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ABSTRACT

Lactobacilli have been used in the dairy and phar-

maceutical industries because of their nutritious and/or

therapeutic effects. Lactobacillus acidophilus and

Lactobacillus bulgaricus were isolated from a commercially

available product and studied for their growth and colony

characteristics as described in Chapter I and Chapter II.

Survival of these lactobacilli in simulated gastric and

intestinal fluids was also studied to obtain information

useful in evaluating previously reported literature data and

in developing oral formulations of lactobacilli.

Preformulation and formulation research included study

of non-coated as well as enteric coated capsules and

tablets. Calcium alginate gel beads were also formulated

and found to not prevent diffusion of hydrogen ions.

Lactobacillus preparations were evaluated for survival

during exposure to gastric fluid, intestinal fluid, freeze-

drying, and storage.
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PREFORMULATION STUDIES FOR ORAL DOSAGE FORMS

OF LACTOBACILLI

CHAPTER I

INFLUENCE OF SIMULATED GASTRIC AND INTESTINAL FLUIDS

ON LACTOBACILLI FROM LACTINEX0 AND CHARACTERISTICS

OF LACTOBACILLUS ACIDOPHILUS AND LACTOBACILLUS BULGARICUS

ISOLATED THEREFROM
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ABSTRACT

Lactobacillus acidophilus and Lactobacillus bulgaricus

were isolated from commercially available Lactinex® tablets

and studied for their survival after exposure to simulated

gastric and intestinal fluids. Both were rapidly killed by

gastric fluid but survived well in intestinal fluid. Both

cultures were found to have heterogeneous colony morpholo-

gies on the surface of LBS agar plates. Sensitivity to bile

salts was used to differentiate L. bulgaricus from L. aci-

dophilus. Pure cultures selected in this way were utilized

for colony morphology studies.
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INTRODUCTION

Early in the 20th century Metchnikoff suggested that

yogurt bacteria would contribute to human longevity and that

some intestinal bacteria produced "ptomaines" to the detri-

ment of the host. It was believed that the harmful effects

of putrefactive organisms might be decreased or prevented by

implanting proper lactobacilli in the gut to help establish

and stabilize the microflora of healthy individuals (15,18).

These lactobacilli could lower the intestinal pH by producing

lactate and acetate which would inhibit outgrowth of gram-

negative species. In this regard, it is known that more

lactobacilli and fewer coliforms are found in the fecal bac-

terial flora of breast-fed infants than those of bottle-fed

infants (3,4,27). Bottle-fed infants produced faeces with a

higher pH and more Escherichia coli, but with lower counts

of bifidobacteria. Moreover, increased numbers of lac-

tobacilli were found accompanied by decreased numbers of

coliforms in feces of calves and pigs fed with non-fermented

milk containing L. acidophilus (7). It is conceivable that

lactobacilli might interrupt the colonization of E. coli

either by competing for binding sites or by synthesizing

inhibitory substances which act directly against E. coli

(3,18,21).

Some lactobacilli are indigenous to the intestine of

humans and animals. They are believed to establish an inti-

mate association in adhearing to brush border cells of the
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gut. However, some strains only exist there as transients.

They are unable to multiply rapidly or maintain residence by

physical attachment (18). L. acidophilus is widely used to

make acidophilus milk and is a normal inhabitant in the

gastrointestinal tract of humans, rats, and other warm-

blooded species. L. bulgaricus was reported to be asso-

ciated with a anti-enterotoxic activity (7,21) and is con-

sidered a transient in the human intestine (5,25). It is

utilized in yogurt manufacturing.

Cultures of lactobacilli have been used in the treat-

ment of various dysfunctions of the intestinal tract.

Lactinex, which contains both L. acidophilus and L. bulgari-

cus, is reported to produce a significant inhibitory effect

on E. coli-induced enterotoxigenic reactions (6,15). The

inhibitory activity is associated with the presence of

viable lactobacilli contained in the dosage form (6,15,27).

Presumably, the ingested lactobacilli survive passage into

the intestinal tract since they are reported to be effec-

tive.

Recently, a hypocholesterolemic effect of large intake

of fermented milk was observed. In 1977, Mann found that

yogurt contains a factor which inhibits the synthesis of

cholesterol in man and rats (19,20). Hypocholesterolemic

effects of yogurt and milk in human subjects were also

demonstrated by Hepner et al. (13). Rossouw et al. (26)

found a significant hypocholesterolemic effect with skim
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milk but not with whole milk. Dairy products fermented by

lactobacilli have been shown to lower serum cholesterol

levels even when dietary cholesterol and fat intake have

increased because of increased dairy products consumption

(11,23,24,26,31).

Hitchins et al. (14) reported that feeding low fat

yogurt improved the growth of weanling rats. Evidence now

suggests that lactobacilli play many beneficial roles which

could be classified as nutrient actions.

Some nutritional and therapeutic functions attributed

to lactobacilli include the biosynthesis of B-complex vita-

mins, niacin, and folic acid (27), the release of enzymes to

improve digestibility of lactose (10), the treatment of

vaginal discharge (12), antibiotic production (4,28), pre-

servation of food and dietary supplementation (29), and

anticarcinogenic effects (1,9). Thus, L. acidophilus and

L. bulgaricus are reported to be useful for many conditions

and, when given orally, are thought to survive in the

gastrointestinal tract.

The purpose of experiments reported herein was to study

specific characteristics of the lactobacilli in the commer-

cially available, orally administered product Lactinex® and

to compare their survival in simulated gasteric fluid with

survival in simulated intestinal fluid, normal saline, and

peptone water.
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MATERIALS AND METHODS

SIMULATED GASTRIC FLUID AND INTESTINAL FLUID: Simulated

gastric fluid was made as described in the United States

Pharmacopia XIX (USP) without pepsin (32). Sodium chloride

(2.0 gm) was dissolved in 7.0 ml of hydrochloric acid and

sufficient water to make 1 liter (pH 1.2). Simulated

intestinal fluid (32) was made by dissolving 6.8 gm of mono-

basic potassium phosphate in 250 ml of water which was added

to 190 ml of 0.2 N NaOH; then 400 ml of water was added, and

the resulting solution was adjusted with 0.2 N NaOH to a pH

of 7.5 + 0.1. Finally, the solution was diluted with water

to 1 liter.

CULTURE SOURCE AND STORAGE: Lactinex tablets were obtained

from Hynson, Westcott and Dunning Inc. (lot no. 292).

According to the manufacturer, Lactinex contains viable L.

acidophilus (ATCC 4962) and L. bulgaricus (ATCC 33409) and

these were isolated from the product using LBS agar (8,30)

and LBS oxgall agar (8) as described in the Culture

Selection section. Selected colonies of L. acidophilus and

L. bulgaricus were transferred into MRS broth containing 15%

glycerin and stored at -40°C as stock cultures. MRS agar

(MRS broth plus 1.5% agar) was used as a nonselective

plating medium and was autoclaved (121°C, 15 min) before

pouring into petri dishes and cooling to 45°C.
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MEDIA: The composition of modified LBS agar (30), without

0.0075% brilliant green, is listed in Table 1.1. In LBS

oxgall agar (30), 0.15% of oxgall was added before pH

adjustment (pH was 5.4 + 0.2) and 2 minutes of boiling. The

agar media were stored in a cold room (4°C) until use.

SURVIVAL STUDIES: Two tablets of Lactinex were ground in a

mortar, sterilized by washing with 70% alcohol and flaming,

and uniformly suspended in 0.1% peptone water. For testing,

2 ml of this culture suspension was transferred to 8 ml of

autoclaved peptone water, normal saline, simulated intesti-

nal fulid, or simulated gastric fluid. The suspensions were

kept at 37 + 0.1°C in a water bath and aliquots removed for

analysis at 0, 1, 2, 3, 4, and 6 hours. Serial dilutions

were made using peptone water to obtain colony forming units

(cfu) of 30 to 300. Cultures then were plated on LBS agar

and LBS oxgall agar plates and incubated at 37°C for 72

hours in an anaerobic Gas-Pak jar (BBL, Baltimore, MD).

Each dilution was plated in duplicate and this study was

repeated tour times. Thus, data in Figures 1.1 and 1.2 are

the average of 8 replications at each point.

CULTURE SELECTION: L. acidophilus and L. bulgaricus

isolates were obtained by plating Lactinex on LBS and LBS

oxgall agar media. L. acidophilus isolates would grow on

both media while the L. bulgaricus isolates would only grow

on LBS agar. Identity of L. bulgaricus was confirmed by no
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Table 1.1: Composition of Lactobacillus Selection (LBS)
Agararb

Ingredient Amount

Pancreatic digest of casiin (BBL) 10.0g

Yeast extract 5.0g

Monopotassium phosphate 6.0g

Ammonium citrate 2.0g

Dextrose 20.0g

Sorbitan monooleate 1.0g

Sodium acetate hydrate 25.0gm

Magnesium sulfate 0.575g

Manganese sulfate 0.12g

Ferrous sulfate 0.034g

Agar 15.0g

Distilled water 1,000m1

a Boil for 2 minutes, cool to 45°C and add 1.32 ml of
glacial acetic acid (pH is 5.4 + 0.2)

b LBS oxgall agar is prepared by adding 0.15% oxgall
(DIFCO) before pH adjustment and boiling.
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Figure 1.1. Survival of lactobacilli from Lactinexo after

three treatments, peptone water, normal saline, or simulated

intestinal fluid treatments. After only 15 minutes of expo-

sure to simulated gastric fluid, plus the time necessary for

blending and diluting (about 15 minutes), no viable bacteria

could be recovered (2 x 10-5 dilution). Plating was on LBS

agar.



8.5

co

ccw 7.5

D

0
(.7
O
--I 6.5

........

awe woe owe 4111111.0.

Peptone water treatment
Normal saline treatment

intestinal fluid treatment

0 I

Figure 1.1.

2 3 4

TIME (HOURS)
5 6



11

Figure 1.2. Survival of lactobacilli from Lactinex® after

three treatments, peptone water, normal saline, simulated

intestinal fluid treatments. After only 15 minutes exposure

to simulated gastric fluid, plus the time necessary for

blending and diluting (about 15 minutes), no viable bacteria

could be recovered (2 x 10-5 dilution). Plating was on LBS

oxgall agar.
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growth on LBS oxgall agar. Isolated cultures were trans-

ferred into MRS broth and streaked on LBS agar plates and

LBS oxgall agar plates (Figure 1.3). To insure that pure

cultures were obtained, each was restreaked on LBS oxgall

agar (L. acidophilus isolates) and LBS agar (L. bulgaricus

isolates) plates.

Rough-white and smooth-opaque colonies of lactobacilli

isolated from Lactinex were investigated by streaking them

on LBS oxgall agar and then LBS agar plates (Figure 1.4) or

by growing them in LBS broth and LBS oxgall broth followed

by streaking on the above two kinds of agar plates (Table

1.2). All agar plates were incubated at 37°C for 48 hours

followed by 3 more days of incubation in anaerobic Gas-Pak

jars.
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RESULTS

COLONY MORPHOLOGY: Two different types of lactobacilli

colonies, rough-white and smooth-opaque, were derived from

Lactinex. Only one kind of small colony was found on the

surface of LBS oxagall agar plates, as expected, since L.

bulgaricus is reported (8) to be inhibited by bile salts.

Thus, only L. acidophilus from Lactinex should grow on LBS

oxgall agar plates. Since both L. acidophilus and L.

bulgaricus grow on LBS agar plates, the rough-white or

smooth-opaque colonies were expected to be either L. aci-

dophilus or L. bulgaricus. However, carefully selected

rough-white and smooth-opaque colonies were both able to

grow on LBS oxgall agar plates (Figure 1.3). Also, pure

cultures of both L. acidophilus and L. bulgaricus selected

by comparing their growth on LBS agar with that on LBS

oxgall agar showed rough-white and smooth-opaque colony

forms (Figure 1.4). Furthermore, pinpoint colonies

surrounding small rough-white colonies of L. acidophilus

grew on LBS oxgall agar.

Table 1.2 shows that several smooth-opaque and/or

rough-white colonies were selected from plates and grown in

both LBS broth and LBS oxgall broth for 24 hours, followed

by streaking them on LBS oxgall agar plates and then LBS

agar plates. Smooth or rough colonies did not show constant

bile-resistant characteristics. The possible L. bulgaricus

developed some capability of resisting oxgall (smooth 4 and
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Step 1 smooth(LBS agar) rough(LBS agar)
# # # # # #

I

# # # # #

Step 2 smooth(LBS agar) rough(LBS agar)
# # # # # # #

I

# # # # #

'

I I

Step 3 smooth rough small-rough
(LBS agar)a (LBS oxgall (LBS agar)a (LBS oxgall

agar) agar)

# # # # # # # # # # # # + + + + ++

1 1

I 1 1

smaller smaller
smooth smooth rough rough

Step (LBS agar) (LBS oxgall agar) (LBS agar) (LBS oxgall agar)

4 # # # # + + -- # # # # + + +

I

3 more day of rough
incubation (LBS agar)

+ + + +

Step 5 smaller smooth
(LBS oxgall agar

+ + + +

3 more days of
incubation

Step 4 (LBS oxgall agar)

Figure 1.3. Flow diagram for selection of smooth - opaque and
rough-white colonies of L. acidophilus and/or
L. bulgaricus isolated from Lactinex® on the
following agar plates

a In the beginning, six colonies were streaked on 6 plates and
since the third step four plates were further studied.
Symbols: 4, big colony; +, small colony; -, Nothing grows.



L. acidophilus

LBS agar

L. bulgaricus

LBS agar

16

LBS oxgall agar

LBS oxgall agar

Figure 1.4. Behavior of presumed L. acidophilus and L.
bulgaricus Lactinex isolates when plated on LBS and LBSO
agar media. Numbers identify different colony isolates.

a Those pure cultures previously selected from LBS agar
plate followed by streaking on LBS agar, then restreaked
on LBS oxgall agar plate and LBS oxgall agar plate. Note
that the L. acidophilus on LBS oxgall agar plate numbered
16 and 26, there are pinpoint colonies around them.
Symbols: R, rough-white colonies; S, smooth-opaque
colonies; #, big colony; +, small colony; -, nothing grows.
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Table 1.2: Sequential culturing scheme used to study smooth and
rough colonial forms of L. acidophilus and L. bulgaricus Lactinex
isolates. To start the .:xperimaznt, a portion of a single colony of
the smooth or rough type was inoculated into LBS and LBSO broth.

Colony
form First step Second step

Colony size at Colony
form

possible
identityl days 5 days

snoothi LBS brotha

LBSO broth

LBS agar
LBSO a

gar
gar

LBS a
LBSO agar

# #
7
# i
+ +

---- BS
--
BS
Sc

L.a.

smooth2 LBS brotha LBS agar # # # # BS
LBSO agaragar - --

LBSO broth LBS agar ii BS L.a.
LBSO agar + + + + Sc

smooth3 LBS brotha LBS agar # # # # BS
LBSO agar + + + + SS L.a.b

LBSO broth LBS agar # # # # BS
LBSO agar - + + + S

smooth4 LBS brotha LBS agar # # # # BS
LBSO agar + + + + SS

LES° broth LBS agar - - - - L.b.
LBSO agar

roughl LBS brotha LBS agar # # # # BR
LBSO agar + + + SR L.b.

LBSO broth LBS agar
LBSO agar

rough2 LBS brotha LBS agar # # # # BR
LBSO agar SR L.b.

LBSO broth LBS agar
LBSO agar

rough3 LBS brotha LBS agar BR
LBSO agar Sc L.a.b

LBSO broth LBS agar BR
LBSO agar S

rough4 LBS brotha LBS agar
LBSO agar

# #
+ +

BR
S L.a. or L.b.

LES° broth LBS agar # # BR
LBS.) agar

a One colony was isolated into broth media, then after 24 hours of
incubation, one loop of that media atter 24 hours incubation was
streaked on LBS oxgall agar plate and then LBS agar plate.

b L. acidophilus is still inhibited by 0.15)5 of oxgall

c pinpoint colonies around it
# : big colonies (around 1.5 mm diameter)
+ : small colonies (around 0.3 mm diameter)
- : nothing grows
L.a.: L. acidophilus
L.b.: L. bulgaricus
BS : Big smooth colony
BR : Big rough colony
S : Small colony
SS : Small smooth colony
SR : Small rough colony
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rough 1 and 2) after growing in LBS broth. The possible

L. acidophilus related to smooth 3 and rough 3 are still

inhibited by 0.15% of oxgall.

Figure 1.3 shows that the selected smooth colony could

be identified as L. bulgaricus at the third step. But after

another transfer the small colonies on two LBS oxgall agar

plates grew bigger after 3 more days of incubation and

another two LBS oxgall agar plates have some colonies

appearing after 3 more days of incubation.

Also, pure cultures of L. acidophilus and L. bulgaricus

which were selected from Lactinex® have both colony forms

(Figure 1.4). L. bulgaricus number 11 and 27 both grew on

LBS oxgall agar plate even though they were picked from pure

L. bulgaricus maintained stock cultures which were isolated

from Lactinex® and were initially sensitive to bile salt.

Thus, L. acidophilus and L. bulgaricus from Lactinex could

not be differentiated by colony morphologies on the surface

of LBS agar plates.

SURVIVAL STUDIES OF LACTOBACILLI: Figures 1.1 and 1.2 show

that the numbers of lactobacilli in peptone water and normal

saline did not fluctuate much with time and that the cfu per

4 tablets of Lactinex® increased a little over 4 hours.

Numbers in simulated intestinal fluid decreased very

slightly over 4 hours on both LBS agar and LBS oxgall agar.

Both lactobacilli were rapidly killed by exposure to simu-

lated gastric fluid. After only 2 minutes of gastric fluid
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exposure, the numbers decreased from 1.51 x 108 cfu/4

tablets to 9.08 x 105 cfu/4 tablets on LBS agar, greater

than 99.9% death. After 15 minutes exposure to simulated

gastric fluid there were no survivors at the lowest dilu-

tion (2 X 10-5) tested.

Pinpoint colonies were found on the surface of LBS

oxgall agar plates after each of the above gastric acid

treatments. However, these pinpoint colonies were hard to

count and did not grow after 3 more days of incubation.

DISINTEGRATION OF LACTINEX IN SIMULATED GASTRIC FLUID WITH

OR WITHOUT NONFAT DRY MILK: Six tablets of Lactinex disin-

tegrated in gastric fluid at 37 + 0.1°C within 20 minutes.

Three tablets disintegrated in gastric fluid containing 5.5%

(w/w) and 11% (w/w) of nonfat dry milk (NFDM) within 22

minutes and 19 minutes respectively.
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DISCUSSION

Goodenough and Kleyn have reported that viable counts

of lactobacilli in gastrointestinal segments of adult male

rats remained elevated 2 to 3 hours after feeding with

yogurt (10). Kilara (16) found the lactobacilli of yogurt

were not affected by simulated gastric digestion (there were

9 x 107 cfu/g at time 0, and 8 x 107 after 3 hours of

digestion), but buttermilk bacteria (lactic streptococci)

were drastically inhibited (2.15 x 108 cfu/gm at time 0

decreased to 1.5 x 106 after 3 hours of digestion). There

was no indication of rapid death in 15 minutes or less. The

simulated gastric digestion mixture consisted of 2 ml of

2.1% rennet extract, 5.0 ml of 0.1% of swine pepsin and 0.5

ml of hydrochloric acid (2). The composition of these milk

products is complex, the total number of organisms ingested

is unknown, and the gastric digestion process complicated.

However, the current study dealt with the survival of

Lactinex lactobacilli in simple fluids such as peptone

water, normal saline, simulated gastric fluid, and simulated

intestinal fluid. Unexpectedly, by comparison to the

reported yogurt and buttermilk work (2,10) as well as the

use of Lactinex to inhibit enterotoxigenic reactions (6,15),

simulated gastric fluid produced a drastic killing effect

within a few minutes. It appears likely therefore, that the

composition of yogurt helps protect microorganisms from

gastric acid far better than the tablet formulation used for
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Lactinex.

Viability of microflora may be influenced by the dura-

tion of contact with acidic stomach fluids which is

controlled by gastric emptying rate. The gastric emptying

rate varies from person to person and is affected by several

factors such as the presence of drugs, type, volume, and

temperature of food, etc. (22). However, the death of L.

acidophilus and L. bulgaricus from Lactinex was so fast in

simulated gastric fluid that they should not survive if the

tablet disintegrates, even when gastric emptying is rapid.

Whole Lactinex tablets disintegrate within 20 minutes

in simulated gastric fluid. The package label suggested

that patients chew and swallow four tablets three or four

times a day. The frequent dosage is suggested to maintain

these organisms as intestinal flora. Unexpectedly, our fin-

dings show that the recommended chewing may, however,

decrease survival of the bacteria by increasing exposure to

the gastric fluid which this report shows may kill the

cells.

Robins-Browne and Levine also reported that lactobacilli

may persist longer in the upper intestine of nonfasting sub-

jects (25). These findings supported the recommendation of

drinking milk, fruit juice, or water following the

swallowing of Lactinex. Milk especially may be beneficial

since it has some acid neutralizing capacity and since lac-

tobacilli of yogurt were not affected by simulated gastric
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digestion (2).

Simulated gastric fluid produces serious damage to lac-

tobacilli contained in Lactinex. All bacteria were killed

in less than 15 minutes at the dilutions tested. These

results suggest that bacteria from this commercially

available product will not survive to implant in the

intestine. Chewing of the tablets should decrease survival

by increasing exposure of the microorganisms to the stomach

fluids. These findings are unexpected based on earlier

reports that Lactinex should be chewed, is useful in diarrhea

(7,21), and that the microflora of yogurt was not affected by

simulated gastric digestion (16).

The number of viable L. acidophilus and L. bulgaricus

cells in Lactinex are reported to be equal (6,15) at about

108 for each strain per 4 tablets. L. acidophilus can sur-

vive on LBS oxgall agar, but L. bulgaricus is sensitive to

bile salts (5,8). Therefore, the colony forming units per

4 tablets (cfu/4 tab) on LBS oxgall agar plate should be

half of those on LBS agar plate. In fact, the ratio was

about 1:25. Gilliland and Speck reported (8) that a product

from pharmacies which contained bile-resistant lactobacilli

(6.8 x 108 cfu/gm) which would grow on the surface of LBS

agar were inhibited on LBS oxgall-0.15 (the oxgall con-

centration was 0.15%) and LBS oxgall-0.10 (the oxgall con-

centraton was 0.1%) agar plates. The product had less than

105 and 4.7 x 108 cfu/gm respectively when diluted on these
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latter plates. This is similar to the results in Figures

1.3 and 1.4, i.e., the bile resistant L. acidophilus is also

sensitive to 0.15% oxgall. Thus, earlier work (8) may have

involved the same commercially available product.

Although LBS oxgall agar has been recommended for enu-

merating bile-resistant intestinal lactobacilli (8), 0.15%

oxgall in LBS oxgall inhibited the growth of L. acidophilus

(Figure 1.4). Since there was much less growth of lac-

tobacilli on LBS oxgall agar plates than on the surface of

LBS agar plates (Figure 1.1 and 1.2) and smaller colonies

formed on the surface of LBS oxgall agar, 0.15% oxgall will

inhibit the growth of L. acidophilus but may not kill them.

L. bulgaricus (shown in Figures 1.3 and 1.4, Table 1.2)

developed some ability to resist oxgall and formed small

colonies on the surface of LBS oxgall agar plates after a

third transfer on LBS agar plates. For unknown reasons,

some suspected L. bulgaricus, which were previously grown

in LBS broth, became resistant to oxgall (Table 1.2). These

results suggest that they were heterogeneous in bile

tolerance or that they may develop bile-resistance after 3

transfers on LBS agar plates (Figure 1.3) or being grown in

LBS broth (Table 1.2).

Gilliland and Speck reported (8) that 0.1% oxgall in

LBS oxgall agar will inhibit L. bulgaricus much more than L.

acidophilus. No L. bulgaricus grew at the lowest dilution

tested (10-5), but 2.3x109 - 6.5x108 cfu/g of L. acidophilus
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formed on the surface of LBS oxgall agar plates containing

0.1% oxgall. Oxgall in this study also appeared to be

unfavorable to L. acidophilus. Therefore, concentration of

0.15% oxgall in LBS oxgall agar should not be used for enu-

merating bile-resistant L. acidophilus. Lower con-

centrations of oxgall incorporated in LBS oxgall agar may be

suitable for such studies.

Studies of colonial morphologies on the surface of LBS

agar indicated that lactobacilli have heterogeneous colony

forms (Fig. 1.4, Table 1.2). Robins-Browne and Levine (25)

used colonial morphologies to distinguish L. acidophilus

trom L. bulgaricus on LBS agar, but data herein show that

L. acidophilus and L. bulgaricus each have 2 types of colo-

nies (Figure 1.4) and that smooth-opaque and/or rough-white

colonies may be either L. bulgaricus or L. acidophilus

(Table 1.2). Klaenhammer and Kleeman also observed that a

pure culture of L. acidophilus RL8K exhibits heterogeneous

colony types on MRS agar (17). They reported that R (rough)

and S (smooth) types were stable upon repeated transfer on

agar, but revertant colonies appeared after broth transfer.

L. acidophilus with different colonial morphologies have

different bile sensitivity on MRS agar plus oxgall. The

smooth culture is resistant to 1% bile, whereas the rough

one is sensitive to 0.6% bile.

Lactobacilli from Lactinex® have heterogeneous colonial

morphologies which do not distinguish L. acidophilus from L.
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bulgaricus on the surface of LBS agar and LBS oxgall agar.

While 0.15% oxgall inhibits the growth of bile-resistant

lactobacilli, it nonetheless is somewhat selective for them.

LBS oxgall -0.15 agar may be useful as a reference method

for comparing survival of different Lactobacilli in

Lactinex® with the corresponding survival on LBS agar plates.

It is quite impossible to distinguish L. acidophilus

from L. bulgaricus by colonial morphologies. Some colonies

could be selected and differentiated using LBS agar by com-

paring their survival on LBS agar and LBS oxgall agar

(Figure 1.4). Pinpoint colonies found in the Survival

Studies and Colony Morphology section may indicate impaired

growth of L. acidophilus. Those pinpoint colonies on basal

agar plates prepared from L. bulgaricus subjected to freeze

and freeze-drying were also observed by Wright and

Klaenhammer and may indicate an injured form of L.

bulgaricus (33).
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CHAPTER II

FORMULATION OF LACTOBACILLI FOR

ORAL ADMINISTRATION
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ABSTRACT

Lactobacillus acidophilus and Lactobacillus bulgaricus

have been formulated with nutrients and calcium in enteric

coated capsules. The enteric coating process did not damage

the bacteria. It did, however, protect them from being

killed by gastric fluid and then allowed release of viable

bacteria after transfer into simulated intestinal fluid.

Non-coated capsules or commercially available Lactinexo

tablets released bacteria into simulated gastric fluid where

they were killed. None survived for transfer into intesti-

nal fluid except for one isolated case attributed to unu-

sually slow gelatin dissolution. The effect of calcium on

growth and pH variation of growth media for both lac-

tobacilli was studied. Survival after freeze-drying as

well as storage at 4°C was studied over 115 days.
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INTRODUCTION

In 1901 Metchnikoff described the longevity of Bulgarian

peasants who consumed large amounts of milk containing

Lactobacillus bulgarius or cultures of various other types

of Lactobacilli that had been used for different therapies

or dietary supplementation. Lactobacilli were believed to

be important in maintenance of normal intestinal flora.

Lactobacillus acidophilus is naturally present in the

gastrointestinal tracts of humans, rats, and other warm

blooded species (5,6,25,35). It is a main component of

commercially available preparations; Bacide and Lactinex ®.

Lactinex also contains L. bulgaricus which was reported to

be associated with an anti-enterotoxic activity (29) and is

considered a transient in the human intestine (6,35).

Lactobacilli containing products were reported to inhibit

Escherichia coli induced enterotoxigenic reactions in

ligated segments of rabbit small intestine. This activity

is associated with viable lactobacilli (8,24,37). Test

suspensions containing the most lactobacilli per ml had the

least intestinal loop irritation responses induced by E.

coli. Significant reduction in loop fluid accumulation

occurred when 108 L. acidophilus or L. bulgaricus per gm

were used, but not when 106 cells per gm were used (8,24).

Diarrhea is a frequent problem during travel. Acute

diarrhea ranks second to respiratory infection as a cause of

morbidity (7). Most cases of acute diarrhea are of infec-
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tious origin and may result from establishment of micro-

organisms in the intestine followed by production of toxic

factors (6,7,37). Appearance of enterotoxin - producing E.

coli in stools was observed after occurrence of diarrhea

but was not present for travelers who did not suffer from

diarrhea (38). E. coli may colonize the small bowel by

developing colonization factors such as fimbria or lectins,

which help them to not be washed downstream by peristalsis,

then they produce enterotoxins which cause diarrhea (39).

Increased numbers of lactobacilli are known to be accom-

panied by decreased numbers of coli forms in feces of calves

and pigs fed with non-fermented milk containing L. acidophi-

lus, L. bulgaricus or Lactobacillus concentrate (5,9,30,37).

Thus, these bacteria must survive their passage through the

gastro-intestinal tract until they reach the point where

they can exert an effect on the E. coli. The lactobacilli

may interrupt colonization of E. coli or may synthesize some

inhibitory substance(s) which neutralize the toxin produced

by pathogenic species of E. coli (8,9,30).

Pasteurized yogurt and artificial yogurt are less effec-

tive for alleviating severe and long-lasting symptoms of

loose stools or diarrhea, induced by carbohydrate treatment,

than unpasteurized yogurt in male adult rats (17). The

viable microflora of unpasteurized normal yogurt also

contributed to better absorption of galactose in rats com-

pared to pasteurized yogurt. Viable lactobacilli are
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reported to improve efficiency of hydrolysis and digestion

of lactose. Breslaw and Kleyn (3) concluded from in vitro

studies that yogurt was more digestible than the raw mixture

from which it was made. Weight gains and higher feed utili-

zation efficiency occurs with fresh yogurt compared to

yogurt which was heated to 60°C or 70°C for 2 min which

adversely affected the culture viability (18). These weight

gain effects could result from a higher degree of digestion

of nutrients caused by lactobacilli, but it seems to require

viable lactobacilli which may inhibit the growth of unde-

sirable microflora, or produce some beneficial metabolites.

Hargrove and Alford et al. (17) also reported that

yogurt with or without vitamins gave greater weight gain in

rats than uninoculated control or other fermented milk which

included lactic butter milk, Bulgarian buttermilk, directly

acidified milk, and three types of acidophilus milk. Yogurt

with 1.5% fat consistantly increased feed efficiency (weekly

weight gain divided by dry weight of feed consumed in the

same time). They also pointed out that the necessity for

culture implantation in the intestine to improve the health

of animals has been questioned. The question was based on

observation that L. bulgaricus of yogurt was not always pre-

sent in the small intestine and Streptococcus thermophilus

was never present below the upper small intestine, yet

growth response was positive. Also, L. acidophilus was

implanted readily by feeding acidophilus milk but had no

significant effect on rat growth.
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More lactobacilli and fewer coliform bacteria were found

in fecal flora of breast-fed infants than those of bottle-

fed infants (4). Scouring pigs revealed high numbers of

cocco-bacillary-shaped, gram-negative organisms in the small

intestine (30). Feeding of lactobacilli reduced the fecal

amine level, E. coli counts, and incidence of diarrhea in

pigs (20,30).

In contrast, Pozo-Olano et al. (32) concluded that

ingestion of lactobacilli from Lactinexe for 1 week did not

reduce the incidence or duration of acute undifferentiated

diarrhea. In another study oral feedings of viable lac-

tobacilli did not result in a sustained increase in the

human colon of aerobic lactobacilli as measured by fecal

counts (31). These contradictory literature results have

not been explainable. The literature suggests that studies

showing a beneficial effect of lactobacilli were not well

designed or that only bile tolerant or specially adherent

types (25) of lactobacilli may have any effect. For example,

L. bulgaricus is bile sensitive and only transient in the

gastrointestinal tract. L. acidophilus is bile resistant

and a normal inhabitant of the intestine. When L.

bulgaricus and S. thermophilus were consumed in yogurt, the

normally bile sensitive L. bulgaricus implanted in the

intestine (17). The S. thermophilus may have somehow helped

the L. bulgaricus become bile resistant or stimulated its

growth by increasing availability of peptides and amino
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acids. Another example of special microbial traits resides

with L. acidophilus in that some strains require calcium to

"stick" to intestinal cells while other strains adhere

without calcium (25). Controlled diet may affect human

fecal flora as reported by Speck et al. (41). They reported

that highly digestible and absorbable diets have significant

effects on bacterial flora of feces. That may be why

Pozo-Olano et al. (32) observed a failure to reduce the

incidence or duration of traveler's diarrhea with Lactinex®

tablets. All of the above assumes survival of lactobacillus

during passage into the intestine and assumes special

nutrients or cell characteristics are necessary for implan-

tation.

Recently, a hypocholesteremic effect following large

intake of dairy products fermented with lactobacilli was

observed (15,19,27,28,33,34,36,42). Such products were

reported to have many other nutritional and therapeutic

functions (1,14,16,21). L. acidophilus supplements were

reported to decrease fecal bacterial 8-glucuronidase, and

nitroreductase activities. Decreasing these enzymes is

desirable as they may result in formation of proximal car-

cinogens in the large bowel of humans (11-13). Thus, lac-

tobacilli may inhibit undesirable bacteria or production of

mutagen generating enzymes (1,2,6,11). All the above data

supports the conclusion that Lactobacillus acidophilus and

Lactobacillus bulgaricus survive their journey into the
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intestine following oral administration to form stable popu-

lations in some part of the gastrointestinal tract.

It was, therefore, quite unexpected to discover that the

organisms in Lactinexe were rapidly killed by exposure to

simulated gastric fluid. The purpose of this work was to

further study characteristics of lactobacilli and for-

mulation of a new oral dosage form to protect these bac-

teria. Calcium was reported to play a specific role in pro-

tecting L. bulgaricus against death due to freezing and

freeze-drying (44). Addition of calcium to a system of

human fetal intestinal epithelial (HFI) cells resulted in

strong adherence for lactobacilli including L. bulgaricus

7994, L. acidophilus Q, and L. acidophilus NCFM, which are

nonadhering strains (25). Therefore, this study was under-

taken to a) evaluate the effects of 5.4 mM calcium on growth

of L. acidophilus and L. bulqaricus, b) determine survival

of L. acidophilus and L. bulqaricus after freeze drying in

the presence of calcium, c) develop an enteric coated for-

mulation of these bacteria for oral administration, and

d) evaluate survival of the bacteria in the new formulation

in both simulated gastric fluid and intestinal fluid.
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MATERIALS AND METHODS

Cultures and Storage:

L. acidophilus and L. bulgaricus were isolated from

commercially available Lactinexo tablets (Lot No. 292)

obtained from Hynson, Westcott, and Dunning Inc. These two

cultures were differentiated by comparing their survival on

the surface of LBS agar plates (10,40) with that on LBS

oxgall agar plates (LBS agar plus 0.15% oxgall). Selected

L. acidophilus and L. bulgaricus were grown in MRS broth.

Stock cultures in MRS broth containing 15% glycerin were

stored at -40°C. Before experimental use, the frozen stock

cultures were thawed and propagated twice through MRS broth

at 37°C, using 1% inoculum.

Growth Media, Growth Studies, and pH Variation During Growth:

Modified LBS agar plates prepared from formula (40)

without 0.0075% brilliant green was used to select lac-

tobacilli. MRS agar (MRS broth plus 1.5% agar) was used as

a nonselective plating media.

Pure cultures of L. acidophilus and L. bulgaricus

obtained from selected stock cultures were thawed and grown

anaerobically on MRS agar plates for 48 hours, and then

colonies were picked into MRS broth (10 ml) and grown over-

night at 37°C. Sidearm flasks (Bellco) containing 200 ml of

Basal broth (Table II.1) without/or with 5.4 mm CaC12.2H20

(44) were inoculated with L. acidophilus or L. bulgaricus

and blended in a Waring blender to break chains or clumps
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Table II.1: Composition of Basal Broth (BBL broth)a

Ingredient Amount

Yeast extract (Amberex 1003) 5.0g

Beef extract (BBL) 10.Og

Protease Peptone #3 (DIFCO) 10.Og

Dextrose 20.0g

Tween 80 1.0g

Distilled water 1 liter

a pH was adjusted to 6.5 before autoclaving (121°C, 15 min)
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and produce uniform suspensions which had an initial optical

density of 0.05 at 650 nm using a Perkin-Elmer 35

spectrophotometer. pH was monitored at hourly intervals.

Growth was studied by plating on Basal agar plates and

reading optical density at 650 nm hourly. All agar plates

were incubated anaerobically in Gas-Pak jars for 48 hours.

Freeze-drying Studies and Storage Effects:

Sidearm flasks containing 200 ml of sterilized Basal

broth were inoculated with cultures to an initial optical

density of about 0.05 at 650 nm. After 14 hours of 37°C

incubation cells were harvested by centrifuging at 10,000

rpm for 10 min at 4°C, using a Beckman model J 2-21 centri-

fuge. Pellets were washed twice with 200 ml of 0.1% nonfat

dry milk (NFDM). Final pellets were resuspended in 200 ml

of 0.1% NFDM, blended and then diluted serially on MRS agar

plates to test the number of viable bacteria before freeze-

drying. Then, these suspended bacteria were combined with

1 gm of calcium carbonate (0.5%) and aseptically transferred

to round bottom flasks followed by freezing in mixtures of

acetone and dry ice for about 0.5 hours to form a thin layer

on the glass wall. The cultures in round bottom flasks were

then freeze-dried under vacuum for 24 hours.

Another lot of L. acidophilus and L. bulgaricus was made

by centrifuging two flasks each of 200 ml basal broth of

each strain after 14 hours incubation. These two pellets

each of L. acidophilus or L. bulgaricus were mixed and
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resuspended into 200 ml of 0.1% NFDM before addition of 1 g

calcium carbonate and freeze-drying.

Freeze-dried products were examined for cell viability

immediately after preparation and then kept refrigerated at

4°C in a sterilized brown bottle. The effect of storage

(over 115 days) on freeze-dried lactobacilli was studied by

plating on MRS agar plates incubated at 37°C in a Gas-Pak

system for 48 hours. Then, viable cell counts as colony

forming units per gram was determined.

Lactobacillus Preparation and Dissoluton Test

Freeze-dried L. acidophilus and L. bulgaricus were mixed

with other ingredients (Table 11.2) by geometric dilution in

a motar previously sterilized with 70% alcohol. A hand-

operated gelatin capsule filling machine (Chemical and

Pharmaceutical Industry Co., Inc.) which was also sterilized

with 70% alcohol and then air dried was used to fill the

bacteria formulation (Table 11.2) into No. 3 capsules.

Weight variation was examined for each lot of capsules pre-

pared according to the United States Pharmacopeia (43). The

average capsule contents weight was 247 mg + 3.7% for all

four lots.

half of the capsules were enteric coated by a hand

dipping method (23). The dipping solution was a mixture of

14 g hydroxypropyl methylcellulose phthalate (HP55S, Lot.

No. 62032, Shiu-Etsu Chemicals), 1.5 g dibutyl phthalate, 25

ml methylene chloride, and methanO1 which was added to a
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Table 11.2: Formulation of Lactobacilli Capsule

Material Amount (per capsule)

L. acidophilus (freeze dried with 0.1% NFDM) 2.5 mg

L. bulgaricus (freeze dried with 0.1% NFDM) 2.5 mg

NFDMa 100.0 mg

Calcium carbonate 100.0 mg

Lactose 15.0 mg

Dextrose 15.0 mg

a NFDM = nonfat dry milk
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total volume of 100 ml.

Dissolution of each of these lactobacilli preparations

as well as Lactinexe tablets (Lot no. 292, HWD) were com-

pared in a USP rotating basket dissolution apparatus by ini-

tial exposure to simulated gastric fluid (pH=1.2) at 100

rpm, 37+0.1°C (23,43). After 60 min, all baskets were

lifted and transferred into simulated intestinal fluid

(pH=7.5+0.1) for an additional 90 min. Viable bacteria

released were determined at time 0, 10, 40, 60 min (in simu-

lated gastric fluid) and followed at time 60, 70, 90, 110,

and 150 min (in simulated intestinal fluid). Each prepara-

tion (Lactobacilli capsule, enteric coated lactobacilli cap-

sule, and Lactinex® tablet) was tested in duplicate.

Released viable bacteria were studied by plating on MRS agar

plates. All plates were incubated anaerobically for 48

hours at 37°C, and colony forming units were determined.

The entire experiment was repeated. Thus, all formulations

were tested twice, in duplicate each time.
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RESULTS

Growth and pH variation studies: The optical density of

media containing lactobacilli versus time (hours), both with

and without calcium chloride is plotted in Figures 11.1 and

11.2. The optical density increased from time 0 to time 48

hours. The stationary phase was reached after 12 hours of

incubation in Basal broth, both with and without calcium.

The pH of the growth medium decreased with time (Figures

11.3 and 11.4), especially during the log growth phase of

lactobacilli. After time 12 hours the pH did not fluctuate

much but remained fairly constant for at least 48 hours for

the media with or without calcium (Figures 11.3 and 11.4).

Tables 11.3 and 11.4 show the colony forming units (CFU)

per ml of L. acidophilus and L. bulgaricus grown in basal

broth with and without calcium followed by culturing on

basal agar plates.

Freeze-drying studies and storage effect:

The first lots, each of L. acidophilus and L. bulgaricus

which were freeze-dried with addition of calcium carbonate

declined in viability during freeze drying by 1.05 and 1.11

log cycles respectively. Viable cell counts declined by

1.76 and 1.40 log cycles for L. acidophilus and L.

bulgaricus respectively of the second lots (Table 11.5).

There was some product powder loss of these freeze-dried

products during preparation due to their fluffy charac-

teristics. In fact, the second lots of both L. acidophilus
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Figure 11.1 Growth curves of L. acidophilus and L.

bulgaricus (selected from Lactinex® tablets) in Basal broth

containing 5.4 mM calcium chloride. The optical density was

read at 650 nm (first lot prepared).
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Figure 11.2. Growth curves of L. acidophilus and L.

bulgaricus (selected from Lactinex® tablets) in Basal broth

without calcium chloride. The optical density was read at

650 nm (second lot prepared).
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Figure 11.3. pH variation of Basal broth containing 5.4 mM

calcium chloride plus L. acidophilus and L. bulgaricus

selected from Lactinex®.
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Figure 11.4: pH variation of Basal broth without calcium

chloride plus L. acidophilus and L. bulgaricus selected from

Lactinex ®.
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Table 11.3: Growth studies of L. acidophilus and

L. bulgaricus in Basal broth containing

5.4 mM CaC12.2H20a

Time
(hour)

L.a. L.a. L.b.
(cfu/ml) b Log (cfu/ml) (cfu/m1)b

L.b.
Log (cfu/ml)

0 5.20 x 106 6.72 1.16 x 107 7.06

1 3.70 x 106 6.57 2.28 x 107 7.36

2 9.00 x 106 6.95 2.62 x 107 7.35

3 9.30 x 106 6.97 2.85 x 107 7.45

4 9.50 x 106 6.98 4.11 x 107 7.61

5 1.35 x 107 7.13 5.55 x 107 7.74

6 4.10 x 107 7.61 6.45 x 107 7.81

7 6.00 x 107 7.78 7.55 x 107 7.88

12 3.61 x 108 8.56 3.24 x 108 8.51

13 6.45 x 108 8.81 6.75 x 108 8.83

24 9.35 x 108 9.97 1.39 x 109 9.14

25 7.90 x 108 8.90 1.22 x 109 9.09

26 1.01 x 109 9.00 9.40 x 108 8.97

a Each point was in duplicate
b L.a. = Lactobacillus acidophilus
b L.b. = Lactobacillus bulgaricus
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Table 11.4: Growth studies of L. acidophilus and

L. bulgaricus in Basal brotha

Time
(hour)

L.a.b L.a.
(cfu /ml) Log (cfu /ml)

L.b.c
(cfu /ml)

L.b.
Log (cfu /ml)

0 2.53 x 107 7.40 1.055 x 107 7.02

1

2 2.95 x 107 7.47 1.70 x 107 7.32

3 3.36 x 107 7.52 2.10 x 107 7.32

4 3.70 x 107 7.57 3.95 x 107 7.60

5 9.60 x 107 7.98 4.60 x 107 7.66

13 9.30 x 108 8.97 4.59 x 108 8.66

a Each point was in duplicate
b L.a. = Lactobacillus acidophilus

L.b. = Lactobacillus bulgaricus
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Table 11.5: Survival of

after freeze-drying

calcium carbonate

L. acidophilus and L. bulgaricus

with incorporation of 0.5%

counts before counts after Log cycle
culture freeze-drying freeze-drying weight reduction

(CFU/200 ml) (CFU/wt of (gm)
final product)

L.a.la 3.320 X 1011 2.924 X 1010 1.010 1.06

L.b.la 1.385 X 1011 1.085 X 1010 1.001 1.11

L.a.2b 6.880 X 1011 1.186 X 101° 0.618 1.76

L.b.2b 2.915 X 1011 1.16 X 1010 0.529 1.40

a the first lot of Lactobacilli

b the second lot of Lactobacilli with twice the amount of
bacteria of the first lot before resuspending in 200 ml of
0.1% NFDM and freeze-dried
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and L. bulgaricus were more fluffy than the first lot.

The weights of these freeze-dried bacteria were 0.618 and

0.529 gm respectively which were less than the first lot

with 1.01 g of L. acidophilus and 1.04 g of L. bulgaricus.

After about 60 days of storage at 4°C, freeze-dried lac-

tobacilli stability did not continue to decline and fluc-

tuation of viable cell counts (CFU/gm) was within one log

scale (Figure 11.5) until time 115 days.

Lactobacillus product preparations and dissolution test:

Dissolution of lactobacilli capsules, enteric coated

lactobacilli capsules, and Lactinex® tablets showed that

there were no viable cells for the lowest dilution tested

(10-4) from time 0 to 60 min in simulated gastric fluid.

All bacteria wre rapidly released from Lactinexe tablets and

three of four non-enteric coated capsules into gastric fluid

but did not survive. After 60 min, all baskets of the

dissolution apparatus were lifted and transferred into simu-

lated intestinal fluid. Only enteric coated lactobacilli

capsules remained intact at the time of transfer. Other

baskets were empty and Lactobacillus cells were dead except

that one of four baskets of non-enteric coated capsules did

form a cloudy foam inside the basket which contained 1.21 x

106 CFU per four capsules at time 60 min. These organisms

then survived in simulated intestinal fluid as about 1 x

106 cells per four capsules at times 90, 110 and 150 minutes

after transfer.
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Figure 11.5. Storage effect of 4°C on freeze-dried L.

acidophilus and L. bulgaricus.

Symbols:

A, L. acidophilus of the first lot.

13 , L. bulqaricus of the first lot.

0, L. acidophilus of the second lot.

* , L. bulgaricus of the second lot.
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Baskets which had contained Lactinex® tablets

(2 x 108 CFU/4 tablets) and three of four baskets for the

non-enteric coated capsules (2 x 106 CFU/4 capsules) did not

release any viable cells after transfer from simulated

gastric fluid into simulated intestinal fluid. However, all

bacteria in the enteric coated capsules (2.3 x 106, 1.95 x

106, and 1.995 x 106 CFU/4 enteric coated lactobacilli cap-

sules) were released into intestinal fluid at times 90, 110

and 150 minutes respectively (Figure 11.6) for enteric

coated capsules after transfer. Also, enteric coated

Lactinex tablets gave similar results as the enteric coated

capsules viable cell counts released into intestinal fluid

after gastric acid pretreatment were about 1.66 x 108 CFU

per 4 tablets of Lactinex.
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Figure 11.6. Dissolution test of enteric coated lac-

tobacilli capsules, lactobacilli capsules, and Lactinexe

tablets.

All data points are for four replicates at times 0, 60,

70, 110, and 150 min, and duplicate samples at times 10, 20,

40 and 90 min. The first 60 min was in simulated gastric

fluid followed by 90 min of simulated intestinal fluid.

Only enteric coated lactobacilli containing capsules

released viable bacteria as shown in this figure as verticle

bars + the entire range observed.
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DISCUSSION

The growth rate of L. acidophilus and L. bulgaricus was

not affected by addition of calcium to the growth medium

(Basal broth) under conditions reported herein. This is

in agreement with the reports by Wright and Klaenhammer

(36). They reported maximum survival occurred after -20°C

freezing or freeze-drying in the presence of calcium con-

centrations ranging between 5.4 mM and 6.7 mM. The specific

role of calcium in protecting lactobacilli against death

during freeze-drying is unknown. It may be that calcium

influences the integrity of ice crystals or dehydration,

both of which are harmful for the structural entity of cells

during freezing and freeze drying.

Kleeman and Klaenhammer (25) found that addition of 3.6

mM calcium to Human Fetal Intestinal epitheline (HFI) cells

resulted in strong adherence for all the strains they

tested, which included L. bulgaricus 7994 and several

strains of L. acidophilus. Only L. acidophilus strains

BG2F04, MSO1, MS02, and MSO4 were capable of calcium-

independent adherence in this system. Thus, calcium was

incorporated into our formulation of Lactobacilli. If lac-

tobacilli survive passage through the stomach, then calcium

may improve adherence to the intestinal brush border cells.

Such adhered organisms may multiply or maintain their resi-

dence against the flow rate of digesta and exert their bene-

ficial role for controlling diarrhea or inhibiting the pro-
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duction of carcinogenic enzymes.

Refrigeration temperature of 4°C is more convenient for

pharmacy or home storage than the -20°C or -40°C often used

in microbiology laboratories. Lal et al. (26) reported that

increased storage temperatures of 22,30 and 37°C would

induce a marked reduction in activity compared to 5°C and

-20°C for lactobacilli. Calcium-supplemented freeze-dried

L. bulgaricus 1293-F was reported to decline 99% in viabi-

lity when stored at -20°C following freeze-drying, as

approximately 2 log cycles reduction was observed (4)

following only 5 days of -20°C storage. Air and moisture

may induce decreased activity (26) for freeze-dried prepara-

tions. Surprisingly, the effect of storage on viable cell

counts was only 1.5 log cycles reduction over 60 days

storage and there was no further decline up to 115 days

storage at 4°C (Figure 11.5).

Lactobacilli grow only sparsely in the absence of added

carbohydrate. The lactose of milk and cultured milks is

believed to be an important factor in controlling the ratio

of putrefactive to acidogenic types of microflora in the

bowel (8). Therefore, lactose and dextrose were formulated

into the new lactobacili products (Table 11.2). The nonfat

dry milk may be a microenvironment buffer as well as

nutrient source to help provide for lactobacilli growth in

the gut.

The enteric coated lactobacilli capsules did not disin-
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tegrate and no viable cells were released into simulated

gastric fluid within one hour. These capsules should pass

through the stomach intact and disintegrate in the intesti-

nal tract. The hydroxypropyl methyl cellulose phthalate

(HPMCP) used was 80% of the amount described for sustained

release medications (23). The HPMCP used here has a high

relative viscosity and only thin coats are needed on tablets

(22). It was somewhat surprising that the methanol-

methylene chloride dipping did not harm the bacteria as one

might propose that liquid or solvent vapors might penetrate

the capsule shell and destroy the bacteria. However, no

damaging effects were observed.

None of the four baskets containing Lactinex® tablets

had any viable cells at the dilutions tested in intestinal

fluid after exposure to gastric fluid. Lactinexe tablets

disintegrate within 20 min and release all bacteria into

gastric fluid where they do not survive. Three of the four

baskets of Lactobacilli capsules disintegrated completely

after 60 min in simulated gastric fluid. The survival after

only 2 min exposure to simulated gastric fluid is less than

1%. Thus, no viable cells can be counted after 60 min

dissolution in simulated gastric fluid. Although cloudy

gelatin foam formed in one of four baskets of uncoated lac-

tobacilli capsules and showed some viable cell counts, such

capsules would not uniformly be useful for oral administra-

tion.
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Because enteric coating can protect lactobacilli from

damage by gastric fluid, and formulation of calcium car-

bonate with sugars can provide a good environment for lac-

tobacilli, further study of the beneficial role of these

bacteria in the new enteric coated formulations appears

worth while.
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CHAPTER III

CALCIUM ALGINATE GEL BEADS

CONTAINING LACTOBACILLI
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ABSTRACT

Lactobacilli were immobilized in calcium alginate gels

and freeze dried. Survival after agitation in simulated

gastric fluid was studied. No viable bacteria were isolated

from either the gastric fluid or beads after exposure to

gastric fluid. Gram (+) rod shaped lactobacilli in the

beads were observed under microscope and were shown to be

dead. Calcium alginate gels can collect bacteria from

growth media with excellent survival but they do not provide

enteric coating capability as previously reported. Acid

producing ability of the bacteria in freeze-dried beads was

found to be as poor as that of bacteria in a traditional

freeze-dried powder.
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INTRODUCTION

Because lactobacilli are proposed to play a beneficial

role in promoting intestinal health, it has been desirable

to develop a suitable formulation for oral administration

which would protect them from gastric fluid damage and

digesta flow as indicated in Chapter 1 and 2 of this thesis.

Calcium alginate gels have been used successfully for

encapsulating cells of Leuconostoc oenos, Saccharomyces

cerevisiae and enzymes (3,4,5,7). Sodium alginate remains

insoluble in aqueous acid solution of pH less than 3 (6) and

calcium alginate is only soluble in alkaline solutions (1).

Calcium alginate gel beads were formed by pumping a mixture

of 8 kg of 5% sodium alginate and one kg of L. oenos sludge

through a 1 mm orifice to drip into 2% calcium chloride

solution. The calcium alginate gels provided little barrier

to diffusion of neutral substrates up to a molecular weight

of 5,000. Therefore, bacteria which had been immobilized

(3,7) this way could be used in grape juice (pH 3.5) or beer

(pH 3.9-4.4) for deacidifying wine or removal of diacetyl

from fermented beer. The calcium alginate was reported to

protect the bacteria from acid although no mechanism for

protection has been proposed. A French patent (1) claims

calcium alginate is useful to form enteric capsules.

This study investigated formulation of lactobacilli in

calcium alginate gel beads with special attention to:

1) whether or not the bacteria were trapped in the alginate
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gel, 2) microbial survival after freeze-drying of the

beads, and 3) microbial survival after immersion of the

beads into simulated gastric fluid and intestinal fluid.

Immobilization of calcium alginate gel beads omits the

centrifuging step necessary for bacterial collection for

traditional freeze-drying, which may be an advantage commer-

cially. Further, if the calcium alginate truly is an

enteric material as reported (2), then the bacteria would be

protected from gastric acid which is very important as

demonstrated in Chapter I and II of this thesis
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MATERIALS AND METHODS

Calcium alginate gel beads formation:

Sodium alginate was obtained from Sigma. L.

acidophilus and L. bulgaricus previously isolated from

Lactinex® and frozen at -40°C were propagated in MRS broth,

using 1% inoculum, and grown for 14 hours at 37°C anaerobi-

cally. Sodium alginate (2 gm) which had been autoclaved was

added into 100 ml of mature bacterial growth MRS broth (16

hours growth) while slowly stirring with a glass rod. The

viscous solution was drawn into a diffusion pump through

tubes which had been cleaned with sterile distilled water

after sterilizing with 70% alcohol. The sodium alginate gel

plus live bacteria solution was dripped into autoclaved 1M

calcium chloride solution through a 21 gauge needle with

continuous stirring using a magnetic stirring bar. The

first 20 beads were discarded (Figure III.la and III.lb).

Beads formed were collected on No 1 filter paper

(Whatman) and freeze-dried for 18 hours under vaccum at 4°C

after addition of 30 ml of 11% nonfat dry milk (NFDM).

Another lot of beads was prepared with incorporation of 1.5g

magnesium phosphate, 2 ml of 50 w/v% lactose and 50 w/v%

dextrose in 100 ml of mature bacterial growth MRS broth plus

2g of sodium alginate. The beads were suspended in 30 ml

of water after collection and 1 ml of 50 w/v% lactose and 50

w/v% dextrose was added before freeze-drying.
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Survival Studies:

Viable bacteria were counted before making calcium

alginate beads and after freeze-drying. For all viable cell

counting, cell chains and clumps were broken using a Waring

Blender. For the first lot of freeze-dried beads, white

thin fragments of non-fat dry milk which appeared with the

calcium alginate beads were selected and studied for viable

bacteria. The beads were also weighed and prepared as

serial dilutions in 1% peptone water, and cultured on MRS

agar plates anaerobically at 37°C for 48 hours. For the

second lot of beads, the filtrate which had passed through

the No. 1 filter paper was collected, diluted, and plated on

MRS agar plates to count the amount of bacteria left in the

filtrate or not trapped by calcium alginate gel beads.

Viable bacteria trapped in the beads were also determined as

described above.

Dissolution Test:

Accurately weighed (about 0.5 gm) freeze-dried calcium

alginate beads which contained L. acidophilus or L.

bulgaricus were placed in a USP dissolution basket and agi-

tated in simulated gastric fluid (pH=1.26) at 37°C + 0.1°C

for 60 min. Then all baskets were transferred into simu-

lated intestinal fluid (pH=7.5 + 0.1) for an additional 90

min. All dissolution media had been autoclaved for 15 min

and warmed to 37°C, then added into the vessels by staggered

immersion of the beads at 1 or 2 minute intervals. The
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rotation speed was adjusted to 100 rpm. Aliquot samples

were collected at time 0, 30, 60, 90 and 150 min, and

blended with a Waring blender and plated on MRS agar plates.

Survival in simulated gastric fluids.

Accurately weighed 0.5 gm samples of two lots each of

freeze-dried lactobacilli-containing beads were agitated in

simulated gastric fluids for 60 minutes as previously

described. Then these calcium alginate beads were trans-

ferred into 100 ml of 0.1% peptone water and blended in a

Waring blender. The blended beads solution was tested for

viable cells by plating on MRS agar plates. Samples were

also Gram stained and examined under the microscope.

Traditionally prepared freeze-dried lactobacilli powder

and two lots of calcium alginate-bacteria beads were also

tested for survival and examined under microscope as

controls without immersing in gastric fluids.

Acid-producing ability of lactobacilli in freeze-dried

calcium alginate beads:

Two lots each of freeze-dried calcium alginate beads

which contained L. acidophilus or L. bulgaricus were

weighed (about 0.4 g) and suspended in 100 ml 11% NFDM or

MRS broth and shaken at 100 rpm in a 30°C working room. pH

was measured over 48 and 30 hours respectively.
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RESULTS

Calcium alginate gel beads formation:

The lactobacilli MRS broth containing added sodium

alginate solution was brownish white (Figure III.la). When

it was dripped into the calcium chloride solution, calcium

alginate precipitated as beads with initially brownish white

color which than became clear or transparent white. The

initially transparent calcium chloride solution slowly

became brown as most of the beads were formed (Figure

III.2b).

Freeze-Drying Effect:

Viable cell counts for the first lot of L. acidophilus

and L. bulgaricus - containing calcium alginate beads which

had been freeze-dried were 1.7 X 1010 CFU and 1.1 X 1010 CFU

respectively (Table III.1). They declined 1.7 and 1.0 log

cycles after freeze-drying.

Some white thin fragments of nonfat dry milk formed

outside the freeze-dried beads contained L. acidophilus

(2.6 X 106 CFU per gm). The L. bulgaricus containing

calcium alginate beads were not stirred continuously during

bead formation. These contained more white debris or thin

fragments formed after freeze-drying which contained 1.7 X

107 CFU per gm (Figure III.2a).

In the second lot of beads (Figure III.2b), there were

1.25 X 1011 CFU and 1.3 X 101° CFU of L. acidophilus and L.
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Figure III.la. Calcium alginate gel beads formation
equipment when the sodium alginate gel containing
Lactobacilli was dripped into 1 M calcium chloride solution,
brownish beads formed therein.



Figure III.la.
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Figure III.lb. The calcium chloride solution became brown
and the beads became clear.
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Figure III.lb.
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Table III.1. Survival of L. acidophilus and L. bulgaricus

in calcium alginate beads after freeze drying.

counts before counts after
culture freeze-drying freeze-drying weight log cycle

(CFU/100 ml) (CFU/wt. of
final product)

(gm) reduction

L.a.la 9.100x1011 1.724x1010 7.4 1.723

L.b.la 1.095x1011 1.104x1010 7.7 0.996

L.a.2b 1.990x1012 1.250x1011 6.9 1.202

L.b.2b 7.450x1011 1.300x1010 7.4 1.758

athe first lot of freeze-dried beads was prepared with
incorporation of 30 ml of 11% NFDM before freeze drying
but after bead formation.

bthe second lot of freeze-dried beads was prepared with
addition of 1.5% magnesium phosphate, 1.5% dextrose, and
1.5% lactose before bead formation.
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Figure III.2a. The first lot of freeze-dried beads
containing L. acidophilus (A) and L. bulgaricus (B) with
addition of 30 ml of 11% NFDM after bead formation and
before freeze drying. The white fragments with the beads
are NFDM.



Figure III.2a.
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Figure III.2b. The second lot of calcium alginate gel
beads containing L. acidophilus (A) and L. bulgaricus (3)
with addition of 1.5% magnesium phosphate, 1.5% dextrose,
and 1.5% lactose before bead formation.
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Figure III.2b.
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bulgaricus in 6.9 gm and 7.4 gm of freeze-dried calcium

alginate beads respectively (Table 111.1). The freeze-

drying kill was 1.2 and 1.8 log cycle reduction, respec-

tively. There were 6.2 X 106 CFU per ml in about 150 ml of

filtrate of L. acidophilus in the second lot of beads.

These L. acidophilus were not trapped by calcium alginate

gel beads. For L. bulgaricus 8.2 X 106 CFU per ml were

found in 150 ml of filtrate. The bacteria not being trapped

and immobilized were 0.057% and 0.205% for both strains,

respectively.

Dissolution Test:

There were no viable cell counts at times 0, 30, or 60

minutes in simulated gastric fluid at the lowest dilution

of 10-4. All four baskets for the two lots of 2 strains of

lactobacilli - containing calcium alginate gel beads con-

tained only intact beads at time 60 min. After they were

transferred and agitated in simulated intestinal fluid,

there were, surprisingly still no viable cells obtained at

the lowest dilution of 10-4 at time 90 and 150 min. The

beads in all four baskets had dissolved after 90 minutes

exposure to intestinal fluid.

Lactobacilli in beads after immersion in simulated gastric

fluid:

No viable bacteria were found inside beads (at the

lowest dilution 10-3) which had been agitated in gastric
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fluid for 60 min. However, when they were examined under

the microscope, they did contain dead G (+) rod shaped bac-

teria (Figures 111.3, 111.4, and 111.5).

Storage Effect:

Storage effects at 4°C on bacteria in freeze-dried

beads were also studied by plating on MRS agar plates.

Survival of the freeze-dried lactobacilli-containing calcium

alginate beads fluctuated within one log scale over 67 days

(Figure 111.6).

A lot of traditionally freeze-dried lactobacilli was

made as described in Chapter 2 except that 30 ml of 11% NFDM

and 3 gm of calcium carbonate were added before freeze

drying. These freeze-dried lactobacilli were also studied

as controls for storage survival over 83 days. The via-

bility decreased during the first 30 days storage and

remained relatively constant after 30 days. The survival

fluctuated over more than one log scale (Figure 111.6) over

83 days. The log cycle reduction of these traditionally

freeze-dried L. acidophilus and L. bulgaricus was 0.7 and

1.1. The product was not so fluffy as the other two lots of

traditionally freeze dried lactobacilli prepared as in

Chapter II.

Acid-Producing Ability:

pH values of 11% NFDM after adding freeze-dried

lactobacilli or lactobacilli-containing calcium alginate



88

Figure 111.3. Microscopic examination of L. acidophilus
in calcium alginate beads of 1,000 x magnification.
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Figure 111.3.
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Figure 111.4. Microscopic examination of L. acidophilus
after 60 min of agitation in simulated gastric fluid with
1,000 x magnification.
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Figure 111.4.
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Figure 111.5. Gram positive rod shaped L. bulgaricus from
MRS agar plates of 1,000 x magnification.
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Figure 111.5.
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Figure 111.6 Storage effect of 4°C on viable L. aci-
acidophilus in traditional freeze-dried powder (N)

L. bulgaricus in traditional freeze-dried powder MO

L. acidophilus in the first lot of freeze-dried beads (0)

L. bulgaricus in the first lot of freeze-dried beads (v)

L. acidophilus in the second lot of freeze-dried beads (0)

L. bulgaricus in the second lot of freeze-dried beads (*)
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beads did not decrease over 6.5 hours (Figure III.7a) or 48

hours (Figure III.7b) as expected. Also, the pH of MRS

broth with freeze-dried bacteria and beads did not decline

as rapidly within 12 hours (Figure III.7c) as occurred with

"fresh" bacteria (Chapter II, Figure 11.3 and 11.4).
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Figure III.7a. Acid producing ability of L. acidophilus
in the first lot of beads (A), the second lot of beads (*),
traditional freeze-dried powder (0), and L. bulgaricus in
the first lot of beads (0), the second lot of beads (0) and
traditional freeze-dried powder (7) in 11% NFDM over 6.5
hours.
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Figure III.7b. Acid producing ability of Lactobacilli in
11% NFDM over 48 hours.
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Figure III.7c. Acid producing ability of L. acidophilus
in the first lot of beads (u), the second lot of beads (*),
traditional freeze-dried powder (0), and L. bulgaricus in
the first lot of beads (0), the second lot of beads (0) and
traditional freeze-dried powder (V) in MRS broth over 30
hours.
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DISCUSSION

Viable cell counts in calcium chloride filtrates showed

that some lactobacilli had not been trapped although the

ratio of cells in total filtrate to beads were only 0.057

and 0.205%. It can be concluded that the bacteria are immo-

bilized in large amounts even though some are lost in the

filtrate.

Magnesium phosphate is insoluble in MRS broth and was

also trapped in the beads with the bacteria since the

calcium chloride solution was always clear, both before and

after the beads formed. Survival of both lots of L. aci-

dophilus or L. bulgaricus in calcium alginate gel beads

after freeze drying was about equivalent to survival after

traditional freeze-drying. The log cycle reduction due to

freeze drying was between 1.0 and 1.7. Furthermore, sur-

vival during storage for the bead product was about the same

or even a little bit better than as for traditional freeze-

drying. Therefore, calcium alginate gel beads may offer a

useful method for collecting bacteria from growth media.

No viable cells were counted in simulated gastric

fluid. There are at least two possible reasons for this

finding:

1. If lactobacilli are released into gastric fluid,

they will be rapidly killed as reported in Chapter 1.

2. The beads may not have released any bacteria into

the fluid. In this case, the bacteria would still be
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trapped inside the beads.

G(+) stained rod shaped lactobacilli were observed

under the microscope inside beads which had been agitated in

gastric fluid for 60 min. However, there were no live lac-

tobacilli in these beads, therefore, lactobacilli trapped in

the beads are not protected from gastric fluid. This is

quite surprising since calcium alginate gels were reported

to be enteric coating material in a French patent (2) and

calcium alginate was used to immobilize microorganisms in

acidic beer with pH of 3.9-4.4 (3,7). Calcium alginate does

not dissolve in acidic aqueous solution but apparently does

allow hydrogen ions to penetrate. Kierstan and Bucke also

reported that calcium alginate gels provided little barrier

to diffusion of neutral substrates up to a molecular weight

of 5,000 (5).

Unexpectedly, viable lactobacilli in both traditional

freeze-dried powder and freeze-dried calcium alginate gel

beads did not produce enough acid to decrease the pH in 48

hours after addition to 11% NFDM. Possible reasons may be

due to a long lag time or loss of acid-producing ability.

If the lag time is longer than 48 hours, the useful economic

value in fermentation of dairy products will be lost.

However, the real mechanisms of producing therapeutic

effects in people such as decreasing serum cholesterol,

prevention of diarrhea and anti-cancer are still unknown.

h-id production by lactobacilli may be critical to inhibit



105

the growth of enteroeoxigenic E. coli but may not be impor-

tant for other therapeutic effects. In vivo tests are

needed to determine if the above effects are related to acid

production.

Milk-grown cells may be better suited to initiate milk

fermentations with a minimum lag as reported by Elliker et

al (8). Cells grown in non milk media (MRS) lacking casein

may have impaired ability to initiate growth rapidly and to

produce acid in milk. Therefore, the formulation of

lactobacilli-calcium alginate beads may need to be modified

to produce acid for the dairy industry.
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