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Abstract – Commercial geese (Gray Landes) were examined by means of high-resolution spiral com-
puter tomography in order to follow their liver development in vivo. Three ganders were scanned
six times before, within and after a force-feeding period. 3D images of the liver were reconstructed
from the 2D transverse slices with segmentation and rendering methods. The changes in the external
surface, the volume of the liver and also the characteristic Hounsfield values were determined. The
livers of another 70 ganders were examined by CT, then by direct chemical analysis (days 0, 13, 18,
19, 20 and 21 of force-feeding). To estimate the chemical composition of the tissue, prediction equa-
tions were developed based on the pixel frequency distributions. With partial least squares (PLS)
regression, the ether extract and crude protein content could be estimated with R2 = 0.97 and R2 =
0.96 accuracy, respectively. Data analysis was complemented with serial blood serum measurements
characteristic of liver steatosis. The method applied may be a unique possibility to study the real
geometrical relations of liver development and also to describe the qualitative changes of tissue com-
position during the force-feeding period in vivo, with special regards to selection purposes. 

goose liver / computerized tomography / liver yield / liver composition

Résumé – Études in vivo du développement du foie d’oie par tomographie. Le développement
du foie des oies (Landaise grise) a été examiné « in vivo » par tomographie spirale à haute résolution
(CT). Les coupes ont été préparées sur six jours différents, avant, pendant et après le gavage, sur
trois jars. Les images en trois dimensions (3D) ont été reconstituées à partir des images en 2D, par
l’ajustement selon la méthode d’ajustement par segments. La modification de la surface externe et
du volume du foie ont été définies par les valeurs Hounsfield. Outre les foies des trois jars, 70 jars
ont été encore examinés par la même méthode (CT), ensuite des analyses chimiques directes ont été
réalisées aux jours 0, 13, 18, 19, 20 et 21 du gavage. La composition chimique du foie a été estimée
par la création d’équations de régression en fonction de la division de fréquence des pixels. A l’aide
d’équations des moindres carrés la teneur en graisse et en protéines du foie ont été prédites avec une
bonne précision (R2 = 0,97 et 0,90, respectivement). L’analyse du développement de la stéatose
hépatique a été complétée par la mesure des caractéristiques sanguines. La méthode de tomographie
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« in vivo » donne la possibilité unique de caractériser les corrélations géométriques réelles au cours
du développement du foie et de décrire les modifications qualitatives dans la composition du tissu
pendant l’engraissement par gavage. Cette méthode pourrait être utilisée en sélection.

foie gras / oie / tomographie / rendement / composition 

1. INTRODUCTION

One of the main objectives of goose
breeders is to maximize the accessible liver
volume during the force-feeding period and
also to keep its fat content at an optimum
level for the processing industry and con-
sumers. Under natural conditions some
degree of hepatic steatosis occurs in wild
waterfowl, as a consequence of energy stor-
age before migration. In poultry production,
this specific capacity is used for the produc-
tion of commercial fatty liver. The excess
of triglycerides is normally stored in the
cytoplasmic storage vesicles of the liver.
When overproduction of triglycerides occurs,
which is the case during force-feeding, the
liver responds in two ways: triglycerides are
secreted into plasma as VLDL increases
and since force-feeding does not allow the
birds to fast, the liver continues to accumu-
late triglycerides [20]. It is well known that
geese breeds differ in their susceptibility to
liver steatosis, considering that the response
to force-feeding is partly under genetic con-
trol [11]. According to Rouvier et al. [19]
the direct genetic effects due to autosomal
and sex linked genes were high and positive
for fatty liver weight in selected strains of
geese. It is notable that the liver weight
could be increased by selection without a
great effect on “paletot” weight as Larzul
et al. [13] established. The Landes goose –
used in the present study – is among the best
in response to overfeeding as described by
Mourot et al. [15]. To a certain extent the
high susceptibility of the breed is explain-
able by the high activity of malic enzyme
and also by the fact that hepatic lipogenesis
remains very active until the end of the over-
feeding period in order to improve the qual-
ity and quantity of the liver.

At present our experiments are partly
focused on the preliminary step (prepara-
tion) of force-feeding and the development
of new, non invasive, in vivo, CT imaging
based selection methods for liver yield [4].
With special regards to the expectable sever-
ity in fatty liver production, the improve-
ment of the so-called force-feeding free
methods seems to be reasonable in the near
future. These developing methods are based
on voluntary feed intake that is improved by
the limited time to access the feed. 

Conventionally, the lipid content of the
liver can be measured by direct chemical
analysis. According to Guy [10], the total
lipid content of the fatty goose liver is around
50–55%. Storage lipids are predominant,
with 95% triglycerides and 1–2% choles-
teryl esters. Structural (membrane) lipids,
such as phospholipids and free cholesterol,
account for only 1–2 and <1%, respectively
[9]. Force-feeding induces a large hypertro-
phy of hepatic cells in relation to the accu-
mulation of triglycerides. Reaching high
liver weights, geese provide good techno-
logical liver quality with a fat loss limited
to 13.9% during autoclaving, as established
by Guy [10]. 

In studies with chickens [2] and turkeys
[3, 6] it has been shown that computer tom-
ography (CT) is a suitable non-invasive
technique to measure the volume or mass of
the pectoralis muscle and abdominal fat per-
mitting single or repetitive measurements.
Romvári et al. [17] published a new in vivo
3D method to estimate the volume or yield
and the geometrical conformation of the
breast muscle of broiler chickens by com-
puter tomography.

In the present study different in vivo CT
methods were applied to follow the liver
morphologic development of geese and to
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analyze the changes in the liver composi-
tion during the force-feeding period.

2. MATERIALS AND METHODS

2.1. Animals

In the first methodological experiment
commercial type Landes ganders were
examined at 11, 15, 16, 17, 18, 20 weeks of
age, four weeks before (period 1), within
(periods 2–5) and two weeks after (6) the
force-feeding period. The three repeatedly
examined animals (A, B, C) were selected
from a larger population representing the
average weight at a given age. In the second
trial altogether 70 ganders were scanned at
the end of the preparation period, at 13, 18,
19, 20, 21 and 22 days of the force-feeding
period. The rearing conditions and the nutri-
tion procedure corresponded to the common
intensive management technology widely
practiced in Hungary. A commercial pelleted
goose feed (3.01 g EE (ether extract)·100 g–1

DM, 21.72 g CP·100 g–1 DM, 6.09 g C
Ash·100 g–1 DM, ME: 11.2 MJ·kg–1) was
fed ad libitum. The force-feeding diet con-
tained 4.91 g EE·100 g–1 DM, 12.78 g
CP·100 g–1 DM, 2.33 g C Ash·100 g–1 DM
and 12.4 MJ·kg–1 ME. A so-called prepa-
ration period was started twenty-eight days
before force-feeding. During that interval,
the total daily feeding time was decreased
continuously. At the end of the preparation
period, birds only had access to feed for
30 minutes, two times per day. Later on, as

a result of this technological process, the
geese were able to consume the sufficient
amount of feed for fatty liver production.

2.2. CT procedure

The ganders were scanned in vivo by
means of a Siemens Somatom Plus S40 spi-
ral CT scanner at the Institute of Diagnostic
and Oncological Radiation of the Kaposvár
University. The high resolution CT scans
were taken from the geese using a zoom fac-
tor of 3.4. During the examination, the ani-
mals were fixed with belts in a plastic cradle
without using anaesthetics (Fig. 1). In the
methodological experiment depending on
the size of the birds, 25 to 40 pictures – with
five mm slice thickness covering the whole
region of the liver-were acquired. 

The picture-forming pixels (512 × 512 in
a single slice, 0.98 × 0.98 mm area of each)
are in fact small prisms with a definite vol-
ume (pixel area multiplied by the slice thick-
ness, i.e. 5 or 10 mm) and are called voxels.
Each pixel or voxel is characterized by a
defined X-ray density value (expressed in
Hounsfield Units). We are able, therefore,
to determine the part of the total volume of
the examined scan that falls into the Houns-
field (HU) interval of interest [12]. Two pic-
ture evaluation methods were applied. As a
first approach the liver surface and volume
data were determined from the series of
cross sectional images. In parallel to this,
the mean and also the most frequent Houns-
field values of the liver tissue were meas-
ured. In addition, a special imaging process

Figure 1. Fixed goose in the container (a), side taken topogram (b), cross section of the liver (c).
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was applied to handle the 2D slices, and a
segmentation method was used to generate
the boundary data. Finally surface render-
ing was undertaken to obtain a real 3D view
of the liver. 

In the second experiment, the serial
scans of the liver were taken with 10 mm
thickness. The post processing of the images
was based on the frequency distribution of
the voxels. In the present work, the extreme
density values were excluded and only those
corresponding to the liver were retained, i.e.
the range from –80 to +100 on the Houns-
field scale (water = 0).

2.3. Blood samples and chemical 
analysis

In the second experiment at every scan-
ning event, blood samples were drawn from
v. brachialis. Blood was allowed to clot at
room temperature and serum was centri-
fuged on 5500 rpm for 10 minutes. Serum
metabolite (triglyceride, total and HDL cho-
lesterol, inorganic phosphorus, total pro-
tein, albumin, uric acid, total bilirubin) con-
centrations and enzyme activity (lactate
dehydrogenase, γ-glutamyl transpeptidase)
values were determined on a Konelab 20i
automatic equipment, using Konelab reagent
kits. Immediately after the CT examination,
experimental slaughter was performed after

electrical stunning; EE and CP content of
the liver were determined by direct chemi-
cal analysis [1].

2.4. Data processing and statistical 
methods

Based on the similarity of the X-ray fre-
quency distribution diagrams with the
absorption spectra [7] Partial Least Squares
(PLS) regression was applied to diminish
the multi-co-linearity of the neighboring
HU values (HUv) [14]. The principal com-
ponents (PC) were calculated from the HU
variables of the liver tissue. Prediction equa-
tions were developed by linear regression
from the previously calculated principal com-
ponents or factors.

3. RESULTS AND DISCUSSION

3.1. Methodological experiment

There was no negative effect of the
repeated CT scanning on liver develop-
ment, since the final liver volume at the end
of force-feeding (period 5) was similar to
the rest of the geese from the original stock
in the methodological experiment. Substan-
tial changes were observed in the liver vol-
ume and surface area within the examined
period (Fig. 2).

Figure 2. Changes of the liver total surface and volume during the force-feeding and in the post-
feeding period (animals a, b, c).
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At the time of preparation (period 1) and
the beginning of force-feeding (period 2),
the measured values were similar. At the
end of the 21-day period (5), the volume
data became three times higher compared to
the starting point. Two weeks later, as a con-
sequence of feed withdrawal, the birds B
and C reached their starting weight. A sim-
ilar observation was made by Prehn [16]
monitoring the fate of birds, which returned
to basic conditions within approximately
four weeks after reaching the terminal stage
of force-feeding. After the early rapid
increase (period 3), the A bird showed a fall-
back in liver tissue development (period 5)
probably caused by its individual suscepti-
bility to force-feeding, which resulted in
fatal gastro enteritis.

Quantitative changes of the liver were
demonstrated by creating index values from
the surface and the volume data. Index val-
ues (liver surface / liver volume) give infor-
mation about the liver surface falling on one
liver volume unit. At the time of preparation
(period 1) and the beginning of force-feed-
ing (period 2) the estimated values were
similar. Fast cross development of the liver
of the B and the C bird was observed from
the beginning of the force-feeding period to
the end of the 21st day (2–5 period). Index
values were about 1.4 and 0.7 at periods
2 and 5, respectively. The liver substance
became more compact. The birds marked B

and C were investigated after the force-feed-
ing period (5–6 period) for the regenerative
capacity of the pathologically developed
liver. According to the values (1.43 and
1.41), the liver substance restored its normal
physiological condition within two weeks. 

The 3D reconstruction in Figure 3 shows
the real in vivo anatomic characteristics of
the lobes of a liver (B bird) from a lateral
view. This is not examinable by means of
slaughtering, caused by the loss of the orig-
inal geometrical conformation of the organ.
It can be remarked that the geometry of the
post preparation (period 2) and post force-
fed (period 6) states are very similar proving
the reversibility of the process. The large
proportional changes of the liver tissue within
the force-feeding period (3, 4, 5) are also
perceptible in the figure.

In addition to the quantitative and mor-
phological evaluations, a certain qualitative
analysis of the liver was also performed.
The goose liver tissue has a characteristic
(the most frequent HU value) X-ray density
value (around 80 HU) in its normal, physi-
ological status. Substantial changes can be
seen in Figure 4, in the HU values through-
out the period.

Similarly with the geometrical and vol-
umetric changes the measured density values
sensitively follow the force-feeding process.
The characteristic HU values within the

Figure 3. 3D reconstruction of a goose liver during force-feeding (1–5) and two weeks after
stopping force-feeding (6). 



140 L. Locsmándi et al.

period of preparation (1–2) and post force-
feeding (6) are nearly similar (55–80 HU).
In the course of force-feeding (2, 3, 4 and
5), the density values were 80, 80, –20 and
–50 HU respectively. The latter value approx-
imates the typical fat tissue density, refer-
ring to the high fat content of the fatty liver.
In certain cases fat deposition becomes irre-
versible together with the depreciation of
the product. According to Bogin et al. [5]
(cited in SCAHAW [20]), if force-feeding
is continued after three to four days, the
level of cell damage rises significantly. In
Hungary, 6–10% of processed fatty livers
show the so-called extreme fatty liver syn-
drome.

3.2. Chemical content determination

Data of liver weight and the results of
chemical analysis of the livers are summa-
rized in Table I. It is clearly visible that after
day 18, practically no developmental changes
can be measured in the characteristic data
measured. Dominant compositional changes
of the liver occurred mainly before this
time, showing a likewise saturation process.

Different models were used to character-
ize the relation between the liver weight and
the chemically determined ether extract
content. The highest correlation (R2 = 0.91)
resulted with the “S” curve fitting proce-
dure (Fig. 5). It can be remarked that the fat

Figure 4. Changes of the characteristic (most frequent) Hounsfield values (HU) of the liver within
the examined period.

Table I. Analyzed composition of the livers during force-feeding (experiment 2).

Days N Liver weight 
(g)

Dry Matter 
DM (g)

Ether extract 
(g·100 g–1 DM)

crude protein 
(g·100 g–1 DM)

Mean SD Mean SD Mean SD Mean SD

0 20 64 15 29 1.4 13 3.4 76 6.7

13 8 331 131 54 7.9 70 11 23 9.1

18 11 391 122 61 5 77 7.8 18 4

19 7 428 94 60 6 79 5.3 18 4.7

20 7 515 213 63 4.6 83 4.5 14 4.4

21 7 429 146 60 8.7 79 12 18 10

22 8 518 156 61 9.5 78 12 18 9.7
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content remained constant above the liver
weight of 350 g.

For the better understanding of the applied
estimation method some basic relations can
be seen in Figure 6, where the curve of the
correlation coefficients between HU varia-
bles and fat content values show a high,
blunt peak in the interval corresponding to
fat tissue. The second, slightly higher pos-
itive peak is located in the interval of muscle
explaining the high accuracy of prediction of
the chemical content demonstrated hereafter.

First the fat content of the liver was char-
acterized with the most frequent HUv of the
tissue, based on the relation described in the
methodological part. Figure 7 shows a strong
linear relation between the most frequent
voxel density value and the fat content (R2 =
0.97).

A slightly weaker correlation (R2 = 0.97)
was found between the most frequent voxel
density value and the crude protein content.
The result of the estimation of chemical
composition (R2 = 0.9604 and 0.9216, EE

Figure 5. Correlation between the
goose liver weight and the ether
extract content.

Figure 6. Changes in the correlation coefficients obtained from the HU variables of the liver tissue
and the ether extract (EE) and crude protein (CP) content.
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and CP respectively) based on the average
HUv of the liver tissue was very similar to
that of the latter. 

The use of prediction equations in CT
based experiments aimed at predicting the
chemical content of the total body is gen-
eral. In previous studies on rabbits, fish,
broiler chickens and turkeys [2, 3, 17, 18], the
variables of the prediction equations origi-
nated from the summation of the neighbor-
ing 10 – 10 density values of the Hounsfield
intervals between –200 and +200, corre-
sponding to the fat and muscle tissue. These
values varied between –80 and 100 without
any reduction in the investigated ganders.
The reliability of the prediction of ether
extract and/or crude protein may be decreased
by the strong linear connection between the
neighboring HU variables. With the applied
PLS regression this effect has been dimin-
ished, by finding latent variables that explain
most of the variability (Tab. II). In general,
the closer the validation variance is to the
calibration variance, the more reliable are
the model conclusions. It can be seen that
in both cases (CF and CP) above PC7 (prin-
cipal component), the validation variances
are decreasing, and thus the so-called noise
level has been reached.

 Figures 8 and 9 show the correlations
between the measured and estimated liver
fat and protein content (calculated for dry
matter) on the basis of voxel density data.
The MGLH equations were developed from

PC with a stepwise procedure of the multi-
variate linear regression procedure. The
basic data of the two prediction equations
are presented in Table II. 

The validation of the above mentioned
predictions resulted in a SEC (standard
error of calibration) value of 5.64 and 6.73
for EE and CP, respectively. In the authors’
experience in CT imaging, this was the first
case when the approach based on the most
frequent- and average HUv resulted in a
similar correlation with the chemical con-
tent based on the use of prediction equa-
tions. The liver tissue with its homogenous
texture seems to be an ideal object for CT

Figure 7. Correlations between the most frequent voxel density value (characteristic HU) and ether
extract content of the livers.

Table II. The explained calibration (Cal) and
validation (Val) variance values of the latent
variables.

Crude protein Ether extract

Cal Val Cal Val

PC1 67.327 66.966 70.701 69.874

PC2 82.299 81.056 84.544 83.108

PC3 90.635 89.138 92.122 91.118

PC4 94.135 92.635 95.302 94.255

PC5 94.751 93.433 95.813 94.906

PC6 95.676 93.604 96.429 94.917

PC7 95.883 94.144 96.601 95.070

PC8 96.443 93.750 97.125 94.723

PC9 96.614 93.590 97.177 94.747

PC10 96.682 93.398 97.237 94.725
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based analysis, since any changes in the tis-
sue composition coincide with considerable
changes in its X-ray density value.

While the liver substance is relatively
constant, a few CT scans seem to be suffi-
cient to grade the fatty liver. The large var-
iation in the characteristic HU values cor-
responding to the liver tissue of the different
ganders encourages the development of this
in vivo method for selection purposes. It
seems worth screening the top breeder can-
didates at least in order to get one’s own per-
formance data on liver development. 

3.3. Blood serum parameters

Making serum measurements had a dou-
ble goal. The first was to characterize the

metabolic and physiological status of the
birds along the feeding regime, while the
second goal was to determine possible rela-
tionships among in vivo determined liver
characteristics and blood serum data. 

In blood lipids, triglyceride, total choles-
terol and HDL cholesterol were determined.
When plotted against the EE content of the
liver, all the above mentioned parameters
showed significant correlations (r = 0.681,
0.792 and 0.824, respectively, P < 0.05 in
all cases). 

Serum cholesterol concentration was
found to be highly indicative of the physi-
ological status of the birds. In general, when
sorting the birds according to their serum
cholesterol concentration within the every
day-category (i.e. slaughtered at the 18th,

Figure 8. Correlation between the measured and estimated fat content values of the livers.

Figure 9. Correlations between the measured and estimated protein content values of the livers.
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19th, 20th, 21st or 22nd day of force-feed-
ing), the birds having the highest total cho-
lesterol values showed serum total protein,
triglyceride, uric acid, total bilirubin and
inorganic phosphorus concentrations, as well
as lactate dehydrogenase and γ-glutamyl
transpeptidase activities highly exceeding
the within group average. Furthermore, it
was found that birds with high metabolic
and enzymatic values did not show average-
exceeding liver weight values. Moreover,
these birds were characterized by liver EE
content values below the group mean. It was
thus supposed that geese with markedly
high serum lipid values are most likely non-
responders to force-feeding, since lower
liver lipid accumulation was paralleled, in
these cases, to strong lipid traffic in the
blood.

Between total and HDL cholesterol, a
strong (r = 0.897, P < 0.001) correlation was
found (Fig. 10). However, no correlation
was found between liver weight and serum
parameters as well as serum enzymes,
which is consistent with the findings of
Davail et al. [8], in Landes geese.

4. CONCLUSION

The applied in vivo CT examination
method seems to be suitable to follow liver
development and to analyze the liver com-
position of geese during the force-feeding
period. The procedure is non-invasive and

could be a powerful tool for the develop-
ment of new liver producing technologies
by genetic selection with or without force-
feeding.
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