
1039

RELATIONSHIP BETWEEN SOME BLOOD BIOCHEMICAL PARAMETERS 
AND FATTY LIVER WEIGHT IN FORCE FEEDING OF MULE DUCKS
V. GERZILOV and P. PETROV
Agricultural University, Department of Animal Science, Faculty of Agronomy, BG - 4000 Plovdiv, Bulgaria

Abstract

GERZILOV, V. and P. PETROV. Relationship between some blood biochemical parameters and fatty liver weight 
in force feeding of mule ducks. Bulg. J. Agric. Sci., 21: 1039–1043

The purpose of this study was to determine the phenotype correlation between fatty liver weight (FLW) and some blood 
serum biochemical parameters in mule ducks – alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), total 
cholesterol (Chol), alkaline phosphatase (AP), gamma-glutamyl transferase (GGT), triglycerides (TG) and creatinine (Creat), 
and their possible role as predictors of the fatty liver yield. 

The birds were fattened and slaughtered under commercial conditions. The gavage of ducks with maize began at 74 days of 
age and continued for 13 days.At the time of flock slaughtering (total number of ducks − 620 from both sexes) blood samples 
were randomly collected from 25 male and 21 female mule ducks. FLW was measured individually by analytical scales 
(accuracy 0.01 g). 

We established positive phenotypic correlations between the FLW and some blood serum parameters for male and female 
mule ducks as followed: ALAT – rp = 0.475 (P < 0.01) and rp = 0.626 (P < 0.001); ASAT – rp = 0.495 (P < 0.01) and rp = 0.547 
(P < 0.01); Chol – rp = 0.649 (P < 0.001) and rp = 0.564 (P < 0.001). The phenotype correlations between FLW and the other 
biochemical parameters (АP, GGT, TG and Creat) were weak and insignificant. A strong positive correlation between pre-
slaughter live body weight and FLW was established for female mule ducks – rp=0.808 (P < 0.001), while for male mule ducks 
it was weak – rp = 0.114 (P > 0.05).
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Introduction

Under natural conditions, some wild waterfowl are more 
likely to show non-pathological hepatic steatosis as a result 
of energy storage before migration (Pilo and George, 1983; 
Han et al., 2008). This specific capability is known and used 
very well since 2500 B.C. in Ancient Egypt for fattening of 
geese and receiving fatty liver production (Guemene and 
Guy, 2004).

At present, together with France and Hungary, Bulgaria 
is among the three world leading producers of this gourmet 
product from mule ducks and geese, also known as “foiegras”.
On an annual basis, about 5.5 million mule ducks and a very 
small number of geese (a few thousands) are reared in Bul-
garia – the annual produce for year 2014 is 2962 tones - Bul-
letin № 294, 2015 (Ministry of Agriculture and Food, 2015).

The fatty liver is the most valuable product in duck produc-
tion systems (Theron et al., 2012). In response to overfeeding 
a great part of the synthesised triacylglycerols is stored into 
the hepatocytes and may cause a dramatic hepaticsteatosis 
(Hermier et al., 1991, 1999 a, b; Andre et al., 2007). In a previ-
ous research, we found out that the liver of the overfed mulards 
increased 7.32 times in males and 5.65 times in females (Ger-
zilov et al., 2013) whereas Gabarou et al. (1996) reported for 
livers attaining ten times their natural weight. Hepatic steatosis 
is related to considerable changes in liver functional enzymes 
(ALAT, ASAT, AP) and other metabolites as triacylglycerols, 
creatinine, serum lipids and proteins, cholesterol, uric acid 
and etc. (El-Medani et al., 1990; El-Senosi, 2004; Janan et al., 
2004). Moreover, some of studied parameters - ASAT, ALAT, 
total cholesterol and triglycerides – exhibited a several fold 
increase (Gabarou et al., 1996; Gerzilov et al., 2013). 
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The relationships between specific physiological indica-
tors on one hand, the yield and quality of fatty liver and the 
behavior of ducks during gavage have raised a significant in-
terest (Le Neindre et al., 1998).

The purpose of the present study was to investigate the 
phenotype correlations between some blood biochemical pa-
rameters on one hand, and live weight and fatty liver weight 
on the other, as well as the potential of predict fatty liver 
weight on the basis of regression models. 

Materials and Methods

The experiment was carried out at the poultry farm for-
force-feeding mule ducks (mulards) in the Haskovo region. 
The growing mule ducklings (from 0 to 74 days of age) were 
fed ad libitum with mixed fodder and reared on straw deep-
litter system in a barn with yards for walk (after 28 days of 
age). After 74 days of age, the birds (n = 620 from both sex-
es) were housed in open lift cages (four birds in cage) and 
force-fed with corn for 13 days. The birds were slaughtered 
under manufacturing conditions in poultry slaughter house 
near town of Parvomay in accordance with the Regulation 
№ 22 (2005) and Regulation № 36 (2006). At the time of 
slaughter blood samples forbiochemical analyses were col-
lected from v. Subcutanea ulnaris of randomly selected 
46 mulards (25 males and 21 females). The blood was al-
lowed to clot for two hours at room temperature (20°C) 
and the samples were centrifuged at 2000×g for 10 min. 
The blood serum biochemical parameters alanine amin-
otransferase (ALAT), aspartate aminotransferase(ASAT), 
γ-glutamyltransferase (γ-GT), alkalinephosphatase (AP), to-
tal cholesterol (Chol), triglycerides (TG), and creatinine (Cre-
at) were determined with an automated biochemical analyzer 
BS–120 Mindray atan accredited biochemical lab (Provet – 

Plovdiv). Fatty liver weight was measured individually by an-
alytical scales (with accuracy 0.01 g). 

The assayed blood biochemical parameters, live weight 
and fatty liver weight of mule ducks were used for:

Calculation of phenotype correlation coefficients (r• xy):  
rxy=covxy/(σx.σy) at–1 ≤ rxy  ≤ +1
Performance of regression analysis using the model: • 
y=ax2+bx+c ,

where y is dependent variable; x - isvector of independent 
variables; a, b, c - unknown parameters.

Results and Discussion

The analysis of results showed that preslaughter live 
weight of male ducks was by 21.10% higher than that of fe-
male birds (P < 0.001), and the yield of fatty liver − by 36.67% 
higher (P < 0.001). As a result of the crammer effect, the pro-
portion of liver vs the live weight attained 10.92% in male and 
9.68% in female mule ducks. With respect to blood biochemi-
cal parameters, a statistically significant difference between 
genders was demonstrated only for alkaline phosphatase (P 
< 0.05) - Table 1.

Various phenotype correlations were established between 
blood biochemical parameters and liver weight. Significant 
positive correlation coefficients were calculated between fat-
ty liver weight (FLW) and blood ALAT, ASAT, total choles-
terol in both genders. The correlation coefficients between 
ALAT and FLW, ASAT and FLW were higher in female birds 
than in males −Table 2. Negative phenotype correlation coef-
ficients were established between GGT and FLW (P < 0.05), 
and between Creat and FLW (P < 0.05) only in male ducks.

A very strong positive relationship was found out be-
tween live weight of force-fed female mule ducks and fatty 

Table 1 
Studied traits of overfed mule ducks
Trait Males (n=25) Females (n=21)
Live body weight, g 6010.40±102.76a 4962.86±112.13 a
Fatty liver weight, g 656.40±28.44a 480.29±26.72a
Aspartate aminotransferase (ASAT), U/L 196.86±23.33 150.38±16.37
Alanine aminotransferase (ALAT), U/L 139.82±17.20 130.16±13.85
Alkaline phosphatase (AP), U/L 611.12±67.77c 435.52±19.47c
Gamma-glutamyl transferase (γ-GT), U/L 7.26±0.95 6.30±0.43
Triglycerides (TG), mmol/L 9.79±0.35 9.26±0.50
Totalcholesterol (Chol), mmol/L 9.19±0.47 8.52±0.38
Creatinine (Creat), μmol/L 13.86±0.96 14.84±1.08

Note: а – P<0.001; b–P<0.01, c–P<0.05 within the same row
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liver weight – rp = 0.808 (P < 0.001), while in male birds the 
correlation was low and statistically insignificant. Having in 
mind that the live weight of female mule ducks was lower 
as compared to males, it could be affirmed that this trait in-
fluenced greatly the fatty liver yield. In other experiment, 
Marie-Etancelin et al. (2010) established that phenotypically, 
the correlation between carcass weight and fatty liver weight 
(+ 0.43) was not as stronger as with thigh+shank weight  
(+ 0.66). The crammer effect for these overfeeding traits was 
very high forthe carcass and fatty liver weights.

Blood serum triglycerides, which were found to increase al-
most twice in liver steatosis, did not correlate with liver weight. 

In an experiment with two breeds of geese, Xu et al. (2010) 
demonstrated that in Sichuan white geese, fatty liver weight 
positively correlated with plasma triglycerides (r = 0.68,  
P < 0.05) and very low-density lipoprotein concentrations  
(r = 0.55, P < 0.05), while in Landes geese the same relation-
ships were not significant.

Figures 1−4 present the regression equations depicting the 
relationships between fatty liver weight in both genders with 

Table 2 
Phenotypic correlation coefficient (rp) between serum biochemical parameters, body weight and fatty liver weight 

Sex of birds Biochemical parameter Body  
weightASAT ALAT AP GGT Trigl Chol Creat

Males 0.495 b 0.475 b 0.042 -0.353 c -0.017 0.649 a -0.279 c 0.114
Females 0.713 a 0.547 a -0.111 0.001 0.061 0.564 -0.164 0.808

Fig. 2. Regression relationships between ALAT and fatty liver weight in male mulards (a) and female mulards (b)

a b

Fig. 1. Regression relationships between ASAT and fatty liver weight in male mulards (a) and female mulards (b)

a b
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blood serum ALAT, ASAT, total cholesterol and live body 
weight. It could be seen that the regression trend lines were 
with positive slopes, and that the relations between both vari-
ables (x and y) was almost liner and better manifested for 
female ducks – especially as live weight and fatty liver yield 
was concerned. We therefore agree with Theron et al. (2012) 
that blood biochemical measures may better predict techno-
logical yield of foie gras.

Conclusion

In this study were found positive phenotypic correlations 
between fatty liver weight and next biochemical parameters: 
ALAT – rp = 0.475 (P < 0.01) and rp = 0.626 (P < 0.001); ASAT 
– rp = 0.495 (P < 0.01) and rp = 0.547 (P < 0.01); Chol – rp = 
0.649 (P < 0.001) and rp = 0.564 (P < 0.001) for male and fe-
male mule ducks respectively. 

Fig. 3. Regression relationships between total cholesterol and fatty liver weight in male mulards (a) and  
female mulards (b)

a b

Fig. 4. Regression relationships between live body weight and fatty liver weight in male mulards (a) and  
female mulards (b) 

a b

High positive phenotype correlation between preslaughter 
live body weight and foie gras were established for the females –  
rp = 0.808 (P < 0.001), while for the males it was weak – rp = 
0.114 (P > 0.05).
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