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ABSTRACT

Cheddar cheese was evaluated as a food carrier for
the delivery of viable microorganisms of Enterococcus
faecium (Fargo 688Y; Quest Int., Naarden, The
Netherlands) to the gastrointestinal tract. This
strain had previously been shown to possess proper-
ties required of a probiotic microorganism including
the ability to relieve irritable bowel syndrome. The
strain was found to survive to high numbers in Ched-
dar cheese during ripening at 8°C for 15 mo (4 x 108
cfu/g) and in yogurt during storage at 4°C for 21 d (4
x 107 cfu/g). In an in vitro model system, Cheddar
cheese was found to have a greater protective effect
than yogurt upon exposure of the probiotic culture to
porcine gastric juice at pH 2. Subsequently, a feeding
trial involving 8 pigs per group was performed in
which a rifampicin-resistant variant of the probiotic
strain was fed for 21 d at a mean daily intake of 1.3 x
1010 ¢fu/d from Cheddar cheese or 3.7 x 109 cfu/d from
yogurt. During the feeding period, Cheddar cheese
yielded a significantly higher mean fecal probiotic
count (2 x 108 cfu/g of feces) than did yogurt (5.2 x
10° cful/g of feces). These data indicate that mature
Cheddar cheese compares very favorably with fresh
yogurt as a delivery system for viable probiotic
microorganisms to the gastrointestinal tract.

( Key words: probiotic, Cheddar cheese, carrier, via-
ble)

Abbreviation key: GIT = gastrointestinal tract,
KAAA = kanamycin azide aesculin agar, RSM =
reconstituted skim milk.

INTRODUCTION

Recent market studies have shown an increasing
demand for functional foods containing live probiotic
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cultures. In response to this growing demand for
probiotic foods, the portfolio of products containing
such health-promoting cultures is expanding.
Although considerable marketing and research atten-
tion has focused on fermented milks and yogurts as
food carriers for probiotic microorganisms (44), these
products may not be optimal for the maintenance of
high concentrations of some strains, as evidenced by
poor viability (particularly of Bifidobacterium
strains) in a range of commercial yogurts surveyed in
both Europe and Australia (25, 30). Furthermore, it
is now becoming evident that other foods offer poten-
tial for administration of these cultures [for review
(44)]. For example, both Bifidobacterium bifidum
and Lactobacillus acidophilus strains have been
shown to survive at concentrations between 108 and
108 cfu/g or ml in ice cream (7, 21), frozen yogurt
(22), and other frozen dairy desserts (27). In addi-
tion, various cheese varieties including Cheddar (10,
12), Gouda (19), cottage (4, 33), white-brined (14),
caprine (18), and Crescenza (16) cheeses have been
assessed as carriers for both probiotic Lactobacillus
and Bifidobacterium strains.

For these products to be categorized as probiotic, it
is important that the culture that is added at the time
of manufacture remain viable at high concentrations
during the relevant shelf-life or storage period. In
general, the minimum concentration of probiotic
microorganisms necessary to exert a beneficial effect
remains unclear. However, a standard introduced by
the Fermented Milks and Lactic Acid Bacteria Bever-
ages Association in Japan stipulates that at least 107
viable bifidobacteria should exist per gram or mil-
liliter of product to constitute a probiotic food (24),
which is considerably higher than the therapeutic
minimum dose of 10° viable cells/g or ml of product,
which has otherwise been proposed (28).

Probiotics have most recently been defined as “liv-
ing microorganisms, which upon ingestion in certain
numbers, exert health benefits beyond inherent basic
nutrition” (20). Health effects associated with the
consumption of probiotic microorganisms that have
been best substantiated include alleviation of lactose
intolerance [for review, (29)], prevention or treat-
ment of specific types of diarrhea (40), and stimula-

1379



1380

tion of the immune system [for review, (15)],
whereas the role of lactic acid bacteria in areas such
as the reduction of blood cholesterol and cancer
prevention remains controversial. For probiotic
microorganisms to exert these health benefits, large
numbers of viable cells must survive passage through
the harsh environment of the gastrointestinal tract
(GIT), hence the need to select strains that are acid
and bile tolerant and possess the capability to adhere
to intestinal cells (8). In addition, the food product
used to deliver the probiotic culture may influence the
ability of the probiotic to survive in the GIT (42).
Further criteria desirable for a probiotic strain in-
clude properties such as being of intestinal origin and
safe for consumption and having clinically validated
health effects (8, 39).

The present study investigates the efficacy of Ched-
dar cheese as a delivery system for probiotic microor-
ganisms and uses a probiotic strain of Enterococcus
faecium (Fargo 688Y; Quest Int.,, Naarden, The
Netherlands). This strain was chosen because it ful-
fills many of the probiotic criteria outlined above:
being of intestinal origin, nonpathogenic, and bile and
acid tolerant (23). Moreover, the probiotic efficacy of
this strain has previously been demonstrated in clini-
cal trials with 70% of irritable bowel syndrome pa-
tients experiencing an alleviation of symptoms follow-
ing probiotic treatment (2). The present study
compares Cheddar cheese and yogurt as systems for
the delivery of this enterococcal probiotic strain, ini-
tially by means of an in vitro model system using
extracted gastric juice and subsequently in an in vivo
system by means of a pig-feeding trial. The data
showed that 15-mo-old Cheddar cheese containing the
probiotic strain delivered high concentrations of via-
ble bacteria to the GIT as effectively as freshly pre-
pared probiotic yogurt.

MATERIALS AND METHODS

Bacterial Strains and Culture Conditions

Fargo 688", a probiotic strain was identified as
Enterococcus faecium by SDS-PAGE analysis of total
cell protein (36). The strain was obtained in the form
of a spray-dried powder that contained >2 x 1010 cfu/
g. The Enterococcus strain was isolated from this
powder with kanamycin azide aesculin agar (KAAA,;
Oxoid Ltd., Basingstoke, Hampshire, United King-
dom) as a selective medium and was stocked in LM17
(45; Difco Laboratories, Detroit, M) containing 40%
glycerol. A spontaneous rifampicin-resistant mutant
of this strain (Fargo 688" Riff) was isolated by
spread-plating 100 ul (or 1 ml concentrated to 100 ul)
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of an overnight culture on LM17 agar containing 500
wg/ml of rifampicin (Sigma Chemical Co., Poole, Dor-
set, United Kingdom). Following incubation at 37°C
for 72 h, the colonies that had grown were selected,
confirmed as identical to the parent strain by the
randomly amplified polymorphic DNA (RAPD)
method (12), and stocked as described above. Both
Fargo 688Y and Fargo 688" Rif" were routinely cul-
tured in LM17 broth at 37°C. Lactococcus lactis ssp.
cremoris strains 227 and 223, obtained from Chr.
Hansen's Laboratories (Little Island, Cork, Ireland)
in the form of freeze-dried pellets, were used as start-
ers for cheesemaking. These were grown overnight at
21°C in 10% (wt/vol) reconstituted skim milk ( RSM)
that had been previously heat-treated (90°C for 30
min). A starter culture of Streptococcus thermophilus
and Lactobacillus bulgaricus (CH1; Chr. Hansen'’s
Laboratories) was used for yogurt making and grown
in 10% RSM at 45°C until the pH was reduced to 4.5
(4 h).

Cheddar Cheese Manufacture
and Bacteriological Analyses

Pilot-scale Cheddar cheeses (450 L of cheese milk)
were manufactured as previously described (12) with
the addition of 1.5% inoculum of the mixed strain
starter culture to each vat. One vat was a control, to
which starter culture only was added, and two ex-
perimental vats contained the probiotic strain as an
adjunct to the starter culture. The Fargo 688" probi-
otic powder (containing 2 x 1010 cfu/g) was added at
0.01% (wt/vol) to one experimental vat, and the se-
cond was inoculated at 2% with Fargo 688" Rif"
(used for subsequent selective enumeration in feed-
ing trials) grown overnight in 10% (wt/vol) RSM.
Cheeses were ripened at 8°C for 9 to 15 mo and
aseptically sampled in duplicate for bacteriological
analysis at intervals during this period. Cheddar
cheese samples were emulsified in sterile 2% (wt/vol)
trisodium citrate and diluted in maximum recovery
diluent (Oxoid Ltd.), and appropriate dilutions were
pour-plated. Probiotic cultures were enumerated in
the cheeses by plating on KAAA following overnight
incubation at 37°C (Fargo 688Y), or on LM17 agar
containing 500 pg/ml of rifampicin after incubation
for 3 d at 37°C (Fargo 688" Riff). Viability of lac-
tobacilli and starter lactococci in the cheeses during
ripening was determined on LM17 agar following 3 d
of incubation at 30°C and on Lactobacillus selective
agar (38; Becton Dickinson, Cockeysville, MD, USA)
following 5 d of incubation at 30°C under anaerobic
conditions (anaerobic jars with ‘Anaerocult A’ gas
packs; Merck, Darmstadt, Germany), respectively.
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Yogurt Manufacture and Bacteriological Analyses

Yogurt was manufactured on a laboratory scale as
follows: homogenized pasteurized milk fortified with
4% (wt/vol) skim milk powder and 1% (wt/vol) su-
crose (Sigma Chemical Co.) was heat treated at 90°C
for 30 min, cooled to 43°C, and a 1.5% inoculum of
CH1 starter culture was added. The control yogurt
contained starter culture only, whereas probiotic yo-
gurts contained an additional 1% inoculum of either
Fargo 688" or Fargo 688U Riff grown overnight in
10% (wt/vol) RSM supplemented with 1.5% Bios
2000 (Visby, Tonder, Denmark). Inoculated milks
were dispensed into plastic cartons in 100-ml
volumes, incubated at 43°C, and the fermentation
was terminated at pH 4.5, at which point the yogurt
was cooled on ice and stored at 4°C for up to 22 d. At
regular intervals during this storage period, viability
of both bacteria in the yogurt was determined by
plating serial dilutions of Fargo 688~ on KAAA and
incubating overnight at 37°C and of Fargo 688U Riff
on LM17 agar containing 500 pg/ml of rifampicin and
incubating for 3 d at 37°C.

Gastric Juice Studies

Gastric contents collected from 13 porcine
stomachs (obtained from a local slaughter plant),
which ranged in pH from 2.3 to 4.0, were pooled and
filtered through glass wool. Porcine gastric juice was
obtained by centrifugation twice at 13,000 x g for 30
min and filtration (Whatman no. 113 filter;Whatman
International Ltd., Maidstone, Kent, United King-
dom). The gastric juice was then checked for sterility
by plating on M17 agar containing 1% glucose and
incubating at 37°C for 3 d. The pH was adjusted to 2
using 1N HCI, and the gastric juice was stored at
—20°C until use. The protective effect of Cheddar
cheese or yogurt on the probiotic culture upon ex-
posure to gastric juice at pH 2 was then investigated
as follows. A number of sterile test tubes were pre-
pared, each containing 10 ml of porcine gastric juice
at pH 2. To achieve a final probiotic cell concentration
of approximately 108 cfu/ml, either 5 g of grated
Cheddar cheese or 5 ml of yogurt, both containing the
enterococcal probiotic strain, were added to each test
tube, and the contents were mixed well. All test tubes
were incubated in a shaking water bath at 37°C, and
probiotic survival was determined at 0, 5, 30, 60, 90,
and 120 min by removing one tube at each time point.
For the yogurt-gastric juice mixture, 10 ml were im-
mediately neutralized at the appropriate time point,
by adding 0.1N NaOH, and further diluted (1 in 10)
with maximum recovery diluent. Subsequent dilu-
tions were performed, and probiotic survival was de-
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termined on KAAA pour plates, which were incubated
overnight at 37°C. At each time point, probiotic via-
bility in the Cheddar cheese-gastric juice mixture was
determined by neutralizing the entire mixture, fur-
ther diluting 1 in 10 with 2% trisodium citrate and
homogenizing in a stomacher (Lab-Blender 400;
Seward Medical, London, United Kingdom). Subse-
quent dilutions were performed in diluent, and the
enterococcal probiotic strain was enumerated as
described earlier. To determine the ability of the
probiotic cells alone to survive in gastric juice at pH
2, cells were harvested from an overnight culture in
LM17, washed in phosphate buffer at pH 6.5, and
resuspended in gastric juice to achieve a final cell
concentration of approximately 108 cfu/ml. Viable
probiotic cells were enumerated at 0, 2.5, 5.5, 7.5, 10,
and 12.5 min intervals by neutralizing 10 ml of the
inoculated gastric juice, diluting, and pour-plating as
previously described. Subsequently, the survival of
washed probiotic cells in gastric juice pH 4.74 and
3.65 (adjusted using 1IN NaOH) was evaluated as
just described. These pH values were chosen as
representative of those pH values to which 10-ml
gastric juice, pH 2, increases upon addition of 5 g of
Cheddar cheese or 5 ml of yogurt, respectively.

Feeding Trial

A total of 32 crossbred pigs (12 males and 20
females), weaned at (27 d of age, were ranked by
weight within sex, and three blocks of four males per
block and five blocks of four females per block formed.
Blocks represented pigs of the same sex and of similar
weight, and within each block pigs were allocated at
random to four groups (as outlined later) for a ran-
domized block design. Each pig was housed individu-
ally with control pigs housed in isolation from probi-
otic pigs to prevent cross-contamination. In addition
to Cheddar cheese or yogurt, as outlined later, all pigs
received commercial creep feed (‘Startrite 90'; SCA
Ltd., Naas, Co. Kildare, Ireland) prepared without
antibiotics. The feeding trial consisted of three con-
secutive periods: adjustment period (4 d), probiotic
administration period (21 d), and postadministration
period (10 d). During the administration period, 100
g of 15-mo-ripened Cheddar cheese containing 4.9 x
108 cfu/g of Fargo 688" Rif" was provided to one
group (n = 8) of pigs daily, while another group (n =
8) received 100 ml of yogurt (stored for a maximum
of 1 wk) containing 3.7 x 107 cfu/ml of the same
microorganism. In addition, two corresponding control
groups (n = 8) received either 100 g of cheese or 100
ml of yogurt without probiotic culture. Fecal samples
were collected twice weekly, stored at 4°C, and ana-
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lyzed within 24 h. Previous studies had shown no
difference in bacterial counts between fresh and
stored samples. Fecal samples were homogenized in
maximum recovery diluent as 10-fold dilutions, fur-
ther diluted, and appropriate dilutions were pour-
plated. The probiotic strain (Fargo 688" Rif") was
enumerated on KAAA containing 500 ug/ml of rifam-
picin as a selective agent and 100 pg/ml pimaricin
(Merck) to inhibit yeasts and molds after incubation
for 2 d at 37°C. In addition, coliform bacteria were
enumerated on violet red bile agar (VRBA; Oxoid
Ltd.) following incubation at 37°C for 24 h. Addi-
tional parameters monitored throughout the trial in-
cluded creep feed intake and body weight gain.
Statistical analyses (ANOVA to compare treatments
and regression analysis to investigate the relation-
ship between intake and probiotic excretion) were
performed using Genstat (13).

RESULTS AND DISCUSSION

Cheddar cheese has previously been shown to sup-
port the survival of high concentrations (107 to 108
cfu/g) of some probiotic microorganisms during the
ripening period (10, 12, 44), thereby indicating its
potential as a probiotic dairy product. The present
study evaluates Cheddar cheese as a delivery system
for a probiotic microorganism E. faecium Fargo 688,
For the purposes of this evaluation, Cheddar cheese
harboring this probiotic strain was compared with
yogurt containing the same microorganism, initially
in vitro and subsequently in vivo.

Manufacture of Probiotic
Cheddar Cheese and Yogurt

The enterococcal probiotic strain was incorporated
during manufacture as a starter adjunct into both
Cheddar cheese and yogurt, and its survival over time
in both products was monitored. This probiotic strain
survived in yogurt during storage for 21 d at 4°C at
concentrations between 3.1 and 4.6 x 107 cfu/ml
(Figure 1a) and in Cheddar cheese during 9 mo (250
d) of ripening at concentrations of 1.1 to 3.9 x 108 cfu/
g, having grown from an initial (d 1) concentration of
6.9 x 107 cfu/g (Figure 1b). Similarly, a Rif" variant
of the probiotic strain maintained viability in yogurt
during the 22-d storage period and in Cheddar cheese
during 15.5 mo (430 d) of ripening and was present
at concentrations of 4.2 x 107 cfu/ml and 1.7 x 108 cfu/
g, respectively, in the stored products (Figure l1a and
b). The shelf-life of each of the products investigated
here differs considerably; yogurt, a fresh product, is
generally consumed within days or weeks of manufac-
ture, whereas Cheddar cheese is ripened for a con-
siderable period (at least 6 mo).
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Survival of Probiotic Strain
in Porcine Gastric Juice

Among the desirable properties recommended for a
probiotic microorganism is the ability to tolerate
acidic conditions such as those encountered in the
stomach so that bacterial viability is maintained dur-
ing gastric transit (8, 39). Apart from the intrinsic
acid resistance of the probiotic strain, survival during
passage through the stomach is also influenced by the
nature of the food carrier used for delivery of the
probiotic. Therefore, the ability of the enterococcal
probiotic cells to resist gastric transit was inves-
tigated in yogurt or Cheddar cheese by means of a
simulation in vitro, whereby the viability of the strain
(alone or from Cheddar cheese or yogurt) was tested
in porcine gastric juice, pH 2. Porcine gastric juice
was used because subsequent feeding trials were
preformed in pigs, and a pH value of 2 was chosen to
simulate conditions in the porcine stomach during
fasting (11). The results demonstrated that viable
probiotic counts were reduced from 1.4 x 107 to 8.8 x
10° cfu/ml after incubation for 5.5 min in gastric
juice, pH 2, and after only 8 min, no viable probiotic
cells were detectable (Figure 2). In a parallel experi-
ment in which the probiotic strain was added in
Cheddar cheese to gastric juice, pH 2, no loss of
viability was observed; concentrations of 4.6 to 6.6 x
107 cfu/ml were maintained over a 2-h period (Figure
2). Similarly, when probiotic yogurt was added to
gastric juice, only a 10-fold reduction in probiotic
numbers (from 1 x 107 to 1 x 108 cfu/ml of gastric
juice) was observed over the 2-h exposure period
(Figure 2). These data show that food carriers such
as Cheddar cheese or yogurt greatly enhance the
survival of this strain in gastric juice, which is most
likely due to the buffering capacity of the food
product. Other studies have shown a similar buffering
effect; for example, addition of milk to gastric juice
has been found to significantly increase the pH and
enhance survival of Lactobacillus species in this en-
vironment (9), and Charteris et al. (6) have shown
improved gastric transit tolerance for some Lac-
tobacillus and Bifidobacterium species in simulated
gastric juice upon milk protein addition. Also, Petters-
son et al. (34) have demonstrated improved survival
of L. acidophilus in gastric juice when the pH was
increased from 3.8 to 6.8 with milk. Furthermore, the
data presented in this study indicate that Cheddar
cheese may be a more effective food carrier for the
probiotic strain than yogurt. This result may be ac-
counted for by the greater buffering capacity of Ched-
dar cheese; addition of 5 g of cheese to 10 ml of gastric
juice increased the pH from 2 to 4.74, whereas 5 ml
yogurt increased the pH to only 3.65.
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Figure 1. Survival of Fargo 688" (¢ ) and Fargo 688U Rifr (m) (Quest Int., Naarden, The Netherlands) in yogurt during storage at 4°C
for 21 d (A) and in Cheddar cheese during ripening at 8°C for 250 to 430 d (9 to 15 mo) (B). Day 0 represents the day of manufacture.

To investigate whether probiotic protection in these
food environments was solely due to buffering capac-
ity of the food, the effect of gastric juice at pH 4.74
and 3.65 on the probiotic strain was determined. The
probiotic strain remained viable at concentrations be-
tween 1.4 and 2.4 x 107 cfu/ml of gastric juice for 2 h
at pH 4.74 (Figure 3), yielding a survival pattern
similar to that observed when probiotic Cheddar
cheese was added to gastric juice, pH 2 (Figure 2).
However, when the probiotic strain was exposed to
gastric juice, pH 3.65, a 1 million-fold reduction in cell
numbers was observed after 1 h with viable counts
declining from 1.6 x 107 to 2 x 101 cfu/ml of gastric
juice, during this period (Figure 3). Thus, gastric
juice, pH 3.65, was found to have a more lethal effect
on the probiotic cells alone than did gastric juice, pH
2, when the probiotic strain was added in yogurt (1
million-fold decline in 1 h compared with a 10-fold
decline in 2 h), although the final pH of the yogurt-
gastric juice mixture was also 3.65. These data sug-
gest that there are factors other than buffering capac-
ity, possibly including properties such as the presence
of protective extracellular polysaccharide, which may
increase the survival of the probiotic strain when
exposed to gastric juice, pH 2. Cheddar cheese may
also possess protective characteristics apart from
buffering capacity, such as the dense matrix and high
fat content, which may have contributed to the en-
hanced survival of the probiotic microorganisms upon
exposure to gastric juice. Indeed, a previous study has
shown that Bifidobacterium pseudolongum, when pro-

tected by microencapsulation, survives a simulated
gastric environment in larger numbers than when
unprotected (37).

Pig-Feeding Studies

Although we have shown that the enterococcal
probiotic carried in Cheddar cheese survives incuba-
tion with gastric juice in vitro, survival in the GIT
can only be accurately determined in vivo. We have
previously shown (44) that Cheddar cheese is as
effective as yogurt for delivery of viable probiotic
lactobacilli to the porcine small intestine. In the
present study, fecal probiotic concentrations were ex-
amined to compare the ability of Cheddar cheese and
yogurt to carry viable probiotic enterococci through
the porcine GIT. The pigs provides a suitable model
system because the GIT is physiologically and ana-
tomically similar to that of humans (31). To trace the
administered probiotic strain, it was necessary to use
an antibiotic (rifampicin)-resistant variant (Fargo
688U Riff), which could be selectively enumerated
using antibiotic-containing medium. During the
21-d administration period (d 0 to 20, for which d 0
represents the first day of probiotic administration),
this probiotic strain was ingested by one group of pigs
(n = 8) in Cheddar cheese at a mean daily intake of
1.3 x 1010 cfu/d, while a second group (n = 8) received
3.7 x 109 cfu/d in yogurt. In addition to the probiotic-
fed groups, two corresponding (cheese and yogurt)
control groups (n =8) received no probiotic, and at no

Journal of Dairy Science Vol. 82, No. 7, 1999



1384

Survival (Log cfu/ml)
EsN

0 20 40 60 80 100
Time (Min)

120 140

Figure 2. Survival of Fargo 6880 (Quest Int., Naarden, The
Netherlands) washed cells (¢) in yogurt (®) or in Cheddar cheese
(A) in porcine gastric juice, pH 2, over time.

time during the study were these pigs found to ex-
crete rifampicin-resistant enterococci. Prior to ad-
ministration of the first probiotic feed on d 0, this
strain was not detected in the feces of any pig.
However, all probiotic-fed pigs excreted the organism
by d 3 and continued to do so during the 21-d ad-
ministration period (Figure 4). Although probiotic
intake remained relatively constant throughout the
administration period, initial (d 3) concentrations of
probiotic excretion in both the cheese-fed and yogurt-
fed groups were 10-fold higher than were subsequent
excretion concentrations (Figure 4). This result may
be due to an inability of the probiotic strain to
colonize the GIT upon initial administration. More
importantly, during the probiotic feeding period of 21
d, Cheddar cheese yielded a significantly (P < 0.05)
higher mean fecal probiotic count (2 x 106 cfu/g) than
did yogurt (5.2 x 10° cfu/g) (Figure 4). The mean
fecal recovery of the probiotic strain in both cheese-
fed and yogurt-fed groups declined to 3.9 x 101 and
9.6 cfu/g of feces, respectively, 8 d after probiotic
feeding ended (Figure 4). At this time, the probiotic
microorganism could still be detected in 62% of
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cheese-fed pigs and 57% of yogurt-fed pigs. The data
suggest that administration of the probiotic strain in
mature Cheddar cheese resulted in significantly
higher mean concentrations of daily probiotic excre-
tion than did freshly prepared yogurt, suggesting that
Cheddar cheese is more effective than yogurt as a
delivery system for viable probiotic organisms to the
porcine GIT, even though the product was aged for 15
mo.

Fecal recovery of ingested probiotic strains has
previously been investigated in pigs (26, 46) as well
as in humans (1, 5, 17, 43). Although probiotic bac-
teria have been administered in many different forms,
including dried preparations (41), capsules (43), and
fermented milks (5, 17), there are few reports con-
cerning the effect of the carrier used for probiotic
delivery. Saxelin et al. (42) compared fecal recovery
of Lactobacillus GG in humans, following oral ad-
ministration either in a fermented milk or as an
enterocoated tablet, and found no significant differ-
ence between these carriers. However, it was con-
cluded that both the enterocoated tablet and fer-
mented milk offered more effective means of

Survival (Log cfu/ml)

Time (min)

Figure 3. Survival of Fargo 688" (Quest Int., Naarden, The
Netherlands) (washed cells) in porcine gastric juice at pH 2 (¢),
3.65 (m), or 4.74 (A) over time.
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administering this strain than did a freeze-dried pow-
der form previously used (41). Although this study
established that the vehicle used for delivery of a
probiotic strain is an important consideration, the
present study is novel in that it compares 15-mo-
ripened Cheddar cheese and freshly prepared yogurt
as food carriers for delivery of viable probiotic
microorganisms to the GIT.

Fecal coliforms were also examined in the present
study because these microorganisms are recognized
as undesirable, particularly in pigs in which fecal
coliform concentrations have been observed to in-
crease in scouring animals (32). In the present study,
there was no evidence that probiotic administration
influenced fecal coliform concentrations in pigs
(Figure 5). This phenomenon is demonstrated by the
fact that mean levels for the entire duration of the
trial (i.e., both during and after probiotic administra-
tion) were not found to be significantly different (P >
0.05) between pigs fed probiotic cheese or yogurt (1.4
x 107 and 1.1 x 107 cfu/g of feces, respectively) and

Log cfu/g of feces

| probiotic feeding period |

0 - } } : " } |
0 5 10 15 20 25 30
Time (d)

Figure 4. Excretion of the probiotic strain Fargo 6880 (Quest
Int., Naarden, The Netherlands) Rifr in pigs fed this strain in
Cheddar cheese (¢) or yogurt (m®) from d O to 20, where d 0
represents the first day of probiotic administration. Values are
means for 8 pigs with standard errors of the mean indicated by
vertical bars.
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Figure 5. Presence of coliform in feces of pigs fed Fargo 688"
(Quest Int., Naarden, The Netherlands) Riff-containing Cheddar
cheese (¢) or yogurt (A) compared with pigs fed control Cheddar
cheese (m) or yogurt (X). Probiotic administration was between d 0
and 20, where d O represents the first day of probiotic administra-
tion. Values are means for 8 pigs with standard errors of the mean
indicated by vertical bars.

pigs fed control cheese or yogurt (1.1 x 107 and 1.1 x
107 cfu/g of feces, respectively) (Figure 5). Neverthe-
less, probiotic cultures have previously been shown to
possess the ability to reduce intestinal coliform con-
centrations, perhaps by a competitive exclusion
mechanism. Muralidhara et al. (32) reported that
feeding an L. lactis strain to pigs suppressed coliform
numbers, whereas other studies have described how
lactic acid bacteria and acidophilus milk also reduced
coliform numbers in pigs and humans (3, 46).
However, a study on humans conducted by Pettersson
et al. (35) showed that administration of L. acidophi-
lus NCDO 1748 had no effect on coliform counts of
ileostomy contents.

Although the main focus of the present study was
to evaluate food carriers for probiotic administration,
the effect of probiotic feeding on pig performance was
also investigated. Probiotic treatment has previously
been shown to stimulate growth and improve feed
efficiency in pigs (32, 46). However, in the present
study, no significant effects (P > 0.05) on body weight
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TABLE 1. Performance of pigs that were fed the Enterococcus faecium probiotic strain of Fargo 688"
Rifr (Quest Int., Naarden, The Netherlands) in Cheddar cheese or yogurt compared to that of control

pigs.t
Probiotic Control
Cheddar Cheddar
cheese Yogurt cheese Yogurt
SED?2 (n =18) (n =18) (n =18) (n =8)

Initial (d 0) BW, kg 0.07 7.98 7.96 7.99 7.99
BW at d 30, kg 1.19 25.75 26.31 25.75 27.5
BW gain, kg 1.22 17.77 18.35 17.76 19.51
Feed conversion efficiency3 0.04 1.05 1.06 1.06 1.02

1Probiotic administration was from d 0 to 20, where d O represents the first day of probiotic

administration.
2SED = Standard error of the difference.

3Measured as kilogram of dry matter intake (including creep feed and cheese or yogurt) per

kilogram of BW gain.

gain or feed conversion efficiency were observed for
pigs receiving the enterococcal probiotic strain in
either Cheddar cheese or yogurt compared with con-
trol animals (Table 1). In addition, the serum IgG
response to the administered probiotic strain was
measured by flow cytometry for a subset of the popu-
lation of pigs. A positive response was found in pigs
fed the probiotic strain, but no response was detected
in the control pigs (data not shown). Probiotic
microorganisms have previously been shown to stimu-
late or modulate the immune system [for review see
(15)]. However, the mechanisms involved are, as yet,
not fully understood.

CONCLUSIONS

The results of the present study demonstrate that
the probiotic E. faecium strain Fargo 688Y survives to
high cell numbers in Cheddar cheese and yogurt dur-
ing the shelf-life or ripening period. In vitro studies
designed to simulate gastric transit demonstrated
that Cheddar cheese has a greater buffering effect
and afforded greater protection to the probiotic strain
upon exposure to gastric juice when compared with
yogurt, even though the Cheddar cheese was at least
14 mo older. Subsequent pig-feeding studies yielded
higher fecal concentrations of the probiotic strain
when ingested from 15-mo-old cheese compared with
fresh yogurt. These data suggest that Cheddar cheese
is at least as effective as, if not superior to, yogurt for
delivery of viable probiotic microorganisms to the por-
cine GIT, even though the cheese product was some
15 mo old.
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