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Abstract

The objective of this study was to investigate the physico-chemical and sensory properties of loin (m. longissimus dorsi)

and top round (m. semimembranosus) beef from 3-, 6-, 9-, and 12 mon-old Holstein calves. For both loin and top round mus-

cles, the moisture contents were decreased, whereas the protein and fat contents were increased, as the slaughtering age

increased. In terms of meat color, for both muscle types, CIE L* values were decreased, whereas CIE a* values and myoglo-

bin content increased as the slaughtering age increased. pH values were significantly higher in the 3 mon-old group than in

the other groups. The Warner–Bratzler shear force (WBSF) values were lowest for loin muscles from the 12 mon-old group;

however, there was no significant difference for top round muscle among the 4 age groups. Cooking loss for both loin and

top round muscles were significantly higher for the 3 mon-old group than for the other groups. The water holding capacity

(WHC) of both muscles were highest for the 12 mon-old groups (p<0.05). In fatty acid composition of the 12 mon-old

groups, loin muscles had significantly higher levels of C14:0, C16:1n7, C18:1n9, and mono-unsaturated fatty acids (MUFA),

and top round muscles had significantly higher levels of C16:1n7, C18:1n7, C18:1n9, MUFA, MUFA/SFA. Loin muscle

from the 3- and 12 mon-old groups had significantly higher scores for tenderness and overall likeness. Top round muscle

from the 9- and 12 mon-old groups had significantly higher scores for overall likeness than those from the other age groups.
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Introduction

In the traditional veal calf rearing system, the animals

are kept in individual, narrow, and short crates and recei-

ve a liquid milk replacer with a low iron (Fe) content up

to the age of 6 mon (Le Neindre, 1993). Over the last 50

years, the veal industry has undergone a number of chan-

ges, in particularly in production systems with the intro-

duction and acceptance of grain-fed and heavier calves

and there has increasingly been a movement from indi-

vidual pens to group housing (Ngapo and Gariépy, 2006).

The reasons for these changes are a greater consideration

for the well-being of the animals and the public percep-

tion of the industry.

Veal is a significant meat source and is of substantial

value to some countries, notably France, Italy, the Nether-

lands, and to some regions of North America, specifically

Québec and Ontario in Canada and Indiana, Maryland,

Michigan, New York, Ohio, Pennsylvania, and Wisconsin

in the USA (Ngapo and Gariépy, 2006). The Canadian

Agri-Food Research Council (1998) refers to these ani-

mals, which are destined for slaughter or for other rearing

facilities and feeding programs, as “bob calf,” “drop calf,”

or “baby calf.” Both the European Commission (2003)

and the Canadian Agri-Food Research Council (1998)

have defined “milk-fed veal” as calves fed milk-based

feeds. The European Commission differentiates veal as

meat derived from calves of 16-19 wk of age (Ngapo and

Gariépy, 2006). Wilson (2004) coined the term “non-spe-

cial-fed veal” and defined these calves as being fed a va-

riety of diets, including milk replacer, grain, and forage,

and as being marketed at live weights of approximately

70-180 kg. “Grain-fed veal” calves are generally defined

as calves fed a milk-based diet for the first 6 wk, and then

a whole-grain corn- and protein-supplemented diet for the

remaining portion of the production period. Aus-Meat
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Limited of Australia (2005) more broadly defined veal as

calves that demonstrate no evidence of eruption of per-

manent incisor teeth, showing youthfulness and veal

color, weighing no more than 150 kg in carcass weight,

and in males showing no evidence of secondary sexual

characteristics.

Although the overall domestic beef production in 2013

increased by 42.4%, beef production from Holstein bulls

and steers decreased by 21.2%, when compared to those

in 2010 (KAPE, 2014). The average slaughtering times of

Holstein steer were from 20 to 22 mon. At this time, the

frequencies of quality grading above grade 1 for Holstein

steers were only 9.0% in 2013. Some Holstein dairy far-

mers attempted to produce the highly marbled Holstein

steer beef using a longer feeding period, but, in the Ko-

rean beef grading system, this was not financially advan-

tageous for Holstein farmers, due to the expensive feed-

ing cost and low feeding efficiency. Currently, Holstein

dairy farmers face serious challenges when they have

new-born, male veal, given the unstable market price and

low valuation of this product in the domestic beef market.

The farmers found a solution to advance the slaughtering

time by production of calf beef; however, this has been

little studied. A number of publications has focused on

changes in the production systems to improve feed effi-

ciency, weight gain, and carcass characteristics in veal

farming, but meat quality attributes have rarely been

assessed.

Therefore, the objective of this study was to investigate

the physico-chemical and sensory properties of loin (m.

longissimus dorsi) and top round (m. semimembranosus)

beef from 3-, 6-, 9-, and 12 mon-old Holstein calves.

Materials and Methods

Sample preparation

Twenty pure Holstein male calves were used in this

study. The animals arrived at the Holstein dairy farm ex-

perimental unit in Ansung city of Gyeonggi-do at 20 d of

age and the calves were fed a milk replacer based on

sprayed skimmed milk powder, without receiving any

other feed or supplement. The calves, grouped by birth

weight and birth date, were housed indoors and penned in

4 groups (5 animals/pen) with drinking and feeding trou-

ghs at their disposal.

The following diet was provided: a milk replacer for

20-90 d, early calf feed (CP 19% and TDN 71%) for 70-

90 d, middle calf feed (CP 17% and TDN 71%) and ce-

real straw ad libitum for 90-270 d, and growing period

feed (CP 14% and TDN 71%) ad libitum until the age of

12 mon. The animals were weighed at 3, 6, 9, and 12 mon

(at the end of the experimental period on the day before

slaughter). After slaughter, the right side of each carcass

was hung by the Achilles tendon and cooled at 4°C. Ap-

proximately 24 h post-mortem, the right side of the car-

cass was deboned and trimmed as directed in the domes-

tic fabrication manual (National Livestock Cooperatives

Federation, 1998). The loin (m. longissimus dorsi, LD)

and top round (m. semimembranosus, SM) were sepa-

rated, vacuum-packaged, and stored at 2°C for analysis of

meat quality. For fatty acid analysis, each sample, con-

sisting of approximately 100 g of tissue, was vacuum-

packaged and stored at 20°C until the analysis was con-

ducted (approximately 2 wk post-mortem).

Chemical composition

Protein, fat, moisture, and collagen content were ana-

lyzed using the Food ScanTM Lab 78810 (Foss Tecator

Co., Ltd., Denmark), according to the method of the Asso-

ciation of Official Analytical Chemists (AOAC, 2006).

pH

The pH was measured using a portable needle-tipped

combination electrode (NWKbinar pH-K2, Germany) in

the center of the muscle until the muscle was judged to

have reached ultimate pH.

Myoglobin content

The myoglobin (Mb) content was measured as descri-

bed by Sammel et al. (2002). Five grams of meat was ho-

mogenized with 20 mL of ice-cold DW at 2,270 g for 30

sec by using a Polytron (PTMR 2100, Kinematica AG,

Switzerland) and centrifuged at 2°C and 30,000 g for 30

min (SCR20BA Himac Centrifuge, Hitachi Koki Co.,

Ltd., Japan). After filtering through a 0.45 µm syringe fil-

ter, an absorbance value of the supernatant was read at

525 nm by using a UV/Visible spectrophotometer (Pro-

teomeLab DU800, Beckman Coulter, Inc., USA). The re-

sult was calculated as mg of Mb per g of meat using the

molecular weight (16,110; Drabkin, 1978) and the milli-

molar extinction coefficient (7.6 mM/cm; Bowen, 1949)

of Mb.

Meat color, WBSF and cooking loss measurement

Color values on a freshly cut surface of the Warner-

Bratzler shear force (WBSF) block were measured using

a CR-400 chroma meter (Konica Minolta Sensing, Inc.,

Japan) for CIE standard lightness (L*), redness (a*), and
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yellowness (b*), after a 30 min blooming period at 2°C

(Commission Internationale de I’Eclairage, 1986). WBSF

was measured on cooked meat blocks (50 × 50 × 25 mm)

in a pre-heated water bath for 40 min until the core tem-

perature reached 80º and then cooled in running water

(ca. 18ºC) for 30 min to reach a core temperature below

30ºC. Eight cores of 1.27-cm diameter were made for

each sample, and peak force was determined using a V-

shaped shear blade of an Instron Universal Testing Ma-

chine (Model 5543, USA) with a cross-head speed of 400

mm/min (Wheeler et al., 2000). Cooking loss (%) was cal-

culated as the percentage of weight change during cook-

ing for the WBSF measurement. For cooking loss deter-

mination, the samples were freshly cut into blocks and

weighed (initial weight). Individual cooked meat block

damples were removed from the water-bath, cooled in cold

water, and weighed. Cooking loss was then expressed as

the percentage of the initial sample weight (Honikel, 1998).

Sarcomere length measurement

Sarcomere length was measured using a Helium-Neon

laser diffraction technique according to the method des-

cribed by Cross et al. (1981).

Water-holding capacity

Water-holding capacity (WHC) was measured using the

method of Ryoichi et al. (1993). Water-holding capacity

(WHC) was determined by a centrifugation method (Kri-

stensen and Purslow, 2001), with the following modifica-

tion. 0.5 gram of homogenized tissue was placed in a 2

mL centricon tube (VIDAS, France). The sample contain-

ing tube was then placed in a 50 mL centrifugation tube,

heated in a 70°C water bath for 30 min, and centrifuged

at 100 g (Hitatchi, SCR20BA, Japan) for 10 min at room

temperature (ca. 18°C). WHC was expressed as a percen-

tage of weight loss of sample tissue during the centrifuga-

tion.

Fatty acids analysis

Total lipids in beef samples were extracted using chlo-

roform:methanol (2:1, v/v) according to the procedure of

Folch et al. (1957). An aliquot of the total lipid extract

was methylated, as described by Morrison and Smith

(1964). Fatty acid methyl esters were analyzed using a gas

chromatography (Star 3600, Varian Technologies, USA)

fitted with a fused silica capillary column, omegawax 205

(30 m × 0.32 mm i.d. 0.25 µm film thickness). The injec-

tion port was heated at 250°C and the detector was main-

tained at 300°C. Results were expressed as percentages

based on the total peak area.

Sensory evaluation

For sensory evaluation of the loin and top round mus-

cles, the beef strips (50 × 75 × 40 mm) were cooked by

placing them on a tin plate equipped with a water jacket

(at approximately 245-255°C). Strips were turned at the

first pooling of liquid on the surface of the sample or at

the start of shrinkage. The cooked strips were immedi-

ately served to 7 trained sensory panelists for evaluation.

The panelists were asked to score the samples for tender-

ness, juiciness, flavor, and overall liking. Scoring was

performed on a single sheet using four 100 mm lines

from 0 to 100, with 20 mm gradients marked. Tenderness

ranged from very tough (0) to very tender (100); juiciness

ranged from very dry (0) to very juicy (100). Flavor ran-

ged from extreme dislike (0) to extreme liking (100); ove-

rall liking ranged from extreme dislike (0) to extreme lik-

ing (100).

Statistical analysis

Each animal within the same slaughtering age group

was treated as a replicate. Data were analyzed using the

Student-Newman-Keuls’ multiple comparison, using the

General Linear Model procedure of the SAS program

(2010). The significance level was set at p<0.05.

Results and Discussion

Chemical composition

The moisture, protein, fat, and collagen contents of the

loin and top round beef from Holstein calves are shown

in Table 1. For both the loin and top round muscles, the

moisture contents decreased, whereas the protein and fat

contents increased, as the slaughtering ages increased. The

moisture contents of the loin (80.01%) and top round

(78.01%) samples from the 3 mon-old group were signif-

icantly higher than those from the other slaughtering age

groups (p<0.05). The loin (18.49%) and top round (20.49%)

muscles from the 3 mon-old group had significantly lower

protein contents, whereas the loin (23.38%) and top round

(23.48%) muscles from the 12 mon-old group had signif-

icantly higher protein contents than those from the other

age groups (p<0.05). The fat contents were 2.13% for

loin and 1.31% for top round muscles of the 12 mon-old

group. The fat contents of the loin and top round muscles

of the 3 mon-old group were lowest and those from the

12 mon-old group were highest among the 4 slaughtering

age groups (p<0.05). However, there was no significant
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difference in the total collagen contents among the 4

slaughtering age groups (p>0.05, Table 1). Although the

visible intramuscular fat or marbling is an important meat

characteristic that is appreciated by the consumer because

of its positive effects on taste, juiciness, and tenderness

(Platter et al., 2005), Andreoli et al. (1994) had shown a

poor correlation between intramuscular fat content and

meat flavor and tenderness in a previous study on veal

meat quality. Although the rates of tenderization for veal

and beef are the same, the connective tissue apparently

contributes little, connective tissues contribute to both the

toughness and the amount of tenderizing required, as beef

being 1.5 times tougher than veal and requiring twice as

much tenderizing (Dransfield et al., 1981). Boccard et al.

(1979) has also reported that the collagen content begins

to increase significantly from 20 mon of age.

Meat quality

In terms of meat color, CIE L* values decreased and

CIE a* values increased with an increase in slaughtering

age for loin and top round muscles (p<0.05; Table 2). The

CIE L* values of the loin (41.18) and top round (40.85)

muscles from the 3 mon-old group were significantly hi-

gher than those from the other age groups (p<0.05). The

CIE a* values of the loin (11.53) and top round (15.03)

muscles from the 12 mon-old group were significantly hi-

gher than those from the other age groups (p<0.05). The

CIE b* values of the loin (4.94) and top round (5.95) mu-

scles from the 12 mon-old group were significantly hi-

gher than those from the other age groups (p<0.05). Li et

al. (2011) reported that meat color (a*) values significantly

increased (p<0.05) with age, from 3 to 9 and from 12 to

15 mon in young Qinchuan cattle from China. When the

meat color of the heifers (170 kg) and young bulls (190

kg) aged 7-8 mon were compared, young bulls had sli-

ghtly higher L* values than heifers, and lower a* and b*

values (Revilla and Vivar-Quintana, 2005). The meat color,

being one of the most important quality criteria in the

veal industry, is particularly susceptible to changes in die-

tary Fe concentrations, of which minimum levels must be

maintained to avoid anemia. Consumers are generally be-

lieved to assess veal quality on the lean color (Ngapo and

Gariépy, 2006). Today, the veal industry relies strongly on

lean color for carcass grading and determination of car-

cass value, as the whiter graded carcasses command grea-

ter value. Muscle color varies, and anatomical location of

the muscle influences most color traits, including pigment

content, reflectance, redness, and the rate of meat discol-

oration (MacDougall, 1982). Swatland (1985) reported

that the LD muscle was largely affected by pigment con-

tent, which was strongly correlated with most color para-

meters, while in the PM muscle (m. psoas major), only

redness was correlated with pigment content. Johnson et

al. (1992) found a higher correlation (r=0.44) between

muscle pigment and flavor, suggesting that, as the total

pigment of veal meat increases, the flavor becomes more

intense.

pH, WBS, cooking loss, water holding capacity, and

myoglobin content of Holstein calves were compared for

loin and top round muscles across the different slaughter-

ing age groups (Table 3). pH values were significantly hi-

gher for loin (5.96) and top round (5.67) muscles from

the 3 mon-old group than those from the other age groups

(p<0.05). The effect of pH is often referred to in relation

Table 1. Chemical composition of loin and top round muscle

from Holstein calves with different slaughtering age

Cut
Age

(mon)

Moisture

(%)

Protein

(%)

Fat

(%)

Collagen

(%)

Loin

3
80.01

±0.26*a

18.75

±0.30c

0.85

±0.07c

1.60

±0.02

6
76.27

±0.20)b

22.30

±0.29b

1.42

±0.06b

1.63

±0.07

9
74.97

±0.19c

22.78

±0.28ab

1.44

±0.10b

1.44

±0.14

12
74.08

±0.12d

23.38

±0.06a

2.13

±0.12a

1.59

±0.08

Top

round

3
78.01

±0.04a

20.49

±0.64c

0.64

±0.09b

1.28

±0.13

6
77.01

±0.20b

21.44

±0.16bc

0.91

±0.12ab

1.59

±0.09

9
74.78

±0.29c

22.47

±0.45ab

1.16

±0.15ab

1.49

±0.09

12
75.26

±0.15c

23.48

±0.09a

1.31

±0.17a

1.63

±0.03

*Mean±S.E.
a-dMeans in the same column within the same category with dif-

ferent letters are significantly different (p<0.05).

Table 2. Meat color of loin and top round muscle from Hol-

stein calves with different slaughtering age

Cut
Age

(mon)

Meat color

CIE L* CIE a* CIE b*

Loin

3 41.18±0.81*a 6.52±0.35c 2.93±0.17b

6 35.88±0.62b 7.99±0.18b 2.26±0.12b

9 31.62±0.75c 8.75±0.38b 2.97±0.14b

12 32.11±0.48c 11.53±0.61a 4.94±0.30a

Top

round

3 40.85±0.81a 7.81±0.18c 4.51±0.63ab

6 35.18±0.62b 10.17±0.73b 3.35±0.32b

9 31.06±0.75c 11.61±0.63b 4.54±0.53ab

12 31.51±0.36c 15.03±0.66a 5.95±0.34a

*Mean±S.E.
a-cMeans in the same column within the same category with dif-

ferent letters are significantly different (p<0.05).
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to other veal quality characteristics, particularly color. A

series of publications have reported on experiments that

expressly studied pH and have included it effects on veal

quality (Guignot et al. 1993; Monin, 1993). Muscles have

been shown to vary in their rate of decline in pH post

mortem. In LD muscle, a relatively slow pH decrease is

observed, which has less impact on meat color than the

pigment content. In contrast, the PM muscle demon-

strates a rapid pH fall, affecting meat color to a larger

extent than the pigment content (Eikelenboom and Smul-

ders, 1986). Color was also correlated with the ultimate

pH, such that lightness, redness, and reflectance decrea-

sed with an increase in the ultimate pH (Guignot et al.,

1993). However, ultimate pH had no effect on color and

cooking loss in veal (Monin, 1993). When Friesian-Hol-

stein and Meuse-Rhine-Yssel breeds calves slaughtered at

25-29 wk in age, the Meuse-Rhine-Yssel calves were

heavier and had a slower rate of temperature decline and

faster rate of pH fall (Klont et al., 1999).

The myoglobin contents increased significantly as the

slaughtering ages increased for both loin and top round

muscles (p<0.05, Table 3). The myoglobin comprised 80-

90% of the color pigment of beef muscle; it bound oxy-

gen and maintained the purple red color of the beef mus-

cle. The main factors responsible for the color of fresh

veal are the concentration of the muscle pigment, and the

Fe-containing heme protein; the relative proportions of

the three forms in which this pigment can occur (purple

reduced myoglobin, red oxymyoglobin, and brown met-

myoglobin) and its residual quantities of hemoglobin

(MacDougall, 1982). The positive correlation between

pigment content and color intensity is generally accepted

and it is common practice to maintain minimal levels of

muscle pigments, by controlling the amount of Fe in the

diet. This practice can produce anemic animals and has

resulted in public criticism. However, Fe supplementation

of the calves’ diet to prevent such deficiency can result in

a darker meat of lesser value. Nevertheless, there are dis-

crepancies in the role that myoglobin is considered to

play in veal color.

The WBSF values of loin muscles were 5.56 kg for the

3 mon-old group; this was significantly increased to 9.00

and 8.67 kg for the 6- and 9 mon-old groups, respectively.

The WBSF values were significantly lower for loin mus-

cles from the 12 mon-old group (3.18 kg) than those from

the 6- and 9 mon-old groups (p<0.05). However, the

WBSF values of top round muscles were 3.45-4.79 kg

and they were not significantly different among the 4

slaughtering age groups (p>0.05). In cooking loss, both

the loin and top round muscles were significantly higher

for the 3 mon-old group than for the other age groups

(p<0.05, Table 3). The loin muscle had shorter sarcomere

lengths in the 6- and 9 mon-old age groups, but this was

not statistically significantly different. The sarcomere

length of the top round muscle was not significantly dif-

ferent among the 4 different age groups (p>0.05; Table

3). The WHC of the loin and top round muscles were

highest for the 12 mon-old groups among the 4 different

age groups (p<0.05). The WHC of the loin muscles were

significantly lower for the 3 mon-old group (43.32%) and

that of the top round muscles were significantly lower for

the 3- (48.18%) and 6 mon-old (49.46%) groups than for

the other age groups (p<0.05; Table 3).

Palatability differences were observed among veal legs

from calves slaughtered at average weights of 44.3 kg,

89.5 kg, and 131.2 kg (Brekke and Wellington, 1972).

Differences in WBSF values were observed, in that meat

from the lightest group was more tender than that from

the other groups. Muscle-specific differences were found

when the quality of meat from calves slaughtered at live

weights of 238-250 kg, 272-286 kg, or 304-318 kg were

compared (Mandell et al., 2001). For both LD and SM

Table 3. pH, Warner-bratzler shear force (WBSF), cooking loss (CL), sarcomere length (SL), water holding capacity (WHC) and

myoglobin contents of loin and top round muscle from Holstein calves with different slaughtering age

Cut Age (mon) pH Myoglobin (mg/g) WBSF (kg) CL (%) SL (µm) WHC (%)

Loin

3 5.96*a±0.04 0.13d±0.00 5.56ab±1.13 35.44±0.80 2.50a±0.13 43.32d±0.66

6 5.58b±0.02 1.45c±0.08 9.00a±0.79 31.50±1.89 2.13a±0.17 50.00c±0.53

9 5.56b±0.06 2.04b±0.11 8.67a±1.58 32.81±0.38 2.09a±0.09 53.13b±0.47

12 5.44b±0.02 3.08a±0.25 3.18b±0.86 31.63±0.73 2.36a±0.06 56.22a±0.44

Top round

3 5.67a±0.07 0.14d±0.01 3.45±0.75 38.74a±1.47 2.50a±0.06 48.18b±1.21

6 5.53b±0.02 1.88c±0.14 4.70±0.63 34.92b±0.92 2.32b±0.08 49.46b±1.05

9 5.48b±0.03 2.63b ±0.19 4.79±0.52 34.47b±0.71 2.21b±0.03 52.52a±0.83

12 5.42b±0.02 3.92a±0.34 4.41±0.45 35.55b±0.64 2.15b±0.02 54.03a±0.53

*Mean±S.E.
a-cMeans in the same column within the same category with different letters are significantly different (p<0.05).
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muscles, the lightness values decreased and redness val-

ues increased, resulting in a darker, redder meat, with inc-

reasing carcass weight. Moreover, LD muscle from light

carcasses had lower cooking loss than that from medium

and heavier carcasses.

Fatty acid composition

The fatty acid compositions (%) of loin and top round

muscles according to different slaughtering ages are shown

in Table 4. For loin muscle, the contents of C18:2n6. C20

:4n6, and the total contents of poly-unsaturated fatty acids

(PUFA), PUFA/SFA, and n-6 fatty acids were significantly

higher for the 3 mon-old group; whereas the contents of

C14:0, C16:1n7, C18:1n9, and mono-unsaturated fatty

acids (MUFA) were significantly higher for the 12 mon-

old group than for the other age groups (p<0.05). The

contents of C18:3n6 and C18:3n3 were significantly hi-

gher and the contents of C16:0 were significantly lower

in this group than in the other age groups (p<0.05). For

top round muscle, the contents of C20:1n9 fatty acids

were significantly higher for the 3 mon-old group. In the

same muscle for the 12 mon-old group, the contents of

C16:1n7, C18:1n7, C18:1n9, MUFA, and MUFA/satura-

ted fatty acids (SFA) were significantly higher, whereas

the contents of C18:2n6, and the summation of PUFA,

PUFA/SFA, and n-6 fatty acids were significantly lower

than for the other age groups (p<0.05, Table 4). The con-

tents of C14:0 were significantly lower and the contents

of C18:3n6 and C18:3n3 were significantly higher for the

3- and 9 mon-old groups than for the 6- and 12 mon-old

groups (p<0.05). However, the SFA and n-3 contents were

not significantly different for top round muscle among the

4 different age groups (p>0.05).

The fatty acid compositions between the loin and top

round muscles in the same age group were compared

(Table 4). In the 9 mon-old group, the contents of C14:0,

C18:0, and SFA of the loin muscle were higher than those

for top round muscle (p<0.05), whereas the contents of

C18:2n6, C18:3n6, C20:4n6, PUFA, and n-6 fatty acids

were significantly higher in top round muscle than in loin

muscle (p<0.05). In the 12 mon-old group, the contents of

SFA for loin muscle were higher than those in top round

muscle (p<0.05), whereas the contents of C16:1n7, MUFA,

and MUFA/SFA were significantly higher in top round

muscle than in loin muscle (p<0.05).

The results of numerous studies have confirmed that

fatty acid composition can be influenced by individual

factors, such as diet, breed, and age of the animal (Smith

et al., 2009), and level of fatness (Nürnberg et al., 1998).

Table 4. Fatty acid composition (%) in loin and top round

from calves with different slaughtering age

Items
Age

(mon)

Cut

Loin Top round

C14:0 (Myristic acid)

3 2.81±0.17b 2.54±0.14b

6 4.23±0.29a 4.09±0.24a

9 4.40±0.33aA 2.86±0.23bB

12 4.77±0.21a 4.16±0.18a

C16:0 (Palmitic acid)

3 30.24±1.14a 29.98±0.34a

6 29.47±0.75ab 29.12±0.52a

9 27.17±1.22b 27.38±0.67b

12 31.59±0.58a 29.68±0.60a

C16:1n7

(Palmitoleic acid)

3 1.24±0.16c 1.36±0.08c

6 2.80±0.12b 3.10±0.07b

9 3.21±0.21ab 3.39±0.38b

12 3.44±0.21aB 4.43±0.25aA

C18:0 (Stearic acid)

3 18.14±1.41 17.36±0.51a

6 19.25±0.51A 16.88±0.26a B

9 19.11±1.20 A 13.06±1.08bB

12 16.88±0.79 13.63±0.82b

C18:1n9 (Oleic acid)

3 29.75±2.47b 28.96±2.06b

6 30.59±0.80b 31.56±0.97b

9 30.28±2.42b 31.94±1.32b

12 36.77±0.57a 40.77±1.64a

C18:1n7

(trans-vaccenic acid)

3 0.11±0.01 0.11±0.00b

6 0.14±0.01 0.15±0.01b

9 0.18±0.02 0.13±0.02b

12 0.17±0.02 0.27±0.03a

C18:2n6

(Linoleic acid)

3 10.75±1.52a 12.43±1.34a

6 9.00±1.26a 9.65±0.82a

9 9.37±0.75aB 11.14±0.98aA

12 4.03±0.41b 4.16±0.55b

C18:3n6

(gamma-linolenic acid)

3 0.12±0.01b 0.14±0.02ab

6 0.11±0.01b 0.11±0.01bc

9 0.10±0.00aB 0.15±0.16aA

12 0.08±0.00c 0.07±0.01c

C18:3n3

(Linolenic acid)

3 0.36±0.02 b 0.46±0.08a

6 0.26±0.02 b 0.25±0.03b

9 0.41±0.04a 0.44±0.05a

12 0.22±0.01b 0.22±0.03b

C20:1n9

(cis-11-eicosenoic acid)

3 1.98±1.08 0.61±0.13a

6 0.36±0.05 0.34±0.03b

9 0.27±0.06 0.40±0.06b

12 0.27±0.02 0.34±0.02b

C20:4n6

(Arachidonic acid)

3 4.17±0.45aA 5.67±0.66aB

6 3.27±0.42ab 4.13±0.27a

9 2.44±0.29bcB 5.80±0.54aA

12 1.52±0.29 c 1.99±0.55b

SFA1)

3 51.18±2.45 49.88±0.96 

6 52.96±1.39 50.10±0.84 

9 55.20±0.53A 49.34±1.13B 

12 53.24±1.29 A 47.47±1.29B

MUFA2)

3 33.09±1.68b 31.04±2.15b

6 33.89±0.88b 35.16±1.05b

9 35.41±2.36b 32.30±1.50b

12 40.66±0.73aB 45.82±1.84aA
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Grain diets result in high concentrations of n-6 PUFA,

while grass diets increase muscle concentrations of n-3

PUFA (Enser et al., 1998). Japanese Black cattle produce

carcasses that have adipose tissues with higher percent-

ages of MUFA than do Holstein, Japanese Brown, Charo-

lais, or Angus steers (Oka et al., 2002). The fatty acid com-

position of the meat may also be influenced by changes in

age and fatness. Thus, the proportion of PUFA in muscle

decreases, while the deposition of intramuscular neutral

lipids increases, with animal age (Wood et al., 2003). Kim

et al. (1996) reported that the levels of SFA increase and

those of UFA decrease with increasing slaughtering age

when the fatty acid composition of Holstein steers (17-19

mon old) were compared at different slaughtering ages.

The SFA and MUFA contents increase faster with fatness

levels than do the PUFA contents (De Smet et al., 2004).

On the other hand, the fatty acid composition influ-

ences the organoleptic characteristics of meat. Increased

unsaturation results in greater flavor changes in rumi-

nants, including beef, than it does in pork (Melton, 1990).

Additionally, Fisher et al. (2000) found that flavor inten-

sity correlates positively with linolenic acid (C18:3n3) and

negatively with linoleic acid (C18:2n6) content. MUFA

in meat have been shown to influence beef palatability

(Westerling and Hedrick, 1979). Wood et al. (2003) repor-

ted that the recommended ratio of PUFA to SFA (P:S) in

the fatty acid intake from food should be above 0.4, and

that some meats naturally have a P:S ratio of around 0.1.

In this study, the overall low P:S ratio for loin and top

round are likely due to low intramuscular fat contents of

young animals.

Sensory evaluation

The results of the sensory evaluation are shown in Table

5. There was no significant difference in juiciness scores

in the loin beef among the 4 slaughtering age groups (p>

0.05). However, the loin samples from the 3- and 12 mon-

old groups had significantly higher scores in terms of ten-

derness (70.72 and 70.88, respectively) and overall likeness

(64.44 and 68.81, respectively) than those from the other

slaughtering age groups (p<0.05). The flavor likeness was

also significantly higher in the loin samples from the 12

mon-old group than from the other slaughtering age groups

Table 4. Continued

Items
Age

(mon)

Cut

Loin Top round

PUFA3)

3 15.73±1.83a 19.07±2.24a

6 13.16±1.73ab 14.75±1.10a

9 15.36±1.05bcB 18.36±1.83aA

12 6.10±0.72c 6.71±1.22b

MUFA/SFA

3 0.66±0.05 0.62±0.04b

6 0.64±0.02 0.70±0.03b

9 0.68±0.07 0.83±0.05b

12 0.76±0.03 B 0.97±0.06aA

PUFA/SFA

3 0.31±0.04a 0.38±0.05a

6 0.25±0.04ab 0.30±0.02a

9 0.17±0.02bcB 0.37±0.05aA

12 0.14±0.03c 0.14±0.03b

n6

3 15.36±1.81a 18.55±2.11a

6 12.79±1.71ab 14.32±1.07a

9 9.10±0.65bcB 17.71±1.02aA

12 5.81±0.70c 6.39±1.17b

n3

3 0.36±0.02 0.53±0.14 

6 0.37±0.03 0.42±0.04 

9 0.63±0.06 0.73±0.07

12 0.29±0.02 0.31±0.05 

a-bMeans±S.E. in the same column with different superscripts dif-

fer significantly (p<0.05).
A-CMeans±S.E. in the same row with different superscripts differ

significantly (p<0.05).
1)Saturated fatty acids.
2)Monounsaturated fatty acids.
3)Polyunsaturated fatty acids.

Table 5. Sensory evaluation of loin and top round muscles from Holstein calves with different slaughtering age

Age (mon) Tenderness Juiciness Flavor-likeness Overall likeness

Loin

3 70.72±3.56*a 66.93±3.11 64.34±2.82b 64.44±3.21a

6 57.25±2.81b 63.58±3.65 65.68±2.95b 57.30±3.03b

9 57.31±2.65b 65.18±3.02 64.92±2.35b 58.14±2.69b

12 70.88±2.22a 60.56±3.74 68.13±2.48a 68.81±2.04a

Top round

3 67.59±2.69a 71.41±3.2 a 66.99±1. 93 64.96±3.19b

6 58.93±2.15b 61.25±1.88c 65.08±2.24 60.03±2.04b

9 65.99±2.29a 66.60±2.52b 67.74±2.28 67.17±2.21a

12 67.60±2.04a 67.29±3.21b 70.36±2.33 68.51±1.89a

*Mean±S.E.
a,bMeans in the same column within the same category with different letters are significantly different (p<0.05).
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(p<0.05). The top round samples from the 3-, 9- and 12

mon-old groups had significantly higher scores for tender-

ness than those from the 6 mon-old group (p<0.05). The

overall likeness scores were also significantly higher for

top round samples from the 9- and 12 mon-old groups than

those from the 3- and 6 mon-old groups (p<0.05). How-

ever, the top round samples from the 3-mon-old groups

had highest scores (71.41) and those from the 6-mon-old

groups had lowest scores (61.25) in juiciness among 4

slaughtering groups (p<0.05). There were no significant

differences in juiciness and flavor likeness for top round

samples among the 4 slaughtering age groups (p>0.05).

Consumers rate tenderness as the primary sensory trait

when making purchasing decisions (Mennecke et al., 2007).

Very few publications have dealt with veal or calf beef in

terms of sensory evaluation. The meat from a group of

penned calves showed reduced WBSF values and was

more tender than that from individually crated 5-mon-old

Holstein male calves (Angrighetto et al., 1999). Muscle-

specific differences were found when comparing the qua-

lity of meat from calves slaughtered at live weights of

238-250, 272-286, or 304-318 kg (Mandell et al., 2001).

Weight class did not affect tenderness values; however, LD

muscle from light carcasses was juicier than that from

medium and heavier carcasses and the SM muscle from

medium carcases was less flavorsome than that from

heavy carcasses.

Conclusions

Consumers rate tenderness as the primary sensory trait

when making purchasing decisions, yet very few publica-

tions have dealt with veal or calf beef in terms of sensory

evaluation. The results of this study demonstrated that calf

beef had acceptable meat quality and sensory properties.

Especially, the loin and top round muscles from the 12

mon-old group had desirable quality properties in meat

color (CIE a*), low WBSF values, high WHC and sen-

sory properties when compared to the other age groups.

The advantages of savings in feed cost should be consid-

ered for Holstein farmers, by advancing slaughtering time

from 20 to 22 mon to less than 12 mon of age. Therefore,

the production of Holstein calf beef could contribute to

discrimination of Holstein beef from Hanwoo and impor-

ted beef in the domestic beef market.
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