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ABSTRACT
1. Excessive deposition of body fat, especially abdominal fat, is detrimental in chickens and the
prevention of excessive fat accumulation is an important problem. The aim of this study was to
identify blood biochemical indicators that could be used as criteria to select lean Yellow-feathered
chicken lines.
2. Levels of blood biochemical indicators in the fed and fasted states and the abdominal fat traits
were measured in 332 Guangxi Yellow chickens. In the fed state, the genetic correlations (rg) of
triglycerides and very low density lipoprotein levels were positive for the abdominal fat traits
(0.47 ≤ rg ≤ 0.67), whereas total cholesterol, high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) showed higher negative correlations with abdominal fat
traits (–0.59 ≤ rg ≤ −0.33). Heritabilities of these blood biochemical parameters were high, varying
from 0.26 to 0.60.
3. In the fasted state, HDL-C:LDL-C level was positively correlated with abdominal fat traits
(0.35 ≤ rg ≤ 0.38), but triglycerides, total cholesterol, HDL-C, LDL-C, total protein, albumin, aspartate
transaminase, uric acid and creatinine levels were negatively correlated with abdominal fat traits (–
0.79 ≤ rg ≤ −0.35). The heritabilities of these 10 blood biochemical parameters were high
(0.22 ≤ h2 ≤ 0.59).
4. In the fed state, optimal multiple regression models were constructed to predict abdominal fat
traits by using triglycerides and LDL-C. In the fasted state, triglycerides, total cholesterol, HDL-C,
LDL-C, total protein, albumin and uric acid could be used to predict abdominal fat content.
5. It was concluded that these models in both nutritional states could be used to predict abdominal
fat content in Guangxi Yellow broiler chickens.
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Introduction

Decades of intensive genetic selection have resulted in
increased growth rate and chicken production.
Unintended effects include excessive fat deposition, espe-
cially of abdominal fat, which is harmful (Wang et al. 2012;
Huang et al. 2015a; Han et al. 2016). As an important
commercial chicken species in China, the production of
Yellow-feathered broilers has reached 3 billion annually
(Wang et al. 2009; Tang et al. 2012). Yellow-feathered
broilers also face the same problem of excessive abdominal
fat deposition that fat generally affects feed efficiency and
increases the burden of processors and consumers (Mallard
and Douaire 1988; Huang et al. 2015b). Therefore, the
selection of lean chicken lines has become a prime objective
for producers of broiler breeders.

Previous studies have indicated that abdominal fat
weight (AFW) and thickness could be used to predictively
reduce abdominal fat deposition in chicken lines (Pym
and Thompson 1980). However, a contrary report showed
that abdominal fat thickness was not an accurate predic-
tor of body fat (Sonaiya 1985). So, in order to reduce
abdominal fat deposition in broilers, research has focused
on the relationship between blood biochemical

parameters and abdominal fat traits. In chickens, the
plasma level of very low density lipoprotein (VLDL) has
been successfully used to select for a decrease in abdom-
inal fat deposition (Griffin et al. 1982; Whitehead and
Griffin 1984; Pym 1987). Lean and fat broiler lines were
also developed by using plasma VLDL concentration and
abdominal fat percentage (AFP) as selection criteria (Guo
et al. 2011). However, no studies have established
whether other blood biochemical parameters could be
used to predictively reduce excessive abdominal fat
deposition in Yellow-feathered broilers.

The Guangxi Yellow chicken is an important commercial
native breed with high nutritional value and reasonable
prices in China. In the current study, in order to better
study the relationship between blood biochemical para-
meters and abdominal fat traits, the levels of blood bio-
chemical parameters in the fed and fasted states were
measured in Guangxi Yellow chickens and the genetic para-
meters of these blood biochemical indicators were estimated
in both states. The objective was to construct optimal linear
regression models in the two nutritional states to predict
more accurately abdominal fat traits in order to select lean
chicken lines.
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Materials and methods

Ethics statement

All experiments were performed in accordance with the
guidelines for the Care and Use of Experimental Animals
established by the Ministry of Science and Technology of
the People’s Republic of China (approval number
2006-398).

Experimental populations, nutrition constituents,
measurement of abdominal fat traits and blood
collection
A total of 332 male birds from line N414 of Guangxi Yellow
chicken were used that were obtained from Guangdong Wens
Nanfang Poultry BreedingCo., Ltd. The nutritional constituents
of the experimental diet are described in Table 1. At age 122 and
124 d, about 1.2 ml blood samples for each bird were collected
from the wing vein of 332 fed birds into tubes containing
EDTA. Then at age 125 d, the same 332 birds were deprived
of feed for 12 h before being killed by decapitation and about
4 ml blood samples for each bird collected without anticoagu-
lant. Body weight (BW) before slaughter and AFW after slaugh-
ter were measured. AFP was calculated as the ratio of AFW to
BW (AFP = AFW/BW). Plasma in the fed state and serum in
the fasted state were separated from whole blood by centrifuga-
tion at 3000 g for 10min at room temperature and stored in 1.5-
ml centrifuge tubes at −20°C for later biochemical analyses.

Measurement of blood biochemical metabolites

Thirteen blood biochemical parameters, namely triglycer-
ides (mmol/l), total cholesterol (mmol/l), high-density lipo-
protein cholesterol (HDL-C, mmol/l), low-density
lipoprotein cholesterol (LDL-C, mmol/l), total bile acid
(μmol/l), total protein (g/l), albumin (g/l), glucose (mmol/
l), aspartate transaminase (AST, U/l), alanine transaminase
(ALT, U/l), γ-glutamyl transpeptidase (GGT, U/l), uric acid
(μmol/l) and creatinine (μmol/l) in fed and fasted states
were measured using standard commercial kits (Roche
Diagnostics GmbH, Sandhofer Strasse, Germany), using an
Architect C8000 Automatic Biochemical Analyzer (Abbott,
Inc., Chicago, IL). Globulin (g/l) concentration in the blood
was calculated as the difference between total protein and
albumin. The ratios of HDLC:LDLC (%), albumin:globulin
(%) and AST:ALT (%) were calculated. Concentrations of
plasma VLDL (Abs) in the fed state were measured using
the turbidimetric method (Griffin et al. 1982).

Statistical analysis

The phenotypic data and the levels of blood biochemical
indicators of Guangxi Yellow chicken were calculated using
Microsoft Excel.

The genetic parameters of blood biochemical indicators
in the fed and fasted states, including the heritabilities (h2)
of blood biochemical indicators, and the genetic (rg) and
phenotypic (rp) correlations between these blood biochem-
ical indicators and abdominal fat traits (AFW and AFP)
were both estimated using ASReml 3.0 software (Gilmour
et al. 2009). A bivariate animal model was used to estimate
the heritabilities and the genetic and phenotypic correla-
tions between blood biochemical indicators and abdominal
fat traits. The following model was used to analyse the data:

y ¼ Xbþ Zuþ e

where y is an n-dimensional vector of observed values for
the traits, X is an n × p matrix of the fixed effects, b is a
p-dimensional vector of the fixed effects, Z is an n × q
matrix of the random effects, u is a q-dimensional vector
of the random effects and e is recognised as an n-dimen-
sional vector of the random residual effects.

JMP version 7.0 was used to construct the best linear
regression models by mixed stepwise regression.

Results

Genetic parameter estimations of blood biochemical
indicators in the fed state

The phenotypic data of BW, AFW and AFP are expressed as
mean value ± SE (Table 2). In the fed state, the h2 of the 18
blood biochemical parameters and the genetic and pheno-
typic correlation between each of the blood biochemical
values and abdominal fat traits (AFW and AFP) were esti-
mated. Eight blood biochemical indicators (HDL-C, GGT,
total cholesterol, total protein, globulin, LDL-C, HDL-C:
LDL-C and uric acid) had high heritabilities (0.46≤ h2≤ 0.65).
The heritabilities of creatinine, VLDL, albumin, AST, trigly-
cerides and albumin:globulin ranged from 0.23 to 0.39,
which were moderate. The heritabilities of the remaining
traits including total bile acid, AST:ALT, ALT and glucose,
were low (0 ≤ h2 ≤ 0.13; Table 3).

Correlation analysis showed that triglycerides, total bile acid
and VLDL had high and positive genetic correlations with
abdominal fat traits (AFW and AFP) (0.47 ≤ rg ≤ 0.67). High
and negative genetic correlations (−0.59 ≤ rg ≤ −0.33) were
observed between HDL-C, total cholesterol and LDL-C levels
and abdominal fat traits. The phenotypic correlations between
triglycerides, LDL-C, HDL-C:LDL-C, total bile acid, albumin,
globulin, albumin: globulin, creatinine and VLDL levels and
abdominal fat traits reached significance level (P < 0.05).

Genetic parameter estimation of blood biochemical
indicators in the fasted state

Estimations of genetic parameters for blood biochemical indi-
cators in the fasted state are shown in Table 4. GGT, total

Table 1. Nutrition constituents of the experimental ration.

Ingredient Content

ME (MJ/kg) 11.9
CP (g/kg) 204
Calcium (g/kg) 8.5
Phosphorus (g/kg) 6.3
Methionine (g/kg) 3.9
Lysine (g/kg) 8.6

Table 2. Phenotypic data of Guangxi Yellow chicken
(n = 332).

Trait Mean ± SE

BW (g) 1853.8 ± 10.93
AFW (g) 35.22 ± 1.498
AFP (%) 1.83 ± 0.072

BW: body weight; AFW: abdominal fat weight; AFP: abdominal
fat percentage.
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protein, uric acid, globulin, albumin:globulin and LDL-C had
high heritabilities (0.40 ≤ h2 ≤ 0.59). The heritabilities of trigly-
cerides, glucose, HDL-C:LDL-C, creatinine, AST, albumin, total
cholesterol and HDL-C varied from 0.22 to 0.38, which showed
a moderate level. The heritabilities of the remaining three mea-
sured blood biochemical indicators (total bile acid, ALT and
AST:ALT) were low (0.10 ≤ h2 ≤ 0.18).

Higher positive genetic correlation coefficients were
found between HDL-C:LDL-C level and abdominal fat traits
(AFW and AFP) (0.35 ≤ rg ≤ 0.38), whereas total choles-
terol, HDL-C, uric acid, triglycerides, LDL-C, creatinine,
AST, ALT, albumin, total protein and total bile acid levels
showed high and negative genetic correlations with
abdominal fat traits (−0.79 ≤ rg ≤ −0.31). The phenotypic
correlations between triglycerides, total cholesterol, LDL-C,
HDL-C:LDL-C, total bile acid, total protein, globulin, albu-
min:globulin, uric acid and creatinine levels and abdominal
fat traits reached significance level (P < 0.05).

Best linear models to predict abdominal fat traits using
blood biochemical parameters

For multiple regression analysis, 5 variables were selected
(triglycerides, total cholesterol, HDL-C, LDL-C and VLDL)
in the fed state whose genetic correlations with abdominal
fat traits (AFW and AFP) and heritabilities were high
according to the genetic parameter estimations of blood
biochemical indicators. The partial regression coefficients
of triglycerides and LDL-C were significant. The best mod-
els using these two parameters are shown in Table 5.

Similarly, for the multiple regression analysis in the
fasted state, 10 variables (triglycerides, total cholesterol,
HDL-C, LDL-C, HDL-C:LDL-C, total protein, albumin,
AST, uric acid and creatinine) were selected whose genetic
correlations with abdominal fat traits (AFW and AFP) and
heritabilities were high according to the genetic parameter
estimations of blood biochemical indicators. The partial

Table 3. Genetic parameter estimates of blood biochemical indicators in the fed statea.

Genetic correlation Phenotypic correlation

Parameter Mean ± SE Heritability AFW AFP AFW AFP

Triglycerides (mmol/l) 1.07 ± 0.020 0.39 ± 0.16 0.48 ± 0.22* 0.47 ± 0.21* 0.31 ± 0.05** 0.31 ± 0.05**
Total cholesterol (mmol/l) 2.46 ± 0.024 0.57 ± 0.17 −0.43 ± 0.23* −0.46 ± 0.23* −0.07 ± 0.06 −0.05 ± 0.06
HDL-C (mmol/l) 1.38 ± 0.015 0.46 ± 0.17 −0.55 ± 0.25* −0.59 ± 0.25** −0.04 ± 0.06 −0.03 ± 0.06
LDL-C (mmol/l) 0.71 ± 0.010 0.60 ± 0.15 −0.33 ± 0.20* −0.33 ± 0.20* −0.16 ± 0.06** −0.15 ± 0.06**
HDL-C:LDL-C (%) 2.04 ± 0.030 0.62 ± 0.17 0.22 ± 0.22 0.21 ± 0.21 0.13 ± 0.06* 0.13 ± 0.06*
Total bile acid (μmol/l) 8.54 ± 0.182 0 0.55 ± 16.61 0.55 ± 18.89 0.12 ± 0.06* 0.11 ± 0.06*
Total protein (g/l) 45.98 ± 0.263 0.57 ± 0.16 −0.07 ± 0.23 −0.06 ± 0.22 −0.06 ± 0.06 −0.04 ± 0.06
Albumin (g/l) 14.96 ± 0.082 0.34 ± 0.14 0.10 ± 0.27 0.06 ± 0.26 0.15 ± 0.06** 0.16 ± 0.06**
Globulin (g/l) 31.02 ± 0.234 0.58 ± 0.17 −0.10 ± 0.23 −0.08 ± 0.22 −0.11 ± 0.06* −0.10 ± 0.06*
Albumin:globulin (%) 0.49 ± 0.004 0.39 ± 0.16 0.15 ± 0.26 0.09 ± 0.26 0.19 ± 0.06** 0.18 ± 0.06**
Glucose (mmol/l) 12.24 ± 0.042 0.13 ± 0.12 −0.01 ± 0.40 −0.01 ± 0.39 0.05 ± 0.06 0.04 ± 0.06
AST (U/l) 175.36 ± 1.442 0.38 ± 0.15 −0.02 ± 0.26 −0.04 ± 0.25 0.04 ± 0.06 0.04 ± 0.06
ALT (U/l) 4.31 ± 0.045 0.04 ± 0.13 0.31 ± 0.92 0.28 ± 0.63 0.02 ± 0.06 0.01 ± 0.06
AST:ALT (%) 44.44 ± 0.719 0.01 ± 0.10 −0.32 ± 1.72 −0.07 ± 1.09 −0.03 ± 0.06 −0.04 ± 0.06
GGT (U/l) 26.11 ± 0.304 0.49 ± 0.16 0.01 ± 0.24 0.02 ± 0.24 0.06 ± 0.06 0.06 ± 0.06
Uric acid (μmol/l) 274.81 ± 4.197 0.65 ± 0.20 0.07 ± 0.24 0.11 ± 0.23 0.10 ± 0.06 0.09 ± 0.06
Creatinine (μmol/l) 4.40 ± 0.037 0.23 ± 0.15 0.22 ± 0.32 0.26 ± 0.31 0.11 ± 0.06* 0.11 ± 0.06*
VLDL (Abs) 0.13 ± 0.003 0.26 ± 0.14 0.67 ± 0.24** 0.65 ± 0.24** 0.30 ± 0.05** 0.30 ± 0.05**

*Means significantly different between genetic and phenotypic correlation and abdominal fat traits (AFW and AFP) (P < 0.05).
**Means very significantly different between genetic and phenotypic correlation and abdominal fat traits (AFW and AFP) (P < 0.01).
aValues are expressed as estimates ± SE, n = 332.
AFW: abdominal fat weight; AFP: abdominal fat percentage; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL: very
low density lipoprotein; AST: aspartate transaminase; ALT: alanine transaminase; GGT: gamma-glutamyl transpeptidase.

Table 4. Genetic parameter estimates of blood biochemical indicators in the fasted statea.

Genetic correlation Phenotypic correlation

Parameter Mean ± SE Heritability AFW AFP AFW AFP

Triglycerides (mmol/l) 0.33 ± 0.004 0.22 ± 0.13 −0.53 ± 0.33* −0.52 ± 0.32* 0.10 ± 0.06* 0.10 ± 0.06*
Total cholesterol (mmol/l) 2.88 ± 0.030 0.35 ± 0.14 −0.76 ± 0.23** −0.79 ± 0.23** −0.20 ± 0.06** −0.18 ± 0.06**
HDL-C (mmol/l) 1.68 ± 0.018 0.38 ± 0.15 −0.62 ± 0.26** −0.68 ± 0.25** −0.08 ± 0.06 −0.07 ± 0.06
LDL-C (mmol/l) 0.89 ± 0.017 0.59 ± 0.15 −0.46 ± 0.19** −0.44 ± 0.19* −0.25 ± 0.06** −0.24 ± 0.06**
HDL-C:LDL-C (%) 2.11 ± 0.050 0.28 ± 0.13 0.38 ± 0.26* 0.35 ± 0.26 0.16 ± 0.06** 0.16 ± 0.06**
Total bile acid (μmol/l) 5.50 ± 0.206 0.10 ± 0.12 −0.38 ± 0.44 −0.31 ± 0.43 −0.13 ± 0.06* −0.13 ± 0.06*
Total protein (g/l) 43.03 ± 0.305 0.46 ± 0.15 −0.36 ± 0.22* −0.35 ± 0.22* −0.15 ± 0.06** −0.14 ± 0.06**
Albumin (g/l) 15.28 ± 0.098 0.30 ± 0.14 −0.36 ± 0.28* −0.38 ± 0.28* 0.03 ± 0.06 0.03 ± 0.06
Globulin (g/l) 27.75 ± 0.259 0.51 ± 0.16 −0.31 ± 0.22 −0.29 ± 0.22 −0.19 ± 0.06** −0.18 ± 0.06**
Albumin:globulin (%) 0.56 ± 0.005 0.54 ± 0.17 0.04 ± 0.24 0.01 ± 0.24 0.19 ± 0.06** 0.19 ± 0.06**
Glucose (mmol/l) 13.91 ± 0.057 0.27 ± 0.14 −0.17 ± 0.30 −0.23 ± 0.29 −0.01 ± 0.06 0.004 ± 0.06
AST (U/l) 252.71 ± 2.372 0.30 ± 0.13 −0.41 ± 0.25* −0.44 ± 0.24* −0.03 ± 0.06 −0.04 ± 0.06
ALT (U/l) 2.45 ± 0.043 0.15 ± 0.12 −0.40 ± 0.35 −0.38 ± 0.35 −0.06 ± 0.06 −0.06 ± 0.06
AST:ALT (%) 116.94 ± 3.356 0.18 ± 0.12 0.15 ± 0.33 0.10 ± 0.32 0.06 ± 0.06 0.06 ± 0.06
GGT (U/l) 28.71 ± 0.354 0.40 ± 0.16 −0.11 ± 0.26 −0.13 ± 0.26 −0.001 ± 0.06 −0.01 ± 0.06
Uric acid (μmol/l) 193.83 ± 3.473 0.47 ± 0.16 −0.60 ± 0.20** −0.57 ± 0.20** −0.19 ± 0.06** −0.19 ± 0.06**
Creatinine (μmol/l) 6.57 ± 0.053 0.29 ± 0.14 −0.44 ± 0.27* −0.42 ± 0.27* −0.10 ± 0.06* −0.10 ± 0.06*

*Means significantly different between genetic and phenotypic correlation and abdominal fat traits (AFW and AFP) (P < 0.05).
**Means very significantly different between genetic and phenotypic correlation and abdominal fat traits (AFW and AFP) (P < 0.01).
aValues are expressed as estimates ± SE, n = 332.
AFW: abdominal fat weight; AFP: abdominal fat percentage; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol;
AST: aspartate transaminase; ALT: alanine transaminase; GGT: gamma-glutamyl transpeptidase.
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regression coefficients of triglycerides, total cholesterol,
HDL-C, LDL-C, total protein, albumin and uric acid were
significant. The best models using these 7 parameters are
shown in Table 6.

Discussion

In this study, blood biochemical parameters of birds were
measured in both fed and fasted states whereas in rats, pigs,
humans and other species, the determination of blood bio-
chemical parameters has been carried out in the fasting state
(Novelli et al. 2007; Pietiläinen et al. 2009; Muñoz et al.
2012; Lin et al. 2014; Arpegård et al. 2015). However, pre-
vious studies indicated that plasma VLDL concentration
should be measured in the fed state (Li et al. 1999). This
is because there was a significant positive phenotypic corre-
lation between abdominal fat traits and plasma VLDL con-
centration for birds in the fully fed state, yet the correlation
decreased or no longer existed for the birds in the fasting
state (Li et al. 1999). Therefore, measurement of blood
biochemical parameters in both fed and fasted states is
essential for exploring the relationship between them and
abdominal fat traits in chickens.

In the fed state, the levels of triglycerides, total choles-
terol, LDL-C, total protein, albumin, globulin, glucose, AST,
ALT and uric acid were all in agreement with the ranges
reported in chickens (Yeung et al. 2009; Samanta et al. 2011;
Cinar et al. 2014; Ma et al. 2014; Al-Zghoul et al. 2015;
Gholami-Ahangaran et al. 2016; Mishra et al. 2016; Griggs
et al. 2017). In the present study, HDL-C was higher than
reported by Samanta et al. (2011) and Ma et al. (2014)
(0.50–1.10 mmol/l), GGT concentration was higher than
found by Cinar et al. (2014) (18.37–23.68 U/l) and Al-
Zghoul et al. (2015) (9.5–12.5 U/l), whereas creatinine
level was lower than in the studies of Mishra et al. (2016)
(5.47–5.81 μmol/l) and Wang et al. (2015) (40.7–52.1 μmol/
l). In the fasted state, total cholesterol, HDL-C, LDL-C, total
protein, albumin, globulin, albumin:globulin, glucose, AST,
ALT, GGT, uric acid and creatinine were similar to those
reported for chickens (Hosseinzadeh et al. 2014; Jing et al.

2014; Abbasi et al. 2015; Bubel et al. 2015; Dong et al. 2015;
Soria et al. 2015; Ghareeb et al. 2016). Conversely, the level
of triglycerides was lower than in previous studies in chick-
ens (0.45–1.60 mmol/l; Hosseinzadeh et al. 2014; Akbari
and Torki, 2014; Abbasi et al. 2015; Ghareeb et al.2016).
Compared with the values reported by Dong et al. (2015),
the HDL-C:LDL-C ratio was lower (2.64 and 3.66), and the
total bile acid level was higher (1.96 and 4.18 μmol/l), as was
the AST:ALT ratio (52.51 and 57.90). The differences
between these studies may be associated with differences
in chicken breeds and age of chickens (Yeung et al. 2009).

In the fed state, there were high genetic correlations for
blood biochemical parameters (triglycerides, total choles-
terol, HDL-C, LDL-C and VLDL) and abdominal fat traits
(AFW and AFP) as well as high heritabilities. The herit-
ability estimate of triglycerides in this study (h2 = 0.39) was
higher than that reported for chickens by Loyau et al. (2013)
(h2 = 0.02). The heritability of cholesterol of 0.57 here
agreed with that reported for chickens by Abdel Latif
(2001) (h2 = 0.43–0.61). Heritabilities of HDL-C and LDL-
C have not been reported in chickens. Whilst the heritabil-
ity estimate of VLDL here (0.26) was close to that reported
by Grunder and Chambers (1988), the genetic correlations
between VLDL and abdominal fat traits (AFW and AFP)
were lower than those found before in chickens (Grunder
and Chambers 1988).

The genetic correlations between triglycerides, total cho-
lesterol, HDL-C, LDL-C, HDL-C:LDL-C, total protein,
albumin, AST, uric acid, creatinine and abdominal fat traits
(AFW and AFP) as well as heritabilities were high in the
fasted state. The heritability estimates of triglycerides, total
cholesterol, HDL-C, LDL-C and total protein levels were
similar to those previously reported in chickens (Hollands
et al. 1980; Amira et al. 2009; Dong et al. 2015). However,
compared with a previous study in chickens by Dong et al.
(2015), the heritability for the HDL-C:LDL-C ratio in the
current study was lower, as was the creatinine heritability,
whereas heritabilities of AST and uric acid levels were
higher. This may be caused by many reasons. The broilers
used by Dong et al. (2015) were derived from the Northeast
Agricultural University broiler lines divergently selected for
abdominal fat content since 1996 compared to the popula-
tion of Guangxi Yellow chicken in the current study that
was a local chicken breed. The population used by Dong
et al. (2015) was reared in cages, while Guangxi Yellow
chicken was reared on the floor.

The heritability estimate of albumin level was lower than
reported by Amira et al. (2009). In the present study, the
genetic correlations between triglycerides, HDL-C:LDL-C,
total protein, AST, uric acid and abdominal fat traits (AFW

Table 5. Multiple regression models to predict AFW and AFP using the levels
of blood biochemical parameters in the fed state.

AFW AFP

Parameter Estimate P value R2 Estimate P value R2

Intercept 30.23 <0.0001 0.13 1.561 <0.0001 0.12
Triglycerides (mmol/l) 23.96 <0.0001 1.133 <0.0001
LDL-C (mmol/l) −28.98 <0.001 −1.314 <0.001

AFW: abdominal fat weight; AFP: abdominal fat percentage; LDL-C: low-
density lipoprotein cholesterol.

Table 6. Multiple regression models to predict AFW and AFP using the levels of blood biochemical parameters in the fasted state.

AFW AFP

Parameter Estimate P value R2 Estimate P value R2

Intercept 40.27 <0.01 0.21 1.946 <0.01 0.21
Triglycerides (mmol/l) 101.67 <0.0001 5.018 <0.0001
Total cholesterol (mmol/l) 55.94 <0.01 3.141 <0.01
HDL-C (mmol/l) −81.49 <0.01 −4.408 <0.001
LDL-C (mmol/l) −81.68 <0.001 −4.354 <0.0001
Total protein (g/l) −1.33 <0.001 −0.063 <0.001
Albumin (g/l) 5.65 <0.0001 0.270 <0.0001
Uric acid (μmol/l) −0.10 <0.0001 −0.005 <0.0001

AFW: abdominal fat weight; AFP: abdominal fat percentage; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipopro-
tein cholesterol.
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and AFP) were consistent with the results of Dong et al.
(2015). The current study also found that total cholesterol,
HDL-C, albumin and creatinine were negatively correlated
with abdominal fat traits, whereas Dong et al. (2015)
reported that these biochemical parameters were positively
correlated with abdominal fat traits. The differences may be
attributed to differences in breeds, genetic backgrounds and
environments (Dong et al. 2015).

The aim of this study was to identify blood biochemical
indicators that could be used to select lean Yellow-feathered
chicken lines. For the fed state, two blood biochemical
parameters (triglycerides and LDL-C) were selected that
could be used to predict abdominal fat traits (AFW and
AFP) in chickens. The present findings are similar to a
previous study suggesting that the levels of triglycerides
reflect the severity of abdominal obesity in humans
(Medvedeva et al. 2003). Although lower glucose levels are
good indicators of the ability to synthesise and store lipids
in chickens (Baéza et al. 2015), the heritability and genetic
correlations between glucose and abdominal fat traits were
low; so, glucose was not selected for the model. Similarly, in
the fasted state, the results implied that an optimal model
could be constructed using 7 parameters (triglycerides, total
cholesterol, HDL-C, LDL-C, total protein, albumin and uric
acid) to predict abdominal fat traits. Some of the blood
biochemical parameters detected in the current study were
also identified by some other studies to be associated with
fatness. Dong et al. (2015) reported that HDL-C and HDL-
C:LDL-C levels have the potential to be used as biomarkers
for selecting lean broilers. In humans, a previous study
documented that uric acid could be used as a risk factor
in predicting obesity (Masuo et al. 2003; Kong et al. 2013).
In swine, Muñoz et al. (2012) stated that circulating total
protein is the best biomarker for early estimation of obesity.
To the best of our knowledge, there are no reports regard-
ing the relationship between other blood biochemical para-
meters and abdominal fat traits.

In conclusion, by estimating genetic parameters for the
selection of blood biochemical parameters in fed and fasted
states, optimal models were constructed to predict abdom-
inal fat traits (AFW and AFP). In the fed state, triglycerides
and LDL-C could be used to predict abdominal fat traits
(AFW and AFP). In the fasted state, the results showed that
optimal models could be constructed with triglycerides,
total cholesterol, HDL-C, LDL-C, total protein, albumin
and uric acid to predict abdominal fat traits. The results of
the current study may benefit the breeding of lean Guangxi
Yellow chicken lines.

Acknowledgements

The authors would like to acknowledge the members of GuangdongWens
Nanfang Poultry Breeding Co. Ltd for managing the birds and collecting
the data, the members of the Poultry Breeding Group of the College of
Animal Science and Technology at the Northeast Agricultural University
for doing the experiments and writing the manuscript, and the members
of the clinical laboratory of the Fourth Hospital of Harbin Medical
University for helping in testing the blood biochemical parameters.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This research was supported by the National 863 Project of China:
[Grant Number 2013AA102501], the China Agriculture Research
System: [Grant Number CARS-42], the National Natural Science
Foundation: [Grant Number 31301960], Heilongjiang Postdoctoral
Financial Assistance: [Grant Number LBH-TZ0612] and University
Nursing Program for Young Scholars with Creative Talents in
Heilongjiang Province: [Grant Number UNPYSCT-2015007].

References

ABBASI, H., A. SEIDAVI, W. LIU, and L. ASADPOUR. 2015. “Investigation
on the Effect of Different Levels of Dried Sweet Orange (Citrus
Sinensis) Pulp on Performance, Carcass Characteristics and
Physiological and Biochemical Parameters in Broiler Chicken.”
Saudi Journal of Biological Sciences 22: 139–146. doi:10.1016/j.
sjbs.2014.09.006.

ABDEL LATIF, H. A. 2001. “Inheritance of Certain Plasma Constituents
and Therir Association with Some Economic Traits in Dandarawi
and Golden Montazah Hens.” Cairo Univercity.

AKBARI, M., and M. TORKI. 2014. “Effects of Dietary Chromium
Picolinate and Peppermint Essential Oil on Growth Performance
and Blood Biochemical Parameters of Broiler Chicks Reared under
Heat Stress Conditions.” International Journal of Biometeorology 58:
1383–1391. doi:10.1007/s00484-013-0740-1.

AL-ZGHOUL, M. B., S. M. EL-BAHR, R. K. AL-RUKIBAT, A. E. S. DALAB,
T. A. ALTHNAIAN, and S. Y. AL-RAMADAN. 2015. “Biochemical and
Molecular Investigation of Thermal Manipulation Protocols dur-
ing Broiler Embryogenesis and Subsequent Thermal Challenge.”
BMC Veterinary Research 11: 292. doi:10.1186/s12917-015-0609-0.

AMIRA, E., W. S. EL-TAHAWY, and E. M. AMIN. 2009. “Inheritance of
Some Blood Plasma Constituents and Its Relationship with Body
Weight in Chickens.” Egyptian Poultry Science Journal 29: 465–480.

ARPEGÅRD, J., A. VIKTORIN, Z. CHANG, U. DE FAIRE, P. K.MAGNUSSON, and P.
SVENSSON. 2015. “Comparison of Heritability of Cystatin C- and
Creatinine-Based Estimates of Kidney Function and Their Relation
to Heritability of Cardiovascular Disease.” Journal of the American
Heart Association 4: e001467. doi:10.1161/JAHA.114.001467.

BAÉZA, E., M. JÉGOU, F. GONDRET, J. LALANDE-MARTIN, I. TEA, B. E. LE, C.
BERRI, et al. 2015. “Pertinent Plasma Indicators of the Ability of
Chickens to Synthesize and Store Lipids.” Journal of Animal Science
93: 107–116. doi:10.2527/jas.2014-8482.

BUBEL, F., Z. DOBRZAŃSKI, A. GAWEŁ, K. POGODA-SEWERNIAK, and E. R.
GRELA. 2015. “Effect of Humic-Plant Feed Preparations on
Biochemical Blood Parameters of Laying Hens in Deep Litter
Housing System.” Polish Journal of Veterinary Sciences 18: 131–
139. doi:10.1515/pjvs-2015-0017.

CINAR, M., E. YILDIRIM, A. A. YIGIT, I. YALCINKAYA, O. DURU, U. KISA,
and N. ATMACA. 2014. “Effects of Dietary Supplementation with
Vitamin C and Vitamin E and Their Combination on Growth
Performance, Some Biochemical Parameters, and Oxidative Stress
Induced by Copper Toxicity in Broilers.” Biological Trace Element
Research 158: 186–196. doi:10.1007/s12011-014-9926-6.

DONG, J. Q., H. ZHANG, X. F. JIANG, S. Z. WANG, Z. Q. DU, Z. P. WANG,
L. LENG, et al. 2015. “Comparison of Serum Biochemical Parameters
between Two Broiler Chicken Lines Divergently Selected for
Abdominal Fat Content.” Journal of Animal Science 93: 3278–
3286. doi:10.2527/jas.2015-8871.

GHAREEB, K., W. A. AWAD, Q. ZEBELI, and J. BÖHM. 2016. “Deoxynivalenol
in Chicken Feed Alters the Vaccinal Immune Response and Clinical
Biochemical Serum Parameters but Not the Intestinal and Carcass
Characteristics.” Journal of Animal Physiology and Animal Nutrition
100: 53–60. doi:10.1111/jpn.2016.100.issue-1.

GHOLAMI-AHANGARAN, M., N. RANGSAZ, and S. AZIZI. 2016. “Evaluation
of Turmeric (Curcuma Longa) Effect on Biochemical and
Pathological Parameters of Liver and Kidney in Chicken
Aflatoxicosis.” Pharmaceutical Biology 54: 780–787. doi:10.3109/
13880209.2015.1080731.

GILMOUR, A. R., B. J. GOGEL, B. R. CULLIS, and R. THOMPSON. 2009.
Asreml User Guide Release 3.0. Hemel Hempstead: VSN
International Ltd. https://www.vsni.co.uk/

GRIFFIN, H. D., C. C. WHITEHEAD, and L. A. BROADBENT. 1982. “The
Relationship between Plasma Triglyceride Concentrations and Body

32 H. L. ZHANG ET AL.

https://doi.org/10.1016/j.sjbs.2014.09.006
https://doi.org/10.1016/j.sjbs.2014.09.006
https://doi.org/10.1007/s00484-013-0740-1
https://doi.org/10.1186/s12917-015-0609-0
https://doi.org/10.1161/JAHA.114.001467
https://doi.org/10.2527/jas.2014-8482
https://doi.org/10.1515/pjvs-2015-0017
https://doi.org/10.1007/s12011-014-9926-6
https://doi.org/10.2527/jas.2015-8871
https://doi.org/10.1111/jpn.2016.100.issue-1
https://doi.org/10.3109/13880209.2015.1080731
https://doi.org/10.3109/13880209.2015.1080731
https://www.vsni.co.uk/


Fat Content in Male and Female Broilers–A Basis for Selection?”
British Poultry Science 23: 15–23. doi:10.1080/00071688208447925.

GRIGGS, A. N., T. J. YAW, J. S. HAYNES, G. BEN-SHLOMO, K. L. TOFFLEMIRE,
and R. A. ALLBAUGH. 2017. “Bioavailability and Biochemical Effects
of Diclofenac Sodium 0.1% Ophthalmic Solution in the Domestic
Chicken (Gallus Gallus Domesticus).” Veterinary Ophthalmology
20: 171–176. doi:10.1111/vop.2017.20.issue-2.

GRUNDER, A. A., and J. R. CHAMBERS. 1988. “Genetic Parameters of
Plasma Very Low Density Lipoproteins, Abdominal Fat Lipase,
and Protein, Fatness, and Growth Traits of Broiler Chickens.”
Poultry Science 67: 183–190. doi:10.3382/ps.0670183.

GUO, L., B. SUN, Z. SHANG, L. LENG, Y. WANG, N. WANG, and H. LI.
2011. “Comparison of Adipose Tissue Cellularity in Chicken Lines
Divergently Selected for Fatness.” Poultry Science 90: 2024–2034.
doi:10.3382/ps.2010-00863.

HAN, J., L. LI, D. WANG, and H. MA. 2016. “(−)-Hydroxycitric Acid
Reduced Fat Deposition via Regulating Lipid Metabolism-Related
Gene Expression in Broiler Chickens.” Lipids in Health and Disease
15: 37. doi:10.1186/s12944-016-0208-5.

HOLLANDS, K. G., A. A. GRUNDER, and C. J. WILLIAMS. 1980. “Response
to Five Generations of Selection for Blood Cholesterol Levels in
White Leghorns.” Poultry Science 59: 1316–1323. doi:10.3382/
ps.0591316.

HOSSEINZADEH, H., A. A. ALAW QOTBI, A. SEIDAVI, D. NORRIS, and D.
BROWN. 2014. “Effects of Different Levels of Coriander (Coriandrum
Sativum) Seed Powder and Extract on Serum Biochemical
Parameters, Microbiota, and Immunity in Broiler Chicks.” The
Scientific World Journal 2014: 628979. doi:10.1155/2014/628979.

HUANG, H. Y., R. R. LIU, G. P. ZHAO, Q. H. LI, M. Q. ZHENG, J. J. ZHANG,
S. F. LI, Z. LIANG, and J. WEN. 2015a. “Integrated Analysis of
microRNA and mRNA Expression Profiles in Abdominal Adipose
Tissues in Chickens.” Scientific Reports 5: 16132. doi:10.1038/
srep16132.

HUANG, J. B., Y. ZHANG, Y. B. ZHOU, X. C. WAN, and J. S. ZHANG. 2015b.
“Effects of Epigallocatechin Gallate on Lipid Metabolism and Its
Underlying Molecular Mechanism in Broiler Chickens.” Journal of
Animal Physiology and Animal Nutrition 99: 719–727. doi:10.1111/
jpn.2015.99.issue-4.

JING, M., P. M. MUNYAKA, G. B. TACTACAN, O. K. RODRIGUEZ-LECOMPTE,
and J. D. HOUSE. 2014. “Performance, Serum Biochemical
Responses, and Gene Expression of Intestinal Folate Transporters
of Young and Older Laying Hens in Response to Dietary Folic Acid
Supplementation and Challenge with Escherichia Coli
Lipopolysaccharide.” Poultry Science 93: 122–131. doi:10.3382/
ps.2013-03384.

KONG, A. P., K. C. CHOI, C. S. HO, M. H. CHAN, R. OZAKI, C. W. CHAN,
and J. C. CHAN. 2013. “Associations of Uric Acid and Gamma-
Glutamyltransferase (GGT) with Obesity and Components of
Metabolic Syndrome in Children and Adolescents.” Pediatric
Obesity 8: 351–357. doi:10.1111/ijpo.2013.8.issue-5.

LI, H., H. YU, D. Q. GONG, and D. X. ZHANG. 1999. “The Change of
Plasma Very Low Density Lipoprotein Concentration Pre-Or Post-
Feeding and in Conrrelation with Body Fatness Traits in Broiler
Chickens.” Journal of Northeast Agricultural University 6: 100–106.

LIN, C. C., P. A. PEYSER, S. L. KARDIA, C. I. LI, C. S. LIU, J. S. CHU, W. Y.
LIN, and T. C. LI. 2014. “Heritability of Cardiovascular Risk Factors
in a Chinese population–Taichung Community Health Study and
Family Cohort.” Atherosclerosis 235: 488–495. doi:10.1016/j.
atherosclerosis.2014.05.939.

LOYAU, T., C. BERRI, L. BEDRANI, S. MÉTAYER-COUSTARD, C. PRAUD, M. J.
DUCLOS, S. TESSERAUD, et al. 2013. “Thermal Manipulation of the
Embryo Modifies the Physiology and Body Composition of Broiler
Chickens Reared in Floor Pens without Affecting Breast Meat
Processing Quality.” Journal of Animal Science 91: 3674–3685.
doi:10.2527/jas.2013-6445.

MA, W., Y. GU, J. LU, L. YUAN, and R. ZHAO. 2014. “Effects of
Chromium Propionate on Egg Production, Egg Quality, Plasma
Biochemical Parameters, and Egg Chromium Deposition in Late-
Phase Laying Hens.” Biological Trace Element Research 157: 113–
119. doi:10.1007/s12011-013-9875-5.

MALLARD, J., and M. DOUAIRE. 1988. “Leanness In Domestic Birds:
Genetic, Metabolic And Hormonal Aspects.” In Strategies of
Selection for Leanness in Meat Production, 3–23. Elsevier Ltd.

MASUO, K., H. KAWAGUCHI, H. MIKAMI, T. OGIHARA, and M. L. TUCK.
2003. “Serum Uric Acid and Plasma Norepinephrine

Concentrations Predict Subsequent Weight Gain and Blood
Pressure Elevation.” Hypertension 42: 474–480. doi:10.1161/01.
HYP.0000091371.53502.D3.

MEDVEDEVA, I. V., E. F. DORODNEVA, T. A. PUGACHEVA, L. N.
BEL’CHIKOVA, and T. D. ZHURAVLEVA. 2003. “Characteristics of
Lipid Profile in Blood Plasma of Patients with Metabolic
Syndrome and Manifest Disorder of Carbohydrate Metabolism.”
Terapevticheskii Arkhiv 75: 21–24.

MISHRA, D. B., D. ROY, V. KUMAR, A. BHATTACHARYYA, M. KUMAR, R.
KUSHWAHA, and S. VASWANI. 2016. “Effect of Feeding Different
Levels of Azolla Pinnata on Blood Biochemicals, Hematology and
Immunocompetence Traits of Chabro Chicken.” Veterinary World
9: 192–198. doi:10.14202/vetworld.

MUÑOZ, R., M. TOR, and J. ESTANY. 2012. “Relationship between Blood
Lipid Indicators and Fat Content and Composition in Duroc Pigs.”
Livestock Science 148: 95–102. doi:10.1016/j.livsci.2012.05.015.

NOVELLI, E. L., Y. S. DINIZ, C. M. GALHARDI, G. M. EBAID, H. G.
RODRIGUES, F. MANI, A. A. FERNANDES, A. C. CICOGNA, and J. L.
NOVELLI FILHO. 2007. “Anthropometrical Parameters and Markers
of Obesity in Rats.” Laboratory Animals 41: 111–119. doi:10.1258/
002367707779399518.

PIETILÄINEN, K. H., S. SÖDERLUND, A. RISSANEN, S. NAKANISHI, M.
JAUHIAINEN, M. R. TASKINEN, and J. KAPRIO. 2009. “HDL Subspecies
in Young Adult Twins: Heritability and Impact of Overweight.”
Obesity 17: 1208–1214.

PYM, R. A. E. 1987. “Techniques to Reduce Adiposity in Meat
Chickens.” Proceedings of the Nutrition Society 12: 46–55.

PYM, R. A. E., and J. M. THOMPSON. 1980. “A Simple Caliper Technique
for the Estimation of Abdominal Fat in Live Broilers.” British
Poultry Science 21: 281–286. doi:10.1080/00071668008416670.

SAMANTA, B., A. BISWAS, and P. R. GHOSH. 2011. “Effects of Dietary
Copper Supplementation on Production Performance and Plasma
Biochemical Parameters in Broiler Chickens.” British Poultry
Science 52: 573–577. doi:10.1080/00071668.2011.608649.

SONAIYA, E. B. 1985. “Abdominal Fat Weight and Thickness as
Predictors of Total Body Fat in Broilers.” British Poultry Science
26: 453–458. doi:10.1080/00071668508416835.

SORIA, M. A., M. A. BONNET, and D. J. BUENO. 2015. “Relationship of
Salmonella Infection and Inflammatory Intestinal Response with
Hematological and Serum Biochemical Values in Laying Hens.”
Veterinary Immunology and Immunopathology 165: 145–153.
doi:10.1016/j.vetimm.2015.03.008.

TANG, J. W., H. SUN, X. H. YAO, Y. F. WU, X. WANG, and J. FENG. 2012.
“Effects of Replacement of Soybean Meal by Fermented Cottonseed
Meal on Growth Performance, Serum Biochemical Parameters and
Immune Function of Yellow-Feathered Broilers.” Asian-
Australasian Journal of Animal Sciences 25: 393–400. doi:10.5713/
ajas.2011.11381.

WANG, G. H., C. Y. XUE, F. CHEN, Y. L. MA, X. B. ZHANG, Y. Z. BI, and
Y. C. CAO. 2009. “Effects of Combinations of Ochratoxin A and T-2
Toxin on Immune Function of Yellow-Feathered Broiler
Chickens.” Poultry Science 88: 504–510. doi:10.3382/ps.2008-
00329.

WANG, J., H. J. ZHANG, K. G. SAMUEL, C. LONG, S. G. WU, H. Y. YUE, L.
L. SUN, and G. H. QI. 2015. “Effects of Dietary Pyrroloquinoline
Quinone Disodium on Growth, Carcass Characteristics, Redox
Status, and Mitochondria Metabolism in Broilers.” Poultry Science
94: 215–225. doi:10.3382/ps/peu050.

WANG, S. Z., X. X. HU, Z. P. WANG, X. C. LI, Q. G. WANG, Y. X. WANG,
Z. Q. TANG, and H. LI. 2012. “Quantitative Trait Loci Associated
with Body Weight and Abdominal Fat Traits on Chicken
Chromosomes 3, 5 and 7.” Genetics and Molecular Resrarch 11:
956–965. doi:10.4238/2012.April.19.1.

WHITEHEAD, C. C., and H. D. GRIFFIN. 1984. “Development of Divergent
Lines of Lean and Fat Broilers Using Plasma Very Low Density
Lipoprotein Concentration as Selection Criterion: The First Three
Generations.” British Poultry Science 25: 573–582. doi:10.1080/
00071668408454899.

YEUNG, L. W., E. I. LOI, V. Y. WONG, K. S. GURUGE, N. YAMANAKA, N.
TANIMURA, J. HASEGAWA, N. YAMASHITA, S. MIYAZAKI, and P. K. LAM.
2009. “Biochemical Responses and Accumulation Properties of
Long-Chain Perfluorinated Compounds (PFOS/PFDA/PFOA) in
Juvenile Chickens (Gallus Gallus).” Archives of Environmental
Contamination and Toxicology 57: 377–386. doi:10.1007/s00244-
008-9278-3.

BRITISH POULTRY SCIENCE 33

https://doi.org/10.1080/00071688208447925
https://doi.org/10.1111/vop.2017.20.issue-2
https://doi.org/10.3382/ps.0670183
https://doi.org/10.3382/ps.2010-00863
https://doi.org/10.1186/s12944-016-0208-5
https://doi.org/10.3382/ps.0591316
https://doi.org/10.3382/ps.0591316
https://doi.org/10.1155/2014/628979
https://doi.org/10.1038/srep16132
https://doi.org/10.1038/srep16132
https://doi.org/10.1111/jpn.2015.99.issue-4
https://doi.org/10.1111/jpn.2015.99.issue-4
https://doi.org/10.3382/ps.2013-03384
https://doi.org/10.3382/ps.2013-03384
https://doi.org/10.1111/ijpo.2013.8.issue-5
https://doi.org/10.1016/j.atherosclerosis.2014.05.939
https://doi.org/10.1016/j.atherosclerosis.2014.05.939
https://doi.org/10.2527/jas.2013-6445
https://doi.org/10.1007/s12011-013-9875-5
https://doi.org/10.1161/01.HYP.0000091371.53502.D3
https://doi.org/10.1161/01.HYP.0000091371.53502.D3
https://doi.org/10.14202/vetworld
https://doi.org/10.1016/j.livsci.2012.05.015
https://doi.org/10.1258/002367707779399518
https://doi.org/10.1258/002367707779399518
https://doi.org/10.1080/00071668008416670
https://doi.org/10.1080/00071668.2011.608649
https://doi.org/10.1080/00071668508416835
https://doi.org/10.1016/j.vetimm.2015.03.008
https://doi.org/10.5713/ajas.2011.11381
https://doi.org/10.5713/ajas.2011.11381
https://doi.org/10.3382/ps.2008-00329
https://doi.org/10.3382/ps.2008-00329
https://doi.org/10.3382/ps/peu050
https://doi.org/10.4238/2012.April.19.1
https://doi.org/10.1080/00071668408454899
https://doi.org/10.1080/00071668408454899
https://doi.org/10.1007/s00244-008-9278-3
https://doi.org/10.1007/s00244-008-9278-3

	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Experimental populations, nutrition constituents, measurement of abdominal fat traits and blood collection

	Measurement of blood biochemical metabolites
	Statistical analysis

	Results
	Genetic parameter estimations of blood biochemical indicators in the fed state
	Genetic parameter estimation of blood biochemical indicators in the fasted state
	Best linear models to predict abdominal fat traits using blood biochemical parameters

	Discussion
	Acknowledgements
	Disclosure statement
	Funding
	References



