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SUMMARY

A simple procedure for the quantitative determination of goose fatty liver quality is described.
The procedure deals with fat release at 1009C/24 h (FR) or fat and water release during pasteuri
zation at 70°C/2 h (liquid release LR). The exudates obtained by the different heat treatments
were closely correlated (» = 0.882). The mean FR determined on 227 livers (varying widely in
weight) was 19.4 p. 100 with a standard error of + 0.8. The LR was approximately 75 p. 100 of
the FR and was predictable from FR (Y = 0.9 x — 3.29). The IR was positively rclated to the
fat (» = 0.72) and negatively to the protein (» = -—— 0.62) and phosphorus (r = 0.61) concentra-
tions. Protein and phosphorus supplementation to the diet force-fed to the geese, increased the
concentration of these materials in the livers and consequently decreased the FR. Cold storage
at — 20°C during 1 month did not affect significantly the FR and LR of liver samples. Cholesterol
and iodine number were not related to IFR.

The possibilities and limitations of the suggested procedure are discussed.

INTRODUCTION

Liver composition is considerably altered in force-fed obese geese. Total lipid
concentration increases up to ten-fold and protein concentrations decreases to about
50 p. 100 of the initial value. The changes in cholesterol and lipid phosphorus concen-
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trations are slight : cholesterol increases while lipid phosphorus decreases (LECLERCQ
et al., 1968 ; SZYLIT ¢f al., 1968 ; NIR and PEREK, 1¢97I ; BALDISSERA NORDIO, 1971).
Up to now most of the works dealing with the chemical composition of fatty livers
from crammed geese were conducted on a limited number of livers. The present
work is a study of the chemical composition of the steatic liver, and the relationship
between the determined variables and the liver quality. The study was carried out
with a large number of livers varying widely in their degree of steatosis. It was
intended to test the validity of a proposed simplified method for estimating one
aspect of the quality of goose fatty livers. Until now, liver grading has been done
according to weight, consistency appearance and texture. The criteria requested
generally for Grade A livers are the absence of bile and blood stains or clots, weight
ranging from 400-950 g, light and uniform coloration, a plastic consistency and smooth
texture. The above standards do not answer all the needs of the goose-liver manufac-
turers. During the process of pasteurization or sterilization, livers release various
amounts of fat. Fatty livers differ widely in this respect. The producer is interested
mainly in livers which release minimal amounts of fat during this process. The
objective of the present work was to secure information on the magnitude of fat
release during heating, and the relationship to parameters such as liver-weight,
composition, degree of steatosis and other values.

MATERIALS AND METHODS

The livers tested in the present study were obtained from geese grown on the Akko Experi-
ment Ifarm and on a private farm. The geese, aged 3-6 months at the start of cramming, were
from various breeds and crosses @ Landes, Local (NIr and SREK, 1971), cines andes,
f ¢ 1 wl crosses : Landes, Local (NIrR and PeRrek, 1971), Rhci X Land
Local x Landes, and Landes X Local. The data from the different breeds, crosses and ages were

» o
pooled since the genetic source or the age of the geese showed no effect on the liver composition.
The geese were force-fed with cooked maize supplemented with salt, vitamins and 1 p. 100 0il

S
(Nir and PEREK, 1971) or with a pelleted feed (}). Cramming lasted 25-32 days. After slaughter
the geese were kept in a refrigerated room for 24 h. The livers were then removed and weighed.,
Liver samples were sent to the laboratory in plastic bags on crushed ice.

Chemical determinations

Water content and lat release (FR) by heat were determined on samples weighing 3.5-4.5 @
The samples were placed on steel sieves in tared petri dishes and kept in an oven at 100°C/24 h.
They were then transferred to a desiccator and weighed for the determination of moisture. The
liver sample was then removed and the petri dish weighed again for the determination of fat
released. Fat and water velease (liquid release -= LR) during pasteurization were determined in
closed glass jars in an oven at 700C/2 h. Total fat, cholesterol, lipid phosphorus, total phosphorus
and nitrogen were determined by the procedures described by Nmr and Perex (19771). lodine
number was determined on the ether extracts according to Aoac (1960).

(1) Yellow maize, 87.2 ; heated sova-bean ineal, 1o ; sova-bean oil, 0.6 ; CallPO 1 ; NaCl,0.5; NaH COy,
0.3 ; vitamins and microclements, o.4 p. 100, Certified to supply per ton mash @ vit. A, 4 5300000 LU.;
vit. Dy, 450 ooo LU ; vit. I, 2000 LU vit., K, 1 g :riboflavin, 3 g pantothenic acid, 6 g ; niacin, 15 g
pyridoxine, 1 g ; vit. By, 6 myg; choline chloride, 100 g5 manganese, 16 g ; zine, 10 g ; copper, 0.5 g iron,

2 iodine, 250 Iy,
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RIISULTS

The relationships between FR and composition of samples from six
different locations of the liver, to the FR and composition of the whole liver

Eight livers were used in this study. Samples were drawn with a 1.2 cm diam,
cork driller from the extremities and the middle of each lobe as shown in figure 1.
One half of each sample was used for moisture and fat release and the other half

21.4 + 22 -/« 7 Ne--20.1 £ 2.1
4z % 4 ]

Fi16. 1. — Location of the samples vemoved for the determination of the relationship between whole liver and
sample composition. Numbers in circles indicate the samples’ location. Figures show the mean SE
of the fat released (100°C/jz24 h) by samples from each location (means of 8 livers).

for chemical determinations. The results are shown in table 1. The samples released
about 2 p. 100 more fat than the whole livers. Moisture released by whole livers was
weight dependent ; small livers released more than big ones and no relationship
was found between the moisture content in samples and the moisture released by
the whole livers. The fat released by the samples drawn from the center of the lobes
was higher than the amount released by the samples drawn from the extremities (not
statistically significant difference) (fig. 1).

Fat release from samples obtained from different locations was highly correlated
to the values obtained for the whole liver (table 1). Total fat, total protein, lipid
phosphorus and cholesterol in each sample were highly correlated to the mean values
of the six samples obtained from each liver. The subsequent work was done on
samples obtained from location 3 (fig. 1), because it was most convenient to draw
samples from this location as it causes the least damage to the liver, and because
the correlation coefficient between this sample and the whole liver obtained for FR
was the highest.

The effect of heat duration on FR (fig. 2)

Tne amount of FR reached a maximum after 2 h in all the samples. The samples
which released the highest amounts of fat attained this peak after 0.5 or 1 hour. The
correlation coefficients between the FR during 0.5 or 1, 2, and 4 versus 24 h were
very high (r = 0.97). It can be seen that generally the FR was related to liver weight



TABLE I

Chemical composition, water and fat veleased by whole livers and samples
from different locations* and the correlation coefficients (r) of the
variables between livers and their samples

Mean + SEM* Range
Liver weight (g} ........... e 927 £ 71 557 — 1172
Samples’ mean
Moisture (p. 100) .........co.... 35.2 4 0.8 32.2 — 40.8
Protein (p. 100) .........oointn 6.5 4 2.8 55 — 84
Fat (p. 100) ...ooveiiiinin.... 53.7 4+ 1.4 46.1 — 60.1
Lipid phosphorus (mg/100 g) .... 74 4+ 4.3 61 — 103
Cholesterol (mgf100 g) .......... 740 4- 38 558 — 974
Fat release (p. 100) ............. 21.9% 4 2.1 9.8 —29.3
Whole livers
Moisture release {p. 100)......... 26.7 4 1.2 26.1 33.3
TFat release (p. 100) ............. 19.7 4+ 24 8.3 — 285
Correlation coefficients (r)
Sample locations*

1 2 3 iolos 6
Liver
Fat relcase** ......... 792 910 990 845 1932 984
Fat ..., 154 875 928 883 904 853
Protein............... 985 901 L0980 895 862 875
Lipid phosphorus ..... 615 951 905 L952 8562 .906
Cholesterol ........... 845 1929 863 .028 .853 786

+ SE of the mean.

* See (fAig. 1).

** FR was determined on whole livers while other values were obtained
by averaging the values of the 6 samples. All the values are highly signi-
ficant, I> < 0.01.
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F1c. 2. — Fat released from liver samples following different peviods of heat treatment (100°C). Columns
represent the amount of FR from the sample following 0.5, 1, 2, 4 and 24 h. Barred columns represent
total fat in the sample. Horizontal lines represent the liver weight from which the sample was removed.
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and to the total fat concentration ; however, some livers deviated from this general
trend.
All the determinations of FR were made subsequently on samples heated for
24 h.
Liver weight, sample composition,
FR and relationships between these values

Both weights of livers and their composition varied over a wide range (table 2).
The average weight of the livers was 059 g, with an average concentration
of 37.1 p. 100 moisture, 54.2 p. 100 fat, and 8.17 p. 100 protein. The mean FR was
19.4 p. 100, i. e., about 35 p. 100 of the total fat content and its variation was high,
as was its range (1.0 p. 100-46.0 p. 100). Lipid phosphorus, total phosphorus, choles-
terol and iodine number were 77, 127, 777 mg/100 g and 54.8, respectively. The lipid
phosphorus was about 60 p. 100 of the total phosphorus.

The correlation coefficients between the different variables are shown in table 2.
Liver weights were found to be positively correlated to FR and total fat, and negati-
vely correlated to moisture, protein and total phosphorus.

A high correlation was found between total protein and total phosphorus.
The close relationship between these two variables explains the similarity of the
correlation coefficients between each one of them and liver weights, moisture content,
FR, total fat and lipid phosphorus.

Cholesterol concentration was not correlated to any of the variables tested.

The Iodine Number was correlated negatively to total fat and to lipid phos-
phorus concentrations only.

Relationship between fat velease (FR) at 100°C[24 h and liquids
release (fat - water) (LR) at 70°C|2 h (fig. 3)

This experiment was carried out on samples from 60 livers in order to determine
the relationship between the exudates of different liver samples, following a treatment
common in industry (pasteurization) and the proposed procedure (desiccation at
100°C/24 h). The levels of exudates following 100°C/24 h or 70°C/2 h were highly
correlated (fig. 3). It was, therefore, concluded that FR could represent the relative
amount of exudate discharged by different heat treatments.

]
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fat and water release 70°C/2h.plO0O

20 30 40 50
fat release 100° C/24h.p.l00

Fic. 3. — Relationship between fat veleased by liver samples at 1000C[{24 h (FR)
and liguids rveleased following pasteurization at 70°C[2 h (LR)
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The effect of dictary additives on liver composition and FR

(table 3, fig. 4)

467

This study was conducted on samples removed from 120 livers of geese force-
fed with cooked maize (60) or with pelleted enriched maize (60) (see Materials and

Methods). The liver samples were arbitrarily selected from similar weight groups
TABLE 3
Composition and fat velease (100°C[24 h) from samples
of livers dvawn from geese fed cooked wmaize ov
pelleted enviched maize (60 samples per diet)
Cooked Linriched
maize pelleted SEM*
maize
Liver weight (g) ........ 756 64 21
Water (p. 100) .......... 35.4 57.3 0.5%
Total fat (p. 100) ....... 56.8 545 0.5%
Total protein (p. 100).... 7,37 8.33 0.1*
Phosphorus {1mg/100 g) 119 128 2
J'at release (p. 100)...... 23.4 20.2 0.9
+ Standard error of the mean.
* Statistically significant difference between the treatments, P < 0.03.
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IWater, protein, fat release (FR) {left), fat and phosphorus (right) of liver samples obtained from
futty livers nf aecse cranvned with cooked maise or with enviched helldad maize. Barred columns, cooked
; empty columns, enriched pelleted maize, .
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of each dietary treatment : < 490 g (10 p. 100 of total number of livers), 500-6go g
(16 p. T00), 700-890 g (46 p. 100), > goo g (28 p. 100). The livers of the geese fed
with the pelleted enriched diet contained more protein, phosphorus and moisture
but less fat than the ones fed with cooked maize, and their FR was lower (not to a
statistically significant degree) (table 3). These changes were valid for the various
weight groups (fig. 4). Total fat concentration and FR increased, while total protein,
phosphorus and water concentrations decreased with liver size.

The effect of freezing liver samples on FR and LR (fig. 5)

The assays were conducted on 38 liver samples. FR and LR were determined
before and following one month’s storage at — 20°C. Freezing had no effect on
LR but increased slightly the FR (not statistically significant). The values before
freezing were highly correlated to the ones obtained following freezing.
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T T ] )
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before freezing
Fic. 5. — Relationship between fresh liver samples and frozen samples (1 month — 20°C)
drawn from the same liver in the liquids released (LR) and the fat veleased (FR)
LR a FR A
¥ = 19.5 4- 1.6 x = 23.8 4+ 1.6
y =198 4 1.7 y = 27.5 + 1.4
r = 0.849 r = 0.894
DISCUSSION

The described procedure is suggested as a simple tool for the quantitative
determination of liver quality in industry and in research. The significance of fatty
liver quality may differ according to the farmer and manufacturer. The farmer is
interested in the production of grade A livers of maximal weight ; the manufacturer
is interested in grade A big livers which release minimal amounts of fat during heat
processing. Although it was shown in the present work that liver weight is signifi-
cantly correlated to its fat content and FR, the magnitude of the correlation coeffi-
cient (» = 0.41 and » = 0.50 for size vs. total fat or FR) was quite low. A higher corre-
lation coefficient was found for total fat vs. FR (» = 0.72) than for liver weight vs.
fat or FR, which means that FR depends more on the fat concentration than on the
liver size. However, there is a wide individual variation in this character (FR).
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The results obtained in the present work, carried out on a large number of
geese fatty livers, are in accordance with earlier works (NIr and PEREK, 197T ;
Ni1Rr, PEREK and Karz, 1972 ; BruMm and ‘LECLERCQ, 1973) which stated that fatty
liver formation is due essentially to a hypertrophy caused by fat surcharge, the
added fat being essentially triglycerides.

According to LABIE ant TOURNUT, 1970, a part of the hepatocytesin large fatty
livers, especially in the peripheral parts of the lobules, are transformed into an enor-
mous lipidic vesicle. The cytoplasm and pycnotic nucleus are rejected to the peri-
phery. The distended cellular membranes may rupture and the lipidic vesicles of
many cells join to form a voluminous mass, the polycyclic outline of which is drawn
by the membranes’ debris. Repeated experiments made by these workers have
shown that livers with ruptured cellular membranes lose large amounts of fat during
cooking.

At this stage of our knowledge, a major question arises : to what degree can the
fatty livers’ composition and « quality » be modified ? Different genetic sources had
no effect in this respect (see Materials and Methods). It was shown in the present
work that dietary additives may affect liver composition and FR. Addition of
protein, phosphorus and calcium to the maize diet increased the lean cell mass
{moisture, protein and phosphorus) of the liver, which is negatively correlated to FR
(table 2). The lean mass of the hepatocytes is probably associated with the strength
of the cellular membranes which prevent fat release from the cells. It is suggested
that denaturation of the cell membranes by heat or dehydration alter only partly
the cell’s ability to retain its fat.

The low iodine number found for liver fat is in accordance with the findings of
Barpissera NorpIO (1971) and of LECLERCQ ¢t al. (1968), who reported that fatty
acids in the livers of crammed geese are composed essentially of oleic, palmitic
and stearic acids. The same is true for palm oil, which has iodine number values quite
similar to those found for the fat of goose liver (FIESER and FIESER, 1962).

It may be suggested that the negative correlation found between the iodine
number vs. total fat and phospholipids (Lipid P) concentrations may derive from a
relative decrease in fatty acids desaturation in the highly steatic livers. The lack of
relationship between FR and the iodine number shows that within the limits of this
study, the degree of fatty acids saturation did not affect the FR.

The fat becomes deposited in the fatty livers without changing substantially
the water/protein ratio. In the present work this ratio was about 4.6 : 1. This ratio
is close to that found in normal livers. Therefore, it could be suggested that the
added triglycerides accumulate in the hepatocyte without profoundly affectingthe
nature of its protoplasma. This is obvious since such a change would affect the normal
functions of the liver and cause the death of the goose. The evolutionary aspect of
liver steatosis was discussed by BLum and LECLERCQ, 1973.

The finding that freezing had only a slight effect on FR and no effect on LR
needs further confirmation. The effect of freezing on small samples could be at
variance with its effect on whole livers, mainly because the rate of freezing and tha-
wing is much slower for the whole liver than for a sample of it.

Regu pour publication en avril 1976.
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RESUME

RELATION ENTRE I,A COMPOSITION DU FOIE GRAS D,OIES ET LE DEGRI:?
DE STHATOSE HEPATIQUE : INFLUENCE DE TRAITEMENTS ALIMENTAIRES
ET TECHNIQUES ET METHODE SIMPLE PERMETTANT D ESTIMER SA QUALITE

Une méthode simple permettant d’estimer la qualité du foie gras d’oics est décrite. Cette
derniére cst basée cssentiellement sur la matiére grasse dégagée par un échantillon de foic &
100°C/24 h (FR) ou sur les liquides dégagés par I'échantillon durant sa pastcurisation a 70°C{2 h
(LR). 1l existe une corrélation élevée entre ces procédés (» = 0.88). La moyennce de I'FR déter-
minée sur 227 foies gras dtait de 19,4 avec un écart-type de 4- 0.8. Le LR atteint environ 75 p. 100
des valeurs obtenues par Ie procédé FR ct est prévisible a partir de I'FR (y == 0.9 ¥ — 3.29).

La valeur TR est cn corrdlation positive avee la concentration de matiere grasse (v = 0.72)
et en corrélation négative avec la concentration des protides (v =: 0.61). L’addition de protéines
et de phosphore 4 'aliment de gavage augmente leur concentration dans les foics gras et par voic
de conséquence diminue la matiére grasse ct les liquides dégagés durant le chauffage.

La congélation d’échantillons de foic gras durant 1 mois & — 20°C n’a pas changé significati-
vement leurs valeurs FR et LR. Le cholestérol ct U'indice d’iode ne sont pas lids a 'R,

Les possibilités ct limites de la méthode proposée sont discutées.
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