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SUMMARY 
_,

Two experiments were carried out to study the effect of feeding high protein diets, during
the preparatory fattening period, on fatty liver production in geese. Both experiments produced
no effect on the weights and composition of the fatty livers, on body organs and on blood plasma
lipid and protein pattern of the geese following fattening.

INTRODUCTION

To date no studies have been conducted on the protein requirements of the
local Israeli goose during the preparatory period before fattening.

FI,!URET (1954) claimed that protein-rich diets administered to goslings before
fattening result in higher liver weights and quality. On the other hand, Bi!>_,il·TS1!
et al. (1968) reported that no response was achieved by feeding higher protein diets
to goslings.

The present work was destinated to study the value of this technic on geese
raised without pasture. The influence of high dietary protein levels before fattening,
on the weight of the goose, on its blood plasma, on its liver weight and chemistry
was found worthy of study.

MATERIAL AND METHODS

The geese used in the present experiments are crosses of 3 varieties : Toulouse, Embden
and a local goose with Egyptian breed characteristics. The Toulouse and Embden varieties were
introduced in Israel in the thirties to improve the local goose.



Two experiments were carried out with 4 week old goslings, each consisting of 60 birds.
Prior to the experiment they were fed a mash containing 21 p. 100 protein ad libitum.

Expeyiment 1

This experiment was performed from January until May on 2 groups of 30 goslings each,
fed a mash containing 16 p. 100 and 21 p. 100 protein respectively (table i) and supplemented
with carrots (IOO-’5o/g/day/bird) from the age of weeks. These diets were fed ad libitum from
4 to n weeks of age, prior to the fattening period.

The forced feeding diet consisted of cooked maize supplemented with I p. 100 soy oil and

3 g NaCl per kg. One g of vitamin concentrate (1) was given daily to each goose during the first
3 weeks of forced feeding. During the first week each group received a daily average of 250 g
cooked maize divided into two meals. During the second and third weeks the amount of feed
was increased to 500 and 750 g respectively, reaching 900 g at the end of the cramming period
(4-5 weeks) while the number of meals was increased to three daily. No individual record was
kept on feed consumption. An average of 20 kg maize per bird was consumed. The animals were
sacrificed after 28-34 days, i. e. when the oesophagi of the birds stopped emptying between
meals. Before the fattening period 6 geese of each group were sacrificed for organ and blood
examinations.

Expeyiment 2

This experiment was conducted during the hot summer season from June to October. Sixty
birds divided into 2 equal groups were used from the age of 4-14 weeks. One group received a

(1) Certified to contain in i kg : Vit. A 3 300 00o IU; D 330 00o IU; E, 400 mg; B12, I mg;
K, 4 mg; Pantotenic acid, 1.5 g; Riboflavin, 0.5 g; Choline chloride, 30 g; Niacin, 2 g and Pyrido-
xine o.6 g.



mash containing 16 p. 100 and the other 28 p. 100 protein (table x). In addition both groups
had free access to cut green alfalfa until the fattening period. Forced feeding was carried out
as in experiment x.

Blood and organ examination

Blood samples were drawn from wing vein using heparin as anticoagulant. The samples
were taken between 9-ro a.m. - 3 to 4 hours following the morning meal of the forced-fed
geese. For hematocrit determination, each blood sample was centrifuged in a graduate tube at
2 ooo r.p.m. for 10 minutes. The values obtained by this method were 1.14 times higher than
those obtained by the micro-hematocrit method. The blood plasma was stored at -zz °C for
chemical analysis. At autopsy, oesophagi, gonads, thyroids, adrenals, kidneys, pancreas, abdo-
minal adipose tissue and livers were dissected, freshly weighed, and the latter frozen on dry
ice and then transferred to a deep freezer at -zz! C. Breast muscle tissue, as with all other
organs and glands, were carefully removed from the adhering fatty tissues before weighing and
freezing.

Chemical methods

Plasma triglycerides were determined according to VAN HANDEL (1961) and lipid P accor-
ding to YOUNGBOURG and YOUNGBOURG (1930), using chloroform-methanol 2 : 1 instead of
the ether-ethanol mixture proposed. Plasma total cholesterol determination was conducted

according to ABELL et al. (x95z) except that the reaction for the measurement of the cholesterol
was carried out with the ferrous sulfate reagent according to SEARCY and BERGQUIST (1960).
Plasma free fatty acids were determined according to ITAYA and UI (x965). Glucose determination
was performed according to NELSON (x944)·

Plasma total protein determination was conducted by the biuret reagent using bovine
albumin as standard. In lipemic plasma, the plasma-biuret reagent mixture was extracted with
ether before the determination of the optical density. Extraction with ether had no effect on
colour development.

Plasma protein fractions were determined by electrophoresis on cellulose acetate using
the Beckman, model R-ioo Microzone electrophoresis system and the relative amount of the
protein fractions by densitometry with the Beckman Model-R densitometer.

For the determination of total lipids in liver and muscle, aliquots were triturated with
anhydrous Na2S04 and extracted with ether for 8 hours. The ether extract was evaporated,
dried in vacuo and weighed. Lipid fractions were determined on liver homogenates by the methods
used for plasma. Nitrogen in liver and muscle were determined by the micro-Kjeldahl method.

RESULTS

As seen in figure i, no significant effect was observed in weight gains between
the groups of birds fed different protein levels, in each of the experiments respec-
tively. The lower weight gains obtained in the pre-fattening period of Experiment 2,
may be attributed to the hot summer climatic conditions.

During the o-4 week period, prior to treatment, the feed/gain (F/G) was 2.10
for all the birds in both experiments. During the 4-m week period (treatment period)
the F/G in the groups of experiment i was 5.48 for the 16 p. 100 protein group
and 4.87 for the 21 p. 100 protein group.

In Experiment 2, during the same period the F/G was similar in both groups
(5.47-5.35) receiving the 16 and 28 p. 100 protein diets respectively. The supple-
mented carrots or alfalfa were not taken into account in F/G calculations. Since
the body weights of the birds in Experiment 2 (summer) showed lower values than
those in Experiment i, of the same age, the pre-fattening period was prolonged up
to 14 weeks of age instead of m weeks. However, during this supplemental period
the body gains were almost nil, and this, in spite of a normal food intake.



Organ weight at end of pye fattening period

The data presented in table 2 are the averages of organ weight as related to
live weight at sacrifice. Since sex showed no effect on relative organ weight, organs
of both sexes were averaged together.

In Experiment i (winter) the weights of livers were significantly greater in
birds fed the 21 p. 100 protein diet as compared to those fed the 16 p. 100 protein
diet. In Experiment 2 (summer) with 28 p. 100 and 16 p. 100 protein diets, the
higher protein level did not produce the same effect at the end of the pre-fattening
period. However, the 28 p. 100 protein diet did cause a statistically significant
increase in pancreas and kidney weights. The weights of thyroids, adrenals, gonads
and abdominal adipose tissue were not influenced by the protein level of the diet
in either experiment.

It should be pointed out that the relative weights of livers, abdominal adipose
tissue and pancreas were heavier and the oesophagi lighter in Experiment i as

compared to Experiment 2. No differences were observed between the two experi-
ments in regard to weights of thyroids and adrenals.









During the fattening period, the total lipid fraction in the livers increased ten
fold in both experiments. Since cholesterol concentration was only doubled in the
fatty livers and since a decrease was obtained in the phospholipid concentration,
it is obvious that the main increase in the total lipid fraction of the fatty livers
is due to triglycerides. The livers of the geese raised during the summer period
contained more total lipids and lipids P (Exp. 2) than the livers of the ones raised
during the winter season (Exp. i). This difference was not found in the cholesterol
concentration.

The total protein content of the liver before fattening was significantly higher
in Experiment 2 ; however, this difference was not maintained after fattening.

Hematocyit, Plasma lipid and glucose

The various protein levels administered during the pre-fattening period did not
cause a difference on the hematocrit, plasma lipids and plasma sugar before and
during the fattening period (table 4). Forced feeding increased plasma lipid compo-
nents but had no effect on plasma glucose. However, the following differences were
observed between the summer and winter raised geese (Exp. 2 and i respectively).

In the summer geese, hematocrit was higher and increased significantly during
the last week of fattening. Higher levels of lipid P before and during fattening were
parallel to lower levels of triglycerides obtained during the fattening period. Higher
levels of lipid P were also found in the liver (table 3). In the winter-fattened geese
a tremendous increase of plasma triglycerides was noted. Three weeks following
start of forced-feeding the plasma triglycerides were over i p. 100 and in the fourth
and fifth weeks of fattening the average triglyceride value reached 2 p. 100 and

3 p. 100 respectively. In the summer experiments no higher values than o.g p. 100
of triglycerides were obtained.

The plasma free fatty acids level was lower in the high protein diets fed groups
(21 and 28 p. roo) than in those fed the 16 p. 100 protein diets. While not statistically
significant, because of the very high variation between birds, the difference persisted
during all periods and even after the experimental diets were replaced by cooked maize.

The plasma proteins

Plasma proteins were studied in Experiment 2 only (fig. 2). Electrophoresis of
the plasma separated 5 fractions which were designed according to their migration
rate (NIR and As CARELLI, 1966). In contrast to chicken plasma all the samples
drawn from the geese contained a fraction migrating before the albumin which we
called the pre-albumin fraction.

The higher level of total plasma protein found during the pre-fattening period
in the 28 p. ioo protein group was not caused by higher amounts of a specific protein
fraction ; the differences in the plasma protein fractions were slight and not consis-
tent. Following fattening with maize abolished the prior effect caused by the high
protein diet. The increase in protein level caused by fattening was essentially due
to b- and partly to a-globulins. The increase of these fractions compensated for the
decrease in albumin which was substantial following the first 3 weeks of forced

feeding and very marked during the following 2 weeks.



The behaviour of g-globulins before and during the fattening period was not
consistent. The tendency to decrease during the pre-fattening period (11-14 weeks)
continued during the first 3 weeks of fattening but was reversed during the last



two weeks. Pre-albumin concentration was very low (about I p. roo). Its determi-
nation by the methods used was not accurate enough to permit the drawing of
consistent deductions.

DISCUSSION AND CONCLUSIONS

MorrACxorr (1968) reported on protein levels used by different workers for
gosling diets. Most workers recommend a chicken starter mash (21 p. Ioo protein)
during the first month. Subsequently mash formulation varies according to the
quality and amount of green fodder administered to the birds.

In Israel, limited amounts of green fodder are given to the birds as most of
the necessary nutrients are provided by the mash. In the present study, following
the starter mash, a diet containing 16 p. 100 protein, supplied essentially by soya-
bean meal and fish meal and supplemented with methionine resulted in optimal
growth which was not improved by increasing the protein level.

The lack of effect of the richer protein diets during the preparatory period on
fatty liver weight was in accordance with the results of BIELINSKI e1 al. (1968) who
worked with 6-7 month old Italian geese.

Slightly increased weights of fatty livers obtained by F!,!uR!T (1954) by protein-
rich diets during the pre-fattening period might be of value in grazing geese receiving
large amounts of green fodder with amino acid imbalanced mash.

Higher protein levels in the diet showed some effect on body organs at the
end of the pre-fattening period. Livers and oesophagi were heavier in the 21 p. ioo

protein diet fed to goslings. However this effect was not repeated in the second
experiment with 28 p. 100 protein diet and obviously had no effect on body organ
weights following the fattening period. The 28 p. 100 protein diet increased the
pancreas and kidney weights, but again this trend did not persist on body, liver
and organ weights following fattening.

Forced feeding caused a decrease in thyroid weights when related to body
weight, while the adrenals remained unchanged. If we take into account that the
increase in weight of the obese goose is mostly due to fat increment, then the thy-
roids remain unchanged and adrenal weights are increased when related to lean
body weight.

It may be suggested that the relative increase in the adrenal weights expresses
the state of stress promoted by forced feeding. In what measure the corticosteroid
hormones are involved in the fatty liver syndrome of the forced-fed goose remains
to be further elucidated.

Liver and muscle lipids and total protein content were not influenced by high
protein diets during the preparatory period. The lack of effect was also observed
in the plasma composition. Homeostatic mechanisms overcame the protein dietary
excess which was only reflected by a very slight increase in the total plasma protein
level and by lower free fatty acids values in plasma. I,!ms (1964) found that
the high free fatty acid-levels found in the plasma of kwashiorkor-affected children
were lowered by protein treatment. In the present work additional protein in feed



decreased free fatty acid levels in plasma of geese that did not suffer from protein
deficiency. The effect was maintained even when the different diets were replaced
by cooked maize.

The differences in plasma lipid concentration between the experiments conduc-
ted in winter and in summer are striking. These differences were obtained in birds
of the same breed raised in the same premises and the only substantial differences
were the seasonal conditions. In summer higher concentration of lipid P in plasma
and liver, during the whole experimental period, was concomitant with lower concen-
tration of plasma triglycerides during the fattening period. So far the effect of heat
on triglycerides and phospholipid concentrations in plasma and liver has not been
examined. These differences may also be the result of different behavior patterns
during summer and winter.

The relationship between dietary protein level and plasma protein components
in the chicken was described by NiR and AsCax!!,m (rg66-ig67). They showed that
a significant reduction in plasma protein was obtained only upon feeding 5 or 10 p. 100

protein-containing diets.
In the present work a 28 p. 100 protein diet increased, to a very slight extent,

the plasma total protein level when compared to a 16 p. 100 protein diet. Since
maize is low in protein and deficient in essential amino acids, we expected to obtain
a reduced plasma total protein level. This did not occur, on the contrary, the total
plasma protein level was even slightly increased. The protein fraction response to
simple protein deficiency was also different from that found in chicks (NiR et al.,
1966-1967).

The albumin fraction decreased gradually during the first 3 weeks of forced

feeding and very markedly during the last 2 weeks. This reduction could be attri-

buted, at least partially, to the protein-deficient maize ; but the effect of forced-
feeding maize on b-globulins was opposite to that obtained in chickens fed poor
protein diets. The b-globulins increased continuously throughout fattening and the
increase in total proteins could be attributed, essentially, to this increase in b-glo-
bulins.

The reduced plasma albumin could be the result of the decreased capacity of
the liver to synthesize albumin together with the development of steatosis, or/and
the result of feeding protein and amino acid-deficient maize.

The increase in b-globulins may be a reflection of the increased b-lipoproteins
involved in fat transportation in the plasma of obese geese. b-lipoproteins migrate
with the b-globulin zone in most types of electrophoresis separation. The same trend
was actually found with the a-globulins which migrate with the a-lipoprotein zone.

According to FREDERICKSON et al. (1967) the main transporters of glycerides
synthesized in the liver are b-lipoproteins. To what extent the increase in a- and
b-globulins was due to a- and b-lipoproteins and what is the site of this increased
synthesis, i. e. liver or extra-hepatic origin, remain to be determined.

Whatever were the causes affecting the changes in the plasma protein pattern
of the obese geese, a high protein diet before fattening had no effect on this pheno-
menon as on most of the other phenomenons measured in this experiment during and
at the end of the fattening period.

Re!,u pour publication en février 1971.
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RÉSUMÉ

EFFET DE DEUX NIVEAUX PROT!IQU!S DANS LA NOURRITURE DES OISONS
PENDANT LA PÉRIODE PRÉPARATOIRE SUR LA PRODUCTION DU FOIE GRAS

ET LES COMPOSANTS DU PLASMA SANGUIN

Deux expériences ont été menées pour étudier l’effet de régimes riches en protéines pendant
la période préparatoire à l’engraissement sur la production du foie gras chez l’Oie. Aucun effet
sur le poids et la composition lipidique des foies, sur les organes et sur les lipides et les protéines
plasmatiques des Oies après l’engraissement n’a été mis en évidence.
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