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Abstract— The objective of this work was to evaluate 

the effect of different slaughter weights on quality 

attributes of Holstein male calf meat. Three slaughter 

weights (LW=240, MW=270 and HW=290 kg) on 

Holstein male calves (n=36) were investigated. A British 

breed calves (Hereford x A. Angus, n=10) were used as 

control treatment (BS). Feeding was based on 85% of 

whole corn grain and 15% commercial concentrate. 

Slaughter weight did not affect (P0.05) the Longissimus 

muscle area, pH, redness (a*) and lightness (L*) of the 

fat and L* of the muscle. However, a* of the muscle and 

yellowness (b*) of the muscle and fat resulted affected 

(P<0.05) by the slaughter weight. There also was a 

significant slaughter weight effect on subcutaneous fat 

thickness and marbling score, showing HW and BS the 

higher values of both attributes compared to LW and 

MW. No significant differences were detected in total 

cooking loss, drip loss, Warner–Braztler shear force, 

protein and total lipid contents among slaughter 

weights. Slaughter weight differed (P<0.05) in 

evaporation loss and moisture content. No slaughter 

weight effect could be detected on sensory traits 

(flavour, taste, juiciness, connective tissue, and off-

flavour). Amino acids (AA) presented significant 

difference among the treatments assayed. MW and HW 

showed the higher values in total AA and essential AA 

compared to LW. Intramuscular SFA were less than 

published values for other categories. The authors 

concluded that top quality beef can be produced by male 

Holstein calves with a preference for the two heavier 

slaughter weights. 

Keywords— Holstein male calf, meat quality 

attributes, slaughter weight. 

I. INTRODUCTION  

The changing landscape in the beef market shows 

an increase in society middle class size and income 

level. Increasing amount and quality of beef 

production is a constant task in beef production 

research. 

Functional beef is an increasing demand by 

consumers worried about meat quality not only from 

nutrition but also health care standpoints. No doubt 

about beef high nutrition value because of protein 

quality, minerals and vitamins or taste attraction. In 

the last few years, meat intake was associated with 

CHD (Coronary Heart Disease) and even with cancer 

[1]. Health experts began to advise the access to low 

fat beef and health care is an important component in 

buying decision. Not only low fat meat is demanded 

but also fatty acids profile came out to be an extremely 

important decision component because of health 

impact [2] and, consequently, the relationship between 

PUFA (Polyunsaturated Fatty Acids) and SFA 

(Saturated Fatty Acids). Even more, a precise 

relationship between n-6 and n-3 PUFA is required 

and “trans” fatty acids are taken care of except for the 

outstanding case of CLA (Conjugated Linoleic Acid). 

The overall objective was to increase beef supply to 

highly selective markets in product quality. The 

specific objective was to evaluate beef quality in male 

Holstein calves with different slaughter weights (240, 

270 and 290 kg). 
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II. MATERIALS AND METHODS  

A. Animals and experimental design 

Experimental animals were forty four 5 day old, 

39.0 ± 4.6 kg Holstein calves, selected for positive 

glutaraldehyde test [3] (having had access to 

colostrum) receiving a complete calendar of sanitary 

controls. During the milk feeding period calves were 

fed with a Combi Calf Feeder (De Laval). Four L milk 

substitute (110 g/L concentration) was supplied during 

4 weeks. During 5
th
, 6

th
 and 7

th
 week 6 L/head milk 

substitute with an ad libitum ruminal digestion 

hastener (Ruter®) were supplied. In the 8
th
 and 9

th
 

weeks Ruter was substituted by a calf starter feed. 

Throughout the fattening period 36 experimental 

calves were allocated according to calving date and 

weight to three experimental (three slaughter weights: 

240, 270 and 290 kg) in three 30 m
2
 corrals. The one 

and only ration was 85% whole corn grain and a 15 % 

protein concentrate (45 % GP) during the initial 2 

months. The remaining time the protein concentrate 

was cut down to 10 %. In the fattening period a fourth 

experimental group with 10 early weaned (at 2months 

old) Hereford x Angus calves weighing 126±22.5 kg 

as a reference plot were included (because they used to 

be offered in the local and international market) and 

received the same feed but at a  restricted intake to 2% 

of LW. All animals were weighed before embarking 

(preembarking LW) and sent to be slaughtered in an 

officially authorized and controlled (SENASA) 

packing house. 

B. Analytical procedures 

Half-carcass weights were recorded 1 h post-

mortem. Carcasses were refrigerated in commercial 

chambers with forced air circulation (0 ± 2º C) during 

24 h. Top value hind quarter cuts analyzed were: 

striploin, tenderloin, rump, knuckle, top side cap off,  

outside flat and eye round roll. All of them were 

prepared following the SENASA regulations for local 

market beef cuts. They were all weighed to record 

partial and total weights and these records were 

referred to half carcass weights. Several 2.5 cm thick 

sections of the striploin (mainly Longissimus dorsi 

muscle) were stored under refrigerated or frozen 

conditions for the analyses. Longissimus muscle area 

(LMA, cm
2
), marbling degree, meat and subcutaneous 

fat colour, pH, Warner-Bratzler shear force (WB, N), 

evaporation cooking loss, total cooking loss and 

cooking drip loss, fat, protein, moisture and sensory 

traits (flavour, taste, juiciness, connective tissue and 

off flavour), were determined as described by [4]. 

Fatty acids and amino acids contents were determined 

as reported by [5]. 

III. RESULTS  

Carcass measures for LMA, pH, meat L*, fat L* 

Table 1 Meat yield and quality attributes of Holstein calves with different slaughter weights and British breed calves  

 LW MW HW BS 

LMA (cm2)a 

FT (mm)b 

Marbling scorec 

pH24 

39.364.53 

2.51.1bc 

1.60.6ab 

5.500.05 

45.987.65 

2.20.9c 

1.40.4b 

5.570.27 

45.707.05 

4.22.0ab 

1.90.7ab 

5.340.09 

42.715,42 

4.31.1a 

2.10.3a 

5.420.13 

Meat Colour 

Lightness, L 

Redness, a 

Yellowness, b  

 

38.211.56 

14.570.88b 

3.910.65ab 

 

37.942.51 

14.981.19b 

3.171.09b 

 

37.640.95 

16.811.32a 

4.790.39a 

 

37.701.18 

15.591.54ab 

3.570.88b 

Fat Colour 

Lightness, L 

Redness, a 

Yellowness, b  

 

68.202.19 

4.610.88 

3.760.98b 

 

70.261.3 

4.561.34 

4.131.07b 

 

70.381.76 

5.111.16 

4.840.51ab 

 

70.192.67 

6.062.04 

5.400.76a 

        LW: light weight, MW: medium weight, HW: high weight, Br: British steers.  

         Different letters in the same row indicate significant differences (Tukey‟s test, P < 0.05). 

         aLMA: Longissimus muscle area,   

         bFT: subcutaneous fat thickness. 

         cMarbling score, scale: 1: practically inexistent, 7: slightly  abundant. 
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and fat a* did not differ among treatments. However, 

there was a significant effect of slaughter weight on 

meat a*, meat b* and fat b*(Table 1). HW calves 

showed a significant higher value of meat a* 

compared to LW and MW values, but similar to meat 

a* value of BS.  Also, HW revealed the highest 

(P<0.05) meat b* value among treatments (Table 1). 

On the other hand, the results show that there was not 

a significant differences of fat b* among three 

Holstein slaughter weights. Furthermore, LW and MW 

presented lower (P<0.05) fat b* values compared to 

BS (Table 1). A significant effect of slaughter weight 

was found in subcutaneous fat thickness (FT) and 

marbling degree (Table 1). HW calves showed the 

highest (P<0.05) FT value, similar to that of BS. 

Marbling score showed similar behaviour that FT, 

although the differences were only significant between 

MW and BS (Table 1). 

No significant differences were detected in WB 

shear force among treatments, being very similar for 

HW and BS and higher (less tender) for LW and MW 

(Table 2). Slaughter weight did not differ in drip and 

total cooking losses. However, slaughter weight 

significantly affected evaporation loss, showing MW 

the highest value (P<0.05) (Table 2).  

No slaughter weight effect was found in muscle 

protein and total lipid contents. Although moisture 

content differed significantly among slaughter 

weights, Holstein calves did not show differences 

(P0.05) in the moisture content compared to BS 

(Table 2). The sensory panel could not find differences 

(P0.05) in taste, juiciness, amount of connective 

tissue and off-flavour between treatments assayed. 

However, it was observed differences (P<0.05) in 

flavour between MW and BS and the presence of off-

flavour between LW and BS (Table 2). 

Four essential and fourteen non essential amino 

acids were determined. Essential amino acids 

percentage of total amino acids were 17.82, 40.22, 

44.57 and 48.77 for LW, MW, HW and BS 

respectively, which is coincident with the total amino 

acids content (mg/100g of muscle) recorded being 

15.26, 20.96, 25.96 and 27.15 respectively.  

Main saturated fatty acids were palmitic (C16:0) 

and stearic (C18:0) with less amounts of myristic acid 

(14:0) but very important from a CHD standpoint 

because of its association with cholesterol level in 

humans. Total SFA (mg/100 g muscle) were 

404.0±227.9, 424.1±249.2, 530.0±67.5 and 

368.1±137.0 for LW, MW, HW and BS respectively, 

with an increasing content with heavier slaughter 

weights and a minimum value for BS. 

Monounsaturated fatty acids (MUFA) were also 

higher en HW while that for the other slaughter 

weights were similar to BS. But this difference is 

explained by C18:1contents which were 255.8±123.4, 

188.9±51.0, 371.1±102.6 and 368.1±137.0 for LW, 

MW, HW and BS respectively. This means that total 

difference is highly explained by oleic acid with no 

harm in CHD. PUFA content were 124.1±43.0, 

Table 2 Meat quality, chemical composition and sensory traits of Holstein calves with different slaughter weights and British 

breed calves 

 LW MW HW BS 

WB (N) 

Total cooking loss 
69.4513.44 

24.803.60 

63.0815.99 

27.123.96 

56.517.36 

25.414.72 

57.5813.15 

23.464.96 

Evaporation loss 

Cooking drip loss 
21.7812ab 

3.021.11 

24.053.61a 

3.081.01 

21.323.81ab 

4.100.95 

19.233.87b 

4.221.54 

Chemical composition 

Moisture 

Protein 

Lipid 

 

74.570.72ab 

20.050.66 

1.200.75 

 

75.101.01a 

19.341.43 

1.330.60 

 

73.640.76b 

19.690.73 

1.390.46 

 

74.170.96ab 

19.220.99 

1.180.38 

Sensory Traits     

Flavour 

Taste 

Juiciness 

Connective tissue 

Off-flavour 

2.391.51ab 

2.701.72a 

3.051.78a 

1.641.69a 

2.603.03a 

3.221.75a 

3.291.62a 

2.751.50a 

1.601.54a 

2.442.92ab 

2.941.79ab 

2.881.61a 

2.601.58a 

1.141.41a 

1.862.30ab 

2.151.69b 

2.771.54a 

2.241.09a 

1.681.57a 

0.981.29b 

   LW: light weight, MW: medium weight, HW: high weight, Br: British steers.  

   Different letters in the same row indicate significant differences (Tukey‟s test, P < 0.05). 
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81.8±10.8, 131.820.6 and 107.320.5 for LW, 

MW, HW and BS respectively, a positive value for 

Holstein steers and could be an attractive subject for 

future research work. On the other side the n-6/n-3 

relationships were 38.3±9.8, 45.3±15.5, 54.8±9.0 

and 28.3±8.3 for LW, MW, HW and BS 

respectively. Conjugated linoleic acid (c–9,t–11 

CLA) contents were 1.6±0.5, 0.8±0.4, 2.1±0.7 and 

2.8±1.2 for LW, MW, HW and BS respectively. The 

heavier slaughter weight Holstein calves (HW) had 

a similar CLA content to BS. 

IV. DISCUSSION  

Under local conditions, BS calves used to be a 

highly appreciated beef. However, at present BS is 

out of the local market due to minimum allowed 

slaughter weight which might also be the case when 

high beef production rather than beef quality is 

looked for, but Holstein steers are excluded from 

this regulation. In the international market BS calves 

where sold as “baby beef”. 

The consumer generally associate a lighter meat 

colour with tender beef but the results show that 

there is only a slight difference with the alternative 

to choose a lighter colour.  The buyer response to fat 

b* colour depends on the finishing process.  

Animals finished in feedlot produce beef lighter in 

yellow colour in carcass fat than beef from animals 

fed in grass. Consumer perceptions of what 

constitutes a „normal‟ carcass fat colour may reflect 

regional variation in beef production practices [6]. 

FT carcass determinations point out that the 

heavier slaughter weight chosen has a degree of 

finishing similar to the British breed calf.  

The choice of marbling degree depends on the 

degree of leanness required. If a high degree is 

looked for, the slaughter weight should be highest 

for the Holstein steers but if leanness is required 

different slaughter weight alternatives are available. 

The amino acid content is a good reason to 

disregard the lower slaughter weight if a more 

nutritive beef is looked for which might be the case 

for youngsters. 

CLA considered having healthy effects [7] in 

humans resulted more abundant in the highest 

slaughter weight Holstein calves.  The n-6/n-3 

relationships should be a priority in future research 

work when beef quality is considered from a CHD 

viewpoint. 

V. CONCLUSION 

Male Holstein calves are a source of top quality 

beef provided they are fed at high nutrition levels. 

This paper presents a model to certify beef quality 

and the subjects were future research should be 

driving at in order to improve very especially the 

attributes to develop a functional food. 
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