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RELATIONSHIPS BETWEEN FORCE-FEEDING
AND SOME PHYSIOLOGICAL PARAMETERS
IN GEESE BRED FOR FATTY LIVER
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The susceptibility of geese of different genotypes and sexes to force-
feeding, some plasma biochemical parameters (thyroid hormones, cholesterol,
retinoids, total protein and albumin) of force-fed geese, and the relationship be-
tween force-feeding, fat storage and the above-mentioned parameters were stud-
ied. Sixty (30 male and 30 female) geese of three genotypes (Hungarian, Landes
and their crossbred called Babat Hybrid) were divided in two groups at 12 weeks
of age. Geese in one group (5 males and 5 females from each genotype) received
mixed feeding ad libitum. Birds in the other group were force-fed with maize.
After 3 weeks all birds were bled, blood samples were taken, and the above-
mentioned plasma parameters were determined. Thyroxine (T,) levels were sig-
nificantly lower in force-fed (11.6 + 3.5 ng/ml) than in control geese (22.7 +
4.09 ng/ml). Plasma triiodothyronine (T;) level was also lower in the force-fed
than in the control group, but the difference was not significant (1.87 + 0.23 ng/ml
and 2.11 + 0.28 ng/ml, respectively). Plasma total protein (TP, 45.2 £ 4.5 g/), al-
bumin (ALB, 16.51 £ 2.8 g/l), B-carotene (BC, 3504 + 3107 pg/l), retinol (ROL,
1160 + 505 pg/l), retinyl palmitate (RP, 1745 + 405 pg/l) and total cholesterol
(TCh, 4.32 £ 0.55 mmol/l) levels were elevated in the force-fed group as com-
pared to the control (TP = 36.4 £ 5.1 g/l, ALB = 15.6 £ 0.9 g/l, BC = 1657 +
1681 pg/l, ROL = 687 £ 375 ng/l, RP = 1398 + 607 pg/l, and TCh = 2.83 £
1.98 mmol/1). All differences were significant except those found for albumin and
[B-carotene. No significant sex- or genotype-related effects were observed for
these parameters.
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Force-feeding produces fatty liver. In response to overfeeding, hepatic
lipogenesis increases. A large part of the hepatic lipids of palmipedes cannot be
secreted, and these lipids are stored in the liver to provide energy during migr a-
tion (Fournier et al., 1997). Increased lipogenesis and storage of fat in the liver
result in the condition called liver steatosis. Adiposity is a complex process that
depends upon genotype as well as environmental factors. The ability of fatty
liver production presents significant variability among breeds or among ind i-
viduals within breeds.

Several endocrine hormones affect the regulation of intermediary metabolism,
in which adipose tissue acts as a central nutrient pool. It is well known that thyroid
activity is one of the most important factors in controlling both metabolic rate and
lipogenesis (Langslow and Hales, 1969; Rudas and Scanes, 1983).

One of the best known effects of thyroid hormones is their influence on the
metabolic state; therefore, these studies will focus on the role of thyroid hormone
economy when adapted to altered feeding conditions (Bartha, 1993). Hypocaloric
feeding alters the circulating concentrations of thyroid hormone (O’Brian et al.,
1980). Carbohydrates (Cavalieri, 1980) and, to a lesser extent, protein but not fat
are able to increase triiodothyronine (T ;) generation via increasing deiodinase e n-
zyme activity on the liver. After feed restriction a systematic drop was observed in
serum T3 concentration (Klandorf et al., 1981). The increased fat content of is o-
caloric feed alters thyroid hormone economy in chickens just like feed restriction
(Bartha, 1993). In an overview of the effects of energy metabolism on growth in
poultry, Rudas and Buyse (1994) suggested that the proportion of total metaboli z-
able energy used for maintenance was closely correlated with the deposition of
protein or fat. According to long-standing findings in the field of retinoid research,
the process of absorption of -carotene (BC) and its conversion to vitamin A co m-
pounds are positively influenced by thyroxine (T 4) (Moore, 1957).

Hypothyroidism of the chicken is accompanied by liver hypertrophy and
glycogen accumulation in the liver (Snedecor, 1968). No significant differences
were found in total protein and resting N between different goose breeds (Szép et
al., 1976). Although the effects of different feeding systems on thyroid hormones
and the other above-mentioned physiological parameters are well documented,
there is no information about the effect of force-feeding on the concentrations of
these parameters. Studies on the effect of force-feeding on fat storage in the liver
and abdominal cavity and on biochemical parameters such as thyroid hormone
metabolism, plasma cholesterol, retinoids and proteins could provide a better i n-
sight into the origin of in situ liver steatosis. They could also reveal the effects of
selection programs that include susceptibility to such metabolic changes.

The objective of the present study was to compare geese of different gen o-
types and sexes for susceptibility to force-feeding and for some plasma biochem i-
cal parameters (thyroid hormones, cholesterol, retinoids and proteins), and to study
the relationships between force-feeding, fat storage and the measured parameters.
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Materials and methods

Animals and treatments

Sixty (30 male and 30 female) geese of three different genotypes (Babat
Hungarian Upgraded, Babat Grey Landes and their crossbred, Babat Liver Hybrid)
were reared under similar conditions until 12 weeks of age. At 12 weeks of age the
geese were divided into two groups. Geese in one group (5 male and 5 female
birds from each genotype) were fed a commercial goose-rearing diet (17% crude
protein) ad libitum. The other group was force-fed with maize (8% crude protein).
Water was available to all birds ad libitum. Treatment was continued for 3 weeks.
After 3 weeks all birds were bled and blood samples were taken into heparinized
tubes, centrifuged and plasma was stored at —20 °C until analysed for thyroxine
(Ty), triiodothyronine (T3), total protein (TP), albumin (ALB), B-carotene (BC),
retinol (ROL), retinyl palmitate (RP), and total cholesterol (TCh).

Analysis

The plasma levels of T4 and T; were determined from each blood sample
by radioimmunoassay (RIA; Pethes et al., 1978). Total cholesterol was dete r-
mined using a commercial test kit (Reanal, Hungary) based on the enzymatic
(CHOD-POD) methods of Carlson and Goldfarb (1977). Retinoid (ROL and RP)
analysis was carried out according to our modified HPLC method described ea 1-
lier (Kerti and Bardos, 1999). Concentration of BC was measured in a similar a r-
rangement but detection was carried out at 450 nm. Total protein level was
measured by the biuret method (Koller and Kaplan, 1987). Plasma ALB determ i-
nations were carried out by the modified bromocresol green (BCG) dye-binding
technique (Bardos and Oppel, 1986).

The body weight and the weight of the liver and abdominal fat pad of each
slaughtered goose were also measured.

Data were expressed as mean and standard error of the mean (SEM). Stati s-
tical analysis was done by Student’s #-test.

Results

Since there were no significant genotype-related differences in the physiological
parameters, the results are presented as averages for the control and the treated (force-
fed) groups. The differences between the control group and the force-fed groups in
body weight, abdominal fat pad weight and liver weight were significant (Table 1). All
these parameters were higher in the force-fed groups compared to the controls. Th y-
roxine levels (Fig. 1) were significantly lower in the treated groups (11.6 +3.5; N =23)
than the control levels (22.7 = 4.09; N = 21). There were no significant differences
between the force-fed groups and the control groups in plasma T 5 levels (Fig. 2).
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Table 1

Effect of force-feeding on body weight (BW), abdominal fat pad weight (AFPW) and liver weight
(LW) of geese of different genotypes

BW (kg) AFPW (g) LW (g)

Force-fed  Control  Force-fed  Control  Force-fed  Control

Hungarian gander Mean 43 3.2 627° 115° 137¢ 109¢
+SEM 0.3 0.2 93 23 91 18

Hungarian layer Mean 3.5 3.0 484° 173° 277% 118¢
+ SEM 0.2 0.2 72 39 82 29

Landes gander Mean 4.1 3.2 610° 133° 463° 107¢
+ SEM 0.1 0.3 94 31 82 19

Landes layer Mean 3.3 2.9 732° 132° 341° 924
+ SEM 0.2 0.1 128 31 35 33

Hvbrid gander Mean 4.0 3.4 716 142° 258° 112¢
yorid g + SEM 0.5 0.2 261 12 54 11

Hvbrid | Mean 33 3.0 549° 145° 254°% 1074
ybrid layer +SEM 0.8 0.1 100 35 59 26

a, b: Means of AFPW designated with different letters are statistically different (P < 0.05);
¢, d: Means of LW designated with different letters are statistically different (P < 0.05)
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Fig. 1. Thyroxine concentration of the blood plasma

Table 2 summarises the results of plasma TP, ALB, BC, ROL, RP and TCh
concentrations for the force-fed and the control groups. The plasma concentrations of
TCh, BC and ROL were elevated in the force-fed groups as compared to the controls.
All differences were significant except those found for albumin and [-carotene.
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Fig. 2. Triiodothyronine concentration of the blood plasma
Table 2
Plasma protein and lipoid parameters
Blood parameters ( X £ SEM)
Groups
TP ALB BC ROL RP TCh
Control 364+5.1 15609 1657 £ 1681 687+375 1398 £607 2.83+£1.98
Force-fed 452+45 16.5+£2.8 35053108 1160506  1745+405 4.32+0.55
t-test P <0.001 NS NS P <0.001 P<0.05 P <0.001

TP = total protein (g/l); ALB = albumin (g/l); BC = B-carotene (pg/l); ROL = retinol (ng/l); RP =
retinyl palmitate (pg/l); TCh = total cholesterol (mmol/l); NS = non-significant

No significant sex- and genotype-related differences could be demo n-
strated for these parameters.

Discussion

Fatty liver syndrome in laying hens is an unresolved metabolic disease
(Meijering, 1979). This syndrome is first of all associated with the consumption
of excess energy. According to the literature, the syndrome is a manifestation of
the lack of synchronism between hepatic lipid synthesis and secretion (Butler,
1976; Hansen and Walzam, 1993; Walzam et al., 1993). Shapira et al. (1978)
noted a pronounced breed effect in response to overfeeding.

Indeed, liver steatosis in waterfowl is also based on the above factors. In
these species, however, it is the explicit goal of the farmers to take advantage of
the natural susceptibility of waterfowl to steatosis and of their ability to produce
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fatty liver. In goose, liver weight may increase more than 10-fold or up to 10% of
the body weight (Hermier et al., 1994). According to Walzam et al. (1993), s e-
rum enzyme activities indicate that overfed hens, unlike overfed geese, retain
hepatocellular membrane integrity.

As regards genotype, Toth (1990) observed that the Landes (Babat Grey
Landes) had better ability to produce fatty liver than the Babat Hungarian U p-
graded. Fournier et al. (1997) also found that liver weight was 100% higher in
Landes geese than in Poland geese. They found that the plasma concentration
and triglyceride content of hepatic lipoproteins (VLDL and HDL) increased in
parallel about one- to twofold, this effect being greater in Poland geese.

Concerning abdominal fat deposition, Cherry et al. (1978) stated that both
nutritional and genetic factors appear to be involved. Wittmann (1997) observed
that fattening performance, slaughter parameters, and meat characteristics of
geese were less influenced by genotype, except liver and carcass weights that
were largely affected by sex.

The information on thyroidal influence on body composition and fatness is
relatively scarce. No reports have been published in the literature regarding the
effect of force-feeding on circulating thyroid hormone levels. With regard to
force-feeding the present data show that a marked decrease in plasma T 4 and a
non-significant decrease in T3 accompany the increase of fat deposition in the
abdominal cavity and liver. However, subcutaneous fat deposition was not mea s-
ured. Still, from the colour of the skin it was evident that deposition of fat in that
tissue of force-fed geese did occur.

In fowl, thyroid deficiency is associated with adiposity while hyperth y-
roidism with decreased fat deposition (Wilson et al., 1983; Decuypere et al.,
1987). Moreover, Stewart and Washburn (1983) found a negative correlation
between plasma T3 and carcass fat. T; decreases the fat content of birds (Decu y-
pere et al., 1987). In Japanese quails we observed that lines with higher abdom i-
nal fat pad weight had lower plasma T 4 and T5 (Janan et al., 1994).

Cogburn (1991) reviewed the endocrine manipulation of body compos i-
tion in broiler chickens and concluded that treatment of broilers with low levels
of T3 increases lean body weight by 10-20% by reducing fat deposition and
stimulating protein synthesis in the skeletal muscle.

Our data suggest that overfeeding may affect the central production of th y-
roid hormones, where production is under the control of a classical central fee d-
back regulation. Most of the circulating T3 comes from the extrathyroidal con-
version of Ty. It is possible that the peripheral hormone activation is less affected
by force-feeding than the control regulation.

An enzymatic assay currently in use in clinical laboratories for measuring
total serum cholesterol has been used for the determination of plasma TCh of
geese. The values of TCh were significantly elevated in the force-fed group.
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These animals were characterised by lower plasma thyroid levels reflecting their
metabolic status.

Marks and Washburn (1991) studied two lines of Japanese quails selected
for high (H-PCHOL) or low (L-PCHOL) plasma cholesterol response to ACTH,
and observed that quail in the L-PCHOL had significantly (P < 0.5) more ab-
dominal fat.

Patients with overt hypothyroidism had elevated serum total cholesterol
and triglycerides (Lam et al., 1986). In the present experiment, force-fed birds
had lower blood T, and Tj; levels. Similarly, the TCh level was significantly in-
creased in force-fed animals. It is well known that blood lipids are reduced in
hyperthyroidism and greatly increased in hypothyroidism. Thyroid hormones
stimulate lipolysis, especially triglyceride breakdown, and enhance cholesterol
excretion into the bile, thus resulting in a lower blood cholesterol level (Dickson,
1984).

As regards the interaction between thyroid hormones, total cholesterol, a I-
bumin, total protein and energy intake, previous experiments showed that 14 days
before and on the day of parturition the serum level of thyroid hormones (T 4 and
Ts) decreased to a greater extent in cows fed 21% less energy than in control cows.
Energy intake had little influence on the serum concentrations of albumin, total
protein, IgG, total cholesterol, and nonesterified fatty acids (Pethes et al., 1985).

The process of absorption and the conversion of BC to vitamin A are infl u-
enced by T4 (reviewed by Moore, 1957). In the case of hypercarotenaemia and/or
carotenodermia the plasma level of T 4 is low (Rojas-Hidalgo and Olmedilla, 1993).
In the present case the force-fed geese had significantly lower thyroid hormone
levels than the control birds. This is the possible cause of the elevated plasma BC
levels seen in the force-fed group, because the amount of total carotenoid pigment
in wet corn is 20-25 mg/kg. This quantity consists of 15-20% BC in average
(Borenstein and Bunnel, 1966). Retinoids (ROL, RP) and protein (TP, ALB) ind i-
cate the higher provitamin A (carotenoid) and protein source of maize and the
lower metabolic rate of the treated animals. These findings concerning lipids are
similar to results obtained on Romanov geese by Muglali et al. (1997).

In conclusion, observations on plasma thyroxine, triiodothyronine, total
protein, albumin, B-carotene, retinol, retinyl palmitate, and total cholesterol le v-
els indicated that differences existed between the force-fed groups and the co n-
trols. We may assume that the observed differences could be related to the di f-
ferent sensitivity of geese to energy intake. There were no significant differences
in the above-mentioned physiological parameters between the three genotypes,
although according to the literature they differ in liver production ability. A c-
cordingly, since the genetic control of fatness is polygenic (Leclercq, 1988), and
fatty liver production is caused by an increase in lipogenesis and fat storage, it
seems that these parameters cannot be used as selection criteria for a higher
quantity and quality of fatty liver in geese.
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