses of dairy steers were higher than those of
dairy cows.

The higest average hot and chilled carcass masses, both in kilogram and
in percentage, were found in the 3 yr old cattle, but this did not differ
significantly from 4 yr olds. The average traits in the youngest and the oldest
animals were lower than those in the 3 yr old animals, but also did not differ
significantly from 4 yr olds. The muscle in the youngest was still developing,
while the oldest had deposited fat. Tuntivisoottikul and Limsupavanich (2018)
reported similar results for hot and chilled carcass masses and percentage of
chilled carcass masses for 3 yr old dairy cattle (2" pair of permanent incisors) -
averages of these traits higher than the others, but similar to 4 yr olds (3" pair
of permanent incisors).

Our study showed that, as final live mass increased, both hot and chilled
carcass mass in kg and as a fraction increased, and chilling loss both in kg and
as a fraction decreased. These results agreed with Chainam and Opatpatanakit
(2016).

To raise dairy cattle for beef production, farmers should consider two
criteria, highest chilled carcass mass and marbling score so that they will
achieve a higher return, but as a buyer, the cooperative needs more than 52 %
chilled carcass mass. Hence, this study suggests that farmers should fatten their
dairy cattle for 3 or 4 yrs and achieve a final live mass of more than 650 kg.

94



International Journal of Agricultural Technology 2020 Vol. 16(1): 87-96

Acknowledgements

We would like to thank Beef Cluster Cooperative Limited (MaxBeef) for the data
collection and accommodation fee support, the Thailand Research Fund for project grant
support, Faculty of Industrial Education and Technology, King Mongkut’s Institute of
Technology Ladkrabang for funding this presentation and Dr. John Morris at KRIS for English
editing.

References

ACFS (2004). Thai Agricultural Community and Food Standard TACFS 6001-2547. Ministry
of Agriculture and Cooperative, Bangkok, pp. 13.

Ardicli, S., Dincel, D. and Balci, F. (2018). Evaluation of slaughter weights and carcass traits of
bulls marketed in South Marmara Region of Turkey. Harran University Journal of the
Faculty of Veterinary Medicine, 7:45-50.

Barton, R. A. and Pleasants, A. B. (1997). Comparison of the carcass characteristics of steers of
different breeds and pre-weaning environments slaughtered at 30 months of age, New
Zealand Journal of Agricultural Research, 40:57-68.

Bazzoli, 1., Marchi, M. De, Cecchinato, A., Beery D. P. and Bittante, G. (2013). Factors
associated with age at slaughter and carcass weight, price, and value of dairy cull cows.
Journal of Dairy Science, 97:1082-1091.

Chainam, J. and Opatpatanakit, Y. (2016). Carcass quality of culled dairy cows and fattening
dairy steers raised by members of Beef Cluster Cooperative in Thailand. 62
International Congress of Meat Science and Technology, Bangkok. Retrieved from
http://icomst-proceedings.helsinki.fi/papers/2016_01_07.pdf

Ledbetter, K. (2018). Beef influence on dairy cattle could improve marketing options, bottom
line. Department of Animal Science. Retrieved from
http://animalscience.tamu.edu/2018/03/21/beef-influence-dairy-cattle-improve-
marketing-options-bottom-line/.

Liinamo, A. E. (2000). Breeding for carcass traits in dairy cattle. (Academic Dissertation).
University of Helsinki, Finland.

SAS (1999). SAS/STAT User’s Guide: Statistic, SAS Institute Inc. North Carolina.

Sawanon, S. (2012). Male dairy cattle: Possibility for bringing to produce quality beef.
Kasetsart Livestock Magazine, 39:32-40.

Sethakul, J. (2016). Fattening dairy beef: the opportunity to entering in market quality beef. In
Seminar of Fattening Dairy Beef: Opportunity and Preparedness in Beef Shortage Crisis.
Meajo University, Chiang Mai, pp.1-7.

Supphakitchanon, T., Pattanawong, W., Kiratikrankul, B. and Chainam, J. (2015). Systemic
management for quality meat production from cull dairy cow. Retrieved from
https://elibrary.trf.or.th/downloadFull.asp?proid= PDG6120003.

Taylor, R. E. (1984). Beef Production and the Beef Industry. Macmillan Publishing. New York,
New York.

95



Tuntivisoottikul, K. and Limsupavanich, R. (2018). Effects of gender of dairy or beef cattle and
the number of pair of permanent incisors on carcass traits. MATEC Web of Conferences,
192:03050.

Wardynski, F. (2012). Raising dairy steer calves for profitable beef production. Retrieved from

https://today.agrilife.org/2018/03/21/beef-influence-dairy-cattle-improve-marketing-
options-bottom-line/.

(Received: 25 August 2019, accepted: 30 December 2019)

96



