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ABSTRACT. Lipoprotein lipase (LPL) is a key enzyme in lipid 
metabolism. This study investigated LPL gene expression, LPL enzyme 
activity, and the correlation of each with intramuscular fat (IMF) in 
Chinese Guangxi san-huang (GXSH) and Arbor Acres (AA) chickens. 
The results showed that age and breed had significant effects on LPL 
expression and enzyme activity. Correlation analyses showed significant 
positive correlations between LPL expression levels and IMF contents 
in the breast and thigh tissues of both GXSH (r = 0.712, P = 0.001; 
r = 0.792, P < 0.001, respectively) and AA (r = 0.644, P < 0.001; r = 
0.545, P < 0.001, respectively) chickens. The results also indicated a 
significant positive correlation between LPL enzyme activity and IMF 
contents in the breast and thigh tissues of both GXSH (r = 0.615, P = 
0.001; r = 0.685, P < 0.001, respectively) and AA (r = 0.600, P = 0.001; 
r = 0.528, P = 0.003, respectively) chickens. The results indicated 
that the LPL gene was significantly correlated with IMF in these two 
breeds. The results presented here could contribute to knowledge of 
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LPL mRNA developmental expression patterns and enzyme activity, 
and it could facilitate further research on the molecular mechanisms 
underlying IMF deposition in chickens.
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INTRODUCTION

Intramuscular fat (IMF) is an important evaluation index of meat quality, which 
affects pork color, flavor, tenderness, and water-holding capacity (Chambaz et al., 2003; Gao 
and Zhao, 2009). A certain amount of IMF can provide the favorable meat taste sought by 
consumers. Therefore, exploration of the molecular mechanisms underlying IMF deposition 
plays an important role in meat regulation.

Some studies have examined the molecular mechanisms associated with excellent 
meat quality in mammals such as Laiwu (Hu et al., 2008) and Jinhua (Guo et al., 2011), which 
are local Chinese breeds. Reports showed that IMF deposition was associated with functional 
genes such as H-FABP (Nechtelberger et al., 2001), Sirt1 (Moynihan and Imai, 2006), etc. Until 
now, compared to monogastric mammals, little was known about the molecular mechanisms 
associated with excellent meat quality in the Guangxi san-huang chicken (GXSH chicken). This 
breed is known for its good meat quality, which is indicated by its tenderness and juiciness.

Lipoprotein lipase (LPL) is mainly expressed in adipose and skeletal muscle tissues 
(Merkel et al., 2002), and it is a key enzyme in lipid metabolism (Maingrette and Renier, 
2003). Some studies have examined the relationship between IMF contents and LPL mRNA 
expression levels in the mammals such as pigs (Shan et al., 2006). Furthermore, previous studies 
also suggested that LPL in abdominal adipose tissue plays a crucial role in fat accumulation in 
broiler chickens (Sato et al., 1999). Using high-resolution melting curves, Zhang et al. (2015) 
showed that ADSL (adenylosuccinate lyase) and LPL gene mutations were correlated with 
meat quality differences in GXSH chickens and ISA B-line layers. However, knowledge of the 
developmental expression patterns of LPL mRNA, LPL enzyme activity, and the relationship 
of each with IMF contents in GXSH chicken is limited.

In the present study, the developmental expression patterns of LPL mRNA, LPL enzyme 
activity, and the correlation of each with IMF was detected using two fat-related tissues (breast 
and thigh) from a slow-growing Guangxi local breed (GXSH) and a fast-growing commercial 
broiler line (Arbor Acres, AA). Determination of the expression patterns of LPL mRNA and 
LPL enzyme activity would provide a basis for further studies of lipid metabolism, especially 
the molecular mechanisms associated with IMF deposition in chickens.

MATERIAL AND METHODS

Animals and sample collection

Two hundred 1-day-old GXSH chickens and 200 1-day-old AA chickens were used 
as experimental animals. The animals were maintained at the Base For Teaching and Practice 
in the College of Animal Science and Technology at Guangxi University. The experiments 
were conducted in parallel using the same diets and management conditions. The ingredient 
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and chemical compositions of the diets during the starter phase (1-20 days) was as follows: CP 
(crude protein) ≥ 20.0%, CF (crude fiber) ≤ 8.0%, ASH (Ash) ≤ 10.0%, lys (lysine) ≥ 0.9%, 
Ca (calcium) 0.8-1.3%, P (phosphorus) ≥ 0.60%, and NaCl (sodium chloride) ≥ 0.3-0.6%. The 
diets during the grower phase (after 20 days) were as follows: CP ≥ 19.0%, CF ≤ 5.0%, ASH 
≤ 9.0%, EE (ether extract) ≥ 3.0%, effective lys ≥ 1.0%, Ca 0.7-1.3%, and P ≥ 0.50%. Water 
was provided ad libitum during the experiment. All experimental procedures were performed 
under the Guidelines of Animal Experimentation outlined by the Committee of Experimental 
Animal Care, Guangxi University, China.

At each sampling time (GXSH: days 7, 28, 56, 70, 90, and 120; AA: days 7, 14, 21, 28, 
35, 42, and 56), three female birds and three male birds from each breed with similar weights 
were killed via stunning and exsanguination 12 h after the last meal. Breast and thigh samples 
were obtained postmortem, and were packed into vials. The samples were then frozen in liquid 
nitrogen and stored at -80°C until further processing.

Measurement of lipid content

Visible fat and fascia were removed from each tissue sample, and the samples were 
then cut into pieces and labeled as powder. The samples were dried during two 10-12-h stages 
(65ºC followed by 105°C), and were then cooled in a desiccator for at least 30 min. The IMF 
contents in breast and thigh samples were measured using the Soxhlet method. The results are 
reported as percentages based on the dry tissue weight (AOAC, 1990).

LPL enzyme activity

Muscle samples (500 mg) were homogenized in a buffer (10.01 mM Tris-HCl, 0.01 
mM sucrose, 0.0001 mM EDTA-Na2, 0.8% NaCl, 1000 mL formulated solution, pH adjusted 
to 7.4). Solubles were recovered after centrifugation at 2500 rpm for 10 min at 4ºC. The 
supernatant was removed using a sterile pipette tip, and it was then placed in another sterile 
centrifuge tube prior to storage at -80ºC. LPL activity of the tissue samples was quickly 
measured using an LPL Activity Assay Kit (Bioengineering Institute of Nanjing Jiancheng 
Company, Nanjing, China), according to the manufacturer protocol.

Total RNA extraction and reverse transcription

Total RNA was extracted from the breast and thigh tissues using Trizol Reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA) according to the manufacturer protocol. The purity and 
concentration of the total RNA was determined using a spectrophotometer at 260 and 280 nm. 
Transcription was performed with 1.0 mg total RNA by using a PrimeScriptTM RT reagent Kit with 
gDNA Eraser (Perfect Real-Time) (Takara Biotechnology Co. Ltd., Dalian, China).

Real-time PCR

The chicken LPL and GAPDH (glyceraldehyde-3-phosphate dehydrogenase) primers 
used for the real-time PCR (RT-PCR) were as follows: LPL sense 5'-AGGAGAAGAGGCAG
CAATA-3' and antisense 5'-AGCCAGCAGCAGATAAG-3'; GAPDH sense 5'-CTTTCCGTG
TGCCAACCCC-3' and antisense 5'-CAGCAGCAGCCTTCACTACC-3'. The specificity of 
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the primers was detected using melting curve analyses, and the amplification efficiency of the 
genes was detected using a standard curve. The following formula was used for amplification 
efficiency:

cDNA was amplified using Takara SYBR Premix Ex Taq under the following conditions: 95ºC 
for 5 min; 40 cycles for 10 s at 95ºC; and 30 s at 58ºC. A melting curve analysis was conducted 
to verify the specificity of the reactions after amplification. All results were normalized to 
GAPDH levels, and relative quantification was calculated using the 2-DDCt method. All samples 
were run in triplicate, and the average values were calculated.

Data analysis

Data are reported as means ± standard error of the mean (SE). Significant differences 
between groups in all of the experiments were determined using ANOVA and Duncan-type 
multiple comparisons, and the SPSS 18.0 biostatistic software was used to perform these 
analyses. A P value less than 0.05 was considered statistically significant.

RESULTS

Expression of LPL mRNA in two chicken breeds

The results of the melting curve analyses indicated that the specificity of the two 
RT-PCR primers was good, and non-specific amplification was not detected. Further analysis 
of the standard curve showed that the amplification efficiencies of GAPDH and LPL were 
99.3 and 95.4%, respectively (between 90 and 110%). Therefore, the results showed that the 
primers were in accordance with the requirements of RT-PCR amplification, so they were 
sufficient for quantitative tests of gene expression. We detected LPL expression in the breast 
and thigh tissues of GXSH and AA chickens at different developmental stages using RT-
PCR with specific primer sets (Figure 1). The results of RT-PCR analyses showed that LPL 
mRNA expression levels in GXSH breast and thigh tissues increased with age (Figure 1). In 
the breast and thigh tissues of GXSH chickens, LPL mRNA expression level improved from 
day 7 to 120, and expression peaked on day 120 (Figure 1A and B). However, the results of 
RT-PCR analyses showed that LPL mRNA abundance in the breast tissues of AA chickens 
trended upwards during days 7 to 28 (Figure 1C). Expression peaked at 28 days, and then 
gradually decreased from days 28 to 56 (Figure 1C). LPL gene expression in AA thigh tissues 
increased from days 7 to 28 (Figure 1D). It then gradually decreased from days 28 to 42, and 
levels increased from days 42 to 56 (Figure 1D). Furthermore, the results showed that sex 
(female and male) had no significant effect on LPL mRNA expression levels for GXSH and 
AA chickens (Figure 1).

-1/slopEfficiency = 10 -1 (Equation 1)
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Figure 1. LPL gene expression levels based on RT-PCR analyses of different tissues on different days (i.e., ages) 
for GXSH and AA chickens. A. and B. show the LPL expression levels of GXSH chickens in different tissues 
(breast and thigh, respectively). C. and D. show the LPL expression levels of AA chickens in different tissues 
(breast and thigh, respectively).

Comparisons of the two breeds at the same developmental stages indicated that LPL 
expression levels in the breast tissues of GXSH chickens on days 28 and 58 were significantly lower 
than those of AA chickens (P < 0.01 for both; Figure 2), and there was no significant difference (P 
> 0.05) on day 7. Moreover, LPL expression levels in the thigh tissues of GXSH chickens on days 
7, 28, and 58 were significantly lower than those of AA chickens (P < 0.01; Figure 2). However, 
LPL mRNA expression levels in the thigh tissues of GXSH chickens were higher than those of AA 
chickens at marketing ages (GXSH chicken: day 120; AA chicken: day 56) (Figure 2).

Figure 2. A. LPL gene expression levels in GXSH and AA chickens based on RT-PCR analyses of breast tissues 
during the same developmental stages. B. LPL gene expression levels in GXSH and AA chickens based on RT-PCR 
analyses of thigh tissues during the same developmental stages. **P < 0.01.
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LPL enzyme activity in two chicken breeds

We also analyzed the LPL enzyme activity at different developmental stages in the 
two chicken breeds. The result showed that LPL enzyme activity in the breast and thigh tissues 
of the two breeds increased with age (Figure 3). LPL enzyme activity in the thigh tissues of 
these two breeds was significantly higher than that observed in the breast tissues. Moreover, 
the results showed that sex (female and male) had no significant effect on LPL enzyme activity 
for GXSH and AA chickens.

Figure 3. LPL enzyme activity in different tissues of GXSH chickens and AA chickens at different ages. A. and B. 
show LPL enzyme activity of GXSH chickens in different tissues (breast and thigh, respectively). C. and D. show 
LPL enzyme activity of AA chicken in different tissues (breast and thigh, respectively).

When LPL enzyme activity was compared between the two breeds, we found that the 
activity in breast and thigh tissues of GXSH chickens on days 28 and 56 was significantly lower 
than that observed in AA chickens (P < 0.01 for both measurements) (Figure 4). However, LPL 
enzyme activity in the breast or thigh tissues of GXSH chickens was higher than that of AA 
chickens at the marketing age (Figure 4).

Figure 4. A. LPL enzyme activity in the breast tissues of GXSH and AA chickens during the same developmental 
stages. B. LPL enzyme activity in the thigh tissues of GXSH and AA chickens during the same developmental 
stages. **P < 0.01.
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IMF content of different tissues in two chicken breeds

The IMF contents in the breast and thigh tissues of GXSH and AA chickens were 
measured at different developmental stages (Tables 1 and 2). The results showed that the 
IMF contents of different tissues increased with age in the two chicken breeds. Furthermore, 
the IMF content was significantly higher in the thigh tissues than in the breast tissues of both 
breeds, and this was observed at all developmental stages (Tables 1 and 2).

Table 1. IMF contents of different tissues at different developmental stages in GXSH chickens.

Age (days) Breast of GXSH chickens (%) Thigh of GXSH chickens (%) 
 Male Female Average Male Female Average 
7 1.94 ± 0.03 1.71 ± 0.02 1.81 ± 0.03d 8.55 ± 0.14 7.92 ± 0.15 8.23 ± 0.13e 
28 1.99 ± 0.02 2.29 ± 0.03 2.13 ± 0.04d 8.74 ± 0.13 10.05 ± 0.13 9.39 ± 0.18d 
56 2.37 ± 0.05 2.51 ± 0.05 2.44 ± 0.04cd 9.67 ± 0.14 9.45 ± 0.11 9.56 ± 0.09d 
70 2.64 ± 0.06 2.78 ± 0.10 2.71 ± 0.06bc 11.03 ± 0.18 10.86 ± 0.14 10.94 ± 0.11c 
90 2.91 ± 0.20 3.06 ± 0.19 3.00 ± 0.11b 12.14 ± 0.39 12.61 ± 0.32 12.37 ± 0.25b 
120 3.52 ± 0.11 3.67 ± 0.47 3.59 ± 0.07a 13.15 ± 0.24 13.88 ± 0.36 13.51 ± 0.23a 
  Breast Thigh 
P value Age <0.001 

NS 
NS 

<0.001 
NS 
NS 

Sex 
Age x Sex 

 Data are reported as means ± SE. Different lowercase letters indicate significant differences (P < 0.05) in each 
vertical list. NS indicates no significant differences.

Data are reported as means ± SE. Different lowercase letters indicate significant differences (P < 0.05) in each 
vertical list. NS indicates no significant differences.

Table 2. IMF contents of different tissues at different developmental stages in AA chickens.

Age (days) Breast of AA chicken (%) Thigh of AA chicken (%) 
 Male Female Average Male Female Average 
7 2.12 ± 0.08 1.87 ± 0.07 2.00 ± 0.06d 10.77 ± 0.11 9.64 ± 0.09 10.20 ± 0.15c 
14 2.06 ± 0.09 2.13 ± 0.08 2.10 ± 0.06cd 8.06 ± 0.17 8.54 ± 0.10 8.29 ± 0.11d 
21 2.44 ± 0.08 2.71 ± 0.08 2.58 ± 0.06bc 10.38 ± 0.15 10.76 ± 0.10 10.57 ± 0.10c 
28 3.18 ± 0.12 2.87 ± 0.08 3.02 ± 0.08ab 10.96 ± 0.09 11.86 ± 0.09 11.41 ± 0.12b 
35 2.74 ± 0.08 2.82 ± 0.08 2.78 ± 0.06ab 11.07 ± 0.14 11.72 ± 0.09 11.40 ± 0.11b 
42 3.05 ± 0.22 3.12 ± 0.31 3.08 ± 0.04ab 11.96 ± 0.20 12.37 ± 0.15 12.16 ± 0.13ab 
56 3.23 ± 0.36 3.31 ± 0.26 3.27 ± 0.07a 12.57 ± 0.30 12.93 ± 0.35 12.75 ± 0.15a 
  Breast Thigh 
P value Age <0.001 

NS 
NS 

<0.001 
NS 
NS 

Sex 
Age x Sex 

 

The IMF contents in the both tissue types were measured during the same developmental 
stages in both chicken breeds (Table 3). The results indicated that IMF contents in both tissues 
on days 28 and 56 were significantly higher (P < 0.01) in AA than in GXSH chickens (Table 3). 
However, at the marketing age, GXSH chickens (day 120) exhibited higher IMF contents than 
the AA chickens (day 56) (Table 3). Furthermore, the results showed that the fat contents in the 
AA chicken tissues were significantly higher than observed in the tissues of GXSH chickens 
during the early development stage. Therefore, the time required for fat deposition in GXSH 
chickens was longer than that of AA chickens.
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Data are reported as means ± SE. Different lowercase letters indicate significant differences (P < 0.01) in each 
lateral list.

Table 3. IMF contents of breast and thigh tissues at the same developmental stages in two chicken breeds.

Age (days) Breast (%) Thigh (%) 
 AA chicken GXSH chicken AA chicken GXSH chicken 
7 2.00 ± 0.06 1.81 ± 0.03 10.20 ± 0.15A 8.23 ± 0.13B 
28 3.02 ± 0.08A 2.13 ± 0.04B 11.41 ± 0.12A 9.40 ± 0.18B 
56 3.27 ± 0.07A 2.44 ± 0.04B 12.75 ± 0.15A 9.56 ± 0.09B 
120  3.59 ± 0.07  13.51 ± 0.23 
 

Relationship between LPL mRNA expression levels and IMF content

Correlation analyses showed significant positive correlations (Table 4) between LPL 
expression levels and IMF contents in the breast and thigh tissues of both GXSH (r = 0.712, P 
= 0.001; r = 0.792, P < 0.001, respectively) and AA (r = 0.644, P < 0.001; r = 0.545, P < 0.001, 
respectively) chickens. The results further indicated that LPL played a key role in fat synthesis 
in breast and thigh tissues. These results might provide a theoretical basis for further studies 
of molecular mechanisms that underlie IMF deposition in chickens.

Table 4. Correlation coefficient between the LPL mRNA expression levels and IMF contents in breast and 
thigh tissues.

 Correlation coefficients between LPL mRNA and IMF content 
 Breast of GXSH chicken Thigh of GXSH chicken Breast of AA chicken Thigh of AA chicken 
R value 0.712 0.792 0.644 0.545 
P value 0.001 <0.001 <0.001 <0.001 
 

Relationship between LPL enzyme activity and fat contents

We also found a significant positive correlation between LPL enzyme activity and fat 
contents in the breast and thigh tissues of both GXSH and AA chickens (Table 5). Furthermore, 
the results indicated a significant positive correlation between LPL enzyme activity and IMF 
contents in the breast and thigh tissues of both GXSH (r = 0.615, P = 0.001; r = 0.685, P < 
0.001, respectively) and AA (r = 0.600, P = 0.001; r = 0.528, P = 0.003, respectively) chickens.

Table 5. Correlation coefficient between LPL enzyme activity and IMF contents in breast and thigh tissues.

 
Correlation coefficient between LPL enzyme activity and IMF content 

 Breast of GXSH chicken Thigh of GXSH chicken Breast of AA chicken Thigh of AA chicken 
R value 0.615 0.685 0.600 0.528 
P value 0.001 <0.001 0.001 0.003 
 

DISCUSSION

Different livestock have different chemical properties and meat qualities. The GXSH 
chicken, a type of chicken with “yellow feathers, yellow claws, yellow beak” from the Guangxi 
Province of China, is especially noted for high-quality meat. On the contrary, the AA chicken 
is a meat-producing breed noted for increased growth rate, feed efficiency, and low-quality 
meat. However, the molecular mechanisms that regulate meat quality remain unknown.

Differences in meat quality traits are closely related to gene expression. At present, 
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researchers recognize that IMF deposition is one of the key factors influencing meat quality. 
Therefore, researchers succeeded in identifying functional genes associated with IMF deposition 
in pigs (Shan et al., 2006) and chickens (Sato et al., 1999). For GXSH chickens, little is known 
about the molecular mechanisms of IMF that are associated with superior quality. LPL is a rate-
limiting enzyme that hydrolyzes triglyceride (TG)-rich lipoprotein (van der Vusse et al., 1992). 
In research on the expression of LPL in muscle tissues, knowledge of the relationship between 
LPL mRNA expression levels and fat contents is expected to improve meat quality, regulate 
animal body weight, etc. In the present study, we differentially compared the mRNA abundance 
of LPL and LPL enzyme activity as well as the IMF contents in the breast and thigh tissues of 
Chinese GXSH chickens and the popular western fast-growing meat breed AA chickens. Both 
RT-PCR and enzyme detection methods were used to determine enzyme activity.

Expression patterns of LPL mRNA in two chicken breeds

Since the LPL of humans and other animal species were cloned (Wion et al., 1987; 
Harbitz et al., 1992; Broad et al., 1995), the gene has been a hot topic. Most reports mainly 
focused on the effects of dietary fats (Takahashi and Ide, 1999), fasting (Spurlock et al., 2001), 
and refeeding (Bonnet et al., 2000) on LPL mRNA expression levels. However, we could not 
find information regarding LPL mRNA expression levels in GXSH chickens.

To understand the differences between LPL mRNA expression levels in the two 
chicken breeds, the LPL expression levels were analyzed in the breast and thigh tissues of 
GXSH and AA chickens at different developmental stages using RT-PCR. As the results 
indicated, LPL mRNA expression levels in the breast and thigh tissues of GXSH chickens 
increased with age, peaking when the chickens reached marketing age. This result suggested 
that the change in LPL expression at an early developmental stage was consistent with other 
livestock such as pigs (Duroc x Landrace x Yorkshire) (Shan et al., 2006). Aging is known to 
have an effect on the expression of some genes expressed in adipose tissue (Mooradian and 
Albert, 1999). Furthermore, we found that AA chicken breast tissue exhibited an LPL mRNA 
abundance upward trend between 7 and 28 days. Expression then peaked at 28 days, and then 
gradually decreased from days 28 to 56. LPL gene expression in AA chicken thigh tissues 
increased from days 7 to 28, and then gradually decreased from days 28 to 42, followed by an 
increase from days 42 to 56. Therefore, the effect of aging on the LPL mRNA level seems to 
be dependent on the animal species and tissues.

When LPL mRNA expression patterns were compared between the two breeds, we 
found that expression levels in the breast and thigh tissues of GXSH chickens on days 7, 28, 
and 56 were significantly lower than those of AA chickens. However, LPL mRNA expression 
levels in the breast or thigh tissues of GXSH chickens were higher than those of AA chickens 
at marketing age. This likely resulted because the growth rate of AA chickens is higher than 
GXSH chickens, so energy consumption and fat deposition during development would differ 
between the two breeds at the same developmental age.

LPL enzyme activity in two chicken breeds

Previous studies suggested that LPL activity seemed to be a more important factor in 
the control of fatty acid uptake and intramuscular fattening than LPL expression or LPL protein 
contents (André et al., 2007). We detected LPL enzyme activity at different developmental 
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stages in the two chicken breeds using LPL detection methods. The results showed that LPL 
enzyme activity in the muscle tissues of GXSH and AA chickens increased with age. This 
result was consistent with Mersmann (1998) who found changes in LPL activity with age. 
Meanwhile, we found that LPL enzyme activity in the thigh was higher than that in breast 
tissues of either GXSH or AA chickens. LPL enzyme activity in the muscle tissues of these 
two breeds and age were positively correlated.

When LPL enzyme activity was compared between the two breeds, we found that LPL 
enzyme activity levels in the breast and thigh tissues of GXSH chickens on days 7, 28, and 56 
were significantly lower than those of AA chickens. Therefore, further investigations of LPL 
genes seem to be necessary to select it as a candidate gene for fatness traits.

IMF content of two chicken breeds

IMF is the material basis of meat tenderness, juiciness, and taste, and there is a 
significant positive correlation between IMF and meat tenderness, flavor, and juiciness 
(Lefaucheur et al., 2011). In recent years, research sought IMF contents to reveal the internal 
molecular mechanisms associated with the regulation IMF deposition has become the hot field 
of research on nutrition, genetics, etc.

Aging has been reported in animals, and it is often associated with a variety of 
physiological changes, including those related to body weight, body composition (Thomas 
et al., 2002), and especially body fat (Elia, 2001). For instance, the percent of body fat in 
young men is lower than that of middle-aged men (Imbeault et al., 2001). The results of 
Shan et al. (2006) supported this conclusion in that the capacity of adipose deposition in 
pigs increased with age. In our study, we found that the IMF contents of different tissues 
increased with age in the two chicken breeds. The results of the current experiment suggested 
a correlation between the age and the IMF contents, which is in accordance with previous 
reports (Cui et al., 2012). In addition, for AA chickens, IMF contents in the two tissues on 
days 28 and 56 were significantly higher than that of GXSH chickens on days 28 and 56. 
However, at the marketing age, GXSH chickens (day 120) exhibited higher IMF contents than 
AA chickens (56). Moreover, the results showed that the fat contents in the muscle tissues of 
AA chickens were significantly higher than those of GXSH chickens in the same tissues at 
early development stages. However, AA chickens grew quickly, and fat deposition was small, 
which harmed the flavor. On the contrary, GXSH chickens grew slowly, and the time for fat 
deposition was longer than in AA chickens. GXSH chickens achieved the best flavor taste by 
the marketing time, and the results of this study indicated that the breed was also a key factor 
that affected IMF contents.

Relationship between LPL mRNA expression levels and IMF contents

Goldberg (1996) indicated that LPL is a major enzyme that plays an important role 
in lipid metabolism by being responsible for the hydrolysis of TG molecules that are present 
in circulating lipoproteins, and it also hydrolyzes TG to produce free fatty acids that are 
assimilated by muscle and adipose tissue. The results of Hocquette et al. (1998) supported 
the hypothesis that LPL can increase fat storage or provide energy storage in the form of fatty 
acids for muscle growth. Ren et al. (2002) reported that higher LPL gene expression in fat 
depots was correlated with the higher fat content in dairy cattle. For 7- to 28-week-old pigs, 
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researchers observed significant negative correlations between LPL gene expression levels 
and adipose deposition (Shan et al., 2006). It has been reported that there were no obvious 
relationships between LPL gene expression in muscle tissues and the accumulation of IMF 
in Xinjiang Merino sheep. However, for 2- to 60-day-old Kazak sheep, there was a negative 
correlation with LPL expression levels and IMF contents during developmental stages (Qiao et 
al., 2008). Based on the report described above, we can see that the relationship between LPL 
expression levels and fat deposition can be affected by the animal species and animal age. In the 
present study, we found significant positive correlations between LPL gene expression levels and 
fat contents in the breast and thigh tissues of both GXSH (r = 0.712, P = 0.001; r = 0.792, P < 
0.001, respectively) and AA (r = 0.644, P < 0.001; r = 0.545, P < 0.001, respectively) chickens.

Relationship between LPL enzyme activities and IMF content

Previous studies suggested that LPL may be regulated by different mechanisms in different 
animal species (Faulconnier et al., 2001; Bonnet et al., 1998, 2000, 2004; Han et al., 2008). These 
results indicated that LPL may be regulated at a post-transcriptional level by modulating specific 
activity and protein content or at a pre-translational level by modulating different mRNA levels. In 
the present study, we found a significant positive correlation between LPL enzyme activities and fat 
contents in the breast and thigh tissues of both GXSH and AA chickens. The results suggested that 
LPL may play an active role in the regulation of lipid metabolism in the tissues of GXSH chickens. 
Therefore, the results might provide a certain theoretical basis for further studies of the molecular 
mechanism that underlies IMF deposition in chickens.

LPL may be one of the most important genes that influence meat quality, particularly 
the IMF contents of GXSH chickens. These results may provide valuable information to aid 
in our understanding of the meat quality differences between GXSH and AA chickens, and it 
could form a basis for IMF manipulation for the improvement of meat quality.
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