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Fat absorption in germ-free and conventional rats
artificially deprived of bile secretion
Y DEMARNE, T CORRING, ANDREE PIHET, AND E SACQUET

From the Station de Recherches de Nutrition, Laboratoire de Physiologie de la Nutrition and Laboratoire des
Animaux sans Germes, CNRS-INRA -CNRZ, 78350 Jouy-en-Josas, France

SUMMARY Bile duct ligation was performed in germ-free and conventional rats in order to study the
effects of bile deprivation on the absorption of dietary lipids and the excretion of faecal lipids in the
presence or the absence of gastrointestinal flora. The main consequence of bile duct ligation in
conventional rats was a decrease of about 50%o in the apparent absorption of dietary lipids (peanut
oil). In germ-free rats, absorption decreased by only about 25%. In conventional as well as in germ-
free controls, faecal lipids were mainly excreted as compounds directly soluble in organic solvents
that is, free fatty acids, triglycerides, partial glycerides, cholesterol, cholesterol esters. Deprivation
of bile secretion significantly increased the faecal excretion of 'insoluble' compounds-that is, calcium
soaps-both in germ-free and conventional rats. Free fatty acids and sterol esters were the two main
classes of soluble faecal lipids both in germ-free and conventional rats deprived of bile secretion.
Faecal excretion of triglycerides remained low in germ-free as well as in conventional animals. No
significant difference of fatty acid absorption was observed between germ-free and conventional
controls. Deprivation of bile secretion resulted in a significant decrease in the absorption of all fatty
acids in germ-free as well as in conventional animals. However, the decrease was larger for saturated
fatty acids-that is, 16:0 or 18:0-than for unsaturated fatty acids-that is, 18:1 or 18:2. The
absorption of all fatty acids, except linoleic acid (18:2), was significantly lower in conventional rats
artificially deprived of bile secretion than in their germ-free counterparts. Evidence was given for a

negative digestive balance of stearic acid (18:0) in bile deprived conventional animals. This
observation was correlated with a very efficient biohydrogenation of dietary unsaturated fatty
acids as revealed by radio gas chromatography of faecal acids in bile deprived conventional rats fed
a diet containing 1-14C oleic acid (18:1) as homogeneous triglycerides. Nevertheless, biohydro-
genation of unsaturated dietary fatty acids by the gastrointestinal flora was not considered to be the
only factor involved in the origin of the differences of fat absorption between bile deprived germ-
free and conventional animals.

It is now well established that lipid digestion involves
three difterent and coordinated processes: emulsifica-
tion, hydrolysis of the substrate, and micellar solubili-
sation of the hydrolysis products in the aqueous
medium of the intestinal contents.1 In vivo, bile salts are
normally implicated in all the steps of lipid digestion
and absorption.2 In vitro experiments, as well as
analysis of intestinal contents in bile fistula man or dog,
have shown that hydrolysis of triglycerides may
efficiently occur without the help of bile compounds.3 4
Even though contrary results have been reported in the
rat,5 it is now generally admitted that micellar solubili-
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sation rather than lipolysis is rate limiting in bile
deficiency as an explanation of the decrease of
fat absorption.6 Up to the present, all the
experiments in that field have been per-
formed with conventional animals. The gastro-
intestinal tract contains a large bacterial population
which influences the digestion and the absorption of
almost all nutrients.7 It has been clearly demonstrated
that bacteria may widely interfere with digestion and
absorption of dietary lipids and it has also been shown
that the gastrointestinal flora largely modifies the
metabolism of bile salts.8 9 Consequently, all the
studies that have been carried out have systematically
discarded the possible interferences between gastro-
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intestinal flora, lipid digestion, and absorption in case
of bile deficiency. The main purpose of the present
study was (1) to compare the effects of bile deprivation
upon the absorption of dietary lipids both in germ-free
and conventional rats, and, then, (2) to study the
distribution of the different classes of faecal lipids in
bile deficiency and in the two types of animals in order
to detect an eventual defect of hydrolysis. We also paid
attention to the possible bacterial biohydrogenation of
dietary unsaturated fatty acids in the different kinds of
animals.

Methods

ANIMALS
The experiment was performed using two groups of 12
conventional rats and 12 germ-free rats (Fischer
strain). Mean body weight at the beginning of the
experiment was 290 +9 g. In each group, six animals
were operated on and fitted with a bile duct ligation,
while six others-or controls-were sham-operated
(laparotomy without bile duct ligation). All operations
were carried out under general anaesthesia. Germ-free
rats were maintained in individual metabolism cages in
plastic isolators (Trexler type), whereas conventional
animals were placed in individual cages in a traditional
animal-house.

DIET
All animals were adapted to the same experimental y
ray sterilised diet eight days before surgery. The
composition of the diet is shown in Table 1. It con-
tained 10% lipids (peanut oil) and the fatty acid
composition of dietary lipids is given in Table 2. After a
10 day recovery period, animals were submitted to a
10 day experimental period during which the digesti-
bility of the diet was measured. They ingested the same
quantity of food (11 g/day) and that level was deter-
mined during the recovery period. Diet was offered

Table 1 Composition of experimental diet

Ingredients g/100 g

Maize starch 58 6
Casein 20-8
Peanut oil+vitamins ADEK 10-0
Cellulose 5-0
Vitamin mix 0-8
Mineral mix 4-5
Choline 0.3

Table 2 Fatty acid composition of dietary lipids (% weight
oftotalfatty acids)

14:0 16:0 16:1 18:0 18:1 18:2 20:0 20:1 22:0 24:0 Others*

0 1 12-6 0.1 5.6 35.2 38-6 1-6 0-8 3-1 1-3 1 0

* Mainly 24:1 and 18:3.

once a day and all faeces were collected every day and
stored at -30C until the end of the experimental
period. Urine was absorbed on several layers of filter
paper, changed once a day.

EXPERIMENTAL DESIGN
The criteria used to estimate absorption was the
measure of apparent digestibility. The techniques were
described by Henry and ReratIO and values expressed
according to the formula:

absorbed ingested -excreted in faecesx100 =ngX 100
ingested ingested

In order to estimate the possible effect of bile
deprivation upon the biohydrogenation of dietary
unsaturated fatty acids in conventional animals another
experiment was performed with conventional rats. A
tracer dose of oleic acid as pure glyceryl trioleate
(1-14C oleic acid 0.05 mCi from CEA, F-91190 Gif-sur-
Yvette) was incorporated into an experimental meal
prepared with a powdered commercial rodent chow.
Faeces were collected to study the distribution of
radioactivity among the different molecules of faecal
fatty acids using radio gas-chromatography.

ANALYSIS
Dry matter contents in the diet and faeces were deter-
mined after complete dehydration of aliquot samples
until constant weight in an oven at 75°C. Quantitative
estimation of organic matters was performed as
previously described.1 1 Total energy contents of faecal
and dietary samples were determined using a calori-
metric bomb. Total lipids of the diet were extracted
using hexane. Total contents of fatty acids in dietary
lipids were obtained after saponification with a 10%
alcoholic potassium hydroxide solution in excess.

Faecal lipids were extracted by a two-step procedure
in order to separate 'soluble' faecal lipids from
'insoluble' faecal compounds mainly composed of fatty
acids precipitated as calcium soaps.12 Details concern-
ing the technique have been recently described. 13
Briefly, lipids and fatty acids were first directly' ex-
tracted from a known aliquot of dry faecal powder
using chloroform-methanol (2:1, v/v) as a solvent.
They constituted the soluble fraction which was
weighed after purification.14 Fatty acid contents were
gravimetrically determined after saponification ,as
previously reported. The residue from this first
extraction, which contained fatty acids precipitated
as insoluble soaps, was then submitted to HCI hydro-
lysis and free fatty acids extracted using hexane. This
fraction was weighed and called insoluble. In the study
of radioactivity distribution among faecal fatty acids,
the extraction of all fatty acids was performed in a one-
step procedure after direct hydrolysis of an aliquot of
dry faecal powder.
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Lipid classes from soluble faecal lipid fractions were
separated by thin-layer chromatography on silica gel.
The solvent system consisted of hexane, diethyl ether,
and formic acid (85:20:2 by volume). To study the
distribution of faecal lipids among the different classes
the spots were charred on the plates as suggested by
Fewster et al.15 and the amount of charred material
estimated by means of a (Vernon) scanning photo-
densitometer.

Pure fatty acids resulting from saponification of the
different lipid samples 5 were methylated in hot
methanol-HCl (97:3, v/v) for one hour. Analyses of
fatty acid methyl esters were performed using a Girdel
FD2 gas-liquid chromatograph. Fatty acid separation
was made using a stainless steel open tubular (capillary)
column (100 m length x 0.5 mm ID). Stationary phase
was Carbowax 20M-terephtalic acid. All details of the
analytical procedure have been described previously.'3

For radio gas liquid chromatography, pure fatty
acids were prepared as previously described. Methyl
esters were analysed for mass and radioactivity on the
Packard Model 427 gas chromatograph connected
with the Packard 894 gas proportional counter. Gas
chromatograph was fitted with a stainless steel column
(2 mm x 3 m) coated with 5% Degs on 80/100
Chromosorb G-DMCS. Mass and radioactivity were
simultaneously recorded on a dual-pen recorder
(Sefram, France).

Results

Deprivation of bile secretion first resulted in a signifi-
cant decrease (p < 0-05) in the digestibility of dry matter
in conventional rats (89.3 ±0.5% vs 84.9 ±0 5%),
whereas no significant alteration was observed in germ-
free animals (87.8 ±0.3% vs 87-6 ±0.4%). Where total
dietary energy was concerned no significant difference
was observed between germ-free and conventional
controls. Digestibility of energy was significantly
(p <0.05) decreased both in germ-free (903 ±0.3% vs

86.3±0.6%) and in conventional (91.4+0.6% vs

813± 08%) animals. Nevertheless, the decrease was
much larger in conventional than in germ-free animals.
The relative proportions of faecal lipids in controls

were significantly higher in conventional than in germ-
free rats (Table 3). Bile duct ligation drastically
increased the relative proportions of lipids in faeces
(approximately six times more in the two types of
animals). Nevertheless, when bile duct ligation was
made relative proportions remained lower in germ-
free than in conventional animals. As shown in Table 3
faecal lipids were mainly excreted as soluble com-
pounds in both groups of animals. When animals were

bile-deprived, relative proportions of soluble com-

pounds in faecal lipids largely decreased in germ-free
and conventional rats. However, relative proportions

Table 3 Total lipid contents of dry faeces and distribution
offaecal lipids between soluble and insoluble lipids*

Animals Significant
differencest

GF GF CV CV
control likated control ligated
(a) (b) (c) (d)

% of lipids in faeces 3-7*0-1 22-8 ±1-6 5.4 ±0-2 32-6 ±0-8 (a) VS (b)
(c) VS (d)
(a) VS (c)
(b) VS (d)

% of total faecal 85.8 ±2.3 71.3 ±2.4 86-6 ±1.6 55-2 ±2-7 (a) VS (b)
lipids as soluble (c) VS (d)
lipids (b) VS (d)

* Values are means ±SEM.
t At least P < 0-05.

of soluble compounds were significantly higher in
germ-free bile deprived animals than in their conven-
tional homologues.
As shown in Table 4 no significant difference was

observed for the absorption of total dietary lipids
between germ-free and conventional controls. The
same observation was made for total dietary fatty
acids. Bile duct ligation highly decreased the absorption
of dietary lipids both in germ-free and conventional
animals. However, the effect was much more pro-
nounced in conventional rats than in germ-free rats, as
the absorption was significantly larger in the latter. As
observed for total lipids, bile duct ligation considerably
decreased the absorption of total dietary fatty acids in
germ-free and conventional animals, but the effect was
larger in conventional than in germ-free rats. Further-
more, it was noticed that bile deprivation decreased the
absorption of total lipids more efficiently than that of
total fatty acids, particularly in conventional animals.

The fatty acid composition of 'soluble' and
'insoluble' faecal lipid fractions is shown in Table 5.
Where soluble lipids are concerned it can be seen that
no significant differences were observed between germ-

Table 4 Apparent digestibility of total dietary lipids and
total dietary fatty acids*

Animals Significant
differencest

GF GF CV CV
control ligated control ligated
(a) (b) (c) (d)

Apparent 95-4 ±0-2 70-3 ±2.2 94.5 ±0-4 46-3 ±2-5 (a) VS (b)
digestibility of total (c) VS (d)
dietary lipids (%) (b) VS (d)

Apparent 97-5 ±0-2 78-8 ±1-3 96-5 ±0-4 56.1 +2.7 (a) VS (b)
digestibility of total (c) VS (d)
dietary fatty acids (%) (b) VS (d)

* Values are means ±SEM.
tAt least P <0-05.
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Table 5 Fatty acid compositions offaecal soluble (SFL) and insoluble (IFL) lipids (weight % of totalfatty acids) *

Faecal lipids and animals 14:0

SFL
GF control (a)
GF ligated (b)
CV control (c)
CV ligated (d)

Significant differences

1.0
04
1.9
0.4

16:0 16:1 18:0 18:1 18:2 20:0 20:1

23.6
17.5
23.4
13.9

(a) VS (b)
(c) VS (d)

3.0
0.4
0.4
0.4

15.4
7.2

15.3
1 26

15.9
43.7
144
39.7

4.2
12.1
5.7
9.5

4.6
2.6
6.0
I.8

8.2
5.7
40
4.4

(a) VS (b) (a) VS (b) (a) VS (b) (c) VS (d) NS

(b) VS (d) (c) VS (d)

22:0 24:0 Endogenous

10-2
6.0
103
3.4

8.5
2 6
7.5
7.9

5.4
I 8

11.2
60

(a) VS (b) (a) VS (b) (a) VS (b)
(c) VS (d) (a) VS (c)

(c) VS (d)
(b) VS (d)

IFL
GF control (a)
GF ligated (b)
CV control (c)
CV ligated (d)

Significant differences

1.5
0.5
0.6
0 1

304
31.0
15 7
2358

(a) VS (c)
(c) VS (d)
(b) VS (d)

2.2
0.6
0.4
0.3

13.5
200
14.8
37.7

14.1
10.5
10.4
13-0

4.9
2.5
3.5
I 8

(c) VS (d) (a) VS (b) NS
(b) VS (d) (a) VS (c)

258
6.9
8.4
4.8

3.1
2.0
40
1.2

(a) VS (b) NS
(a) VS (c)
(c) VS (d)

8.2
16.1

7.9

9.9
6.9

14.5
3.2

9.4
3.0

10.5
6-2

(a) VS (b) (c) VS (d) (a) VS (b)
(c) VS (d) (a) VS (c) (c) VS (d)
(a) VS (c) (b) VS (d)
(b) VS (d)

* Only mean values are reported.
t At least P < 0-05.

free and conventional controls except for exclusively
endogenous fatty acid proportions: these were twice
as high in conventional controls as in germ-free
animals. This was mainly correlated with the faecal
excretion of bacterial fatty acids (odd-numbered and
branched-chain fatty acids); this did not occur in the
faecal lipids from germ-free animals. Endogenous fatty
acids from germ-free rats were mainly long-chain
polyunsaturated fatty acids. Deprivation of bile secre-
tion resulted in considerable changes in the fatty acid
compositions of soluble faecal lipids. In germ-free
animals changes were mainly characterised by a

considerable decrease in saturated and endogenous
fatty acid contents, whereas oleic acid (18:1) and
linoleic acid (18:2) contents significantly increased. In
conventional animals the same general effects were

noticed but different values were observed when com-

pared with bile deprived germ-free animals. Where
insoluble faecal lipids were concerned, it was noticed
that fatty acid composition did not greatly differ from
that of soluble faecal lipids in germ-free controls. This
was not the case for conventional controls where
larger contents of very long chain saturated fatty acids
(> 18:0) and smaller contents of palmitic (16:0) were

observed in insoluble faecal lipids. Thus-and contrary
to results reported for soluble faecal lipids-fatty acid
composition of insoluble lipids largely differed between
germ-free and conventional animals. When bile
deprivation occurred changes were observed both in
germ-free and conventional rats. In germ-free animals
changes were mainly characterised by an increase in long
chain fatty acid (> 18) contents and a decrease in oleic
acid and endogenous fatty acid contents. In conventional

rats changes were essentially characterised by a

significant increase in palmitic acid (16:0) and stearic
acid (18:0) contents, whereas all the other fatty acid
contents were maintained or significantly decreased.

Analysis of soluble faecal lipids by thin-layer
chromatography (Fig. 1) revealed that, in germ-free
controls, free fatty acids, sterol esters + non-polar
lipids, and cholesterol were the three main components.
Triglycerides, phospholipids, and partial glycerides
were minor components. In conventional controls
supplementary and undetermined compounds were

also observed but triglycerides and partial glycerides
remained minor components. When germ-free and
conventional animals were bile-deprived free fatty
acids and sterol esters+ non polar lipids were the two
major classes of lipids, while triglycerides and partial
glycerides remained minor components of soluble
faecal lipids both in germ-free and conventional
animals.
As shown in Table 6 absorption of the four main

dietary fatty acids did not significantly differ between
germ-free and conventional controls. In all cases it
exceeded 90% of the fed amount. When animals were

artificially bile deprived, absorption decreases were

observed for all fatty acids in both germ-free and con-

ventional animals. Results were dependent both on the
molecular characteristics of fed fatty acids and on the
occurrence of a gastrointestinal flora. Only slight
decreases were observed for linoleic acid (18:2)
absorption and no significant differences appeared
between bile deprived germ-free and conventional
animals. As compared with linoleic acid (18:2),
decreases were larger for oleic acid (18:1) and evidence
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Fig. 1 Thin layer chromatography offaecal soluble lipids
(SFL) and photodensitomeric scan (right) from germ-free and
conventional animals deprived (-) or not deprived ( +) of
bile secretion. PG: partial glycerides. C: cholesterol. FFA:
freefatty acids. TG: triglycerides. CE: sterols esters (+ other
non-polar lipids). PL: phospholipids and non-lipid
contaminants. M: standard mixture. (?): non-determined
compounds. For experimental samples 70 .g SFL were
applied in one single spot. For analytical procedure see
Methods section.

0.5

0.5

0J

Table 6 Apparent digestibility (%) of four main dietary
fatty acids*

FattY acids GF GF CV CV Significant
control ligated control ligated differencest
(a) (b) (c) (c)

16:0 95.1 ±0 8 60.2 ±2.0 94.9 ±0 7 34.3 ± 1.2 (a) VS (b)
(c) VS (d)
(b) VS (d)

18:0 93.8 ±1.1 517 ±1.8 90.3 ±12 -97.3 ±2 3$ (a) VS (b)
(c) VS (d)
(b) VS (d)

18:1 989 ±07 82-1 ±1.2 98.7 ±16 67-1 +1.9 (a) VS(b)
(c) VS (d)
(b) VS (d)

18:2 99.7 ±0 3 95.6 ±0 5 99.5 ±0-9 93.6 ± 1.0 (a) VS (b)
(c) VS (d)

* Values are means ±SEM.
t At least P < 0-05.
: Negative balance.

was given for a significant effect of the gastrointestinal
flora, as decrease ofapparent absorption was calculated
to be approximately 17% in germ-free animals vs. 32%
in conventional ones. However, the greatest effects of
bile deprivation were observed for saturated fatty acids
and were significantly enhanced by the occurrence of a
flora in the gastrointestinal tract. The absorption of
palmitic acid (16:0) was lowered by more than 35% in
germ-free rats and by more than 60% in conventional
rats. Where stearic acid (18:0) absorption was con-
cerned, it decreased by 45% in bile deprived germ-free
animals, whereas in conventional rats a negative
digestive balance was shown, as faecal excretion was
about twice as large as dietary supply.
As shown in Table 7 large differences were observed

when comparing the contribution of each fatty acid
to the overall increase in faecal excretion of total fatty
acids. When bile deprived germ-free animals were
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Table 7 Faecal excretion offatty acids related to theoretical intake of 10000 mg fatty acids and contribution of each type of
molecula to increase of totalfaecal excretion offatty acids (%).

Animals Intake Evcretion 16:0 18.() 18. 18.2 Otliers*

GF control (GF-+) (mg) 10000 250 62 35 39 11 103
GF ligated (GF-) (mg) 10000 2120 502 270 630 170 548
CV control (CV +) (mg) 10000 350 64 54 46 19 167
CV ligated (CV-) (mg) 10000 4390 828 1105 1158 247 1052
(GF )-(GF 4-) (mg) - 1870 440 + 235 591 +159 445

(23 5)t (12 6) (31 6) (8 5) (23 8)
(CV )-(CV-+) (mg) - 4040 764 + 1051 1112 - 228 t 885

(18 9) (260) (27 5) (5 6) (21 9)
(CV )-(GF-)(mg) 2270 +326 -835 + 528 77 504

(14 3) (36-8) (23 2) (3-4) (22 2)

* Long-chain fatty acids ( >C 18) and endogenous.
t Respective contribution of each fatty acid to the increase of total faecal excretion of fatty acids.

compared with germ-free controls it was seen that the
largest increase in fatty acid excretion was contributed
by oleic acid (18:1) excretion -over 30%o-and then by
palmitic acid (16:0) and long chain and endogenous
fatty acids-20-25%, while stearic acid (18:0) and
linoleic acid ( 18:2) contributed only a small proportion
(8-12%). When bile deprived conventional animals

were compared with conventional controls it was
observed that oleic acid (18:1) and stearic acid (18:0)
contributed approximately the same percentage to the
increase of faecal fatty acid excretion (26-28%). When
bile deprived germ-free and conventional animals were
compared it was shown that the twice as large faecal
excretion of fatty acids that was observed in conven-

R
Ae ,

I

S 140 160161 180 i1R 182 183 S 14:0 160161 180 18:1 182

R

Fig. 2 Radio gas chromatography offatty acid methyl
esters. A: dietary lipids: chow supplemented with
glycerol-trioleate (J..i4C oleic acid). B. aecal lipidsfrom
conventional control rats. C: faecal lipids from conventional
bile deprived rats. R. radioactivity. M. mass.

18:0 18:1 18:2
M

18 3

18:3
-M

.-v -V'V -VI I

-'U I'll I."
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tional animals was differently related with the increase
in the faecal excretion of each fatty acid; stearic acid
(18:0), oleic acid (18:1), and long-chain fatty acids
represented more than 80% of the total increase,
whereas linoleic acid (18:2; 38.6% of the dietary fatty-
acids) contributed only 35%0 to the increased faecal
excretion of fatty acids.
When conventional rats were fed the chow diet

supplemented with glycerol-trioleate (1-14C oleic acid),
radioactivity was found both in faecal stearic (18:0) and
oleic acid (18:1) (Fig. 2). Nevertheless, in sham-
operated conventional rats stearic acid radioactivity
represented only 10% of the total faecal radioactivity,
whereas in the bile deprived homologous rats it
represented 30%.

Discussion
The results presented in this study show that the
gastrointestinal flora does not normally interfere with
the absorption of peanut oil. This dietary fat is a highly
unsaturated oil, as it generally contains more than 75%
mono and polyunsaturated fatty acids. It has been
observed previously that the gastrointestinal flora does
not alter the intestinal absorption of unsaturated fatty
acids.8 On the contrary, saturated fatty acids such as
palmitic and stearic acid (16:0 and 18:0) have been
reported to be better absorbed in germ-free than in
conventional rats when they are esterified in highly
saturated fats.8 It has also been shown that the intesti-
nal absorption of saturated fatty acids is dependent on
the unsaturated/saturated fatty acid ratio in the diet
and decreases when this ratio decreases. 16 In peanut oil
this ratio is very high and absorption of palmitic acid
exceeds 95%, whereas in conventional rats it was
previously reported to be as low as 68% (vs 80% in
germ-free animals) when saturated fatty acids repre-
sented more than 65% of total dietary fatty acids.8 This
illustrates once again the fact that unsaturated dietary
fatty acids promote the absorption of saturated ones.
This effect has been correlated with a better micellar
solubilisation of saturated fatty acids and with an
effective protection against precipitation as insoluble
compounds like calcium soaps.17 At present, it is
confirmed that the gastrointestinal flora may exhibit its
negative effect upon the absorption of saturated fatty
acid only when they are included in high concentrations
in the diet.
The large difference of fat absorption observed

between bile deprived germ-free and conventional
animals was unexpected. Moreover, it was confirmed
by the decrease in total energy digestive balance.
Results clearly show that the gastrointestinal flora may
interfere with absorption otherwise than by bile salt
metabolism, as previously reported.18
The TLC data show that hydrolysis of dietary

triglycerides may occur in vivo without the help of bile

secretion. It is clearly established that the gastro-
intestinal flora is not apparently involved in the origin
of the high level of free fatty acids observed in faecal
lipids from bile deprived animals, as it was observed in
both germ-free and conventional rats. Thus, it is
confirmed that defective micellar solubilisation rather
than impaired lipolysis is responsible for the steator-
rhoea observed in bile deficiency.
The occurrence of large amounts of sterol esters and

other non-polar lipids in bile deficient animals can be
correlated with the fact that cholesterol ester hydrolase
(EC 3.1.1.13) requires bile salts for its own activity and
that unhydrolysed esters cannot be efficiently
absorbed.6 19 This appears to be unrelated to the
gastrointestinal flora as it was observed both in germ-
free and conventional animals. It can also be correlated
with the fact that non-polar lipid compounds such as
liposoluble vitamins demand a micellar solubilisation
for absorption.20

Results obtained from radio gas-chromatography of
faecal fatty acids show that about 30% ofnon-absorbed
oleic acid (18: 1) is transformed into stearic acid (18:0)
in bile deprived conventional rats. Such a biohydro-
genation related to the large amount of non-absorbed
oleic acid in faeces could easily explain the negative
digestive balance observed for stearic acid in bile
deprived conventional rats. However, bacterial bio-
hydrogenation, which is obviously stimulated in bile
deficiency, cannot be the only factor involved in the
aetiology of the greater steatorrhoea observed in con-
ventional bile deprived animals, as increase in the
faecal excretion of stearic acid represents only 26% of
.the total increase in faecal fatty acids observed when
compared with conventional controls. Although we
have not investigated the possible biohydrogenation
of linoleic acid (18:2) into monounsaturated fatty acid,
this hypothesis cannot be discarded. It might occur and
artificially increase the intestinal content of 18:1,
which was shown to be less well absorbed than linoleic
acid in bile deprived germ-free animals. As shown in
Table 7, even if all supplementary faecal 18:0 and 18:1
were derived from biohydrogenation in bile deprived
conventional animals as compared with germ-free
homologues, this could explain only 60% of the
increase, as palmitic acid absorption, for instance, also
decreased without any large dietary supply of palmi-
toleic acid (16:1).

Increase of unsaturated fatty acid biohydrogenation
might also be correlated with changes in the microbial
ecology of the gastrointestinal tract in the bile deprived
conventional rat. Bacterial biohydrogenation could
occur in the distal part of the digestive tract far from the
main sites of fatty acid absorption and thus not really
interfere with absorption.

Results mainly suggest that conditions of absorption
of monounsaturated and saturated fatty acids are
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better in bile deprived germ-free animals than in their
conventional homologues. Where this is concerned it is
interesting to note that 45% of faecal fats were excreted
as 'insoluble' compounds such as calcium soaps in bile
deprived conventional animals, whereas they repre-
sented only 28% in germ-free homologues. No differ-
ence was observed between controls. This higher level
of intestinal synthesis of non-absorbable compounds
could-in addition to biohydrogenation-account for
a large part of the differences observed between the
two types of animals. It has been reported previously
that faecal excretion of fatty acid insoluble by-products
such as calcium complexes is larger in conventional
than in germ-free rats when they receive saturated
dietary fats.8 As a dietary supply of sodium tauro-
cholate considerably decreases the faecal excretion
of insoluble complexes in conventional animals, this
observation was previously related to the fact that the
intestinal content of bile salts is two to three times larger
in the germ-free rat.18 Present results show that other
factors may also be involved at this level and suggest
that germ-free animals may possess other physio-
logical characteristics which promote the absorption
of the products of lipolysis. This could be investigated
at the level of micellar solubilisation but could be also
correlated with other known factors such as transit
rate or mineral absorption.7

Finally, it is also tempting to relate our data to the
alterations occurring at the level of the bacterial
population in the conventional animals when they are
submitted to bile deprivation. In vitro studies have
shown that many intestinal bacteria are very sensitive to
bile acids such as cholic and deoxycholic acids.21
A large bacterial multiplication through the loss of the
'antiseptic' effect of bile could, thus, be evoked as a
factor involved by undetermined mechanisms in the
large increase of faecal loss of energy and lipids.
Unfortunately, data collected in vitro do not apparently
correlate with data collected in vivo. For instance, it has
been clearly shown that bile deprivation does not
induce any significant proliferation of bacteria in the
gastrointestinal tract of the rat; only slight selective
alterations do appear in the composition of the flora at
the different levels of the digestive tract.22 Conversely,
it must be remembered that bile acids may also
act in vitro, but also in vivo, as growth factor versus
some bacterial strains.22 23 Consequently, these contra-
dictory results do not authorise any definitive specula-
tion about this particular point.
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