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Calcium in milk and fermentation by yoghurt
bacteria increase the resistance of rats to

salmonella infection

I Bovee-Oudenhoven, D Termont, R Dekker, R Van der Meer

Abstract
Calcium in milk products stimulates
gastric acid secretion and inhibits the
cytolytic activity of intestinal contents.
Based on these effects, it was hypothesised
that calcium might lessen the severity of
food borne intestinal infections. The
possible differential effects of a low cal-
cium milk and normal milk products
(milk, acidified milk, and pasteurised
yoghurt) on the resistance of rats to a sal-
monella infection was therefore studied.
Rats were infected orally with Salmonella
enteritidis just after food consumption.
The first day after infection, faecal salmo-
nella counts of the yoghurt fed rats were
significantly lower than those of the other
groups. Thereafter, faecal salmonella
excretion declined rapidly in all high
calcium groups, whereas rats fed the low
calcium milk continued to excrete high
numbers of salmonella. The reduced
colonisation resistance to salmonella of
rats fed low calcium milk might be caused
by the high cytolytic activity of faecal
water or a high iron concentration in
faecal water, already present before infec-
tion, or both. The reduced resistance of
these rats corresponded with a large infec-
tion induced increase in the cytolytic
activity of faecal water, an appreciable
reduction in apparent iron absorption,
and a large increase in faecal mucin and
alkaline phosphatase excretion. In
yoghurt fed rats, only minor infection
induced changes in luminal parameters
were noticed. The rats fed milk and
acidified milk always showed intermedi-
ate reactions. In conclusion, in addition
to fermentation by yoghurt bacteria,
calcium in milk products strongly
enhanced the resistance to salmonella
infection by lowering luminal cytolytic
activity or diminishing the availability of
iron for pathogen growth, or both.
(Gut 1996; 38: 59-65)
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The first defence mechanism of host resistance
to gastrointestinal infections is the gastric
barrier.' Pathogens, for instance Salmonella sp,
introduced into the stomach are effectively
destroyed by gastric acid.24 The interaction
of gastric acid and ingested bacteria is con-
ditioned by other variables in addition to

gastric acid secretion, namely physical protec-
tion of bacteria by food, buffering of gastric
content, and rate of gastric emptying. The
effectiveness of the gastric barrier can be
influenced by milk products. By stimulating
gastrin release, calcium in milk products
induces gastric acid secretion.5 6 In addition,
the gastric emptying rate of fermented milk is
half that of milk,7 so simultaneously ingested
pathogens have to endure a prolonged expo-
sure to gastric acid as well as to lactic acid in
the fermented milk. Beyond the gastric barrier,
a second line of non-immunological defence
mechanisms is situated in the intestine. Anti-
bacterial effects of bile acids and pancreatic
enzymes, the motility of the intestine, normal
epithelial cell turnover, the presence of an
autochthonous microflora, and intestinal
mucin secretion, act together to eliminate
harmful exogenous bacteria.' Many of these
intestinal parameters are influenced by
diet.8-11 For instance, calcium in milk products
inhibits the cell damaging activity of intestinal
contents and decreases epithelial cell prolifera-
tion by precipitating bile acids among
others.11-14

Considering the above mentioned effects of
calcium on gastric acid secretion and the
intestinal epithelium, the question arises
whether calcium in milk products increases
resistance to food borne infections. To address
that question, we performed a strictly
controlled infection experiment in which we
compared the resistance to a salmonella infec-
tion of rats fed a low calcium milk, regular
milk, milk acidified with hydrochloric acid, or
pasteurised yoghurt.

Methods

ANIMALS, DIETS, AND INFECTION
The experimental protocol was approved by
the animal welfare officer of the Agricultural
University, Wageningen, The Netherlands.
Specific pathogen free, male Wistar rats (WU,
Harlan, Zeist, The Netherlands), aged 10
weeks and with a mean body weight of about
330 g, were housed individually (n=9 per diet)
in metabolic cages in a room with controlled
temperature (22-24GC), relative humidity
(50-60%), and light/dark cycle (light,
6.00-18.00 hours).
The experimental milk products were

manufactured by the Technology Department
of our institute. Because rats are lactose intol-
erant, the milk (3.7% fat, 3.0% protein,
30 mmol calcium/l) and low calcium milk
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(Calcinon, Nutricia, Zoetermeer, The
Netherlands, 3.8% fat, 3. 1O% protein; CaCO3
was added to obtain 6 mmol calcium/l) were
first treated with lactase (Maxilact LX5000,
Gist-brocades, Delft, The Netherlands). Sugar
determination of the lactase treated products
by HPLC analysis15 showed complete hydroly-
sis of lactose. Thereafter the low calcium milk
and part of the normal milk were sterilised (15
seconds at 140°C) and bottled aseptically.
Yoghurt was prepared from the (lactase
treated) regular milk by standard procedures,
using cultures of Lactobacillus bulgaricus and
Streptococcus thermophilus. The yoghurt was
homogenised, pasteurised (15 seconds at
74°C), and bottled aseptically. The milk
products were stored at 4°C until use.
Acidified milk was prepared by acidifying (lac-
tase treated) regular milk with concentrated
hydrochloric acid to pH 4-2, which was the pH
of the yoghurt. For animal food preparation,
125 g of rice flour (Molenaar, Milupa BV,
Amersfoort, The Netherlands), 20 g cellulose,
vitamins,'6 and 0.1 mmol ferric citrate (BDH
Chemicals Ltd, Poole, England) were added to
1 litre of milk product. The dry weight per-
centage of these animal foods was 23.3%.
Food was prepared freshly every three days
and stored at 4°C. The food racks of the
animals were changed every day. Food and
demineralised drinking water were supplied ad
libitum. Food intake was recorded every day
and body weight every three days.

Animals were acclimatised to the housing
and dietary conditions for nine days, after
which they were infected with Salmonella
enteritidis (clinical isolate, phage type 1), which
is an increasingly important food pathogen.'7
Details of the kinetics of a salmonella infection
in rodents3 and the properties and main-
tenance of this pathogen18 are described else-
where. Before infection, the rats were starved
overnight. At 9.00 am the next day food was
supplied ad libitum. At 11.00 am all rats were
infected orally by gastric gavage with 1 ml of
saline containing 14109 viable S enteritidis.
The exact viable counts of S enteritidis in the
inoculum were determined by plating on
Brilliant Green Agar (Oxoid, Basingstoke,
England). Before, and on days 1, 5, and 12
after salmonella infection, fresh individual
faecal samples were collected. The number of
salmonella in faeces was quantified by plating
on Modified Brilliant Green Agar (Oxoid)
supplemented with sulphamandelate (Oxoid)
as described and validated by Giaffer et al.'9

TOTAL FAECES ANALYSES
Faeces were quantitatively collected two days
before salmonella infection and on days 5 and
6 after infection. Faeces were freeze dried for
dry weight determination. After dry ashing and
destruction (15 minutes at 180°C) with a per-
chloric acid (70%)/hydrogen peroxide (300/o)
mixture (3:1 v/v) of freeze dried faeces, iron
was measured using an atomic absorption
spectrophotometer (Model 1100, Perkin
Elmer Corp, Norwalk, USA). Inorganic phos-
phate was extracted from freeze dried faeces

with 5% (w/v) trichloroacetic acid and
measured according to the method of Fiske
and Subbarow.20 Total bile acids were
extracted from freeze dried faeces with a
t-butanollwater mixture (1:1 v/v) as described
previously.2' Extracts were assayed for bile
acids using a fluorimetric enzymatic assay.22
For mucin determination, freeze dried faeces
were suspended in 20 volumes of phosphate
buffered saline, mixed, and immediately
incubated in a shaking waterbath at 95°C for
10 minutes to denature glycosidases. Control
experiments showed no degradation of purified
mucin (crude porcine stomach mucin; Sigma,
St Louis, USA) during this heat treatment.
Thereafter, mucins were solubilised by
incubating for 90 minutes at 37°C. After
centrifugation for 1 minute at 15 000 g
(Eppendorf 5415), mucins were measured
using a fluorimetric assay that discriminates
0-linked glycoproteins (mucins) from N-
linked glycoproteins.23 Standard solutions of
N-acetylgalactosamine (Sigma) were used to
calculate the amount of oligosaccharides
liberated from mucins during the procedure.
The recovery of porcine stomach mucin added
to dry faeces varied between 95 and 105%. For
alkaline phosphatase (ALP) determination, 30
mg of freeze dried faeces were suspended in 5
ml saline. After homogenisation, the sus-
pensions were centrifuged for 5 minutes at
1500 g (Heraeus, Boom BV, Meppel, The
Netherlands). ALP activity in the supernatants
was determined spectrophotometrically as
described elsewhere,'3 except that inhibition
with L-phenylalanine was omitted. In our
earlier studies,"1-14 inhibition of the intestinal
isoenzyme with L-phenylalanine was used to
quantify the contribution of bacterial ALP to
total ALP activity. However, we now per-
formed control experiments with faeces from
germ free and conventional rats, which showed
that the remaining activity in the presence of
L-phenylalanine was exactly the same for both
faeces (10% of total ALP activity, data not
shown).

FAECAL WATER ANALYSES
Faecal water was prepared by adding double
distilled water to freeze dried faeces to obtain
350/o dry weight, which mimics the conditions
in the colon. Individual deviations of the mean
dry weight percentage were proportionally
corrected for. After homogenising, the samples
were mixed regularly while incubated in a
shaking waterbath (1 hour at 37°C), followed
by centrifugation for 20 minutes at 12000 g
(Hettich, Micro-rapid 1306, Tuttlingen,
Germany). The aspirated supernatant was
centrifuged for 2 minutes at 14 000 g
(Eppendorf 5415). After determination of the
pH of the supernatants at 370C, faecal water
was stored at -20C until further use.

For determination of cytolytic activity,
human erythrocytes (20 ,A of a 25%
haematocrit suspension) were mixed with 80
pl of faecal water or 40 gl faecal water plus 40
gl saline. Before addition to the erythrocytes,
the faecal waters were warmed to 37°C.
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Effects of diets and salmonella infection on totalfaecal output andfaecal inorganic phosphate excretion (values, mean
(SEM))

Faecal wet weight Faecal dry weight Faecal dry/wet ratio Faecal inorganic P
Diet Infection (gid) (gld) (%) (pumol/d)
Low calcium milk Before 2-34 (0-14)* 1-31 (0.08)* 56 (2)* 36 (6)*

After 3-56 (0-12)t 1-68 (0.04)t 47 (2)t 62 (4)t
Milk Before 2-49 (0-19)* 1-48 (0-09)* 60 (1)* 407 (25)4

After 3-51 (0.24)t 1-95 (0-12)t 56 (2)* 513 (33)§
Acidified milk Before 2-35 (0-16)* 1-39 (0.09)* 59 (1)* 346 (23)*t

After 3-33 (0.34)t 1-89 (0.18)t 58 (2)* 437 (43)t§
Yoghurt Before 2-29 (0-15)* 1.40 (0.08)* 60 (1)* 317 (16)"

After 3-54 (0.32)t 1-98 (0-17)t 56 (2)* 440 (30)i§

Values in the same column not sharing the same symbol are significantly different (p<0 05).

Mixtures were incubated for 2 hours at 37°C
in a shaking water bath. The intact erythro-
cytes in the pellet were washed three times with
saline (centrifugation, 1 minute at 1500 g
(Eppendorf 5415)). After lysing the erythro-
cytes in the pellet with double distilled water,
trichloroacetic acid (final 5% w/v) was added,
followed by centrifugation for 1 minute at
14000 g (Eppendorf 5415). The potassium
content of the supernatant was measured by
atomic emission spectrophotometry (Model
1 100, Perkin Elmer). Simultaneously, erythro-
cytes were incubated in saline (0% haemolysis,
corresponding to 100% potassium release) and
in double distilled water (100% haemolysis,
corresponding to 0% potassium release). The
percentage haemolysis was calculated from
these 0% and 100% controls. The relevance
and validation of this haemolysis assay is
described elsewhere.24 Iron was measured in
saline diluted, faecal water using an atomic
absorption spectrophotometer (Model 1100,
Perkin Elmer).

Bile acid determination in samples taken
before infection was performned directly in
diluted faecal water as described elsewhere.22
In contrast to pre-infection samples, the recov-
ery of cholic acid added to post-infection
samples was often poor, indicating that faecal
water components interfered with the enzy-
matic assay. Therefore an alternative procedure
was carried out as follows; post-infection
samples were acidified (final 1 M HCI) and
subsequently extracted three times with diethyl
ether. After evaporation of diethyl ether, the
residue was resolubilised in methanol. This
solution was hydrolysed in 80% (v/v) methanol
and 1 M NaOH for 1 hour at 80°C. After
evaporation of methanol and subsequent acidi-
fication with HC1 (final 1 M), bile acids were
again extracted with diethyl ether. After
evaporation of diethyl ether, bile acids were res-
olublised in methanol and measured as
described above. Using this procedure, the
recovery of a mixture of cholic acid/deoxycholic
acid/lithocholic acid (4:3:1) added to faecal
water always exceeded 90%. Control experi-
ments showed that the bile acid concentration
in faecal waters of the pre-infection period was
identical when using the direct or the alterna-
tive procedure. Free fatty acids were analysed
by gas chromatography as described earlier.14

STATISTICS

Results are presented as mean (SEM), with
n=8 for the yoghurt group and n=9 for the

other groups. Within one dietary group,
differences between the mean values before
and after infection were tested by Student's t
test for paired samples (two sided). Within one
period, differences between diet groups were
tested on their significance, using analysis of
variance (ANOVA). In addition, Fisher's pro-
tected least significant difference test (two
sided), modified for multiple comparisons, was
used to identify dietary groups that differed
from each other. The level of significance was
preset at p<005. A commercially available
statistical package was used for all statistics
(SPSS/PC+ version 2.0, SPSS Inc, Chicago,
USA).

Results

ANIMALS, FOOD INTAKE AND FAECAL OUTPUT
The data from one animal in the yoghurt group
were excluded from the study results because
of oropharyngeal reflux of the S enteritidis sus-
pension which resulted in pneumonia. Food
intake (mean 18 g dry weight per day) and
body weight gain (mean 3 g per day) were not
significantly affected by the different diets or
the infection. Before the infection, the wet and
dry faecal outputs did not differ between diet
groups, nor did the percentage dry weight
(Table). After infection, wet and dry faecal
output increased significantly in all groups. In
addition, the dry weight percentage of the
faeces of animals fed the low calcium milk was
significantly less compared with the other
groups.

COLONISATION RESISTANCE
The first day after salmonella infection, rats fed
yoghurt had a significantly lower salmonella
excretion in faeces than rats fed the other diets
(Fig 1). On day 5, population levels of
salmonella in faeces were decreased noticeably
in the high calcium diet groups. In contrast,
rats fed the low calcium milk continued to
excrete high salmonella levels in their faeces.
This was also the case on day 12 after infec-
tion. Thus, rats fed the low calcium milk had a
much lower colonisation resistance to salmo-
nella than rats fed the high calcium diets.

CYTOLYTIC ACTIVITY OF FAECAL WATER
The pH of faecal water of the yoghurt group
(6.54 (0.06)) was higher (p<0 05) than values
in the other groups (acidified milk 6.30 (0.03),

61

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.1.59 on 1 January 1996. D

ow
nloaded from

 

http://gut.bmj.com/


Bovee-Oudenhoven, Termont, Dekker, Van der Meer

(low calcium milk 2-40 (0-17) mM, milk 0-77
(0.10) mM, acidified milk 1.09 (0.16) mM,
yoghurt 0.69 (0.05) mM (p<005)).

- [ \~* Salmonella infection had no effect on the bile
acid concentration in faecal water. Before
infection, the mean free fatty acid concentra-
tion in faecal water was 0.46 (0 10) mM in the
low calcium milk group, 0-31 (0-03) mM in

Detection the milk group, 0.76 (0-16) mM in the acidi-
limiti fied milk group, and 1-62 (0-52) mM in the

o 2 4 6 8 10 12 yoghurt group. The infection had no signifi-
Day cant effect on the concentration of free fattyDay ~~~~~acids in faecal water.

e 1: Faecal excretion ofsalmonella (mean (SEM)) Da iteane alwa tar.Oral administration of 1 l 09 CFU of this pathogen on espite an equal dietary iron intake of about
k Symbols: 0 low cakium milk, 0 milk, [ acidified 7.7 umol/d, the iron concentration in faecal
and V yoghurt. *Denotes thatfaecal salmonella water of rats fed low calcium milk was at least
,ion of the indicated group is significantly different five times higher than that in faecal water ofall other groups (p<0.OS). rats fed the high calcium diets (Fig 3). After

infection, soluble iron increased significantly
6-21 (0-01), and low calcium milk 6-21 only in the groups fed low calcium milk and

5)). Salmonella infection had no effect on normal milk.
the pH. Before infection, the cytolytic activity
of faecal water from the high calcium groups
(milk, acidified milk, and yoghurt) did not
differ from each other and varied between 10
and 22% (Fig 2). The cytolytic activity of
faecal water of rats fed the low calcium milk
was 100% when the standard assay using 80 gl
of faecal water was applied. To study whether
salmonella infection increased lytic activity any
further in this group, erythrocytes were also
incubated with a smaller volume (40 ,il) of
faecal water. After salmonella infection, the
largest increase in cytolytic activity of faecal
water occurred in the group fed the low
calcium milk. Rats fed regular milk showed a
smaller, but significant, increase. Remarkably,
salmonella infection had no significant effect
on the lytic activity of faecal water of rats fed
acidified milk or yoghurt.

CONCENTRATIONS OF BILE ACIDS, FATTY
ACIDS, AND IRON IN FAECAL WATER
Compared with the three high calcium groups,
the concentration of bile acids in faecal water
of rats fed low calcium milk was much higher

100 E
M Before

80 MAfter
T

60

-4040

20-

LCM LCM
M

AM Y
Group

40 p1 80 [ii
Figure 2: Cytolytic activity offaecal water (mean (SEM))
before and after infection. For all groups 80 Au offaecal
water was used in the haemolysis assay. To detect the
difference in cytolytic activity before and after infection in
the low calcium milk group, 40 p]1 offaecal water were also
used in the assay for this group. Abbreviations: LCM=low
calcium milk, M=milk, AM=acidified milk, and
Y=yoghurt. Bars not sharing the same symbol are

significantly differentfrom each other (p<0-05).

APPARENT IRON ABSORPTION AND FAECAL
EXCRETION OF MUCIN, ALP, AND PHOSPHATE
The apparent iron absorption is calculated by
subtracting the faecal iron excretion from the
dietary iron intake. As mentioned above,
dietary iron intake was about 7-7 pumol/d and
was not affected by diet or by the infection.
Before infection, all groups had an apparent
iron absorption of about 2-7 pumol/d (Fig 4).
After infection, the apparent iron absorption
decreased towards zero in rats fed low calcium
milk, milk, and acidified milk (p<0-05). The
apparent iron absorption in rats fed yoghurt
was not significantly altered by the infection.
In the period before infection, faecal mucin
excretion was significantly raised in rats fed
low calcium milk compared with rats fed the
high calcium diets (Fig 5, p<0-05). After
infection, the mucin excretion increased
significantly in all groups. The largest increase
was observed in the low calcium milk group,
whereas animals fed yoghurt had the smallest
increase in faecal mucin excretion after infec-
tion.
ALP excretion in faeces did not differ

between diet groups before infection (Fig 6). A
dramatic, infection induced increase in ALP
excretion was noticed in the low calcium milk
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Figure 3: Iron concentration in faecal water (mean
(SEM)) before and after infection. Abbreviations:
LCM=low calcium milk, M=milk, AM=acidified milk,
and Y=yoghurt. Bars not sharing the same symbol are

significantly differentfrom each other (p<0-05).
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M Before reflect an effect of yoghurt on the gastric bar-
M After rier. Because the gastric emptying rate of

yoghurt is half that of milk,7 prolonged expo-

* sure to gastric acid as well as lactic acid in theg
yoghurt could have reduced the effective
inoculum. In vitro incubation studies at 370C*
showed that yoghurt was bactericidal to this

particular salmonella strain. Within an hour,
t - more than 950/o of the inoculum was killed. In

|t | *contrast, milk acidified with hydrochloric acid
to pH 4-2 (the pH of the yoghurt) did not
affect the viability of salmonella, even after six
hours' incubation. When incubated in milk or

low calcium milk salmonella rapidly multiplied
t y

(data not shown). Although dietary effects on
LCM M AM the gastric barrier could have influenced faecal

Group salmonella counts the first day after infection,
)arent iron absorption (defined as dietary iron this is not a likely explanation for the faecal
faecal iron excretion) (mean (SEM)) before Salmonella counts later on in the experiment.3
,onella infection. Abbreviations: LCM=low It is reasonable to assume that population
M=milk, AM=acidified milk, and levels of salmonella in faeces several days afterWars not sharing the same symbol are
lifferentfrom each other (p<0-05). the infection are determined by the intestinal

resistance to this pathogen. The calcium
content of the diets strongly influenced the

to a lesser extent in the milk group. intestinal resistance to this pathogen. On day
)s fed acidified milk and yoghurt 5, salmonella counts in faeces had decreased
.e smallest increase in faecal ALP drastically in rats fed the high calcium diets,

whereas those in faeces of rats fed low calcium
the equal phosphate content of milk were 1000 times higher. This difference,
(mean 112 mmol/kg dry weight), although less pronounced, was still present at
)hosphate excretion in the faeces of day 12. The persistent high salmonella levels in
cium milk group was only a fraction faeces of rats fed low calcium milk cor-

the high calcium groups (Table, responded with a significant reduction in the
Except in the acidified milk group, percentage dry weight of the faeces in this
ganic phosphate excretion increased group (Table).
y after salmonella infection. Con- Dietary calcium greatly reduced the
unchanged food intake after infec- cytolytic activity of faecal water before infec-

nplies that the phosphate absorption tion (Fig 2). This agrees with previous work
y diminished during salmonellosis. from our laboratory.1'-14 The high luminal

cytolytic activity in the low calcium milk
group coincided with a reduced colonisation
resistance to salmonella. Considering these

nowledge, this is the first study results, it is tempting to speculate that a high
Le impact of dietary calcium on the luminal cytolytic activity predisposes to
n resistance of rats to salmonella salmonella infection. By lowering the cytolytic

addition to calcium, fermentation activity of luminal contents and reducing
yoghurt bacteria apparently rein- epithelial cell damage,'1-14 the mucosal

;iderably the resistance to infection. integrity and resistance to infection might be
day after administration of salmo- enhanced. In addition, we have now shown
ats on the yoghurt diet had a signifi- that salmonella infection has a striking effect
er faecal salmonella excretion than on the cytolytic activity of faecal water. In
.e other diets (Fig 1). This might

M Before 500
MAfter co 400

a)
O 300X

5 a~~~~~~~~~~~~)
CL 200

X 100
AM ~ ~~~~Y

LCM m

Group

AM

Figure 5: Daily mucin excretion in faeces (mean (SEM))

before and after salmonella infection. Abbreviations:

LCM=low cakium milk, M=milk, AM=acidified milk,

and Y=yoghurt. Bars not sharing the same symbol

significantly different from each other (p<005).
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tt
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Figure 6: Faecal alkaline phosphatase (ALP) excretion

(mean (SEM)) as a marker of intestinal epitheliolysis.

Abbreviations: LCMlowcalcium milk, M=milk,
AM=acidified milk, andY=yoghurt. Bars not sharing

same symbol are significantly different from each other

(p<0'05).
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accordance with high population levels of
salmonella in faeces of rats fed low calcium
milk, the cytolytic activity of faecal water of
this group increased strongly after infection.
No significant change could be noticed in rats
fed acidified milk or yoghurt. The concentra-
tions of bile acids and fatty acids, important
cytolytic surfactants in faecal water,11-14 did
not rise after infection. This indicates that
these surfactants were not responsible for the
increase in cytolytic activity after infection.
Some salmonella strains seem to be able to
produce enterotoxins, but none of these toxins
has been shown to play a role in the virulence
of this pathogen or the production of
symptoms.25 26 The production of reactive
oxygen metabolites or bactericidal proteinases
by attracted inflammatory cells (like macro-
phages) may have contributed to the patho-
genesis of infection. Investigations are now
being carried out to identify the infection
related lytic substances in faecal water.

Soluble iron plays a critical role in inflam-
matory processes induced by bacterial infec-
tions. Firstly, Fe2+/Fe3+ is an important redox
couple in the formation of reactive oxygen
metabolites.27 Secondly, the bactericidal
action of lysosomal proteins of neutrophils is
neutralised by excess iron.28 Thirdly, iron is an
essential nutrient for bacterial growth.28 To
minimise epithelial cell damage and to
maximise the resistance against pathogens, the
soluble iron concentration in the intestinal
lumen should be kept as low as possible. Our
results showed that calcium in milk products
strongly reduced the soluble iron concentra-
tion in faecal water (Fig 3). The phosphate
content of the various diets was not different
(mean 1 12 mmol/kg dry weight). However, in
contrast to the high calcium diets, the rats fed
low calcium milk almost completely absorbed
the phosphate (Table) because hardly any
precipitation with calcium could occur. These
results suggest that luminal iron is coprecipi-
tated by a calcium-phosphate complex. The
relatively small, but significant, increase in the
iron concentration in faecal water after infec-
tion in the low calcium milk and milk groups
might originate from iron in haemoglobin, due
to salmonella induced intestinal bleeding.29
Because iron-withholding is a defence system
of the host against bacterial infections,30 the
apparent iron absorption, defined as dietary
iron intake minus faecal iron excretion, was
quantified. After salmonella infection, the
apparent iron absorption had decreased
towards zero in the low calcium milk, milk,
and acidified milk group (Fig 4). Bezkorovainy
also showed that iron absorption in the small
intestine was decreased during infections.31
Remarkably, in rats fed yoghurt the infection
had no significant effect on this parameter.
The mucous lining of the gastrointestinal

tract is an important component of the
mucosal defence system, forming a physical
baffler between potentially harmful bacteria or
substances in the lumen and the underlying
mucosa. Accelerated mucin secretion occurs in
response to a variety of physiological and
pathological stimuli, including irritants like

oxygen radicals,32 bacterial enterotoxins,33 and
intestinal pathogens.34 The present study
indicates that mucin secretion correlates with
the severity of the infection. Hiraishi et al found
that iron enhanced the oxygen radical induced
mucin release of cultured mucous producing
cells.32 This seems very interesting, regarding
the high iron concentration in faecal water of
rats fed low calcium milk. A significant increase
in faecal mucin excretion was already present
in the low calcium milk group before infection
(p<005), possibly as a result of the high bile
acid concentration in faecal water in this group
and the high luminal cytolytic activity.
Increased epithelial cell damage results in an
increased cell proliferation to maintain
mucosal integrity. 11-14 The high population
levels of salmonella in the faeces of rats fed low
calcium milk, accompanied by a notable
increase in cytolytic activity of faecal water
after infection, resulted in a large increase in
epitheliolysis, as measured by faecal ALP
excretionll-14 (Fig 6). A significant increase in
faecal ALP excretion also occurred in the milk
group, whereas the acidified milk and yoghurt
groups showed the smallest increase after infec-
tion. The infection induced increase in
epithelial cell turnover agrees with the results of
other studies using cellular proliferation
markers.35-37 Activation of T lymphocytes38
and the release of tumour necrosis factor t35
and interleukin 1a36 are proposed mediators
for the villus atrophy and crypt cell hyperplasia
seen in various intestinal infections.39

In summary, it can be concluded that cal-
cium in milk products strongly increased the
colonisation resistance of rats to salmonella
infection. This is accompanied by a reduced
infection induced increase in luminal parame-
ters such as cytolytic activity of faecal water,
faecal mucin excretion, and intestinal epitheli-
olysis as measured by faecal ALP excretion.
Lowering the luminal cytolytic activity, thereby
reducing the epithelial cell damage and
enhancing the mucosal integrity, and/or dimin-
ishing the availability of iron for pathogen
growth seem to be important mechanisms by
which calcium exerts its protective effect.
Compared with normal milk, fermented milk
reinforced the resistance to salmonella infec-
tion. Whether these protective luminal effects
of calcium and fermented products also
improve the immunological defence against
salmonella infection is at present not known
and requires furhier investigation.
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