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Abstract

Background: The experiment evaluated the effect of nutrition levels and sex on the growth performance, carcass
characteristics and meat quality of F1 Angus × Chinese Xiangxi yellow cattle.

Methods: During the background period of 184 d,23 steers and 24 heifers were fed the same ration,then put into a
2 × 2 × 2 factorial arrangement under two levels of - dietary energy (TDN: 70/80% DM), protein (CP: 11.9/14.3% DM)
and sex (S: male/female) during the finishing phase of 146 d. The treatments were - (1) high energy/low protein
(HELP), (2) high energy/high protein (HEHP), (3) low energy/low protein (LELP) and (4) low energy/high protein
(LEHP). Each treatment used 6 steers and 6 heifers, except for HELP- 5 steers and 6 heifers.

Results: Growth rate and final carcass weight were unaffected by dietary energy and protein levels or by sex.
Compared with the LE diet group, the HE group had significantly lower dry matter intake (DMI, 6.76 vs. 7.48 kg
DM/d), greater chest girth increments (46.1 vs. 36.8 cm), higher carcass fat (19.9 vs.16.3%) and intramuscular fat
content (29.9 vs. 22.8% DM). The HE group also had improved yields of top and medium top grade commercial
meat cuts (39.9 vs.36.5%). The dressing percentage was higher for the HP group than the LP group (53.4 vs. 54.9%).
Steers had a greater length increment (9.0 vs. 8.3 cm), but lower carcass fat content (16.8 vs. 19.4%) than heifers.
The meat quality traits (shear force value, drip loss, cooking loss and water holding capacity) were not affected by
treatments or sex, averaging 3.14 kg, 2.5, 31.5 and 52.9%, respectively. The nutritive profiles (both fatty and amino
acid composition) were not influenced by the energy or protein levels or by sex.

Conclusions: The dietary energy and protein levels and sex significantly influenced the carcass characteristics and
chemical composition of meat but not thegrowth performance, meat quality traits and nutritive profiles.

Keywords: Carcass characteristics, Energy, F1 Angus × Chinese Xiangxi yellow cattle, Growth performance,
Meat quality, Protein, Sex
Background
Angus is one of the most popular breeds of cattle used
in beef production because it has a considerable growth
rate, high carcass yield and well-marbled meat. Xiangxi
yellow cattle area breed of Chinese indigenous yellow
cattle that is bred in the northwest of Hunan Province. It
was included in the National Protection List of Livestock
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and Poultry Genetic Resources of China in 2006 [1]. The
breed is well-adapted to low-quality roughage and high
temperature environments, its mature weight does not
exceed 400 kg, its growth rate is under 0.5 kg/d and the
dressing percentage and longissimus muscle (LM) area are
49.48% and 46.75 cm2, respectively [2]. In the past, the
low level of agricultural mechanization has meant that the
yellow cattle in China were only used as draft animals.
However as a result of rapid economic development, the
standard of living in many communities has increased,
which has produced a higher demand for beef in terms of
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Table 1 Feed ingredients and nutrition levels for
background period and different treatment groups
during finishing

Item Background Finishing

HE LE

LP HP LP HP

Ingredient, % DM

Hybrid penisetum 20.00 — — — —

Rice straw 20.00 20.00 20.00 30.00 30.00

Ground corn 29.90 66.54 61.03 41.23 36.83

Soybean meal 19.18 10.46 15.97 3.70 7.86

Cottonseed meal 7.45 — — 4.32 7.56

Wheat bran — — — 18.00 15.00

Limestone 0.67 1.00 1.00 1.00 1.00

Sodium bicarbonate 1.00 — — — —

Salt 1.20 1.20 1.20 1.05 1.05

Premix1 0.60 0.80 0.80 0.70 0.70

Nutrient level, % DM

DM 74.19 86.31 86.45 86.69 86.85

CP 16.52 11.96 14.34 11.90 14.30

TDN 68.22 79.78 79.87 69.95 70.03

NDF 34.27 21.60 21.81 33.09 33.24

ADF 20.53 11.27 11.59 17.75 18.40

Ca 0.42 0.39 0.40 0.41 0.42

P 0.31 0.23 0.24 0.35 0.38
1Vitamin and mineral premix contained per kilogram DM: Vitamin A,
154,000 IU; Vitamin D, 38,500 IU; Vitamin E, 3,500 IU; Fe, 9.0 g; Zn, 7.0 g; Mn,
14.0 g; Cu, 1.0 g; I, 138.0 mg; Se 30.0 mg; Co, 60 mg; Monensin, 30 g/1,000 kg.
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both quantity and quality. Therefore, to meet the current
market demands, methods to increase beef quality and
quantity have been introduced, such as crossing superior
foreign breeds with native breeds and manipulating nutri-
tion. Dietary nutrition has important roles in growth per-
formance, carcass quality and meat quality traits [3-5].
Previous studies have assessed the effect of nutrition on the
growth performance, carcass characteristics and meat qual-
ity of Angus [6] or Angus crossbred cattle, such as Angus ×
Holstein–Friesian, Angus ×Gelbvieh and Angus × Limousin
cattle [7-9]. However, little research has been performed on
the crossbred progeny of Angus and Chinese yellow cattle.
Therefore, the aim of this study was to assess the effects
of different dietary energy and protein levels and sex on
the growth performance, carcass characteristics and meat
quality of F1 Angus × Chinese Xiangxi yellow cattle.

Materials and methods
Animals and management
Animal care and procedures were approved and con-
ducted under established standards of the College of Ani-
mal Science & Technology, China Agricultural University.
Twenty-three (23) male and twenty-four (24) female

weaning calves of F1 Angus × Chinese Xiangxi yellow cattle
were selected and transferred from the breeding centre to
the fattening farm of Hunan Tin Wah Industrial Co., Ltd.
The calves were the F1 progeny of purebred Angus bulls
bred to dams of purebred Chinese Xiangxi yellow cows.
After arriving at the fattening farm, all male calves were
castrated and dewormed. The cattle at an average age of 6.5
mon were weighed and fed the same ration as during the
background period (184 d). The animals were then placed
in a 2 × 2 × 2 factorial arrangement to study the effects of
two levels of dietary energy (TDN (Total Digestible Nutri-
ents): 70%, 80% DM (Dry Matter)) and protein (CP (Crude
Protein): 11.9%, 14.3% DM) and sex (S: male, female) on
the growth performance, carcass characteristics and
meat quality during the finishing phase. The cattle
were divided into four treatment groups based on age,
body weight (BW) and growth rate during the background
period and body size. The treatment groups were:

(1) high energy and low protein(HELP; TDN: 80% DM,
CP: 11.9% DM),

(2) high energy and high protein(HEHP; TDN: 80% DM,
CP: 14.3% DM),

(3) low energy and low protein(LELP; TDN: 70% DM,
CP: 11.9% DM),

(4) low energy and high protein(LEHP; TDN: 70% DM,
CP: 14.3% DM).

Six steers and 6 heifers were placed in each treatment
group, except for the HELP group, which contained 5 steers
and 6 heifers. At the start of the finishing phase, a 14-day
adaptation period was used for transition between rations
which consisted of mixing 1/3 of the finishing ration with
the previous ration for 7 d, then adding 2/3 of the finishing
ration for the following 7 d and finally switching to the en-
tirely new ration. The cattle were not implanted with any
steroid hormones and were fed for 146 d until slaughter.
All of the cattle were held in eight sheltered pens at a stock-
ing density of 5 m2 per animal during the background
period and were tied up to feed during the finishing period.
The animals were fed twice a day at 0700 h and 1700 h and
allowed to drink water freely. The nutrition levels of diffe-
rent phases and treatment groups are shown in Table 1.

Growth performance
The cattle were weighed at the beginning and end of the
background and finishing phases. The dry matter intake
was recorded every 2 wk to calculate the average DMI du-
ring the background and finishing phases. Samples of the
diet and refusals (uneaten feed) were collected every month
for analysis using the standard methods of AOAC(2000) for
DM, CP, Ca and P [10]. NDF (Neutral Detergent Fiber) and
ADF (Acid Detergent Fiber) were determined following a
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modification of the procedure of Van Soest et al. [11]. Body
measurements, including withers height, body length, chest
girth and shin circumference were taken at the beginning
and end of the finishing phase. The first two measurements
were recorded using calipers and the latter two were
recorded using a metal measuring tape.

Carcass characteristics
At the end of the trial, all of the cattle were slaughtered.
The hot carcass weight (HCW) and cold carcass weight
(CCW, hot carcass × 0.98) were recorded to calculate the
dressing percentage and the carcass composition. At the
same time, a sample meat cut(2 cm × 5 cm × 3 cm), free
of external fat and connective tissue, was also taken be-
tween the 6th and 7th ribs of the LM (Longissimus dorsi
muscle) from the left side of each carcass. The sample
was weighed, hung by a nylon cordin a plastic bag at 4°C
for 48 h, then dried on absorbent paper before reweighing
to ascertain the drip loss percentage, which was calculated
by (initial weight-final weight)/initial weight. The carcasses
were then put into a chiller at 0–4°C and aged for 7 d.
The ultimate pH of the LM (12–13th rib) was measured
on the left body side at 48 h post-mortem using a pH elec-
trode probe (Testo 205, Testo AG, Lenzkirch, Germany),
and the following carcass linear measurements were re-
corded: length of carcass, depth of chest, length of leg
[12], maximum girth of leg, lean thickness (muscle and
subcutaneous fat) of leg, rib (between the 5th and 6th rib)
and loin (between the 3rd and 4th lumbar vertebrae). The
carcass composition (bone, fat and meat) was assessed by
dissection of the 8th rib, cut on the 8th day post-mortem
[13]. The LM area and fat thickness were measured be-
tween the 12th and 13th ribs of the LM using a plastic grid
and Vernier caliper. Commercial meat cuts were dissected
and named following the standard method by Chen [14]
and were weighed after trimming. Based on the most
popular and economic meat cuts in Chinese markets, the
highrib, ribeye, striploin and tenderloin were considered
as the top grade cuts, and the chunk tender, topside,
outside flat, eye round, rump and knuckle were considered
as the medium top grade cuts. The top and medium top
grade cut yields were then calculated.

Meat quality
The meat quality was determined from the sample (6.0 cm
thick) removed from the longissimus muscle between the
12th and 13th ribs on the left sideof the body after carcass
dissection, with no external fat or connective tissue. The
meat samples were then frozen (−24°C) and transported to
the China Agriculture University until analysis could be
conducted. The meat samples were cut into three steaks
using a saw before thawing. The first sample (2.54 cm
thick) was used for calculating cooking loss by measuring
the difference in weight before and after a period of heating
to an internal sample temperature of 70°C in a 75°C water
bath six 1.27-cm cores parallel to the muscle fiber orienta-
tion were then removed from the cooked sample for the
instrumental measurement of tenderness by a texture
analyzer (TA.XT plus, SMS, Godalming, Surrey, UK). The
second sample (1.5 g) was allowed to thaw for 12 h at
1–2°C and then its water holding capacity (WHC) was
measured by holding the sample under pressure (35 kg)
for 5 min by a texture analyzer (TA.XT plus) fitted with
a compression platen (diameter 7.5 cm) and reweighing.
The following equation was used to calculate WHC.

X ¼ M1A‐ M1‐M2ð Þ
M1A

Where X =% WHC, M1 = weight of sample before com-
pression (g), M2 = weight of sample after compression (g)
and A = total water content in the sample (%). The third
sample was freeze-dried and then DM, crude protein,
intramuscular fat, fatty acids (FA) and amino acids (AA)
were measured.
The one-step extractive methylation procedure for fatty

acids gain [15] was performed in a gas chromatograph
(GC-2014, Shimadzu, Kyoto, Japan) with a capillary col-
umn (HP-88 100 m long, 0.25 mm diameter, 0.20 μm film.
Agilent Santa Clara, California, America) using margaric
acid (C17:0) as an internal standard. The oven temperature
was programmed to provide three consecutive ramps, the
first had an initial temperature of 120°C maintained for
1 min then increasedby 10°C/min until it reached 175°C,
where it was maintained for 10 min; the second increased
by 5°C/min until it reached 210°C, where it was maintained
for 5 min and the third ramp increased by 5°C/min to
230°C, where it was maintained for 5 min. The carrier gas
was helium at a flow rate of 2 mL/min. An automatic
split/splitless injector with a 1/50 split and a temperature
of 250°C was used. The injection volume was 1 μL. A
flame ionization detector (FID) was used with an air flow
of 450 mL/min, hydrogen flow of 40 mL/min and a de-
tector temperature of 280°C. Fatty acids were expressed in
gravimetric concentrations (mg/g of freeze dried sample).
Amino acids were determined in the dried, fat-free

meat samples using a Shimadzu (10A VP DAD) high-
performance liquid chromatograph (HPLC) following
the procedure described by Wu [16].

Statistical analysis
There were three major factors in the experimental de-
sign: dietary energy, protein and sex with each factor
having two levels: energy (TDN: 70%, 80% DM), pro-
tein (CP: 11.9%, 14.3% DM) and sex (S: male, female).
Therefore the effects of dietary energy, protein and sex
and their interactions with growth performance, carcass
characteristics and meat quality traits were analyzed using



Table 3 Effects of dietary treatments and sex on finishing
growth performance of cattle

Item HE LE SEM E P S

LP HP LP HP

Initial BW, kg M 319.75 286.50 299.60 294.00 16.86 ns ns ns

F 293.50 283.66 295.20 282.83

Final BW, kg M 435.00 391.50 391.80 391.20 23.86 ns ns ns

F 396.75 418.50 412.00 401.66

DMI, kg/d M 6.73a 6.74a 7.46b 7.47b 0.020 ** ns ns

F 6.74a 6.77a 7.50b 7.45b

ADG, kg M 0.77 0.70 0.62 0.65 0.079 ns ns ns

F 0.69 0.90 0.78 0.79

FCR M 8.79 10.34 12.72 11.91 1.23 ** ns ns

F 10.13 8.23 9.72 10.15

Significance: **(P < 0.01), ns not significant (P > 0.05).
M =male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Interactions between energy, protein levels and sex were not significant so
not shown in the table.
abMeans within the same row with the same superscript letter are not
significantly different (P > 0.05).

Li et al. Journal of Animal Science and Biotechnology 2014, 5:21 Page 4 of 12
http://www.jasbsci.com/content/5/1/21
a 2 × 2 × 2 factorial arrangement (energy × protein × sex)
using the GLM procedure of SAS (version 9.0, SAS Inst.
Inc., Cary, NC, USA). When a significant effect of treat-
ment was detected (P < 0.05), differences between the
means were tested using Tukey’s multiple comparison
test.

Results
Background performance
The growth performance results from the cattle during
the background phase are shown in Table 2. The animals
were fed the same rations during the background phase;
the initial weight was no different between the steers
and heifers but the ADG and final BW for the steers was
higher than those for the heifers, but not significantly so
(P > 0.05).

Finishing performance
The growth performance results from the cattle during
the finishing phase are shown in Table 3. The initial BW
values did not differ according to treatments or sex. The
ADG and final BW were not affected by the energy or
protein levels or by sex. The cattle fed an HE diet had
a significantly lower dry matter intake (6.76 vs. 7.48
kgDM/d, P < 0.01) and FCR (Feed conversion ratio)
(9.38 vs. 11.13, P < 0.01) than those fed an LE diet.
The body measurements were not significantly different

between treatments or sex at the start of the finishing
phase (Table 4). Compared with cattle fed an LE diet, a
greater chest girth increment (46.1 vs. 36.8 cm, P < 0.01)
and larger chest girth (190.2 vs. 182.6 cm, P < 0.05) were
found in cattle fed an HE diet with steers having a
greater body length increment than heifers (9.0 vs.
8.3 cm, P < 0.01).

Carcass characteristics
Thecarcass quality traits are shown in Table 5. The hot
carcass weights were not affected by the energy or pro-
tein levels or by sex. The dressing percentage was higher
with higher protein levels (P < 0.05) and the cattle in the
LE treatment contained 3.4% units more lean meat and
3.6% units less fat than HE treatment (P < 0.05), which
indicated that the meat:fat ratio was 23.6% higher. There
Table 2 Effects of sex on backgroundgrowth performance
of cattle

Item Steer Heifer SEM P

Initial BW, kg 149.19 149.10 5.24 ns

Final BW, kg 299.61 288.05 7.99 ns

DMI, kg/d 5.04 5.10 0.02 ns

ADG, kg 0.82 0.74 0.03 ns

FCR 6.33 7.39 0.49 ns

Significance: ns not significant (P > 0.05).
was an energy × sex interaction for the 12th rib fat thickness
(P < 0.05). The bone content, meat:bone ratio and LM area
were not affected by any of the factors. No differences were
observed for the weight of most of the top and medium top
grade cuts except for the highrib, striploin and chunk ten-
der cuts which were affected by the energy or energy ×
protein interaction (Table 6). The yields of the top and
medium top grade cuts were higher in the HE than LE
treatments (P < 0.05).
The carcass measurements are shown in Table 7. The

steers had a greater chest depth and maximum leg girth
(P < 0.05) and a thinner rib lean thickness (P < 0.01) than
the heifers. The cattle fed an HE diet had a greater leg and
rib lean thickness than those fed an LE diet (P < 0.01).

Meat quality
The LM chemical composition and quality traits are
shown in Tables 8 and 9. The dry matter was higher for
heifers than for steers (29.2 vs. 27.6%, P < 0.05). The ul-
timate pH, protein and intramuscular fat content were
significantly affected by the energy level, with a lower
ultimate pH (5.71 vs. 5.79, P < 0.01), protein content
(68.6 vs. 74.9% DM, P < 0.05) and higher intramuscular
fat content (29.9 vs. 22.8% DM, P < 0.01) detected in
the HE treatment compared with the LE treatment.
The shear force value, drip loss, cooking loss and water
holding capacity were not affected by the energy or
protein levels or by sex and averaged 3.14 kg, 2.5, 31.5
and 52.9%, respectively. The fatty acid composition
(Table 10) and amino acid composition (Tables 11 and 12)
were not influenced by the energy or protein levels or
by sex. (P > 0.05), but the ratio of unsaturated fatty
acids to saturated fatty acids was higher in the HE



Table 4 Effects of dietary treatments and sex on body measurementsof cattle

Item HE LE SEM E P S

LP HP LE HP

Start of finishing

Chest girth, cm M 144.9 145.7 147.1 147.0 2.00 ns ns ns

F 142.3 143.4 146.5 142.8

Withers height, cm M 106,2 108.7 108.6 112.6 2.65 ns ns ns

F 106.0 109.8 111.9 109.8

Shin circumference, cm M 18.4 16.6 17.8 16.1 0.88 ns ns ns

F 15.3 17.8 16.3 15.4

Body length, cm M 123.9 116.3 122.1 122.2 3.81 ns ns ns

F 119.3 121.1 122.5 118.5

End of finishing

Chest girth, cm M 197.4 187.1 182.8 180.0 4.27 * ns ns

F 184.0 192.2 183.7 183.9

Withers height, cm M 116.4 119.2 118.3 123.3 3.03 ns ns ns

F 118.5 120.8 120.4 119.3

Shin circumference, cm M 19.9 18.5 19.7 18.2 0.92 ns ns ns

F 17.2 19.3 17.8 17.1

Body length, cm M 132.8 125.0 130.8 131.6 3.71 ns ns ns

F 127.2 129.5 130.7 127.0

Increment

Chest girth, cm M 52.5 41.4 35.8 33.0 4.56 ** ns ns

F 41.7 48.7 37.2 41.1

Withers height, cm M 10.2 10.4 9.7 10.7 1.48 ns ns ns

F 12.5 11.0 8.5 9.4

Shin circumference, cm M 1.5 1.9 1.9 2.1 0.21 ns ns ns

F 1.8 1.6 1.6 1.8

Body length, cm M 8.9 8.7 8.8 9.4 0.34 ns ns **

F 7.9 8.4 8.2 8.5

Significance: *(P < 0.05), **(P < 0.01), ns not significant (P > 0.05).
M =male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Effects of interactions between energy,protein levels and sexwere not significant (P > 0.05).
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treatment compared with the LE treatment (P < 0.05).
The percentage of amino acids producing an umami,
sour or sweet taste was more than 60% with the percent-
age producing a bitter taste at about 29%. The essential
and non-essential amino acids were approximately 28.4
and 71.7%, respectively.

Discussion
Growth performance
The initial BW (293.4 kg) did not differ between treat-
ments or sex at the beginning of the finishing phase, and
the ADG was not affected by the energy or protein levels
or sex averaging 0.74 kg/d. The cattle fed an HE diet
had a lower dry matter intake (6.76 vs. 7.48 kgDM/d,
P < 0.01) and FCR (9.38 vs. 11.13, P < 0.01) compared with
those fed an LE diet. The DMI was lower in the HE
treatment group, which can be explained by the theory
of satiety limit intake where in the metabolic needs are
completely met [17]. Compared with the current study,
Angus crossbred cattle such as Angus × Gelbvieh gained
1.76 kg/d and their FCR was 5.36 when they were fed for
180 d with a similar dietary nutrition level at nearly the
same initial BW of approximately 293.6 kg [8]. The con-
trast could be considered the result of the genetic
influence of the Xiangxi yellow cattle because the rate of
gain is usually positively related to the mature size [18].
The mature weight and withers height of the Xiangxi yel-
low bulls were 334.3 kg and 117.1 cm, respectively, and
for cows were 240.2 kg and 106.1 cm, respectively [2].
However, the mature weight and withers height of the
Gelbvieh bulls were 1,100–1,300 kg and 148–156 cm,
respectively, and of the cows, 650–850 kg and 140 cm,



Table 5 Effects of dietary treatments and sex oncarcass quality traits of cattle

Item HE LE SEM E P S E × P E × S

LP HP LP HP

HCW, kg M 235.50 214.75 205.00 210.00 12.284 ns ns ns ns ns

F 207.25 233.75 223.60 220.83

Dressing percentage, % M 54.00 54.75 52.00 53.80 0.009 ns * ns ns ns

F 52.75 55.83 54.60 55.00

CCW, kg M 231.00 210.50 201.00 205.80 11.80 ns ns ns ns ns

F 203.00 229.16 219.20 216.33

Carcass composition, %

Meat M 64.29 67.65 71.08 70.47 0.018 * ns ns ns ns

F 62.78 67.21 69.05 67.48

Fat M 19.51 19.56 14.05 13.99 0.017 * ns * ns ns

F 22.23 18.11 17.34 19.84

Bone M 15.29 11.89 14.15 14.68 0.143 ns ns ns ns ns

F 13.53 14.38 12.73 12.22

Meat:fat ratio M 3.30 3.45 5.04 5.04 0.466 * ns * ns *

F 2.83 3.71 3.99 3.41

Meat:bone ratio M 4.20 5.69 5.01 4.80 0.421 ns ns ns ns ns

F 4.65 4.67 5.44 5.53

Fat thickness, cm M 1.10 0.98 0.72 0.71 0.118 ns ns ns ns *

F 0.76 1.04 1.01 0.86

LM area, cm2 M 65.71 66.59 54.24 60.47 3.660 ns ns ns ns ns

F 59.63 59.04 59.59 58.31

Significance: *(P < 0.05), ns not significant (P > 0.05).
M = male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Effects of P × S and E × P × Sinteractions were not significant (P > 0.05).
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respectively [19]. Therefore, the extremely large dif-
ference between the mature size ofthe Xiangxi yellow
cattle and Gelbvieh cattle resulted in a lower ADG for
the Angus × Chinese Xiangxi yellow cattle compared
with the Angus ×Gelbvieh. However, growth stimulants
were not used for the cattle in the present study, whereas
Synovex-S was implanted in the Angus × Gelbvieh cross,
which might have improved the ADG in the research of
Ludden et al. [8].
The average withers height at 12 and 18mon for the

cattle in the present study was 109.2 and 119.5 cm, re-
spectively, which was shorter than the Angus × Hereford
steers that had a yearling height of 112.0 and 122.4 cm
at the age of 16 mon [20]. Angus bulls can reach a
height of 120.2 cm at 12 mon [21]. Withers height, shin
circumference and body length are mainly determined
by the composition of the bones, which are an early
maturing part of the body; however the chest girth is a
relatively late maturing part of the body and is mainly
determined by meat and fat. Therefore the chest incre-
ment revealed that the higher energy in the diet may
have resulted in additional protein deposition and fat
cover.
Carcass characteristics
Carcass quality traits are shown in Table 5. The hot
carcass weights were not affected byenergy or protein
levels or by sex and had a mean value of 219.0 kg. This
result cannot be compared with data obtained from
Angus or other Angus crossbred cattle, because they
have a greater growth rate resulting in a heavier slaugh-
ter and carcass weight at the age of 17–19 mon [6,21] or
even at 14 mon [22]. The authors reported carcass
weights of 292.3 and 335.7 kg for the Angus bulls and
293.8 kg for 19 various Angus crossbred steers. The
dressing percentage was higher with increasing protein
levels (53.4 vs. 54.9%, P < 0.05), which might have been
caused by theincreased water concentrations in tissues
as a result of the hydrophilic characteristics of systemic
ammonium ions leading to higher dressing percentage
[23]. The mean dressing percentage for all of the cattle
was 54.2%, which was lower than the values of 55.0, 56.2
and 58.2% found by Cuvelier et al. [6], Albertí et al. [21]
and Laborde et al. [22], respectively. In China, a dress-
ing percentage of 52% is set at a threshold value for the
gain or loss of 0.3 Yuan RMB per kg for one percent
higher or lower [24].



Table 6 Effects of diets and sex on yield of Top and Medium top grade commercial cuts

Item HE LE SEM E P E × P

LP HP LP HP

Total meat, kg 138.3 148.9 146.9 145.6 11.6 ns ns ns

Top grade cuts

Highrib, kg 8.1 8.3 6.9 7.2 0.38 * ns ns

Ribeye, kg 8.3 8.3 7.8 7.5 0.50 ns ns ns

Striploin, kg 5.4 6.4 6.2 5.7 0.30 ns ns *

Tenderloin, kg 2.7 2.4 2.4 2.3 0.14 ns ns ns

Medium top grade cuts

Chunk tender, kg 2.1 1.8 1.7 2.0 0.10 ns ns *

Topside, kg 9.6 9.3 8.2 8.4 0.59 ns ns ns

Outside flat, kg 5.0 4.8 4.6 4.7 0.28 ns ns ns

Eye round, kg 3.0 2.9 2.8 2.8 0.18 ns ns ns

Rump, kg 5.5 6.1 5.4 4.7 0.36 ns ns ns

Knuckle, kg 6.9 6.3 6.9 7.0 0.37 ns ns ns

Top grade cuts yield, % 18.0 17.3 15.9 15.6 0.006 * ns ns

Medium top grade cuts yield, % 23.5 21.0 20.1 20.3 0.009 * ns ns

Total, % 41.4 38.3 36.3 36.7 0.01 * ns ns

Significance: *(P < 0.05), ns not significant (P > 0.05).
M = male, steer, F = female, heifer, E = energy, P = protein.
Sex had no effect on yield of Top and Medium top grade commercial (P > 0.05).
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Regarding the carcass composition, the cattle in the
LE diet treatment contained more lean meat (69.6 vs.
65.5%, P < 0.05) and a lower fat content (16.3 vs. 19.9%,
P < 0.05) than in the HE treatment, which might have re-
sulted from the higher glucose content in the HE diet
Table 7 Effects of dietary treatments and sex on carcass mea

Item HE

LP HP

Carcass length, cm M 137.0 127.5

F 128.0 136.3

Chest depth, cm M 70.3 67.9

F 64.2 68.0

Maximum leg, cm M 73.4 72.2

F 66.8 71.0

Leg length, cm M 62.9 62.8

F 61.8 63.3

Leg lean thickness, cm M 10.2 11.2

F 10.4 10.9

Loin lean thickness, cm M 6.0 6.1

F 6.0 7.0

Rib lean thickness, cm M 4.4ab 5.0ab

F 5.0ab 5.8a

Significance: *(P < 0.05), **(P < 0.01), ns not significant (P > 0.05).
M =male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Effects of interactions between energy, protein level and sex were not significant (P
abMeans within same row with the same superscript letter are not significantly diffe
which increased the fat deposition. In the present study,
a higher meat content (67.6 vs. 62.2%, 61.6%) and lower
fat content (18.1 vs. 23.6%, 21.7%) was observed com-
pared with that found by Cuvelier et al. [6] and Albertí
et al. [21] at a slaughter age of 17-19 mon because the
surements of cattle

LE SEM E P S

LP HP

131.8 135.0 3.18 ns ns ns

133.7 132.5

66.9 68.0 1.31 ns ns *

64.9 66.8

73.0 73.6 1.64 ns ns *

71.6 70.9

63.9 64.3 1.57 ns ns ns

63.6 62.5

10.4 9.7 0.40 ** ns ns

9.3 9.4

6.8 6.0 0.34 ns ns ns

5.9 6.4

4.1b 4.0ab 0.29 ** ns **

5.0ab 4.8b

> 0.05).
rent (P > 0.05).



Table 10 Effects of dietary treatments and sex onfatty
acid composition of LM (mg/g DM)

Item HE LE SEM E P E × P

LP HP LP HP

C14:0 6.70 5.45 4.56 5.88 1.31 ns ns ns

C14:1 1.97 2.12 1.71 2.26 0.36 ns ns ns

C16:0 61.68 51.55 47.46 55.03 9.28 ns ns ns

C16:1 13.86 10.40 9.18 10.72 1.96 ns ns ns

C18:0 22.92 19.72 17.06 21.42 3.66 ns ns ns

C18:1trans-9 2.14 1.26 1.35 1.24 0.37 ns ns ns

C18:1 cis-9 91.91 75.95 63.24 76.70 13.79 ns ns ns

C18:2 cis-9,12 4.27 4.61 3.32 3.22 0.80 ns ns ns

C18:3n-3 0.30 0.53 0.23 0.46 0.14 ns ns ns

C20:3n-6 2.75 2.22 2.00 2.95 0.24 ns ns **

SFA 91.30 76.72 69.08 82.33 14.11 ns ns ns

MUFA 109.9 89.72 75.48 90.93 16.19 ns ns ns

PUFA 7.16 7.08 5.39 6.38 0.85 ns ns ns

n-6:n-3 25.94 19.74 14.95 17.36 7.99 ns ns ns

P:S 0.11 0.14 0.09 0.11 0.03 ns ns ns

UFA:SFA 1.31 1.27 1.17 1.20 0.05 * ns ns

Significance: *(P < 0.05), **(P < 0.01), ns not significant (P > 0.05).
M =male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Sex had no effect on fatty acid composition of LM (P > 0.05).

Table 8 Effects of dietary treatments and sex onchemical
composition of LM

Item HE LE SEM E P S

LP HP LP HP

Dry matter, % M 28.6 28.0 27.7 26.2 0.010 ns ns *

F 30.2 29.3 29.0 28.3

Crude protein, % DM M 70.2 70.8 76.8 75.8 0.035 * ns ns

F 65.2 68.0 72.7 74.4

Intramuscular fat, % DM M 28.4 27.7 18.5 22.4 0.038 ** ns ns

F 32.3 31.2 25.7 24.6

Significance: *(P < 0.05), **(P < 0.01), ns not significant (P > 0.05).
M =male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Effects of interactions between energy, protein level and sex were not
significant (P > 0.05).
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age of puberty for Angus cattle is 295 d [25], which is
less than that of Chinese Xiangxi yellow cattle at 497 d
[2]. Therefore, pure Angus cattle deposit fat at a younger
age and the high growth rates of 1.66 kg/d and 1.9 kg/d,
reported by Cuvelier et al. [6] and Albertí et al. [21],
accelerates fat deposition. Thus, the fat contents in
these previous experiments were higher than that of the
Angus × Chinese Xiangxi yellow cattle in the present
study.
Heifers had a higher fat content than steers (16.8 vs.

19.4%, respectively) and under the conditions of an LE
diet, heifers had a greater 12th rib fat thickness than
steers. This suggests that heifers deposit fat more easily,
which is possibly related to hormonal effects [26]. The
LM area was not different between treatments or sex
and averaged 60.4 cm2 which was within the range of
Table 9 Effects of dietary treatments and sex onquality
traits of LM

Item HE LE SEM E P S

LP HP LP HP

pH M 5.67b 5.77ab 5.74ab 5.80ab 0.042 ** ns ns

F 5.75ab 5.65b 5.76ab 5.86a

Shear force, kg M 3.38 3.31 2.81 3.11 0.370 ns ns ns

F 3.34 2.98 3.40 2.82

Cooking loss, % M 30.40 31.33 32.50 33.20 0.016 ns ns ns

F 30.33 32.50 30.33 31.14

Drip loss, % M 2.60 2.00 2.50 2.13 0.013 ns ns ns

F 2.00 2.66 2.66 3.24

WHC, % M 53.00 51.16 54.00 53.80 0.019 ns ns ns

F 50.66 52.50 53.83 54.43

Significance: **(P < 0.01), ns not significant (P > 0.05).
M = male, steer, F = female, heifer, E = energy, P = protein, S = sex.
Effects of interactions between energy, protein level and sex were not
significant (P > 0.05).
abMeans within same row with the same superscript letter are not significantly
different (P > 0.05).
58.7–70.3 cm2 for pure Angus or Angus crossbred cattle
with a slaughter weight of approximately 400 kg [27-29].
The yields of top and medium top grade cuts were

higher in the HE treatment than in the LE treatment,
which suggests that the high plane of nutrition, especially
for the dietary energy level, contributed to the higher
yields of the top and medium top grade cuts.
Steers had a greater chest depth and maximum leg

girth, but thinner rib lean thickness (P < 0.01) than heifers.
Although the male cattle had been castrated before the
experiment, they still had more development in the fore
body and legs than the heifers. The increasing energy level
contributed to a greater leg and rib lean thickness.

Meat quality
The DM of the LM was higher for heifers than steers,
which can be explained by the heifers having a greater
intramuscular fat content, because fat tissues contain little
water, so the DM of the LM was higher [30]. A higher
intramuscular fat content (29.9 vs. 22.8%, P < 0.01) and
lower protein content (68.6 vs. 74.9%, P < 0.05) were ob-
served in the HE treatment compared with the LE diet
treatment, this could have resulted from the intramuscular
fat being derived from a glucose substrate that is absorbed
in the small intestine and stimulates a greater activity of
ATP citrate lyase, which synthesizes fat from glucose [31].
A maize-based diet could enhance the glucose absorbed
in the small intestine. In the present study, a greater



Table 12 Effects of dietary treatments and sex onflavor
amino acid composition of LM (mg/100 mg DM basis)

Item HE LE SEM E P E × P

LP HP LP HP

Lysine 4.61 3.72 4.06 4.25 0.46 ns ns ns

Cysteine 4.79 4.59 4.50 4.45 0.33 ns ns ns

Umami taste

Aspartic acid 13.86 13.76 13.35 12.15 1.44 ns ns ns

Glutamic acid 21.93 19.54 18.67 20.41 1.19 ns ns *

Total AA(U) 35.79 33.30 32.02 32.56 1.71 ns ns ns

Sweet taste

Threonine 4.52 4.09 4.16 4.18 0.27 ns ns ns

Alanine 5.99 5.53 5.36 5.70 0.32 ns ns ns

Glycine 4.92 4.32 4.29 4.38 0.32 ns ns ns

Serine 9.21 6.23 5.86 5.76 1.37 ns ns ns

Proline 2.14 2.13 2.02 2.08 0.21 ns ns ns

Total AA(S) 26.79 22.30 21.69 22.10 1.41 ns ns ns

Bitter taste

Arginine 6.26 5.20 5.23 5.28 0.48 ns ns ns

Histidine 1.26 0.64 0.74 0.64 0.27 ns ns ns

Leucine 4.82 4.65 4.61 4.76 0.19 ns ns ns

Isoleucine 3.19 3.37 3.05 3.14 0.18 ns ns ns

Methionine 4.28 4.11 3.90 4.03 0.17 ns ns ns

Phenylalanine 1.59 1.58 1.61 1.56 0.12 ns ns ns

Tyrosine 3.82 2.94 3.41 3.54 0.42 ns ns ns

Valine 3.53 3.05 2.94 2.94 0.35 ns ns ns

Total AA(B) 28.74 25.54 25.52 25.89 1.21 ns ns ns

Total AA 100.73 89.46 87.79 89.25 3.51 ns ns ns

AA(U)/TAA, % 36.33 36.82 36.48 36.14 0.01 ns ns ns

AA(S) /TAA, % 26.09 25.12 24.71 24.86 0.007 ns ns ns

AA(B) /TAA, % 28.33 28.79 29.06 29.30 0.009 ns ns ns

Significance: *(P < 0.05), ns not significant (P > 0.05).
M = male, steer, F = female, heifer, E = energy, P = protein.
Sex had no effect on amino acid composition of LM (P > 0.05).

Table 11 Effects of dietary treatments and sex onamino
acid composition of LM (mg/100 mg DM basis)

Item HE LE SEM E P E × P

LP HP LP HP

Essential

Lysine 4.61 3.72 4.06 4.25 0.46 ns ns ns

Valine 3.53 3.05 2.94 2.94 0.35 ns ns ns

Histidine 1.26 0.64 0.74 0.64 0.27 ns ns ns

Leucine 4.82 4.65 4.61 4.76 0.19 ns ns ns

Isoleucine 3.19 3.37 3.05 3.14 0.18 ns ns ns

Methionine 4.28 4.11 3.90 4.03 0.17 ns ns ns

Phenylalanine 1.59 1.58 1.61 1.56 0.12 ns ns ns

Threonine 4.52 4.09 4.16 4.18 0.27 ns ns ns

Total E 27.80 25.21 25.09 25.50 0.97 ns ns ns

Non essential

Aspartic acid 13.86 13.76 13.35 12.15 1.44 ns ns ns

Glutamic acid 21.93 19.54 18.67 20.41 1.19 ns ns *

Cysteine 4.79 4.59 4.50 4.45 0.33 ns ns ns

Alanine 5.99 5.53 5.36 5.70 0.32 ns ns ns

Glycine 4.92 4.32 4.29 4.38 0.32 ns ns ns

Serine 9.21 6.23 5.86 5.76 1.37 ns ns ns

Proline 2.14 2.13 2.02 2.08 0.21 ns ns ns

Arginine 6.26 5.20 5.23 5.28 0.48 ns ns ns

Tyrosine 3.82 2.94 3.41 3.54 0.42 ns ns ns

Total NE 72.93 64.25 62.69 63.75 2.76 ns ns ns

Total AA 100.73 89.46 87.79 89.25 3.51 ns ns ns

E/NE, % 38.12 40.00 40.02 40.58 0.015 ns ns ns

E/TAA, % 27.59 28.38 28.57 28.77 0.007 ns ns ns

Significance: *(P < 0.05), ns not significant (P > 0.05).
M = male, steer, F = female, heifer, E = energy, P = protein.
Sex had no effect on amino acid composition of LM (P > 0.05).
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amount of ground corn was included in the ration in the
HE compared with the LE treatment (63.8 vs.39.0%), which
resulted ina higher intramuscular fat content from the HE
diet treatment. The intramuscular fat content was 26.4%
in the present study, which was higher than the value of
21% for Angus steers [32] and 9.3% for Angus × Limousin
steers found in previous studies [7]. However, the fat
thickness was less than that found for Angus and Angus ×
Limousin (0.90 vs. 1.15 cm, 0.98 cm). This result suggests
that F1 Angus × Chinese Xiangxi yellow cattle develop
intramuscular fat more strongly at lower levels of subcuta-
neous fat.
Post-slaughter, glycogen is converted to lactic acid and

there is an associated reduction in muscle pH from the
neutral value of 7.2 [33]. The ultimate pH in this experi-
ment was lower (5.71 vs. 5.79, P < 0.01) for the cattle fed
an HE diet compared with an LE diet, because there is
an increasing effect of energy level with increased
glycogen availability. The ultimate pH can also affect
meat tenderness, with a pH of 5.4–5.8 found in normal,
tender meat, a pH value of 5.8–6.2 in inconsistently tender
meat (moderate DFD) and pH > 6.2 found intender meat
with microbial spoilage (DFD meat) [34]. Therefore, the
meat observed in the present study can be considered as
normal, tender meat with values of meat pH values
similar to those reported by Cuvelier et al. [6] and
Faucitano et al. [7].
Meat tenderness is the most important quality trait for

the consumer and consumers prefer and will pay more
for tender beef meat [35]. A threshold shear force of
4.6 kg has been used to distinguish tough and tender
steaks [36]. A shear force value from 2.27 to 3.58 kg
is considered tender; 4.08–5.40 kg intermediate; and



Li et al. Journal of Animal Science and Biotechnology 2014, 5:21 Page 10 of 12
http://www.jasbsci.com/content/5/1/21
5.90–7.21 kg tough [37]. The shear force value was
not affected by the energy or protein levels or sex with a
mean value of 3.14 kg, so can be classified as “very tender”
meat. One study has found that the shear force value of
meat was 3.62 kg when Angus steers were slaughtered at a
younger age of 14 mon with a 14 d post-mortem [38], this
value was higher than that found in the present study. A
younger slaughter age and longer post-mortem ageing
time could produce more tender meat [39,40]. Therefore,
if F1 Angus × Chinese Xiangxi yellow cattle were slaugh-
tered at the age of 14 mon with 14 d post-mortem ageing,
the meat would be more tender.
Drip loss can be categorized as follows: low drip

loss ≤2.60%, medium drip loss: 2.60–4.00%, and high
drip loss ≥4.00% [41]. The average drip loss in the
present study was 2.5%, which is thus classified as low.
The cooking loss was 31.5%, a value similar to 33.8% for
Angus bulls [6] and 29.5% for Angus × Limousin cattle [7].
The WHC increased slightly in the LE diet treatment,
which could be related to the “sponge effect” hypothesis,
in which the higher ultimate pH of the LE treatment
accelerates the breakdown of meat structure and results in
a reduction of water loss from the channels [42].

Nutritive profile (intramuscular fatty acid and amino
acid composition)
The intramuscular fatty acid content (FA) was not sig-
nificantly different between treatments or sex and was
dominated by MUFA at 51.4%, followed by SFA at ap-
proximately 44.9% and PUFA at approximately 3.7%.
The mean value of the n-6:n-3 ratio was 19.5 which
was much higher than the <4.0 value from nutritional
advice [43]. When the cattle were grain-fed, the con-
centrate diet could have improved the proportion of
PUFA, which was dominated by n-6, especially C18:2n-
6. Forages such as fresh grass or grass silage are rich in
C18:3n-3 [44]. Therefore, grass-fed cattle have a higher
amount of C18:3n-3 and a lower amount of C18:2n-6
in their muscles compared with concentrate-fed cattle
[45]. The cattle in the present study were fed a high
concentrate diet and the roughage was yellow rice straw
instead of fresh grass or silage, thus a higher ratio of n-6:
n-3 was observed. The mean value of the P:S ratio was
0.11, which is normal for beef [46]. These results were
consistent with the results of Warren et al. [9] and Ludden
et al. [8]. The UFA/SFA ratio was significantly higher in
the HE treatment, which was verified in this study and is
related to a loss of efficiency of rumen biohydrogenation
because less fibrous diets pass through the rumen at a
faster rate. From the perspective of meat flavor, ‘sweet’,
‘oily’, ‘chemical-like’ and ‘perfume-like’ are induced by a
high C18:2n-6 content in the meat [47] and ‘fishy’ and
‘grassy’ flavors by higher n-3 content [48]. Therefore, the
meat in the present study would taste ‘sweet’, ‘oily’,
‘chemical-like’ and ‘perfume-like’ and not include ‘fishy’
and ‘grassy’ flavors.
The amino acid composition in this study was not

affected by the energy or protein levels or by sex. The
percentage of amino acids producing the tastes of umami,
sour and sweet was more than 60% with the percentage
producing a bitter taste at approximately 29%. The essen-
tial and non-essential amino acid requirements of an adult
man are 0.18 g/kg per day (EAA) and 0.48 g/kg per day
(NEAA), respectively, which equals EAA/NEAA= 37.5%
and EAA/TAA = 27.3% [49]. In the present study, the
mean ratios of EAA/NEAA and EAA/TAA of the meat
samples were 39.7 and 28.4%, which were a little higher
than those recommended by FAO/WHO/UNU [48] but
can meet an adult man’s needs appropriately, therefore
the meat appears to be an excellent source of high bio-
logical value protein.

Conclusions
The cattle carcass characteristics and chemical composition
of the meat were significantly influenced by dietary energy
and protein levels and by sex. The growth performance,
meat quality traits and nutritive profiles were not affected
by energy or protein levels or by sex.
The meat quality of the F1 Angus × Chinese Xiangxi

yellow cattle was high based on its tenderness, flavor and
nutritional value. However, there is considerable potential
to obtain higher daily gains and meat production for this
kind of crossbred cattle. However, feeding and breeding
techniques must be developed to determine the best
methods for improving beef products in both quantitative
and qualitative terms.
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