
African Journal of Biotechnology Vol. 10(37), pp. 7253-7259, 20 July, 2011     
Available online at http://www.academicjournals.org/AJB 
DOI: 10.5897/AJB11.096 
ISSN 1684–5315 © 2011 Academic Journals  

 
 
 

Full Length Research Paper 
 

Distinct physicochemical characteristics of different 
beef from Qinchuan cattle carcass 

 

Lin-Qiang Li1 and Lin-Sen Zan2,3* 
 

1
College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi'an, Shaanxi 710062, China. 

2
College of Animal Science and Technology, Northwest A&F University, Yangling, Shaanxi 712100, China. 

3
 National Beef Cattle Improvement Centre, Yangling, Shaanxi 712100, China. 

 
Accepted 11 April, 2011 

 

A total of 30 Qinchuan cattle were used to investigate the physicochemical characteristics of beef from 
three different parts of cattle carcass, namely longissimus dorsi (LD), serratus ventralis (SV) and 
semitendinosus (ST). Multiple parameters were ranked in the descending order of ST > SV > LD, and 
include muscle pH, protein, ash, drip loss, cooking loss, shear force and hydroxyproline (Hyp). In 
contrast, water, fat, lightness (L*) and redness (a*) was in the opposite order. C18:1 and C16:0 were the 
main intramuscular fatty acids (FA), and C19 - C22 were undetectable. The saturated fatty acids (SFA) 
content were ranked in the descending order of LD > SV > ST, whereas unsaturated fatty acids (UFA) 
were the opposite. The essential amino acid (EAA) content were ranked in the descending order of ST > 
SV ≥ LD. No significant differences in the contents of mineral elements were observed in LD, SV and ST. 
The ranking patterns were similar in both males and females. Taken together, these results revealed 
significant differences in physicochemical properties of LD, SV and ST, except the mineral elements. 
 
Key words: Cattle, Qinchuan breed, carcass, different beef, physicochemical characteristics. 

 
 
INTRODUCTION 
 
As one of the five best cattle breeds in China, Qinchuan 
cattle are classified as a national resource conservation 
breed. They graze on the Guanzhong Plain (also called 
“Qinchuan”, hence the name) in Shaanxi province. 
Qinchuan cattle are known to produce tender, high-grade 
beef, with rich flavor and high nutritional value. At present, 
Qinchuan beef is highly in-demand both at home and 
abroad, including Hong Kong, Macao, Russia and South 
Korea. Recently, with increasing focus on meat quality, 
research on Qinchuan beef quality has significantly had 
impact on the production process. Beef quality is affected 
by many factors, such as  age  (Prost  et  al.,  1975;  
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Abbreviations: LD, Longissimus dorsi; SV, serratus ventralis; 
ST, semitendinosus; Hyp, hydroxyproline; L*, lightness; a*, 
redness; b*, yellowness; FA, fatty acid; SFA, saturated fatty acid; 
UFA, unsaturated fatty acid; PUFA, polyunsaturated fatty acid; 
EAA, essential amino acid 

Shackelford., 1995), sex (Prost et al., 1975; Choat et al., 
2006), nutritional status (Aberle et al., 1981; Bidner et al., 
1981, 1986), postmortem aging (Vieira et al., 2006; 
Monsón et al., 2005), different positions (Pauline et al., 
1970) and so on. 

Despite extensive research on Qinchuan beef quality in 
recent years (Li et al., 2009; Zhang et al., 2009) few 
studies have examined the meat quality characteristics of 
different Qinchuan cattle parts. The objective of this study 
was to investigate the physicochemical characteristics of 
beef from different parts of Qinchuan cattle, which may 
enhance our understanding of meat quality and promote 
healthy consumption of beef.  
 
 
MATERIALS AND METHODS 

 
Samples collection 
 
Twenty (20) males and ten (10) females of the same Qinchuan cattle 
breed, born within a 30-day period and of similar genetic 
background, were used in this study. When they were about 18 
months old, the animals were divided into three groups: ten intact 
males (IM); ten castrated males (CM); and ten females ( FM).  The  
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animals were raised under the same experimental conditions and 
fed the same diets at 4 to 5 kg/day (48.78% corn, 20.43% bran, 26% 
corn grit, 1.97% cotton cake, 2.3% vitamin and mineral supplement 
and 0.5% salt) for a fattening period of six months. After the next 12 
days after slaughtering, the carcasses were stored at 2°C. Meat 
samples were obtained from the center of LD, SV and ST of carcass. 
Each analysis was conducted in duplicate. 
 
 
Meat quality evaluation 

 
The pH was measured at the same position using a Thermo Orion 
pH meter (C310P- 43, Orion, USA). Water content was measured by 
weight loss after drying at 100°C for 24 h (AOAC, 1984). Crude 
protein content was determined by the Kjeldahl procedure (AOAC, 
1984), using the Tecator Kjeltec System (Tecator, Hoganas, 
Sweden). Crude fat content was evaluated by extracting with 
petroleum ether (boiling point: 30 to 60 °C) in a Soxhlet extractor for 
8 h, and the ash content by ashing at 600°C for 8 h (AOAC, 1984). 
Meat color (L*, a* and b*) were determined using a WSC-S 
colorimeter (Shanghai Precision and Scientific instrument CO., LTD. 
Shanghai, China). Drip loss were calculated on a steak weighing 
about 80 g and 1.5 cm thick and kept for 48 h in a plastic container 
with a double bottom (Lundstrom and Malmfors, 1985). Cooking loss 
were measured on a 4 cm-thick steak, sealed in a polyethylene bag 
and heated in a water bath to an internal temperature of 70°C 
(Destefanis et al., 2003). Fresh muscle samples were cut into small 
blocks (10 × 10 cm) and cooked in separate plastic bags in a 
water-bath at 80°C for 60 min. From each cooked meat block, 
samples (1 × 1 cm) were prepared and shear force was measured 
by Texture Analyzer (TA-XT2i, British Stable Micro System Company) 
(Neath et al., 2007). Hyp content was determined according to the 
international organization for standardization (ISO) (1978). The 
GC-MS analysis of fat was conducted by using an Agilent GC/MS 
equipped with a HP-5MS capillary column (30 m × 0.25 mm, 0.25 
µm film thickness). Heating programs: heating from 70 to 200°C at a 
rate of 5°C•min

-1
, lasting for 3 min, with the He carrier gas at a flow 

rate of 1mL•min
-1

 in the split mode (1:50). The mass spectrometer 
was operating (full scan-mode) in the EI-mode at 70 eV. The ion 
source temperature was 230°C. Amino acid content was measured 
according to the AOAC (1984), using Beckman 121 (Beckman 
Instrument, USA). Microelements content was determined by 
inductively coupled plasma-atomic emission spectrometry (ICP-AES, 
Perkin-Elmer, USA). Muscle fiber was evaluated by the routine 
haematoxylin and eosin staining of paraffin sections. Sarcolemma 
was evaluated by environmental scanning electron microscopy 
(Quanta 200, FEI CO., Holland). The data were analyzed by one 
way ANOVA (SPSS 13.0, 2004). Differences between two groups 
were evaluated using a post-hoc test. 

 
 
RESULTS 
 
Physicochemical characteristics of beef from 
different parts of carcass 
 
Results from detailed physiochemical analysis of different 
beef are shown in Table 1, and changes in LD, SV and ST 
muscle fiber during postmortem aging are shown in 
Figures 1 and 2, respectively. Specifically, muscle pH was 
ranked in the following descending order: ST > SV > LD; 
the same order was observed in several other parameters 
including protein, ash, drip loss, cooking loss, shear force, 
and Hyp. In contrast, water, fat, L* (lightness), and a* 
(redness) exhibited the opposite order. There  were  no  

 
 
 
 
significant differences in b* (yellowness) among ST, SV, 
and LD (p > 0.05). This ranking patterns were largely the 
same in males and females. The LD muscle fiber 
underwent significant changes after aging, with 
significantly increased muscle fiber gap and fragmentation 
of muscle fiber. SV also exhibited significant change, 
whereas ST was largely unaffected, devoid of muscle 
fiber fragmentation. The sarcolemma of LD, SV and ST 
muscle fiber were distinct, yet did not exhibit significantly 
changes after aging. These results together indicated that 
the physicochemical properties of LD, SV and ST were 
significantly different. 
 
 
FA composition of different beef 
 
The fatty acid compositions for LD, SV and ST are shown 
in Table 2. C18:1 and C16:0 were the main intramuscular 
fatty acids in different beef. The contents of other fatty 
acids were relatively low, and C19 - C22 were not 
detectable. The SFA content were ranked in the 
descending order of LD > SV > ST, whereas that of UFA 
was the opposite. These results showed that the 
intramuscular fatty acids composition structure was 
roughly similar in different muscle types of males and 
females, and polyunsaturated fatty acids (PUFA) content 
was extremely low. Taken together, these observations 
indicated that crude fat content negatively correlated with 
nutritional value.  
 
 
Essential amino acid (EAA) in different beef 
 
The EAA composition of LD, SV and ST are shown in 
Table 3. Leu and Lys contents were relatively high, as 
compared to those of the remaining EAA. The EAA 
content were ranked in the descending order of ST > SV ≥ 
LD, either for males or females. The observed similar 
composition of EAA in different beef, coupled with the 
earlier mentioned crude protein analysis, indicated that 
crude protein content positively correlated with nutritional 
value. 
 
 
Mineral content of different beef 
 
The mineral elements in LD, SV and ST are shown in 
Table 4. K was the most abundant, followed by Na and Mg; 
the remaining elements were relatively low. There was no 
significant difference in the mineral content among LD, SV 
and ST of males and females. It is possible that the 
mineral content may be mainly affected by diets. 

 
 
DISCUSSION 
 

Physicochemical characteristics of meat are known to 
closely correlate with its nutritional and commercial value, 
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Table 1. Physicochemical characteristics of beef from different parts of carcass. 
 

Parameter 
Intact male (n = 10)  Castrated male (n = 10)  Female (n = 10) 

LD SV ST  LD SV ST  LD SV ST 

pH 4.92±0.12
a
 5.43±0.32

b
 5.82±0.13

c
  4.84±0.11

a
 5.25±0.33

b
 5.75±0.28

c
  4.74±0.14

a
 5.34±0.34

b
 5.73±0.13

c
 

Water (g/100 g) 75.31±0.44
a
 74.91±0.63

a
 72.82±0.93

b
  74.72±0.64

a
 73.24±0.81

a
 71.11±0.44

b
  74.24±0.43

a
 73.04±0.73

a
 71.54±0.81

b
 

Protein (g/100 g) 18.93±0.64
a
 19.03±1.63

a
 21.74±0.81

b
  17.72±0.43

a
 18.04±0.83

a
 22.94±0.62

b
  17.11±0.63

a
 18.32±1.14

a
 23.33±0.33

b
 

Fat (g/100 g) 5.73±0.44
a
 4.82±0.33

b
 3.63±0.64

c
  6.44±0.61

a
 4.83±0.42

b
 3.91±0.52

c
  7.13±0.91

a
 5.93±0.33

b
 4.14±0.61

c
 

Ash (g/100 g) 1.62±0.33
a
 1.61±0.43

a
 1.84±0.21

b
  1.51±0.43

a
 1.54±0.42

a
 1.78±0.31

b
  1.53±0.22

a
 1.62±0.24

a
 1.73±0.31

b
 

L* 48.40±0.41
a
 46.82±0.73

b
 36.81±0.63

c
  48.64±0.60

a
 47.20±0.32

ab
 37.43±0.72

c
  48.94±0.33

a
 47.53±061

b
 38.34±0.91

c
 

a* 28.43±0.71
a
 26.82±0.93

b
 23.42±0.53

c
  29.30±0.91

a
 26.23±0.74

b
 24.13±0.80

c
  29.81±0.72

a
 26.83±0.84

b
 25.14±0.51

c
 

b* 24.44±0.71
a
 25.41±0.72

a
 26.43±0.92

a
  24.34±0.84

a
 25.61±0.83

a
 25.22±0.63

a
  24.04±0.61

a
 25.33±0.72

a
 26.24±0.83

a
 

Drip loss (g/100 g) 2.44±0.23
a
 2.93±0.51

ab
 5.44±0.32

c
  2.23±0.51

a
 2.93±0.54

ab
 5.34±0.71

c
  2.14±0.61

a
 2.92±0.43

ab
 5.04±0.44

c
 

Cooking loss (g/100 g) 30.34±0.53
a
 30.91±0.62

ab
 35.43±0.73

c
  28.23±0.61

a
 30.14±0.33

b
 33.34±0.53

c
  27.41±0.44

a
 29.82±0.83

b
 31.94±0.51

c
 

Shear force (N) 45.33±8.41
a
 50.90±7.81

b
 110.91±9.92

c
  44.83±9.51

a
 46.91±7.33

a
 103.21±9.22

b
  42.32±8.33

a
 44.64±8.82

a
 99.53±7.92

b
 

Hyp (mg/100 g) 0.84±0.051
a
 0.94±0.043

b
 2..93±0.052

c
  0.72±0.063

a
 0.84±0.033

b
 2..43±0.044

c
  0.53±0.061

a
 0.73±0.051

b
 2..13±0.032

c
 

 

Means ± SE. Means with different superscript letters (a, b and c) within the same rows indicate significant differences (P < 0.05). LD, Longissimus dorsi; SV, serratus ventralis; ST, semitendinosus 

 
 
 

   
 

 
Figure 1. Paraffin sections of muscle fiber (×200) prepared from different parts of carcass after postmortem aging. a, LD; b, SV; c, ST. 
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Table 2. Comparison of FA composition of intramuscular fat in beef from different parts of Qinchuan cattle carcass (%). 
 

Fatty acid 
Intact male (n = 10)  Castrated male (n = 10)  Female (n = 10) 

LD SV ST  LD SV ST  LD SV ST 

C14:0 3.62±0.073
a
 3.13±0.81

b
 1.92±0.53

c
  4.84±0.63

a
 3.63±0.64

b
 2.44±0.31

c
  5.12±0.40

a
 5.42±0.53

a
 2.94±0.33

b
 

C16:0 30.63±2.61
a
 27.92±1.92

b
 23.60±0.93

c
  34.64±1.91

a
 32.33±2.12

b
 25.41±2.54

c
  39.04±1.13

a
 36.04±1.72

b
 24.21±1.93

c
 

C16:1 4.34±1.61
a
 5.31±0.62

b
 6.93±0.31

c
  3.91±1.03

a
 4.63±0.61

b
 6.04±0.62

c
  2.84±0.33

a
 4.32±0.91

b
 6.34±0.62

c
 

C18:0 14.32±3.61
a
 13.82±2.32

b
 10.12±1.31

c
  13.41±1.54

a
 12.54±1.83

b
 11.83±2.72

b
  15.50±2.31

a
 13.73±2.21

b
 10.92±1.94

c
 

C18:1 45.91±1.32
a
 47.34±2.33

b
 52.34±0.13

c
  40.14±1.12

a
 45.43±1.21

b
 52.24±1.94

c
  35.53±2.22

a
 36.63±1.71

a
 49.33±2.14

b
 

C18:2 2.22±0.51
a
 2.93±2.71

a
 4.23±1.03

b
  2.72±0.81

a
 2.32±0.23

b
 4.72±0.31

c
  3.51±0.83

a
 4.13±0.44

b
 6.72±0.81

c
 

SFA 48.57 44.87 35.64  52.89 48.50 39.68  59.66 55.19 38.07 

UFA 52.47 58.58 63.50  45.77 52.38 63.00  41.88 45.08 62.39 
 

Means ± SE. Means with different superscript letters (a, b and c) within the same rows indicate significant differences (P < 0.05). 

 
 

    
 
Figure 2. Electron microscopy of muscle fiber sarcolemma (×2000) prepared from different parts of carcass. a, LD; b, SV; c, ST. 

 
 
especially tenderness and marbling. Tenderness is 
one of the important sensory properties and 
indicators of meat  quality  (Shackelford,  2001;  

Goodson et al., 2002). Abundant intramuscular fat 
tissue in beef renders a marble-like feature and 
enhances meat  juice and  sensory  tenderness  

(Woodward et al., 1999; Indurain et al., 2006; 
Moon et al; 2006); thus, marbling is regarded as 
an important criterion for beef quality  grading  in 
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Table 3. Comparison of EAA composition in beef from different parts of Qinchuan cattle carcass (%). 
 

AA 
Intact male (n = 10)  Castrated male (n = 10)  Female (n = 10) 

LD SV ST  LD SV ST  LD SV ST 

Thr 1.01±0.022
a
 1.16±0.041

b
 1.25±0.12

b
  0.94±0.12

a
 1.03±0.12

a
 1.14±0.042

b
  0.88±0.13

a
 0.90±0.043

a
 1.02±0.023

b
 

Val 1.03±0.11
a
 1.07±0.11

a
 1.13±0.14

b
  0.92±0.12

a
 0.96±0.12

a
 1.11±0.13

b
  0.86±0.12

a
 0.89±0.081

a
 0.98±0.011

b
 

Met 0.72±0.13
a
 0.85±0.11

a
 0.86±0.11

b
  0.73±0.12

a
 0.79±0.14

a
 0.83±0.11

b
  0.71±0.13

a
 0.76±0.12

b
 0.78±0.021

c
 

Ileu 1.14±0.11
a
 1.16±0.12

a
 1.23±0.14

b
  1.08±0.11

a
 1.13±0.14

b
 1.19±0.11

b
  1.02±0.23

a
 1.08±0.041

b
 1.14±0.043

c
 

Leu 1.71±0.13
a
 1.83±0.11b 1.93±0.15

b
  1.64±0.23a 1.72±0.17

b
 1.82±0.12

c
  1.59±0.23

a
 1.63±0.072

b
 1.72±0.051

c
 

Tyr 0.81±0.23
a
 0.84±0.12

a
 0.85±0.11

a
  0.79±0.12

a
 0.81±0.13

a
 0.85±0.11

b
  0.72±0.14

a
 0.80±0.031

b
 0.82±0.014

b
 

Phe 0.84±0.24
a
 0.93±0.11

b
 1.04±0.21

c
  0.78±0.16

a
 0.84±0.11

b
 0.96±0.17

c
  0.76±0.11

a
 0.81±0.044

b
 0.88±0.032

c
 

Lys 1.92±0.13
a
 2.14±0.10

b
 2.13±0.15

b
  1.76±0.13

a
 1.97±0.12

b
 2.02±0.11

b
  1.69±0.12

a
 1.85±0.13

b
 2.04±0.052

c
 

 

Means ± SE. Means with different superscript letters (a, b and c) within the same rows indicate significant differences (P < 0.05). 
 
 
 
Table 4. Comparison of mineral content in beef from different parts of Qinchuan cattle carcass (mg/kg). 

 

Element
Intact male (n = 10) Castrated male (n = 10) Female (n = 10) 

LD SV ST LD SV ST LD SV ST 

Mg 217.82±15.63 281.03±75.51 239.52±26.43 217.82±15.63 281.04±75.52 249.53±6.44 217.83±5.62 281.02±75.52 219.53±6.42 

Cu 2.33±0.54 1.94±0.62 2.13±0.22 2.34±0.91 2.91±0.83 2.14±0.22 2.32±0.53 2.91±0.61 2.10±0.50 

Zn 34.03±1.72 34.44±1.72 33.53±0.14 33.91±3.84 32.03±0.41 33.52±0.62 34.03±3.74 34.42±2.73 33.52±2.13 

Mn 0.22±0.032 0.23±0.14 0.23±0.021 0.32±0.093 0.54±0.032 0.34±0.092 0.34±0.033 0.32±0.12 0.32±0.083 

Ca 17.42±9.72 16.83±7.42 17.51±3.62 18.53±2.81 19.32±0.83 18.53±3.62 17.42±7.73 18.82±7.42 19.52±3.64 

Fe 23.74±6.042 34.62±11.63 32.20±11.23 23.14±0.71 18.63±1.53 32.22±1.23 33.74±6.04 24.60±3.61 32.24±9.22 

Na 436.03±63.04 459.53±93.23 795.91±99.62 444.52±8.93 564.53±18.04 485.94±59.62 406.03±63.02 435.53±23.23 460.92±39.62 

K 5700.03±367.02 5567.02±316.03 5450.02±212.01 5093.63±94.02 5083.62±114.93 5050.02±212.03 5400.03±367.02 5367.04±216.83 5550.03±312.01 
 
 
 

Japan (JMGA, 1998; Yoshikaw et al., 2000), US 
(USDA, 1987), South Korea (Kim and Lee, 2003; 
APGS, 1995), China and so on. In this study, we 
examined several beef types and analyzed 
multiple parameters related to tenderness and 
marbling abundance, such as drip loss, cooking 
loss, shear force, contents of water, intramuscular 
fat and Hyp. Our detailed physicochemical 
analyses revealed the order of LD > SV > ST, 
which is concordant with their relative commercial 
value. Significant changes in muscle fiber  micro- 

structure were observed among LD, SV and ST 
after aging, indicating distinct tenderness 
improvement. The tenderness and the content of 
intramuscular fat were analysed on the same three 
parts of Japanese wagyu, namely LD, SV and ST. 
The results were as following: (i) Shear force of LD, 
SV, and ST: 28, 34 and 42 N, respectively; (ii) the 
content of intramuscular fat of LD, SV and ST: 28, 
17 and 9 g/100 g. It suggested that the physico- 
chemical characteristics of Japanese wagyu were 
ranked in the descending order of LD > SV > ST, 

which is similar to that of Qinchuan cattle, and the 
physicochemical characteristics of Japanese 
wagyu are superior to that of Qinchuan cattle on 
commercial value. 

Consistent with observations in previous studies 
(Seideman et al., 1982; Monin, 1990; Klont et al., 
1998), our results suggested that pH may be 
responsible for meat color. It is conceivable that 
glycogen fuels lactate production and thus 
decreases the pH; therefore, muscle glycogen 
concentration at the time of slaughter is an important  
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factor affecting beef quality (Immone et al., 2000).  

Intramuscular fatty acid composition in beef has been 
extensively studied. Consumption of saturated fatty acids 
(SFA) has been shown to increase the content of serum 
cholesterol and low-density lipid protein (LDL) (Enser et 
al., 1998), and accelerate atherosclerosis, leading to 
coronary heart disease (CHD). In contrast, PUFA, in 
particularly n-3 series PUFA, appeared to reduce the risk 
of CHD (Chen et al., 2007; Ulbricht and Southgate, 1991). 
This study showed low levels of PUFA in beef, in 
concordance with previous literature (Cameron et al., 
1994). It has been recommended that SFA in food should 
be no more than 10% of the total energy and it is 
necessary to minimize the myristic acid (C14:0) and 
palmitic acid (C16:0) content (Prasad et al., 1991). 
Therefore, despite excellent taste and high price beef with 
rich marbling may carry adverse nutritional consequences. 
According to the intramuscular fat content and FA 
composition analyses, the FA nutritional value were 
ranked in the descending order of ST > SV > LD, which is 
contrary to their commercial value. The contents of PUFA 
of Japanese wagyu were analysed on the same three 
parts of Japanese wagyu, and the results of LD, SV and 
ST were 0.4, 0.7, and 1.0 g/100 g, respectively, 
suggesting the same order of the their FA nutritional value 
as compared to that of Qinchuan cattle, but lower than 
that of Qinchuan cattle. 

This study showed EAA and microelements contents in 
LD, SV and ST, suggesting that crude and ash content 
positively correlated with nutritional value, which is 
consistent with our results on the same parts of Japanese 
wagyu, but the contents of EAA and microelements were 
lower than that of Qinchuan cattle. In conclusion, there 
are significant differences in physicochemical properties 
of LD, SV and ST, except mineral elements. 
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