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FORMULATION STUDIES OF LACTIC ACID-PRODUCING BACTERIA

FOR ORAL ADMINISTRATION

INTRODUCTION

Lactobacilli, the lactic acid-producing bacteria,

are believed to be important in stabilizing the

microflora of healthy people and increasing longevity.

Lactobacillus bulqaricus and L. acidophilus are

formulated in commercially available Lactinex tablets to

treat diarrhea. Other proposed therapeutic roles for

lactobacilli include a possible protective effect

against colon cancer and a hypocholesterolemic effect.

However, research reports on therapeutic effects of

lactobacilli do not show consistent and significant

effects. A possible explanation for these conflicting

results has been reported to be lot to lot variation

in Lactobacillus preparations.

The purposes of this study were to determine

whether or not lactobacilli in enteric coated dosage

forms have beneficial effects (chapter I) and to develop

a methodology for microencapsulating live lactobacilli

with aqueous enteric polymers (chapter II).

Bifidobacteria are lactic acid-producing bacteria,

but strictly anaerobic and nutritionally fastidious.

Optimization of their growth in modified milk was

studied (chapter III) as part of preformulation

research.
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CHAPTER I

GROWTH STIMULATION AND PROPHYLACTIC EFFECTS OF

LACTINEX BACTERIA IN PIGLETS
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INTRODUCTION

The use of lactic acid-producing bacteria to

prevent detrimental putrefaction by intestinal

microorganisms was proposed by Metchnikoff in 1908. He

postulated that the longevity of Bulgarians was in part

due to their consumption of a fermented milk product

known as yogurt which contained Lactobacillus

bulgaricus. Recently, microflora of the digestive

tract of long-living people in Abkhazia has been

observed to be characterized by a high content of lactic

acid bacteria, especially lactobacilli and

bifidobacteria, and less staphylococci (1). It was

concluded that a whole complex of mutually correlating

factors, including physiologically active lactic

bacteria in the digestive tract, played an essential

role in prophylaxis of senile pathologies, thus

increasing longevity.

Other researchers have concluded that a maximum

lifespan in vertebrates was linearly correlated with DNA

repair capacity (2), also related to immunologic control

and to a major histocompatibility complex (2,3). A

study on the repairing effect of diets containing

acidophilus milk or yogurt on carcinogen-induced DNA

damage in hamsters demonstrated that acidophilus milk-

and yogurt-fed animals repaired DNA damage more quickly

than control diet fed animals (4).
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Lactobacilli are gram positive microaerophilic or

anaerobic organisms. They have been involved in the

manufacture of dairy and nondairy foods for centuries

(5,6,7). They are thought to be one of the major groups

of intestinal and fecal microorganisms in humans and

animals (6,7,8,9), and are derived from the mother

after birth, then from the external world (9,10,11).

Several studies have shown that lactobacilli and the

closely related bifidobacteria became more numerous in

the feces of breast-fed infants than bottle-fed infants.

There were also fewer Escherichia coli (12,13,14). A

lower mortality and incidence of intestinal diseases are

seen in breast-fed infants (13,14,15,16). The harmful

effects of putrefactive microbes, such as E. coli, are

believed to be inhibited or decreased by establishment

of a normal Lactobacillus flora in the gastrointestinal

tract (6,17,18,19). A commercial preparation of

lactobacilli, Lactinex, has been used extensively in the

treatment and prevention of diarrhea. Lactinex contains

Lactobacillus bulgaricus and Lactobacillus acicophilus

which are widely used to make yogurt and acidophilus

milk. Besides the use in treating diarrhea, lactobacilli

are found to be associated with the synthesis of B

vitamins, predigestion of proteins and lactose,

decreasing serum cholesterol, and are reported to have

specific anticancer properties (6,20,21,22,23,24).
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Since lactobacilli are non-pathogenic and are reported

to be beneficial to humans, it is not surprising that

scientists have recently increased interest to study

their health role, nutritional and therapeutic effects.

Nutritional benefits of Lactobacilli

Synthesis of vitamins

Lactic acid organisms are reported to synthesize B

vitamins during ripening of cheeses (5,6,21,23). Reddy

et al. (23) observed that cultured products generally

contained slightly higher levels of B vitamins compared

to directly acidified products. The extent of

biosynthesis depends on temperature, length of

incubation and other processing parameters (21,23). The

amount of thiamin, niacin, riboflavin, pantothenic acid,

vitamins B6 and B12 is much higher in yogurt than in

whole milk (5).

Improved digestibility

Yogurt, a cultured product, is easily digestible

due to the predigestion of milk components by enzymes'

which are produced by lactic acid bacteria with

lipolytic and proteolytic activities (21,25,26). Alm

reported that the production of acid during fermentation

had a positive influence on digestibility (26). The

proteins of acidophilus milk, bifidus milk, yogurt, and
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buttermilk were more digestible than the proteins of

unfermented milk (25,26). Rats fed diets containing

either yogurt mix or yogurt had higher weight gains and

a more efficient utilization of their feed than rats fed

milk (5,27).

Moreover, lactobacilli may produce lactase or (3-

galactosidase in order to hydrolyze milk lactose

(5,6,28). Deficiency of lactase in humans results in

the inefficient utilization of milk sugar, known as

lactose intolerance. Abdominal problems are observed in

lactose intolerant subjects when given milk, but not

when given yogurt (29). The utilization efficiency for

lactose intolerant subjects consuming yogurt approaches

the efficiency noted for control subjects consuming

milk. Also, rats fed natural yogurt containing viable

microflora were able to absorb lactose more efficiently

than rats fed milk or pasteurized yogurt (28).

Therapeutic Benefits of Lactobacilli

Anticholesteremic effect

Total serum cholesterol has been identified as a

major factor predisposing one to coronary heart

disease. Hepner et al. (30) reported that dietary

supplementation of yogurt for one week decreased serum

cholesterol in human volunteers. Dairy products

fermented by lactobacilli have been shown to lower serum



6

cholesterol levels in rats, rabbits, and human beings,

even when the dietary cholesterol and fat intake had

increased due to the increased consumption of dairy

products (30,31,32,33). Hepner et al. reported that

pasteurized yogurt had results similar to nonpasteurized

yogurt (30). This suggested that the

hypocholesterolemic effect was not due to a direct

alteration of intestinal flora by yogurt. It was

believed that the lactobacilli produced metabolites

during their growth in this dairy product which

inhibited cholesterol synthesis (32,34).

Recently, Gilliland et al. (35) showed that certain

strains of L. acidophilus had the ability to assimilate

cholesterol and it was assumed that these bacteria were

able to grow well in the presence of bile to remove

cholesterol from the environment. The ability of L.

acidophilus to cause reductions in serum cholesterol was

concluded to be a result of the direct action of the

culture on cholesterol. Lowest cholesterol levels are

found to be significantly related to high amounts of

lactobacilli in the stools of new born babies, which

implied that lactobacilli could alter ingested

cholesterol as well as endogeneous cholesterol (36).

Mott et al. (37) observed a decrease in serum

cholesterol of pigs fed L. acidophilus cells with an

associated increase in the amount of cholesterol
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detected in fecal material. Lactobacilli could have

been absorbing the cholesterol in the gastrointestinal

tract, and keeping it from being absorbed by the body.

The specific strains of L. acidophilus responsible for

uptake of cholesterol may also have produced effective

metabolites (35). However, the anticholesteremic effect

is still controversial. Rao and Pulusani (38) reported

that no significant alteration of cholesterol

distributions were observed in Streptococcus

thermophilus, L. bulciaricus, and L. acidophilus milk-fed

rats.

Anticancer

The inhibitory effect of yogurt on the

proliferation of Ehrlich ascites tumor cells in mice has

been investigated (39,40,41). Feeding yogurt to mice

resulted in 28-35% reduction in the number of tumor

cells compared to those fed milk. Ayebo et al.

reported that yogurt dialyzate rather than retentate

possessed antitumor properties (40).

Epidemiologic studies indicate that enviromental

factors influence the incidence of colon cancer.

Differences in diet may be an explanation for geographic

variation in the incidence of colon cancer (42). A

higher risk of colon cancer is associated with a beef

diet. Goldin and Gorbach (43) observed that

supplementation of the normal diet of rats with L.
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acidophilus lowered the activity of fecal

nitroreductase, azoreductase, and 0-glucuronidase. The

significance of these enzymes should be considered in

the light of their involvement in chemical

carcinogenesis (42,43). Lactobacilli were believed to

inhibit undesirable bacteria or production of mutagen

generating enzymes (5,6,42,43). Goldin and Gorbach

confirmed further that bacterial flora are involved in

tumor genesis in the large intestine and that L.

acidophilus supplements can reduce the 1,2-

dimethylhydrazine dihydrochloride (DMH) - induced colon

tumor in rats (44). The metabolic activity of flora in

the large intestine where microflora is most abundant

has been altered by L. acidophilus. The latency and

induction time for experimental colon cancer are

reported to be increased by L. acidophilus (43,44).

This may be due to influencing the metabolic activity

of colonic flora, or stimulation of the immune

properties of the host to inhibit carcinogenesis and

reduce the possibility of colon cancer (42).

Production of Antibiotics

Several antimicrobial substances including lactic

acid, acetic acid, and hydrogen peroxide are synthesized

by lactobacilli. The production of antibiotic is

dependent on the species, incubation medium and
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conditions (5,6). Acidophilin isolated from L.

acidophilus and bulgarian from L. buloaricus possess a

wide spectrum of antimicrobial activity against many

food-borne pathogens (5,6,8).

Reduction of Mortality and Growth Stimulating Effects in

Animals

The amelioration effect of yogurt diet on

Salmonella enteritidis-challenged weanling rats was

studied by Hitchins et al. (45). They found that

yogurt-fed rats survived better than milk-fed rats. The

yogurt did not prevent salmonellosis but significantly

reduced the mortality and weight gain deceleration in

weaned rats. The growth-stimulating effect of yogurt,

freeze dried yogurt, and L. acidophilus fermented milk

on rats has been widely studied (27,46,47,48,49,50).

The weight gain and feed efficiency was found to be

related to viable bacterial content.

Neonatal colibacillosis seen as diarrhea is

considered a major disease problem of pigs. E. coli is a

primary cause of neonatal diarrhea in pigs. Scouring

pigs contain high numbers of Gram negative coliform

bacteria in the intestinal tract (51). Colibacillosis

caused by E. coli during the first few hours or days of

life is common and severe (52). A high mortality rate

can be expected from colibacillosis in pigs only a few

days old (52). Antibiotics are routinely used in an
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attempt to control the disease, but may produce drug

resistance, exert toxic effects on the animal or the

environment, and accumulate in the tissues of animals

consumed by human beings (52,53). Therefore, the

interest in probiotics (lactic acid-producing bacteria

preparations) to control virulent E. coli infection has

greatly increased. Pigs with diarrhea, after receiving

oral treatment of lactic acid bacteria, showed an

improvement in the balance of non-pathogenic bacteria

with a decrease in the growth of 0-haemolytic E. coli

(51,53).

Recently, a lactic acid-producing strain,

Streptococcus faecium has been used to control E. coli-

induced diarrhea in gnotobiotic pigs and new born calves

(52,54,55). Researchers concluded that S. faecium

reduced the toxic effects of E. coli, lowered the

mortality, increased the weight gain of animals, and

shortened the duration and delayed the occurrence of

colibacillosis.

Antidiarrheal

Lactobacilli are believed to be effective in the

treatment of different types of diarrhea because of

their favorable actions in modifying intestinal flora.

Most cases of acute diarrhea are infectious, such as

enterotoxin-mediated infections, caused by Vibrio
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cholerae and enterotoxigenic E. coli (9,56). E. coli

has been implicated as a major cause of diarrhea in

young children and travelers (56,57). Appearance of

enterotoxin-producing E. coli in the stool of travelers

was observed after occurence of diarrhea, but not in

those who did not suffer from diarrhea (57). Increased

numbers of lactobacilli were also found to be

accompanied by decreased numbers of coliforms in feces

of pigs, calves and humans fed with nonfermented milk

containing L. acidophilus, L. bulciaricus or

Lactobacillus concentrate (6,51,58,59). E. coli may

colonize the small bowel by developing colonization

factors such as fimbria or lectins and produce

enterotoxins causing diarrhea (60). Lactobacilli may

interrupt colonization of the E. coli (58,60,61). Other

possible mechanisms of action of lactobacilli have been

suggested to be: direct inhibition of the pathogenic

species and neutralizing the toxin produced by

pathogenic species (55,60,61).

Controlled laboratory studies have also shown that

a Lactobacillus preparation, Lactinex, had a positive

effect on inhibiting E. coli-induced enterotoxigenic

reactions (loop fluid response) in the ligated rabbit

intestine (18,61). The inhibitory activity was reported

to be associated with the presence of viable

lactobacilli (61). Pasteurized yogurt and artificial
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yogurt are less effective for alleviating severe and

long-lasting symptoms of loose stools or diarrhea than

unpasteurized normal yogurt with viable bacteria (17).

A study of the effect of L. acidophilus administration

upon the survival of Salmonella in humans showed that

consumption of >500 ml of acidophilus milk containing 6 x

109 CFU/ml of L. acidophilus shortened the duration of

the Salmonella carrier state (62).

Elderly patients are often found to develop

deficiencies in host defenses that may predipose them to

infectious diarrhea (2). Conditions such as diabetic

neuropathy, intestinal surgery, and drug use may alter

intestinal clearance of bacteria and play a role in

prediposing the elderly to infectious diarrhea (2,63).

It is known that age is related to fecal microflora

because with aging there is an increase in the total

number of fecal aerobes and fungi, but a decrease in the

numbers of anaerobic species (2). Therefore, the

administration of anaerobic lactic acid bacteria to the

elderly may improve their health condition.

However, other research studies have shown that

dietary and oral feeding of lactobacilli had no

significant effect on the incidence of diarrhea

(64,65). Clements et al. (66) reported that

Lactobacillus preparations, Lactinex and Infloran Berna

which contained L. acidophilus and Bifidobacterium
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infantitis, did not prevent or alter the course of

enterotoxigenic E. coli (ETEC) diarrhea in human adults.

They concluded that lot to lot variations in

Lactobacillus preparations may account for some

conflicting results observed with Lactobacillus therapy

for neomycin-associated diarrhea. Pozo-Olano et al.

(67) claimed that ingestion of lactobacilli from

Lactinex for one week did not reduce the incidence or

duration of acute undifferentiated diarrhea. These

contradictory reports have not been explainable.

Viable, bile-resistant, and specially adherent types of

lactobacilli have been thought to have positive effects

(6,19,68) which implies that the various amounts of

viable bacteria and different strains previously studied

might explain the lack of consistency in research

results.

Lactic acid producing bacteria are assumed to

survive passage through the stomach. However, based on

our previous studies, Lactinex bacteria were killed in

simulated gastric fluid in less than 15 minutes (69).

Robins-Browne and Levine reported that lactobacilli

might persist longer in the upper intestine of

nonfasting subjects (68), where the food may act as a

buffer system for acids present. Controlled diet was

thus reported to effect the human fecal flora (70).

Intestinal intubation studies also showed that exogenous
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human-specific lactobacilli, Lactinex and Infloran

Berna, when given in milk, survival passage through the

stomach into the duodenum and jejunum in most

individuals where they remained viable for 3 to 6 hours

(66). Consumption of milk by healthy men increased

facultative lactobacilli in their feces, though no

significant effects were observed on the numbers of

coliforms or anaerobic lactobacilli (71).

One study reported that oral Lactobacillus feedings

had no appreciable, sustained, or consistent effect on

the size of the colonic Lactobacillus population as

measured by fecal counts (65). Lactabacilli are now

newly known to be sensitive to gastric fluid.

Therefore, a "protective" dosage form of specific

strains of lactobacilli needs to be developed. Lactinex

bacteria (L. acidophilus and L. bulqaricus) which had

been isolated from Lactinex in our laboratory, have been

formulated in enteric coated capsules, and given to baby

pigs. The piglets were either challenged or not

challenged with pathogenic E. coll. If enteric coated

lactobacilli results in better growth or reduced

mortality in pigs than non-enteric coated lactobacilli,

then such a product may be very useful. A significant

difference in the counts of lactobacilli in the

gastrointestinal tract may be expected if the enteric

coat protects the bacteria in vivo. Therapeutic aspects



15

of lactobacilli may be increased and their role in

prevention of human diseases may be easier to study if

the enteric coated dosage form does deliver more viable

bacteria into the intestine.
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MATERIALS AND METHODS

Lactinex bacterial preparations

Freeze dried L. acidophilus and L. bulgaricus in

nonfat dry milk (NFDM) containing about 2 x 101° CFU/gm

(colony forming unit/gm) were isolated from Lactinex

tablets in our laboratory. Biochemical properties of

these isolates were determined using both API AN-IDENT

test system and Rapid CH strips (Analytab Products,

Inc., 200 Express Street, Plainview, New York).

Lactobacilli-containing capsules (No. 3 capsule)

which contained 50 mg of both strains at 2 x 109 CFU in

NFDM containing 14.3% (w/w) calcium carbonate, 15 mg of

lactose and dextrose, and 100 mg of calcium carbonate

were prepared by geometric dilution in a mortar

previously sterilized with 75% alchol. A hand-operated

gelatin capsule-filling machine (Chemical &

Pharmaceutical Industry Co.,Inc.) was used to fill the

above formulation into No. 3 capsules (69). Weight

variation was examined for each lot of capsules prepared

according to the United States Pharmacopeia. The average

capsule contents weight was 188.17 mg ± 7.5% for all

seven lots.

Enteric coated (EC) lactobacilli capsules were

prepared by coating the lactobacilli-containing capsules

twice in organic enteric coating solution which

contained 14 gm hydroxypropyl methylcellulose phthalate,
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1.5 gm dibutyl phthalate, 25 ml methylene chloride, and

25 ml methanol by hand-dipping, then dried with a hair-

blower.

NFDM capsules had the same ingredients as

lactobacilli-containing capsules except they contained

100 mg of non fat dry milk instead of freeze dried

lactobacilli.

Experimental animals

New born 36 hour old piglets from the Oregon State

University swine herd were used. The herd is operated

under a specific pathogen free program and is maintained

under controlled conditions.

Sampling and microbial enumerating procedure

Fecal samples were collected with sterile

polyester-fiber-tipped swabs, taking care to prevent

contamination from the perianal region. The swab was

carefully inserted about 2-5 cm into the rectum and a

1:10 dilution was made of the fecal sample in sterile

distilled water, and vortexed well to yield a

homogeneous suspension. Swabs were weighed before and

after sample collection and the difference calculated as

the weight of sample collected. Lactobacillus counts

were based on the number of colonies on MRS agar (51)

incubated at 37 ° C for 48 h anaerobically using a

GasPack system (Baltimore Biological Laboratory,
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Baltimore, MD). Usually only one type of colony was

seen. However, different colony types were seen

occasionally. This is in agreement with Sheggeby's

observations (53) and the additional colonies were also

determined to belong to the genus Lactobacillus.

Coliform counts were determined from the number of

typical lactose-fermenting colonies on MacConkey's agar

(51) incubated at 37°C for 24h. Colonies from the two

media were gram positive and gram negative rods,

respectively.

Drug administration and sampling schedule

Experiment 1

Ten pigs from two litters in experiment 1 were

nursed by the sow and weaned at day 41 in herd.

Each of two, four, and four pigs were given one of

NFDM, lactobacilli-containing, and enteric coated

lactobacilli-containing capsules respectively, everyday

for 12 days (day 0 day 11). Since fecal lactobacilli

and E. coli counts for these three treatments did not

differ significantly through a 12 day study period, a

triple dose of each capsule was given on day 12, and

then dosing was stopped. Fecal samples were colected on

days 0-7, 11-14, 19, 26, and 48. Records of scouring

were kept for day 0-14, 19, and 26 (Table 1.2). The

pigs were weighed on days 0-14, 19, 26, and 48. Another
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two pigs which were fed with sow milk without any

treatment had fecal samples taken and were weighed, as

another control group.

Experiment 2

Pathogenic Escherichia coli

E. coli isolated from the fecal liquid of seriously

scouring pigs was provided by Dr. Sringanathan

(University of Virginia at Blacksburg) State

University). They were 2-haemolytic (Heart infusion

agar base containing 5% whole sheep blood), gram-

negative rods, and formed typical lactose-fermenting red

colonies on MacConkey's agar (Difco). Pathogenic E.

coli were grown 15 hr in MRS broth before centrifugation

and suspension in the same volume of autoclaved 0.85%

NaCl.

To study the prophylactic effects of lactobacilli

against E. coli, nine pigs from one litter were nursed

by their mother (which provided colostrum) up to 36

hours of age, then removed from the sow to a laboratory

and kept isolated in individual steel cages. They were

fed by intubation with about 20 to 60 ml autoclaved (12

minutes) 12% (w/w) nonfat milk five times per day except

day 3, when they received four feedings (Table 1.1).

Six of the 36 hour old pigs were given their first

appropriate capsule treatment, intubated with 12% nonfat
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milk (autoclaved for 12 min), and then challenged with

2.5 ml of pathogenic E. coli on day 0. These six pigs

in three groups were fed one capsule of NFDM,

lactobacilli-containing, or enteric coated lactobacilli-

containing capsules everyday. Three of the six E. coli

challenged pigs were treated for three days (day 0 day

2) and sacrificed in a carbon dioxide atmosphere on day

3. The other three challenged pigs were treated for

four days (day 0 - day 3). Then, five ml of the E. coli

suspension were again given 3 days after dosing to these

three challenged pigs (Table 1.1). They were sacrificed

on day 4.

Three other unchallenged pigs were also given one

capsule of NFDM, lactobacilli-containing, or enteric

coated lactobacilli-containing capsules for three days.

They were sacrificed at day 3.

Fecal samples in this experiment were collected

every day. Daily records of scouring and weight gain

were also kept. Initially, mortality was planned to be

used as a decisive index of infectious diarrhea, but

none of the pigs died after being challenged with

pathogenic E. coli.

Bacterial flora of intestinal content and tissue

Intestinal parts examined were proximal (first 4

inches), distal (second 12 inches), and spiral colon.

About one gram of each section was blended in a Waring



21

blender containing 100 ml of autoclaved distilled water

for 2 min, serially diluted, then plated onto MRS and

MacConkey agar plates. The contents in these sections

were also examined for bacterial flora.

The pH of stomach contents (about 2 gm) were

measured after being mixed with about 5 gm of distilled

water (Table 1.3).

Statistical analysis

Data for both fecal Lactobacillus:coliform (L/C)

ratios and cumulative weight gains obtained from

experiment 1 were analyzed using a commercial

statistical package, BMDP (Analysis of variance and

covariance,including repeated measures, or one way

analysis of variance) with aid of an AT&T (IBM

compatible) personal computer. The treatment was

considered as a grouping factor and timing as a trial

factor.

Geometric means (For example, geometric mean of

four replicates a,b,c, and d is (axbxcxd)1/4) and

log transformation of lactobacilli and coliform counts

were utilized in order to normalize the data in an

observable range and stabilize the variance (53). This

is necessary for the application of significance testing

in the analysis of variance, since independent and

normally distributed experimental errors with a common
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variance are required. However, L/C ratio is thought to

correlate better with preventing diarrhea than coliform

counts or Lactobacillus counts. Therefore, fecal L/C

ratios were analyzed statistically.

Also, the between-treatment effects on fecal L/C

ratios and cumulative weight gain, without trial factor,

were analyzed daily by testing the significance in one-

way analysis of variance.

Area under the curve of fecal L/C ratios were

calculated by the trapezoidal method. Then these AUC's

were analyzed by BMDP (one-way analysis of variance).



23

RESULTS AND DISCUSSION

L. acidophilus was identified using API AN-IDENT

system with the number 4204373 claimed to be an

excellent identification in the Analytical Profile

Index. L. bulqaricus was numbered 4010071, but there

was no profile for L. bulqaricus for comparison.

API Rapid CH strips were also used to identify 49

different biochemical characteristics for L.

acidophilus isolated from Lactinex. All characteristics

were appropriate to positively identify L. acidophilus.

The profile obtained for L. bulqaricus was not included

in computer stored information (Analytab Products, Inc.

was contacted by telephone, 1-800-6457034). These two

strains isolated from Lactinex tablets are reported by

the manufacturer to be L. acidophilus ATCC 4962 and L.

bulqaricus ATCC 33409.

Experiment 1

One of two pigs which did not receive any

treatment died at day 12 (laid on by the mother).

Therefore, only the three treated groups (NFDM,

lactobacilli- and enteric coated lactobacilli-containing

capsules treated pigs) are discussed here. The NFDM or

lactobacilli capsules dosed pigs can be considered as

controls. Lactobacillus:coliform (L/C) ratios, for the

above three groups plus the one without any treatment,
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are listed in appendix I.

Fecal Lactobacillus counts and coliform counts for

three treatment groups of pigs were calculated as

geometric means with log transformation. Lactobacillus

counts for the groups did not differ very much (Figure

I.1.a), but the EC lactobacilli capsule treated pigs had

lower coliform counts than NFDM and lactobacilli-

containing capsule treatments except days 1, 7, 13 and

14 (Figure I.1.b). NFDM capsule treated pigs had

highest gram negative coliform counts except day 1

(Figure I.1.b). The geometric mean of

Lactobacillus:coliform (L/C) ratios for the three

treatments are plotted in Figure 1.2, and it can be seen

that most L/C ratios were greater than one after day 1.

All pigs had mild diarrhea on day 0 (Table 1.2). The

scouring of NFDM capsule treated pigs on day 1 was more

severe than either the lactobacilli-containing or EC

lactobacilli-containing capsule treated pigs. All

groups were improved after day 1 with little or no

scouring (Table 1.2).

Enteric coated lactobacilli treatment produced a

higher L/C ratio from day 2 through day 26 except days

13 and 14 (Figure 1.2). L/C ratios of the three

treatment groups were analyzed using BMDP statistical

software from day 0 through days 12, and 26. The

treatment was considered as a grouping factor and the
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timing as a trial factor in these cases. No significant

differences among either treatments or time were found.

Time x drug interactions were not significantly

different either.

Daily fecal L/C ratios were thus analyzed by

testing significance in one-way analysis of variance to

see whether these three treatments were significantly

different on any day. None of the days for the pigs of

three treatments were significantly different in fecal

L/C ratios. The L/C ratio for two treatment groups (EC

lactobacilli vs. lactobacilli, EC lactobacilli vs. NFDM)

were also analyzed. Only the L/C ratios of EC

lactobacilli vs. lactobacilli treated pigs was found to

be significantly different at day 4 with an F value of

6.03.

None of above data showed that enteric coated

lactobacilli-containing capsules increased fecal

lactobacilli counts and L/C ratios consistently or

significantly. Area under the curve (AUC) of L/C ratios

in Figure 1.2 were calculated by the trapezoidal method

up to days 11, 12, and 26. Then, these area under the

curve values were analyzed by one-way analysis of

variance with the aid of a BMDP package (Appendix I).

None of the AUC's of the three treatment groups or of

two treatment groups (EC lactobacilli vs. either control

group) differed significantly which is consistent with
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all other analysis.

Cumulative weight gain was analyzed using a BMDP

statistical package for three treatments. After 27 days

the treatments were found to differ significantly at the

5% level, and the interaction of time x drug was shown

to be highly significantly different. Significant

differences were also found in EC lactobacilli vs.

lactobacilli capsules treated groups after both 27 and

49 days. However, these pigs were weaned at day 41.

Different diets fed after weaning will affect body

weight and fecal microbial flora. Therefore, data at

day 48 should not be included in analysis. The EC

lactobacilli capsule treated pigs had the highest

cumulative weight gain from day 3 through day 26 (Figure

1.3). NFDM capsule treated pigs had higher cumulative

weight gain than lactobacilli-containing capsules which

contained the same ingredients as NFDM capsules except

freeze dried lactobacilli. This is unexpected and

unexplaned at this time.

Cumulative weight gains for the three treatment

groups were analyzed daily and found to differ

statistically significantly between day 12 and day 26 at

the 5% level.

Experiment 2

Scouring results are recorded in Table 1.1. None

of the pigs had diarrhea at day 0. As expected,
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diarrhea developed more seriously in E. coli-challenged

pigs after day 1.

In the unchallenged groups, both the lactobacilli-

and EC lactobacilli-containing capsule treatments

prevented postweaning diarrhea, but NFDM did not.

Stress and decreasing maternal antibody received during

weaning may cause diarrhea. NFDM capsule treated pigs

had diarrhea on day 1 and 2 (Table I.1). L/C ratios in

both lactobacilli-containing and EC lactobacilli-

containing capsule treated unchallenged pigs were higher

than NFDM capsule treated pigs on days 0 and 1 (Table

1.4). Enteric coated lactobacilli-containing capsule

treated pigs had the highest L/C ratio for the

unchallenged groups on day 2 (Table 1.4).

In E. coli-challenged pigs, EC lactobacilli-

containing capsule treated pigs had slight diarrhea on

day one, but recovered within ten hours and scouring did

not reoccur (Table I.1). More severe scouring occurred

in the groups of NFDM and lactobacilli-containing

capsule treatment (higher scouring scores were

observed), and it lasted longer than 24 hours. None of

the scouring E. coli-challenged pigs died. After being

challenged again on day 3, none of challenged pigs had

diarrhea on day 4.

All pigs had lower fecal L/C ratios in the E. coli

challenged group compared to the unchallenged group on
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day 1, which indicated that the administered and/or

indigenous lactobacilli were replaced somewhat by

challenging E. coli (Table 1.4). On day 3, both

lactobacilli-containing and EC lactobacilli-containing

capsule treated challenged pigs had higher L/C ratios

than NFDM treated challenged pigs. After being

challenged again on day 3, the L/C ratios on day 4

decreased, and the EC Lactobacilli capsule treated pig

had the highest L/C ratio (Table I.1) .

Pigs used in these two experiments had been nursed

with colostrum. Protective antibodies can be obtained

with the first feeding of colostrum (52). Without being

given colostrum, unchallenged pigs were reported to

start scouring and died at about 36 hours, while pigs

given colostrum scoured only after challenge, but

survived (51). It is consistent with our results that

challenged pigs given colostrum and enteric coated

lactobacilli capsules scoured slightly at day 1 for

less than 10 hours and recovered quickly (Table 1.1).

More severe scouring was seen in the challenged group of

NFDM and lactobacilli capsule treatments, and the

scouring lasted longer than 24 hours. The inability of

E. coli to induce severe diarrhea in the enteric coated

capsule treatment group indicated a protective role was

played by viable lactobacilli. This is surprising since

the fecal L/C ratios in enteric coated lactobacilli-
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containing capsule treated pigs were not changed very

much related to non-enteric coated lactobacilli-

containing capsule treated pigs.

Colostrum-deprived pigs are indicated to be

susceptible to many strains of E. coli and develop a

generalized infection which can kill the pig in about 24

hours (52). Colostrum may build up a barrier to the

invasive action of diarrhea inducing microorganisms.

This may explain why all E. coli-challenged pigs

survived in our experiments.

Enteric coated lactobacilli-containing capsules

produced the highest L/C ratios in proximal and distal

small intestine homogenate, and contents of distal small

intestine and colon in unchallenged pigs which were

sacrificed on day 3 (Table 1.5). EC lactobacilli-

containing capsules also produced the highest L/C ratios

in proximal small intestine homogenate, and contents of

distal small intestine and colon in E. coli-challenged

pigs on day 3. But on day 4, all parts and contents of

the intestine of E. coli-challenged pigs with all three

different treatments had similar L/C ratios, except for

the NFDM treatment which had the highest L/C ratio

(Table 1.5). Mechanisms of action for the EC

lactobacilli-containing capsule treatment might be

proposed to be: 1. Better colonization of lactobacilli

from the EC lactobacilli-containing capsule in the
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proximal small intestine in both E. coli-challenged and

unchallenged pigs. (Indicated by the highest L/C ratios

in the proximal small intestine homogenate.) 2.

Replacement or inhibition of some E. coli (indicated by

the similar L/C ratios in contents of colon).

Weight gain deceleration for NFDM, Lactobacilli,

and EC lactobacilli treated unchallenged pigs were

similar (Figure 1.4). However, in the challenged group

when weight gain decelerations were averaged, EC

lactobacilli capsule treated pigs lost the least weight

compared to both NFDM and lactobacilli capsule

treatments. On day 3, all three challenged pigs which

were challenged again with another five ml of pathogenic

E. coli lost more weight, but the EC lactobacilli

treated pig still had the least weight loss on day 4

(Figure 1.4).

The pH of the stomach contents was found to be from

3.51 to 5.95 (Table 1.5) which is much higher than the

expected pH of 1 to 3. Intubated milk formed curd

which could act as a buffer in these neonantal pigs'

stomach to keep the stomach contents more neutral. A

half-dissolved capsule was found trapped within the curd

in the stomach for a NFDM capsule treated challenged pig

(Table 1.3).

The pig's stomach is reported to produce little

gastric acid the first day after birth. A pH of 5.3 to
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5.9 exists which is desirable to inhibit rapid

colonization or over population of the alimentary tract

by E. coli (53). The finding of a half-dissolved

capsule and stomach pH of 3.51 5.95 in a five day old

pig is a possible reason why no obvious difference was

seen in these three treatment groups. Lactobacilli

released in the stomach were apparently not killed by

the environment which was consistent with the

assumptions made in literature reports. Enteric coated

lactobacilli-containing capsules did not give a dramatic

improvement of the fecal L/C ratio. It is therefore,

quite surprising that the weight gain was much better

for the lactobacilli in enteric coated capsule treatment

in experiment 1 than for non-enteric coated lactobacilli

or NFDM treatment, and the weight deceleration was less

for the lactobacilli in enteric coated capsules in

experiment 2 than for non-enteric coated lactobacilli or

NFDM treatment.

Favorable effects of lactic acid bacteria

administered as a feed additive are believed to depend

on the bacteria maintaining metabolic activity in the

intestine after passing through the acidic stomach (73).

Data herein suggest that enteric coated lactobacilli-

containing capsules are more advantageous than non-

enteric coated lactobacilli or NFDM control for

improving growth, increasing fecal L/C ratio, and
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decreasing incidence and severity of diarrhea. The

differences are not statistically significant due to the

large variation and small number of animals involved,

but the trend is encouraging. Most samples of fluid

fecal liquid only weighed 0.01 to 0.02 gm. It was

impossible to make a 1:10 dilution, and dilution was

therefore necessarily 1:1000 or 2:1000. Considerable

inaccuracy may thus occur in attempts to enumerate

bacteria in such small samples of material as

bacteriologically complex as feces.

L/C ratio instead of Lactobacillus or coliform

counts was preferred to evaluate the effect of lactic

acid bacteria on balancing intestinal flora. Although

the coliform counts in feces of scouring pigs were found

to be increased or close to Lactobacillus counts in both

experiments, which was in agreement with previous

reports (51,53), reducing clinical diarrhea or

prevention of death was reported not to be explained by

reduction of E. coli numbers in individual segments of

intestine (55). The degree to which the E. coli flora

must be depressed in order to prevent symptoms of

colibacillosis was also reported to be not entirely

clear (53). Therefore, L/C ratio was considered as a

better decisive index of modifying the degree of

diarrhea than E. coli counts.

However, investigation of the use of lyophilized S.
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faecium containing 3.2 x 1010 or 3.5 x 1010 CFU/g of

live bacteria once or twice per day in control of E.

coli-induced diarrhea in gnotobiotic pigs, and in

prevention of colibacillosis in newly born calves showed

that the animals exhibited less severe diarrhea, showed

earlier recovery, had a lower mortality rate, and

produced better weight gains (52,54,55,73). It appears

that dose and dosing period are critical factors for

therapy or prevention of gastroenteritis.

Decreased weight loss and severity of diarrhea for

3 to 4 days in new born baby pigs were observed in

enteric coated lactobacilli-containing capsule treatment

in this chapter. The enteric coating protected

lactobacilli to provide more obvious clinical response,

especially controlling diarrhea in challenged pigs. It

is desirable that lactobacilli possess the ability to

multiply or colonize rapidly in the intestine and

eliminate pathogenic flora.

Enteric coated lactobacilli should be administered

therapeutically to pathogenic E. coli-challenged pigs

for further study. Older pigs with more acidic gastric

fluid may be a better model for comparing the effect of

enteric coated lactobacilli to non-enteric coated

lactobacilli on treating and preventing diarrhea. In

order to provide more viable lactobacilli and precise

dose, microencapsulated live bacteria with enteric
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coating is a better dosage form than the enteric coated

number 3 capsule containing lactobacilli. Since baby

pigs with such a small gastrointestinal (GI) system are

to be used in future studies, microencapsulated

lactobacilli (which have less chance to be trapped in

the stomach) are prompted to be studied in the next

chapter. Other benefits of microencapsulation of

lactobacilli are: utility for being mixed into all types

of animal feed, leaving the stomach at about same rate

as liquid (which results in a more predictable rate and

may provide more uniform action), and the microcapsules

could also be tableted or further encapsulated.

Prediction of the number of piglets necessary for

the effect of EC lactobacilli on prevention of diarrhea

and increasing fecal L/C ratios based on experiment 1

(dosing for 13 days and postdosing for 14 days) is

possible by applying a power test (74). Twenty-six pigs

will be needed in each one of three treatment groups,

NFDM, lactobacilli-containing, and EC lactobacilli-

containing capsules, to get a power of 0.80, if the type

I error ( ) is set at 0.05 and the variance is the same

as occured in the present research (experiment 1). If

eight pigs are used in each one of three treatment

groups, the power is only 0.28. But only two, four, and

four pigs were used in NFM, lactobacilli- and EC

lactobacilli-containing capsule treatment groups,
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respectively. The power for experiment 1 is thus much

less than 0.28.

To study the effect of EC lactobacilli on

controlling the pathogenic E. coli-induced diarrhea, 10

pigs should be used in each of three groups after being

challenged with pathogenic E. coli to reach a power of

0.80 and = 0.05 (based on variances of fecal L/C

ratios in challenged pigs from experiment 2). If four

pigs are used in each one of three treatment groups, the

power is only 0.28. However, only two pigs were used in

each of three challenged treatment groups; the power

was much less than 0.28.
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Table 1.1. Feeding schedule and severity of diarrhea
for unchallenged and E. coli-challenged pigs given three
treatments in experiment 2.

Unchallenged
Treatmenta NFDM LAC ECLAC

E. coli-challenged
LAC ECLACNFDM

No. of Pigs 1 1 1 2 2 2

Averaged body
weight (gm) 1155 825 960 2200 1985 2000

No. of
feeding &
observation

DayO
1st - - - - -

2nd - -

3rd 0 1; c/0 0/0 0/0 0/0 0/0 0/0
4th 20/0 20/0 20/0 20/0 20/0 20/0
5th 20/0 20/0 20/0 20/0 20/0 20/0

Dayl
1st 30/0 30/0 30/0 30/0 30/1.0 30/0.5
2nd 30/0 30/0 30/0 30/2.0 30/2.0 30/1.0
3rd 30/0 30/0 30/0 30/1.5 30/2.0 30/0
4th 30/0 30/0 30/0 30/1.5 30/2.0 30/0
5th 40/2.0 40/0 30/0 40/1.0 40/1.5 40/0

Day2
1st 50/3.0 50/0 40/0 50/1.0 50/1.5 50/0
2nd 30/1.0 50/0 50/1.0 50/0.5 50/0.5 50/0
3rd 30/2.0 50/0 50/0 50/0 50/0 50/0
4th 45/1.0 25/0 50/2.0 60/0 60/0 60/0
5th 30/- 30/- 30/- 30/- 30/- 30/-

Day3
lstd 60/1.0 60/3.0 50/0 60/0 60/1.5 60/0
2nd 30/0 50/0 30/0 60/0 60/0 60/0
3rd - - - 60/0 50/0 60/0
4th - - - 20/0 60/0 90/0

Day4
1st 0/0 0/0 0/0

a: NFDM means nonfat dry milk capsule, LAC means
lactobacilli-containing capsule, and EC LAC means
enteric coated lactobacilli-containing capsule.

b: Volume (ml) of 12% nonfat milk intubated.
c: Scouring record, 0 indicates none, 1: soft, 2: wet

perianal area, 3: watery, 4: very watery and
dripping from opening. Scores are averaged in E.
coli-challenged groups.

d: One pig of each treatment group was sacrificed.
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Table 1.2. Severity of diarrheaa for pigs in experiment 1.

Treatmentb NFDM LAC ECLAC

No. of pigs 2 4 4

Time(Day)

0 1.0 1.0 1.0

1 2.0 0.25 0.25

2 0.0 0.0 0.0

3-14 0.0 0.0 0.0

19 0.0 0.0 0.0

26 0.0 0.0 0.0

a: Scouring record, 0=none,1=soft, 2=wet perianal area,
3=watery, 4=very watery and dripping from opening.
Scores are averaged.

b: NFDM means nonfat dry milk capsule
LAC means lactobacilli-containing capsule
ECLAC means enteric coated lactobacilli-containing
capsule.
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Table 1.3.
of capsule

The pH of stomach content and the presence

Dist Capsule
Treatment Content H20(g) pH Presense

(g)

NFDM 2.1 5.5 4.95 none

LAC 2.0 5.0 4.35 none

ECLAC 2.0 5.0 5.1 none

E. coli + NFDM 2.0 5.2 5.95 half-capsule
2.0 7.0 5.15 was found

E. coli + LAC 1.2 2.5 4.3 none

E. coli + ECLAC 2.0 7.0 3.51 none
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Table 1.4. Fecal L/C ratios in unchallenged and E.
coli-challenged pigs.

Time (days) Oa 1 2 3b 4c

Treatment

NFDM (1) d 1.14 3.04 3.32

LAC (1) 17.18 45.8 2.33

ECLAC (1) 14.85 9.71 11.67

E. coli + NFDM (2) 87.53 2.74 2.24 1.55 1.87

E. coli + LAC (2) 22.79 2.4 6.31 8.7 1.59

E. coli + ECLAC (2) 14.45 2.81 1.81 6.02 3.77

a: 2.5 ml of pathogenic E. coil were given to six pigs
at day 0 after dosing, another five ml of E. coli
were given to- three of these six pigs at day 3.

b: Six pigs from each one of the six treatment groups
were sacrificed at day 3.

c: Only one challenged pig was used in each of three
treatment groups.

d: Data in parenthesis represents the number of pigs
used.
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Table I.S. L/C ratios in the content and homogenate of
small intestinal parts of sacrificed pigs after 3 and 4
days treatment.

Day 3

Proximal Distal Colon
Treatment Content Homogenate Content Homogenate Content

NFDM (1) 1.26 0.15 0.29 2.19 0.03

LAC (1) 0.26 0.61 0.29 0.41 1.97

ECLAC (1) <0.2 10.38 0.69 3.44 0.51

E. coli+NFDM (2) <0.56 2.34 <0.17 0.51 2.08

E.coli+LAC(2) 1.37 3.30 0.30 0.57 1.23

E.coli+ECLAC(2) 0.78 3.34 1.01 0.50 2.78

Day 4

Proximal Distal Colon
Treatment Content Homogenate Content Homogenate Content

E.coli+NFDM( 1)87.66 2.57 4.0 3.67 0.67

E.coli +LAC(1) 0.74 0.88 0.79 1.52 0.31

E.coli+ECLAC(1)0.70 1.01 1.45 1.39 0.57

a: One gram of intestinal content and homogenate were
collected and blended in Waring blender jars, then
L/C ratios were calculated by dividing Lactobacillus
counts with coliform counts.

b: Data in parenthesis represents the number of pigs
involved.
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Figure I.1.a. Geometric means of fecal Lactobacillus
counts in pigs after three different treatments: NFDM,
lactobacilli-containing, or enteric coated lactobacilli-
containing capsules in experiment 1.
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Figure I.l.b. Geometric means of fecal coliform counts
in pigs after three different treatments: NFDM,
lactobacilli-containing, or enteric coated
lactobacilli-containing capsules in experiment 1.
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Figure 1.2. Fecal Lactobacillus/coliform (L/C) ratios in
pigs after three different treatments: NFDM,
lactobacilli-containing, or enteric coated
lactobacilli-containing capsules in experiment 1.
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Figure 1.3. Cumulative weight gain of ten pigs after
treatment with NFDM, lactobacilli-containing, or
enteric coated lactobacilli-containing capsule
treatments for 12 days, followed by a triple dose for
one day in experiment 1.
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Figure 1.4. Weight deceleration for 36 hour old pigs
unchallenged, or E. coli-challenged, pigs which received
NFDM, lactobacilli-containing, or enteric coated
lactobacilli-containing capsule treatments in experiment
2.
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CHAPTER II

MICROENCAPSULATION OF LIVE BACTERIA

USING AQUEOUS ENTERIC POLYMER
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INTRODUCTION

Lactobacilli, anaerobic or microaerophilic lactic

acid-producing bacteria, are reported to be beneficial

to humans and animals (1,2,3,4). They may produce

anticholesteremic effects (5,6,7), anticancer effects

(8,9), decrease diarrhea (10,11,12), and increase

longevity (13). They are widely used to make dairy

products and are sold by the pharmaceutical industry as

Lactinex and Bacid, to treat diarrhea. Possible

mechanisms of action of lactobacilli have been proposed

to be: interrupting colonization of E. coli, direct

inhibition of pathogenic species by metabolites of

lactobacilli, stimulation of the immune system, and

neutralization or assimilation of toxin or metabolites

produced by other species (6,11,14,15,16). However, none

of the reports demonstrated consistent and significant

effects of lactobacilli on either decreasing serum

cholesterol or improving diarrhea.

Many different factors might affect viability of

lactobacilli in the gastrointestinal tract. Lot to lot

variations in Lactobacillus preparations were reported

to account for some confliciting results (17). A

surprising finding of the sensitivity of lactobacilli to

simulated gastric fluid may be an explaination for

these variations (18). Food and milk have been claimed

to affect the survival of lactobacilli during their
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passage through the stomach into the duodenum and

jejunum in humans. Frequent dosage of lactobacilli to

maintain these organisms as intestinal flora (four

tablets to be chewed and swallowed, three to four times

per day with milk, fruit juice, or water) is suggested

in the package insert of Lactinex tablets. The

recommended chewing may contribute to variation in

effect, since a decreased survival of lactobacilli may

be caused by increasing exposure to gastric fluid.

Enteric coated lactobacilli-containing capsules

were proposed to be studied to compensate for both

individual differences and local variations (e.g., pH,

quantity and composition of digestive secretions, and

peristaltic movement of intestine). However, as the

results in Chapter 1 showed, a capsule of lactobacilli

(No.3 capsule) was trapped in the stomach of a baby pig,

and the stomach pH of baby pigs intubated with nonfat

milk were found to be less acidic (pH=3.51-5.95) than

human beings (pH=1-3). Also, one report indicated that

the range of action of lactic acid bacteria on piglets

was variable in individual experiments as related to the

pig's age, weaning period, and content of feeding

mixture (19). These variables may cause differences

between effects of enteric coated capsules and

non-enteric coated capsules to become insignificant or

unmeasurable. Therefore, a microencapsulated dosage form
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using aqueous enteric polymer coating of beads was

developed. This enteric microencapsulated lactobacilli

may provide more uniform action by releasing more viable

bacteria (compared to non-enteric coated beads) into the

intestinal tract.

Polymers commonly used for enteric coating include

styrene maleic acid copolymers, celluose acetate

phthalate (CAP), cellulose acetate succinate, polyvinyl

acetate phthalate (PVAP), and shellac. In most cases,

organic solvents are used as vehicles to apply the

coating. Films applied using organic solvents may offer

processing advantages due to a low heat of evaporation

of solvent. Some inherent disadvantages (e.g.,

flammability, harmful effects to workers, undesired

residual solvent in dosage form, and enviromental

pollution) restrict their use (20). Since enteric film-

forming polymers are water-insoluble, aqueous coating

with enteric polymers has been more difficult.

Techniques for development of aqueous enteric coating

include: 1. substitution of water for a portion of

organic solvent (21), 2. emulsification of the polymer

in a water-immiscible solvent with water as the external

phase (22), 3. preparation of aqueous polymer salt

solutions (23,24), 4. formation of polymer hydrosol

through neutralization of a polymer salt (25), and 5.

application as dusting powders or aqueous suspensions
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(26,27).

Recently, several aqueous synthetic polymer

dispersions have become commercially available (28),

such as Eudragit L30D, an aqueous-based latex

formulation produced by emulsion polymerization, (Rohm

Pharma, Darmstadt, West Germany, copolymer of

polymethacrylic acid and acrylic acid); Aquateric, a

water-insoluble powder which can be dispersed in water

to create a reconstituted latex film coating system,

(FMC, Philadelphia, Pennsylvania, CAP polymer); and

Coateric, dry powders which are suitable for dispersing

in water before enteric coating (Colorcon, West Point,

Pennsylvania, PVAP polymer).

Aqueous coating systems were viewed with skepticism

initially because of the lengthy processsing time, and

the appearance of final products was inferior to

products coated using organic systems. The recent

development of latex and pseudolatex materials has

eliminated some of the earlier objections to aqueous

based coatings. The latex emulsion is composed of

discrete polymer spheres which are independently

suspended in water. Film formation starts in the liquid

state. Individual particles come into contact, become

deformed, and then fuse together during evaporation of

water (29,30). Particle deformation requires a strong

driving force to overcome the hardness of polymer
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spheres and their electrostatic repulsive charges.

Continued interfacial tension between water and polymer

spheres causes capillarity and overcomes electrostatic

repulsion. This brings fusing of deformable spheres

into a clear, continuous film (30,31). Inclusion of

plasticizer in the dispersion may soften the latex

spheres to aid deformation and promote film coalescence

accompanied by lowering the polymer's glass temperature.

The glass temperature of a polymer is a measure of

plasticizer efficiency. Plasticizers may also be used

to decrease brittleness and increase resistance of

mechanical stress (29-31). Another effect of

plasticizer is to interpose between polymer chains to

reduce cohesive force as an antitack agent (29,31).

Two types of forces are involved in film formation,

cohesional force between polymer molecules, and

adhesional force between coating and core (29).

Increased cohesiveness between polymer molecules may

result in a homogeneous coating and decreased porosity

or permeability. Too cohesive or tacky coating

solutions give rise to aggregation problems (31).

After film formation, further gradual coalescence

(a period of aging) is required to melt particle

contours into a truly homogeneous film. This physical

process can be accelerated with elevated temperatures

(29,30). If appropriate equipment is selected and
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correct conditions are maintained, an improvement of

integrity of the aqueous film coating and shortened

processing time can be achieved.

Several different processing methods have been used

to apply aqueous coating systems, such as conventional

pan coating, perforated pan coating (a modified round

pan, developed to improve drying efficiency by drawing

air through the bed as opposed to supplying it to the

bed surface only as it done with round pans), and

fluidized-bed coating (32,33). The fluidized bed

coating method with its greater drying efficiency

brought an improvement in the smoothness and continuity

of the coating surface compared to pellets coated in a

coventional or perforated pan (33).

Microencapsulation

Microencapsulation techniques have been widely used

for pharmaceutical applications over the last ten years

(29,32). It is a way to apply thin film-forming coatings

to small particles of solids or droplets of liquids. In

vivo application of products of this novel technique to

diabetes research has been done successfully by many

researchers (34,35). The implantation of

microencapsulated living cells, islets of Langerhans,

resulted in sustained normalization or reversal of

diabetic conditions in experimental animals.
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Lactobacilli have also been encapsulated in calcium

alginate gel beads and freeze dried successfully (18).

The calcium alginate gels collected from bacterial

growth media were found to be insoluble in simulated

gastric fluid, but permeable to this acidic juice. It

did not provide enteric coating capability as previously

reported (18).

Common uses of microencapsulation are development

of sustained release medications, and for taste-masked

formulations. Other reasons for microencapsulation

include increasing stability (vitamin A palmitate or

fat-soluble vitamins), preventing incompatibility

(aspirin and chlorpheniramine maleate), reducing

hygroscopic properties (sodium chloride), and decreasing

gastrointestinal tract irritation (aspirin).

Pharmaceuticals have been encapsulated using many

different types of coating materials. In general,

coating materials must be cohesive with the core

material, chemically compatible, nonreactive with the

core material, and nontoxic.

Encapsulation methods included coacervation (36),

polymerization (37), silicon encapsulation (38),

biodegradable coating (39), and mechanical methods

(40,41). The mechanical method is a commercially

successful system for preparing drug microcapsules. The

Wurster fluidized bed coating apparatus is the best
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known of these methods with well controlled drying

conditions and the ability to handle almost any shape

particle (32,41). Small particles (1 mm or less in

diameter) tend to agglomerate markedly when lacquer is

applied. The fluidized-bed process is far more

efficient than conventional pan coating for this purpose

(40). Previous research showed that micronized

materials (2-5Ju) could adhere to a coarse spray-dried

sugar during fluid bed air suspension and may be film

coated with a polymer (42-44). Because the process is

based on the use of interactive mixing, the minor

component is very uniformly dispersed in the final

product. It offers a novel method of microencapsulating

very fine particulate materials, providing a way of

making enteric-coated and sustained release microdose

drug delivery systems.

Problems in microencapsulating live bacteria

Clumping, incomplete or uneven coat deposition,

nonreproducible core release, and scale-up difficluties

are concerns in microencapsulation (29). For bacteria,

viablity needs to be maintained during the encapsulation

process. Therefore, high temperatures, excessive oxygen,

and either high or low pH of coating solution are

undesirable.

It is reported that film defects, such as cracking

may be caused due to differences in thermal expansion
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and contraction of the core during film coating of

tablets (29). Heating is thus desirable to minimize the

difference in coefficients of expansion of core and

coating, but heat is not suitable for lactobacilli.

Drug release patterns may be affected by the

integrity of the film coating (20,29,33,41). Release

rates are a function of coating thickness, drug polymer

solubility, plasticizer concentration, and film

coalescence (which is affected by the temperature and

duration of drying). If an intact film is not formed,

release occurs mainly through pores. Formulations

without intact film coating were reported to not be

able to be manufactured with good reproducibility (41).

The integrity of an enteric film coating is important

for protecting bacteria from an acidic enviroment. Even

if encapsulated bacteria are not released from coated

films in the stomach acid, small molecules, such as

oxygen, water or hydrogen ion in the media may permeate

through the film. However, further gradual coalescence

(which is common), through a period of aging to induce a

more homogeneous and continuous film, may not be allowed

for bacteria. Longer duration of drying may provide

more exposure of lactobacilli to oxygen and heat.

For chemicals, a change in drug loading has been

reported to affect strongly the drug release from

acrylic films (45). Every microencapsulated product
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requires an individual design approach, and methodology

(29). Microorganisms encapsulated with aqueous enteric

coating have not been reported previously. It was

considered desirable to develop a methodology for

microencapsulating anaerobic, and healthful

lactobacilli.
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MATERIALS AND METHODS

Two commercial materials, Eudragit L3OD (Rohm

Pharma, Darmstadt, West Germany) and Aquateric (FMC,

Philadelphia, Pennsylvania) were used in this study as

received from their manufacturers. Eudragit L3OD is sold

as a latex formulation with 30% W/W solids content.

Aquateric is available as a dry powder which can be

dispersed in water before using. Aqueous dispersions are

reported to be sensitive to microbial contamination to

some extent until the coatings are applied and dried.

The Eudragit L3OD was thus sampled aseptically and used

within two weeks after opening the sealed bottle. It

was mixed with other additives before using (Table

II.1). Aquateric was also sampled aseptically and mixed

with other ingredients before using (Table 11.2).

Enteric coating capacity of neutralized aqueous coating

solutions

Eudragit L3OD coating solutions were neutralized

using ammoniam water, 5N sodium hydroxide solution

and/or calcium carbonate, where the alkali was added

into a mixture of water, Tween 80, polyethylene glycol

6000 (PEG), and talc first, then Eudragit L3OD was added

(Table II.1). Neutralized Aquateric solution was also

prepared by mixing different alkali agents into a

mixture of distilled water, Tween 80, and propylene
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glycol (PG) before addition of Aquateric powder (Table

11.2).

No. 3 capsules containing 200 mg lactose and 10 mg

colorants (yellow, red, or purple, AMSTAR) were coated

with neutralized enteric coating solutions twice by

hand-dipping. Disintegration testing was done by

agitating the capsules in simulated gastric fluid

without discs for 1 hr, then simulated intestinal fluid

with addition of disks for another two hours in the

United States Pharmacopeia XIX disintegration equipment

at 37 + 2°C. Enteric coated dosage forms were agitated

in gastric fluid for about two hours before transferring

into intestinal fluid (Table 11.3).

Survival of lactobacilli in enteric coating

solutions neutralized with different alkali agents was

studied for 2.5 to 4 hours (Table 11.4 and 11.5). This

time period was longer than the expected coating time

period.

Calculation of cell death

Log cycle reduction (logR) was used to indicate

cell death after treatment (e.g. exposure to enteric

coating solution) or a period of storage. It is

calculated by dividing viable plate counts (CFU/g)

before treatment /or storage with that after

treatment/or storage, then taking log transformation.

The higher logR, the lower the survival. Percent
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survival can be calculated as following:

% survival = ( antilog of logR )-1x100

For example, antilog of logR of 3.51 is 3235.9, then

% survival is (3235.9)-1 x 100 = 0.03%.

Spray coating process

Lactobacillus acidophilus or Lactobacillus

bulgaricus isolated from Lactinex tablets were

propagated in 500 ml MRS broth, using 1% inoculum, and

grown for 18 hours at 37 °C anaerobically. Bacteria

were harvested by centrifuging at 10,000 rpm for 10 min

at 4 0C, using a Beckman model J 2-21 centrifuge.

Pellets were washed with 100 ml of autoclaved distilled

water and centrifuged, then final pellets were

resuspended in either autoclaved nonfat milk (NFM) or a

mixture of talc, Tween 80, polyethylene glycol and

distilled water. One ml of these bacterial suspensions

was tested for viable bacteria by blending in 100 ml

0.1% peptone water, serial dilution, and plating on MRS

agar plates. All plates were incubated anaerobically in

a Gas Pak system at 37 °C. The bacterial suspension was

kept in an ice bath before using.

All ingredients in coating solutions were

autoclaved except polyethylene glycol 6000, Eudragit

L30D, and Aquateric powder. Calcium carbonate

neutralized Eudragit L3OD solution containing

lactobacilli was prepared freshly by adding calcium
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carbonate into the bacteria suspension without stirring,

then Eudragit L3OD was mixed in with slow stirring.

Application of the mixture of lactobacilli and

calcium carbonate neutralized Eudragit L3OD solution

onto sugar seeds was studied (Table 11.6), using a spray

coater. The spray coater was modified from Lab-Line

/P.R.L. High Speed Fluid Bed Dryer (Lab-Line

instruments, Inc.) by using a aerocoat spray coater.

Three hundred gm of 18 to 20 mesh or 20 to 25 mesh

nonparallel sugar seeds (Paulaur Corp., Princeton

Junction, NJ) were used. Coating chamber, Wurster

column, nozzle, and tubes were sterilized with 75%

alcohol, air dried, then dried at 45 °C. Sugar seeds

were added and prewarmed to 40 °C for 30 min. The

coating solution or bacteria suspension was pumped at

the lowest speed possible (about 1.1 ml/min) with

stirring. Inlet temperature was set at 35 °C before

bacteria were applied. Scanning electron microscopy was

used to evaluate integrity and uniformity of polymer

films.

In order to minimize the coating time and decrease

the killing effect of neutralized enteric coating

solution during microencapsulation, fifty ml of

concentrated bacteria in 1% NFM suspension were coated

onto the sugar beads in some experiments before

microencapsulating with enteric coating solution (Table
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11.7 and 11.8). Neutralized enteric coating solution

was prepared by mixing alkali agent with other

ingredients first, then adding enteric polymer slowly

with stirring.

The effect of undercoat was also investigated

(Table 11.7). Temperature was set at 40 °C when

undercoating without lactobacilli in order to shorten

the undercoating period. Spraying was started slowly

(about 1.1 ml/min) until the undercoat of 2.67 - 4.25 g

(0.89 - 1.42% w/w) coating solid was applied. When the

bacterial suspension was applied, the inlet temperature

was set at 35 °C. A similar experiment utilized an

undercoat of calcium carbonate neutralized Aquateric

coating solution (1.5 g, 0.5% w/w coating solid), L.

asiclophilus in 1% NFM, and then a layer of calcium

carbonate neutralized Aquateric coating solution (Table

11.8).

Another experiment was designed to study the effect

of addition of six gm autoclaved talc into the coating

chamber when sugar seeds were coated with lactobacilli.

A higher percentage of microencapsulation (43), and

prevention of adhesion and agglomeration by

incorporating with talc (29) were expected. An

undercoat of calcium carbonate neutralized Eudragit

coating solution was also applied first in this

experiment (Table 11.9). Centrifuged lactobacilli were
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resuspended in 50m1 of 25 or 20% NFM and kept in an ice

bath. Then, the lactobacilli and NFM layer was applied

after addition of talc directly into the coating

chamber. Outercoat of sodium hydroxide neutralized

Eudragit L3OD solution was then applied. A batch of

beads (batch B) was finally coated with Eudragit L30D

solution (without being neutralized) and the coating

integrity was evaluated under a scanning electron

microscope.

Determination of wall thickness of microcapsule (46)

When assuming uniform, smooth, spherical particles,

the average wall thickness (t) is:

t =(volume of wall material recovered)/(surface area of

particles).

If Vw = volume of Eudragit L30D, pw = density of

Eudragit L30D, p = density of sugar bead, d = diameter

of sugar beads, and Ww = weight of Eudragit L30D, then

Vw = Ww/pw.

The surface area, s, of a single sugar bead is

s = It d2. The number of beads per gram, N, is

6/(Itep). Therefore, total surface area, S, of N

particles in a unit weight is:

S = (YEd2)(6/7Ed3p) = 6/(dp)

Three hundred gram sugar seeds of 20-25 mesh (0.85

- 0.71mm diameter) were used as coarse carriers for
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lactobacilli. The average diameter is 0.78 mm (0.078

cm).

Surface area of 300 g sugar beads, S, is S = (300 x

6)/(1 x 0.078) = 23077 sq.cm, assuming density of sugar

bead is 1 g/cm3.

Wall thickness = (Ww/(W-Ww))(p/pw)(d/6) = (Ww/pw)/23077

For example, 41.91 g solid content of Eudragit L3OD

solution has 31.43 g of dry lacquer content. pw =

0.84g/cm3(47).

Wall thickness is ((31.43/0.84)/23077) x 104 = 16.2u.

Viability of lactobacilli

Survival of lactobacilli microencapsulated on sugar

beads described in this chapter (after coating) was

investigated. The survival testing procedure involved

blending one gm of encapsulated beads in 0.1% peptone

water, making serial dilutions and plating on MRS agar

plates.

Storage effects at 4 °C and/or room temperature

were also invetigated.

Dissolution test for microencapsulated lactobacilli

Dissolution of seven batches of these enteric

coated microencapsulated lactobacilli sugar seeds

(batches A G) were compared in a USP rotating basket

dissolution apparatus by initial exposure to simulated

gastric fluid at 75rpm, 37+ 1 °C. After sixty minutes,
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all baskets were lifted and transferred into simulated

intestinal fluid. Viable plate counts were determined

at time 0, 30, 60 (in gastric fluid), and time 75, 90,

120, and 150 min from intestinal fluid, and plated onto

MRS agar plates. All plates were incubated

anaerobically at 37 °C in Gas Pak system. This

dissolution test was done in duplicate.

Spray drying process

L. acidophilus cells (18 hr, in 500 ml of MRS

broth) were harvested by centrifugation at 10,000 rpm at

4 °C, washed with distilled water, and resuspended in

100 ml of 11% NFM or a mixture of 3.5g talc, 0.1g Tween

80, 1.5g polyethylene glycol (PEG), and 89g distilled

water. Neutralized diluted Eudragit L3OD solution

containing lactobacilli was prepared by mixing the above

mixture containing lactobacilli, talc, Tween 80, PEG,

and water with 50 gm of Eudragit L3OD and about 2.5m1 3N

NaOH solution. The Eudragit L3OD (pH = 2.2) and sodium

hydroxide solution were added drop by drop to pH about

5.5 before spray drying. The spray drier used was a

Yamato Pulvis Basic Unit, Model GB-21(Yamato Scientific

Co.,LTD). Inlet temperature was 45 °C, and outlet was

about 30 °C. Nozzle pressure was kept at 2.0 Kg/cm2.

Aspirater rate was set as low as possible. Solution was

pumped at a speed of 2 (5.2 ml/min). Survival of

bacteria was studied before and after drying. Storage
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effects at room temperature and 4 °C were compared.
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RESULTS AND DISCUSSION

Preliminary study on the enteric coating capacity

of neutralized Eudragit L3OD and Aquateric aqueous

solutions (pH=4.97-5.27) showed that they functioned as

enteric coatings (Table 11.3). After being agitated in

simulated gastric fluid for more than one hour, these

neutralized Eudragit L30D and Aquateric solutions coated

capsules remained intact, except one capsule with NaOH

neutralized Aquateric coating. The capsules then

disintegrated in simulated intestinal fluid within less

than eight minutes (Table 11.3) after being transferred

from gastric fluid.

Since both Eudragit L3OD and Aquateric enteric

coating solution were found to have acidic pH (pH=2.0-

2.23) and lactobacilli were found to be sensitive to

acidic gastric fluid (18), neutralization of the acidic

enteric coating solutions was necessary. The

disintegration test results showed that either calcium

carbonate or sodium hydroxide could be used to

neutralize Eudragit L3OD and Aquateric enteric coating

solutions (Table 11.3). These results are consistent

with a report that Eudragit L3OD dispersion could be

freeze dried, and the carboxylic groups of Eudragit L3OD

polymers could be neutralized by partial neutralization.

Redispersion into a stable film forming coating was

easily achieved (48). The pH of the redispersed latex
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was about 5.2.

Viability of lactobacilli in Eudragit L3OD and

Aquateric enteric coating solution neutralized with

different salts was studied for 2.5 to 4 hours (which

was longer than the expected duration of coating, Table

11.4 and 11.5). Large variations in survival existed in

each neutralized coating solution. The cause of

variability is not known. These experiments should be

repeated with 6 10 replications before conclusions

about relative survival can be made. Calcium carbonate

was chosen as a neutralization agent not only because it

provides some buffer capacity, but also because calcium

was reported to play a specific role in protecting L.

bulgaricus against death due to freezing and freeze-

drying (49). Calcium carbonate was also reported to help

some nonadhering lactobacilli strains to adhere to human

fetal intestinal epithelial (HFI) cells (50). If

lactobacilli survive passage through the stomach and

calcium salt improves adherence to the intestinal tract,

lactobacilli may stick there against the flow of

digesta, and exert their beneficial roles. They may

then have a more significant effect on controlling

diarrhea, decreasing serum cholesterol, inhibiting the

production of carcinogenic enzymes, and may also improve

health condition or longevity.

The order of mixing of salts or plasticizers with
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these two enteric polymers is very important.

Plasticizers, polyethylene glycol 6000 and propylene

glycol (PEG 6000 and PG) need to be dissolved in

distilled water before being mixed with Eudragit L3OD or

Aquateric powder. If PEG 6000 is added into Eudragit

L30D, small agglomerates or clumps will be formed. The

PG, a water soluble plasticizer, is suggested to be

added prior to dispersing the Aquateric powder (30).

Sodium hydroxide solution must be added into distilled

water before being mixed with Eudragit L30D. Otherwise,

a slimy jelly will be formed which will not dissolve

within three hours. If lactobacilli are redispersed in

a mixture of water, talc, PEG 6000, and Tween 80, the
..

Eudragit L3OD and sodium hydroxide solution must be

added concurrently and slowly with stirring. If the

bacteria suspension is mixed with Eudragit L3OD before

neutralization, viable plate counts are very low. LogR

is greater than 3.51 after only 0.5 hr mixing (Only

0.03% of lactobacilli survived). These results show

that the acidic Eudragit L3OD is harmful to lactobacilli.

Neutralized Aquateric solutions seemed to have more

viable lactobacilli after 3 hours than neutralized

Eudragit L3OD solutions (Table 11.5). This may be

because Aquateric in a powder form mixed with bacteria

did not decrease pH so suddendly as Eudragit L30D.

Since acidic Eudragit L3OD will kill lactobacilli
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quickly before it is neutralized, Eudragit L3OD and

sodium hydroxide solution need to be added concurrently

into lactobacilli suspension with stirring.

However, capsules coated with Eudragit L30D, stored

in high density polyethylene screw-capped containers for

3 months at 37 °C (or 9 months at room temperature) had

excellent physical stability and no change in

dissolution characteristics (28). Aquateric was found

not so stable as Eudragit L30D. Capsules coated with

Aquateric showed progressively higher rates of drug

release in 0.1N hydrochloric acid after storage under

conditions of stress. After 3 months of storage at room

temperature, these capsules showed a swollen, insoluble

gelatin film during dissolution. This insoluble film

was thought to be the result from interaction between

the gelatin shell and CAP or its hydrolytic breakdown

products, (phthalic acid and acetic acid).

Spray coating of calcium carbonate neutralized

Eudragit L3OD enteric coating solution containing

lactobacilli onto sugar seeds did not provide good

viability (Table 11.6). Log R's are between 3.34 and

4.03 (indicating only 0.05% to 0.01% of lactobacilli

survived). Only about 20 gm of polymer solids content

in calcium carbonate neutralized Eudragit L3OD could be

applied onto 300 gm of sugar seeds, with a coating

period of 2.5 to 3 hours (Table 11.6). After that time,
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the Wurster column plugged due to the sticky, viscous

nature of neutralized coating agent. One batch of beads

initially coated with 0.5% calcium carbonate-Eudragit

L3OD solution containing lactobacilli at 40 0C, then

coated with lactobacilli plus 2% calcium carbonate-

Eudragit L3OD solution at 35 0C, had the lowest logR

(3.34). The first layer of 0.5% calcium carbonate

neutralized Eudragit L3OD could act as an undercoat. An

isolated undercoat may prevent sugar seeds from sticking

to one another and allow more rapid application of later

coats. Undercoat was thus applied in the following

experiment.

-Table 11.7 shows that an undercoat of either

diluted or sodium hydroxide neutralized Eudragit L3OD

solution improved bacterial survival and made the

application of coating solution much easier. More

coating solution (40.5, 31.86, 29.47, and 35.91 gm of

solids) could be applied before the spray nozzle became

plugged. Somewhat lower logR values were achieved.

Spray coated lactobacilli in an outercoat of 2% calcium

carbonate and sodium hydroxide neutralized Eudragit L3OD

solution, but without any undercoating, had the highest

logR (4.51) and only 24.52 gm of solid in outercoat

could be applied (Table 11.7) before the nozzle plugged.

In this batch, sugar seeds formed agglomerates during

application of the first layer, lactobacilli plus nonfat
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milk. Spray rate of this first layer must be decreased

to prevent the spray nozzle from becoming plugged, and

sugar seeds caked in the Wurster column. Therefore, more

coating time (2.25 hours) was spent for the layer of

lactobacilli plus nonfat milk layer coating than the

coating time for the other four batches (0.5 1.0

hours).

This result implies that undercoating is very

important to decrease the duration of coating for the

bacteria and nonfat milk layer. Applying thicker

outercoating within a shorter period, and finally

maintaining higher viability of microorganisms were

finally achieved (Table 11.7). Therefore, the

importance of an undercoat of Eudragit L3OD solution can

be concluded, no matter whether applying lactobacilli

separately from Eudragit L3OD solution or concurrently

with Eudragit L3OD solution.

Since lactobacilli (which are sensitive to oxygen)

were suspended in an air stream during spray coating,

the duration of coating needed to be minimized. Applying

lactobacilli onto sugar seeds before enteric coating was

expected to shorten the time lactobacilli were exposed

to oxygen. Because the Wurster-bottom spray method was

used, evaporation of solvent from the surface of sugar

seeds was complete and quick (20). Lactobacilli which

had been spray coated onto sugar seeds have less contact
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with enteric coating solution (outercoat) than

lactobacilli suspended in the enteric coating solution.

When the sugar beads were prewarmed to about 40 °C,

spraying was started slowly until the first undercoat

layer was applied. Otherwise, agglomerates of beads

were formed. Spray rates must be chosen to give minimum

agglomeration which prolonged duration of coating. This

finding was in agreement with Lehmann's (40). It is

reported that when water sensitive acetylsalicylic acid

was coated with an aqueous coating solution of Eudragit

L3OD , the particles were prewarmed to 30 °C and the

first isolating film layer was applied slowly.

Therefore, no water uptake or increase in content of

salicylic acid was observed during the coating process.

These results also agree with the FMC Aquacoat manual

(51) and a report from Goodhart et al. (52) who have

shown the desirability of seal coating.

Spray coating of Aquateric solution and viability

of lactobacilli are shown in table 11.8. Only 6.8 gm of

solids of outercoating was applied, and the logR was

3.53.

Viability and logR's are shown in Table 11.9 for

when talc was added into the coating chamber. Viability

of the microencapsulated lactobacilli adhering to the

surface of sugar beads of 20-25 mesh (850-710u), is

about 108 colony forming unit (CFU)/gm (Table 11.9). It
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is the highest viability achieved with the different

processing conditions studied. It is exciting to find

that the incorporation of talc in the coating chamber

caused a decrease in logR to 1.19 1.84, and about 40

gm solids of outercoating could be applied (Table 11.9,

batches B E) before the Wurster column and spray

nozzle plugged. Incorporation of talc into the coating

chamber right before applying bacteria was found very

critical to optimize the viability of lactobacilli

beneath the enteric coating film (Table 11.9). Also,

talc decreased the tacky effect, as less or no

agglomeration was observed.

Some publications on electrostatic charge

interactions in ordered mixtures reported that the

addition of a third component, such as talc, can affect

the stability of a binary ordered mixture and yield a

high percentage microencapsulation (42,43). Recently,

Thiel and Sberna (44) showed that addition of a third

component, talc or magnesium stearate, surprisingly had

no stabilizing effect during fluidization and coating.

However, talc was added in the coating chamber for

three possible reasons: 1. binding to the carrier,

stabilizing the previously adsorbed microorganisms (43),

2. acting as an antitack agent to prevent adhesion may

result in smooth coating (41), and 3. acting as a filler

which can either decrease water permeability or increase
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coating solid, decrease cost of material and minimize

long drying time (29).

When talc was not added, two batches (batch F and

G) of spray coated beads could only be coated with 13.4

and 2.27 gm solids of sodium hydroxide neutralized

Eudragit L3OD solution (NaOH -Eud) before the Wurster

column and spray nozzle plugged (logR's of 2.63 and 1.19

Table 11.9). Dissolution showed that no viable bacteria

were released from batches F and G in simulated

intestinal fluid after transfer from simulated gastric

fluid (Figure II.1).

Dissolution showed that batches B, D, and E

released viable lactobacilli in simulated intestinal

fluid after exposure to simulated gastric fluid for one

hour (Figure II.1). All three batches of beads remained

intact in gastric fluid, but dissolved completely within

15 min in intestinal fluid.

Batch C which had the least outercoating (20.0g)

did not release viable lactobacilli. Batch A had the

least viable lactobacilli (4.17 x 107 CFU/g), and the

thickest outercoating (51.92g solid) with the longest

processing time. This implies that the prolonged aging

of coating may be detrimental to the bacteria. Oxygen

may penetrate through the film coating. For batch A, no

viable lactobacilli were released in simulated

intestinal fluid after exposure to simulated gastric
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fluid for one hour. There is no good explaination for

these results as the thick coating should have protected

the bacteria present, even though the number of bacteria

was small.

Further gradual coating coalescence (an aging

process) was reported to improve the appearance of

applied polymer films (28-30). Table 11.9 shows that

viability of lactobacilli (batches B - E) decreases

after applying outer sodium hydroxide neutralized

Eudragit L3OD solution (NaOH- Eudragit). The increased

logR, after outercoating with NaOH- Eudragit, might be

due to either the damaging effect of NaOH- Eudragit or

contact with oxygen during the coating process. Since

lactobacilli were spray coated on sugar seeds before

applying outercoating of Eudragit L30D, the chance of

exposure of lactobacilli to coating solution has been

minimized.

A linear relationship is found between logR (when

talc is added into the coating chamber, batches A - E)

and coating duration (t,hour), with a correlation

coefficient (r) of 0.945.

logR = 0.57 + 0.64t (1)

Also, when talc is not added into the coating chamber

and an undercoat has been applied (batches F, and G in

table 11.9, and the first four batches in table 11.7),

another linear relationship exists between logR and
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coating duration (t,hour),

logR = 1.03 + 0.84t, with a r of 0.955. (2)

The longer the coating duration, the higher logR (the

more killing effect). The slope of the first equation,

0.64 (when talc was added) is smaller than the slope of

the second equation, 0.84 (when talc was not added).

This indicates that the coating process has less killing

effect on lactobacilli when talc is added into the

coating chamber than when talc is not added into the

coating chamber. Therefore, in order to maximize the

viability of lactobacilli beneath the film of

outercoating, the coating process needs to be shortened.

Calcium carbonate neutralized Eudragit L30D (CaCO3-

Eud) was found to plug the spray nozzle easily. Calcium

carbonate is not soluble in water. This is a possible

reason the nozzle was plugged much quicker, when CaCO3-

Eudragit was applied, than when NaOH-Eudagit was

applied. Therefore, sodium hydroxide solution was used

to neutralize Eudragit L3OD for outercoating. Calcium

carbonate neutralized Eudragit L3OD was only used for

undercoat, where some of the calcium carbonate may

still help lactobacilli to stick to the intestinal

tract.

Microencapsulating lactobacilli onto 300 g sugar

beads using Na0H-Eud with addition of talc into the

coating chamber, before applying the lactobacilli plus
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NFDM layer, provided good viability (108 CFU/g) and

appreCiable shelf-life.

Storage effects at 4 °C and room temperature on

these aqueous enteric coated microencapsulated

lactobacilli (batches B, D, and E) are shown in figure

11.2. The microencapsulated lactobacilli had very good

shelf life at 4 °C after more than 40 days' storage,

(especially batches B and D had only 0.12 and 0.25 log

cycle reductions, respectively), but they lost more

viability after storage at room temperature (batches B

and D had 1.2 and 1.09 log cycle reductions,

respectively). Batch D with the least outercoating (8.0%

w/w) had log R's of 1.77 and 2.06 at 4 °C and room

temperature, respectively. Therefore, thicker

outercoating of batches B and E (13.97% w/w and 14.7%

w/w) improved the shelf-life at 4°C.

The morphology of microencapsulated coated sugar

seeds was examined under a scanning electron microscope

(SEM, Figure 11.3, 5, and 7). Diluted Eudragit L3OD

coating solution containing double the amount of water

seemed to provide a smoother coating (Figure II.3.b and

3.c). However, cross-sectional views shows that diluted

Eudragit L3OD coating had poor integrity with cracks

(Figure 11.4).

Lactobacilli are not seen under the SEM, when they

are coated concurrently with Eudragit L3OD solution
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(Figure II.3.a). When lactobacilli are spray coated

concurrently with nonfat milk (NFM), they were found

hidden among NFM (Figure II.5.b). Figure 11.6 shows the

morphology of L. acidophilus which have been isolated

from MRS agar plate under the SEM.

Uniformity of microencapsulated lactobacilli sugar

beads (Batches B - E) are shown in Figure 11.7. Talc

was added into the coating chamber when applying the

lactobacilli layer in these four batches. They were

coated with sodium hydroxide neutralized Eudragit L3OD

solution, except for batch B which had an additional

layer of 4.11 g solid of Eudragit L3OD coating.

Morphologies in figure 11.7 do not show obvious improved

smoothness, but no cracks are seen in their cross-

sectional views (Figure 11.8). This improved integrity

observed under SEM indicates that talc added into the

coating chamber before applying bacteria is beneficial.

The permeation of hydrogen ions in gastric fluid

into the intact and homogeneous film is prevented.

Therefore, lactobacilli beneath the outercoating

survived after agitating in simulated gastric fluid.

Also, the shelf-life can be expected to increase due to

the protective effect of outercoating against oxygen.

Batches B, D, and E with 41.91 g, 24 g, and 44.11 g

solid of Eudragit L3OD (corresponding to an application

of 31.43 g, 18 g, and 33.08 g of dry lacquer) had
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calculated coating thickness of 16.21 u, 9.2 u and 17.07

u, respectively, on 300 g of 20 25 mesh sugar seeds

(0.85 -0.71 mm diameter). Representative calculations

are given in Materials and Methods. If wall thickness is

measured from the cross-sectional views under SEM,

batches B, D, and E have 11.8 la, 7.41 u, and 17.14 u,

respectively. These values are close to the above

calculated values. Acrylic resine film coating

thickness of 10 - 20 u was reported to be sufficient to

protect more than 97% of drug after two hours immersion

in gastric juice (41). Batches C, F, and G with 20 g,

2.27 g, and 13.4 g solids had only coating thickness of

4.35 u, 0.88 u, and 4.35 u. These film thickness of

Eudragit L3OD are much less than 10 - 20 u. Therefore,

it is not surprising that no viable lactobacilli were

released in intestinal fluid from batch C, F, and G

after being transferred from gastric fluid (Figure

I1.1). The microorganisms were probably killed in the

gastric fluid.

In terms of percent coating, batches B, D, and E

had 13.97%, 8.0%, and 14.7% (w/w) outercoating,

respectively (Table 11.9). A study by Mehta et al. (20)

stated that only 5% (w/w) of Eudragit L3OD coated

caffeine pellets (18 20 mesh, 1.0 - 0.85 mm diameter)

produced effective enteric coating. Obviously, an

intact and sufficiently thick outercoating provided some
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protection for lactobacilli in batches B, D, and E

against acidic gastric fluid. Batches C, F, and G with

6.67%, 4.47%, and 0.76% w/w solid content of Eudragit

L3OD are not enough for effective enteric coating of

lactobacilli.

A relatively thick coating (with 10 20 Az of

coating thickness) was applied, and SEM showed a smooth

coating without cracks or deep pores for batches B, D,

and E in Table 11.9. The dissolution profile however,

showed that less than 10% viable bacteria were released

after exposure to gastric fluid for one hour (Figure

I1.1). The reasons for loss of 90% of the bacteria are

not clear.

An improved sealing of lacquer coating produced

from aqueous systems can be achieved by the use of

lipophilic plasticizer (29,41). Two different

plasticizers studied, triethylcitrate (water soluble)

and diethylphthalate (water insoluble) were reported to

make no significant difference in the release

characteristics from Eudragit L3OD solution coated

capsules. Another study showed that the water insoluble

plasticizer, diethyl phthalate made apparently nonporous

polyvinyl acetate phthalate films more permeable to

water vapor and simulated gastric juice (53). Their

function is complex and cannot be evaluated by their

water solubility.
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Tween 80, a surfactant is sometimes added to film

coating formulations that are to be sprayed in order to

aid wetting and even spreading of the film coating

solution. The Tween 80 used in both enteric coating

solutions is important to bacteria growth and could also

act as a plasticizer (29,31). Other plasticizers (PEG

6000, and PG) used in this chapter were soluble. In

order to improve the enteric coating capacity of the

sodium hydroxide neutralized Eudragit L30D, optimal

formulaion and coating conditions for microencapsulating

lactobacilli can be studied further. Different types of

plasticizer, and amounts of undercoat, plasticizer, and

outercoat need to be studied.

Spray dried lactobacilli in 11% NFM (pH=5.78) had

very high viable plate counts (VPC), 3.57 x 1010 CFU/g

with only 1.82 logR, and the bacteria remained viable

for two months (with log R of 0.65) at 4 0C (Table

11.10), but VPC decreased to 2.22 x 106 CFU/g at room

temperature (with log R of 4.21). Spray dried

lactobacilli in sodium hydroxide neutralized diluted

Eudragit L3OD solution (NaOH -Eud, pH=5.51) had VPC of

2.13 x 108 CFU/g with 3.96 logR. Storage at 4 ct still

had better shelf-life than that at room temperature

(Table 11.8 and Figure 11.9).

Frozen cultures of certain lactic acid bacteria are

used for the commercial manufacture of yogurt, cheese,
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and acidophilus milk. The expenses of storage limit the

use of this method. Dried cultures are more desired,

but a serious problem of shelf-life stability has been

encountered. Stabilization of dry cultures of lactic

acid producing bacteria has been studied by adding

cryoprotectant (1.25% inositol) and stabilization

potentiators (2% ascorbic acid and 1.25% monosodium

glutamate) into fermented cultures. However, the log R

of spray dried L. acidophilus after storage at 21 °C for

2 months is 0.99. It was claimed to be a good shelf-

life
Figure II.10.a and 10.b show SEM of both spray

dried NFDM and NaOH -Eud. When lactobacilli are spray

dried concurrently with NFM and NaOH -Eud, the surface

folds more (Figure II.10.c and 10.d). No evidence of

pores or cracking was observed.

Spray drying of L. acidophilus in 11% NFDM

developed in this chapter is another way to prepare

dried culture for the dairy and pharmaceutical

industries with improved shelf-life.
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Table 11.1 Formula for Eudragit L3OD enteric coating
solution

Eudragit L3OD 50.0 g
Polyethylene glycol
6000 (PEG 6000) 1.5 g
Talc 3.5 g
Tween 80 0.1 g
Distilled water 44.5 g

Solid content 20%
Dry lacquer substance content 15%

Table 11.2 Formula for Aquateric enteric coating
solution

Aquateric powder
Propylene glycol
(PG)

Tween 80
Distilled water

5.408g

1.89 g
0.05 g
42.39 g

Solid content 15%
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Table 11.3 Disintegration test of neutralized Eudragit
L3OD and Aquateric aqueous dispersion coated capsules.

Formulaa 5N NaOH
(100 g) added(m1)

pH Gastric fluid
pH=1.2

Intestinal fluid
pH=7.0

Eudragitb 1.5 5.03 110min(-) 2.3min(+)

Eudragit 1.0 4.96 110min(-) 1.5min(+)

2%Ca-Eudragit 0.0 5.27 110min(-) 6.0min(+)

2%Ca-Eudragit 0.0 5.25 80min(-) 8.0 & 2.0min(+)

2%Ca-Eudragit 0.25 5.22 110min(-) 1.5min(+)

Aquatericc 1.5 5.2 110min(-) 1.0min(+)

Aquateric 1.5 5.2 110min(+)

2%Ca-Aquateric 0.0 5.5 80min(-) 1.0 & 1.0min(+)

a: + indicates capsule disintegrated;
- indicates capsule remained intact.

b: Eudragit indicates Eudragit L3OD aqueous dispersion
added to water containing Tween 80, PEG, and talc,
but the salt was added to aqueous solution before
Eudragit L3OD was added.

c: Aquateric indicates Aquateric powder added into
aqueous portion after PG, Tween 80, and salts added.
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Table 11.4. Log cycle reduction (logR) of Lactobacillus
acidophilus in neutralized Eudragit L3OD solution.

La+Euda La+Eud La+Eud

CaCO3(w/w%)

5N NaOH(ml)

2%

1.5

NH4OH(ml) 0.8

pH 5.29 5.56 5.14 5.2 5.42 5.17 5.03 5.31 5.12

Time(hours)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.5 0.0 0.0

1.0 0.0 0.0 2.11 2.34 2.78 1.4 2.13

2.0 2.73 0.0 2.99 2.77 2.86 5.52 1.69 3.71

2.5 0.0 1.02

3.0 3.12 3.8 3.02 2.98 4.82 4.04 3.74

4.0 3.48 5.12 3.28 2.5 4.83

a: La+Eud indicates L. acidophilus and Eudragit L30D;
L. acidophilus was centrifuged and resuspended in the
mixture of Tween 80, PEG 6000, talc, and distilled
water as described in Table 11.1, then Eudragit L3OD
and base were added to this bacteria suspension
slowly with stirring.
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Table 11.5 Log cycle reduction of lactobacilli in
neutralized Aquateric solution.

La+Aqa Lb+Aqb

CaCO3(w/w%) 2.0 2.0 - 2.0

5N NaOH(ml) - 0.75 0.75 1.0 1.0 0.75 1.5

pH 5.32 5.17 5.09 5.12 5.16 5.2 5.3 5.12 5.21

Time (hours)

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1 0.0 0.06 - 2.35 - 2.02 0.62 0.16

2 0.35 0.0 0.15 0.57 1.54 1.44 - -

3 1.19 1.23 0.26 1.44 3.31 2.26 2.37 1.11 3.9

4 2.23 1.42 0.2 6.06 3.25 4.48 4.79 0.98 4.08

a: La+Aq indicates the Lactobacillus acidophilus and
Aquateric solution; bacteria are centrifuged and
collected in the mixture of tween 80, PG (propylene
glycol), and distilled water, then mixed with
aquateric powder and salts gently.

b: Lb+Aq indicates the L. bulciaricus and Aquateric
solution.
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Table 11.6. Spray coating effects of neutralized
Eudragit L3OD on viability of lactobacilli.

Coatinga pH Bead CFU/g Coating LogRbTime
Layers size of (dry sub- (min)

(mesh) beads stances)

1.Lb+2%Ca-dilEud 5.63 18-20 4.27x105 20 4.03 180

1.La+2%Ca-dilEud 5.53 18-20 9.64x105 20 3.81 150

1.La+0.5%Ca-Eud 4.9 20 90
2.La+2%Ca-dilEud 5.2 20-25 2.93x105 20 3.34 150

a: La and Lb indicate Lactobacillus acidophilus and
Lactobacillus bulqaricus; dilEud indicates diluted
Eudragit L3OD solution containing double amount of
distilled water; Ca indicates calcium carbonate.

b: logR indicates log cycle reduction of viable
lactobacilli after spray coating.
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Table 11.7 Effect of undercoating and outercoating
different Eudragit L3OD solutions on viability of
lactobacilli.

Coatinga pH Bead 106CFU/g Coatingb LogR
Layers size of (dry sub-

(mesh) beads stance,g)

of

Time
(min)

1.Eud 2.23 4.0 45
2.La+1%NFM 6.22 0.5 60
3.2%Ca-dilEud 5.32 25.3 60

4.dilEud 2.3 20-25 1.86 15.2 2.89 60

1.dilEud - 2.67 30
2.La+1%NFM 5.96 0.5 45

3.2%-dilEud 5.7 17.73 120
4.dilEud 20-25 6.84 14.13 3.30 60

1.dilEud - 3.68 30
2.La+1%NFM 5.81 0.5 45
3.2%Ca-Eud 5.12 19.27 120
4.dilEud - 20-25 2.05 10.2 3.64 60

1.Na0H-Eud 5.49 4.25 30
2.La+1%NFM 5.54 0.5 30
3.Na0H-Eud 5.52 19.91 90
4.Eud 5.49 18-20 7.61 16.0 2.96 60

1.La+1%NFMb 4.7 0.5 135

2.2%Ca-Eud 5.7 18.89 60

3.Na0H-Eud 5.4 20-25 0.21 4.63 4.51 60

a: La indicates Lactobacillus acidophilus; 1%NFM
indicates 1% (w/w) nonfat milk; NaOH indicates 5N
sodium hydroxide solution; dilEud indicates diluted
Eudragit L3OD solution containing double amount of
distilled water; Ca indicates calcium carbonate.

b: logR indicates log cycle reduction of viable
lactobacilli after spray coating.

c: The bacteria containing layer was applied without
undercoat. Agglomerates of beads formed caused
increase of coating duration.
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Table 11.8 Spray coating effect of neutralized Aquateric
solution on viability of lactobacilli

Coatinga pH Bead CFU/g Coating LogRb Time
Layers size

(mesh)
of

beads
(dry sub-
stance,g)

(min)

1.2%Ca-Aq 5.22 1.5 30

2.La+1%NFM 6.07 0.5 90

3.2%Ca-Aq 5.2 20-25 2.4x106 6.8 3.53 120

a: La indicates Lactobacillus acidophilus; 1%NFM
indicates 1% (w/w) nonfat milk; Aq indicates
Aquateric enteric coating solution; Ca indicates
calcium carbonate.

b: logR indicates log cycle reduction of viable
lactobacilli after spray coating.
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Table 11.9 Effect of spray coating and addition of talc
into coating chamber on viability of lactobacilli
beneath the film of sodium hydroxide neutralized
Eudragit L3OD on 20 25 mesh sugar beads.

Lot Coatinga
# Layers

pH 108CFU/g
of

beads

Coating
(dry sub-
stance,g)

% w/w
of

solid

LogRbTime
(min)

A 1.2%Ca-dilEud 5.47 7.29 30
2.La+25%NFM 5.47 12.5 30
3.Na0H-Eud 5.53 0.417 51.92 17.31 2.69 180

B 1.2%Ca-Eud 5.2 4.88 30
2.La+25%NFM 5.82 3.02 12.5 60
3.Na0H-Eud 5.51 3.79 37.8 12.60 60
4.Eud 3.01 1.16 4.11 1.37 1.64 30

C 1.2%Ca-Eud 5.2 5.81 30
2.La+20%NFM 6.8 14.30 20.0 120
3.Na0H-Eud 5.82 3.09 20.0 6.67 1.21 60

D 1.2%Ca-Eud 5.66 4.4 30

2.La+20%NFM 5.97 59.30 10.0 60
3.Na0H-Eud 5.5 7.46 24.0 8.0 1.19 60

E 1.2%Ca-Eud 5.2 3.67 30
2.La+20%NFM 5.6 9.36 10.0 60
3.Na0H-Eud 6.15 0.794 44.11 14.7 1.84 150

Fc 1.2%Ca-Eud 5.9 2.9 30
2.La+20%NFM 6.03 2.25 10.0 120
3.Na0H-Eud 5.5 2.12 2.27 0.76 1.19 30

Gc 1.2%Ca-Eud 5.42 3.75 30
2.La+20%NFM 6.04 7.68 10.0 120
3.Na0H-Eud 5.48 1.07 13.4 4.47 2.63 90

a: La indicates Lactobacillus acidophilus; % NFM
indicates w/w% nonfat milk; NaOH indicates 5N sodium
hydroxide solution; dilEud indicates diluted Eudragit
L3OD solution containing double amount of distilled
water; Ca indicates calcium carbonate. 6 gm of talc
was added in coating chamber when applying bacteria
layer (except batches F and G).

b: logR indicates log cycle reduction of viable
lactobacilli after spray coating.

c: Talc was not added in coating chamber when applying
lactobacilli onto sugar seeds.
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Table 11.10. Survival of Lactobacillus acidophilus
after spray drying and storage effects on L. acidophilus
in spray-dried NFDM and NaOH neutralized Eudragit L3OD
enteric coating film.

Formula La+11%(w/w)NFDM La +NaOH -Eud

pH 5.78 5.51

Before 6.7 x 1010 /m1 6.35 x 1010 /m1
drying

Storage 4 0C Room Temp 4 °C Room Temp
Time
(Days)

Oa 3.57x1010/g
(logR=1.82)

2.13x108/g
(logR=3.96)

14 1.59x1010 /g 1.46x108/g 1.25x108/g 6.48x105/g

46 7.57x109/g 4.88x106/g 2.28x107/g 8.33x104/g

60 7.95x109/g 2.22x108/g 2.39DE107/g < 104 /g

a: Time 0 indicates that immediately after drying,
represented as viable counts, CFU per gram
immediately after spray drying; logR indicates log
cycle reduction after spray drying.
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Figure II.1 Dissolution of lactobacilli
microencapsulated with NaOH neutralized Eudragit L30D.
(batches A - G). The first 60 minutes was in simulated
gastric fluid followed by another 90 minutes in
simulated intestinal fluid. Only batches B, D, and E
released viable bacteria. Batches B, D, and E have 1.02,
0.31, and 0.28 x 108 CFU/g beads, respectively, which
are shown at time O. Batches A, C, F, and G did not
release viable bacteria.
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Figure 11.2 Storage effects at 4 °C and room temperature
on spray coated viable lactobacilli in NaOH neutralized
Eudragit L3OD microencapsulated dosage forms (batches B,
D, and E).
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Figure 11.3. Scanning electron micrograph of
microencapsulated lactobacilli coated sugar seeds with
outercoating of Eudragit L30D. (magnification of a-c =
100X; magnification of d = 90X. a= L. acidophilus plus
calcium carbonate neutralized Eudragit L3OD (6.67%
w/w); b=diluted Eudragit L3OD (4.71% w/w); c=diluted
Eudragit L3OD (3.4% w/w); d=Eudragit L3OD (5.33% w/w)
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Figure 11.4. Cross-sectional views of microencapsulated
lactobacilli sugar seeds with outercoating of Eudragit
L30D. (magnification of a and b = 500X; magnification of
c and d = 250X) a=9.82% w/w (6.42% w/w from Calcium
Carbonate-Eudragit, 3.4% w/w from diluted Eudragit);
b=10.62% w/w (5.91% w/w from Calcium Carbonate-Eudragit,
4.71% w/w from diluted Eudragit); c=7.84% w/w (6.3% w/w
from Calcium Carbonate-Eudragit, 1.54% w/w from NaOH-
Eudragit); d=17.3% w/w (from NaOH- Eudragit) solid of
Eudragit L3OD content. All of these coated films have
poor integrity with deep cracks.
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Figure 11.5. Scanning electron micrograph of sugar seeds
coated with Lactobacillus acidophilus plus nonfat milk
(a and b) and then outercoated with sodium hydroxide
neutralized Eudragit L3OD to a level of 17.3% w/w (c).
(magnification of a and c = 100X; magnification of b =
5,000X).
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Figure 11.6. Scanning electron micrograph of
Lactobacillus acidophilus isolated from MRS agar plate.
(magnification = 2,500X).
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Figure II.?. Scanning electron micrograph of
microencapsulated lactobacilli sugar seeds which were
coated with Eudragit L3OD with addition of 6g talc into
coating chamber before applying Lactobacillus
acidophilus plus nonfat dry milk. (magnification =
100X). a = batch B with 13.97% w/w solids (12.6% w/w
from NaOH- Eudragit, 1.37% w/w from Eudragit); b - d =
batches C - E with 6.67%, 8%, and 14.7% w/w solids from
Eudragit L30D, respectively.
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Figure 11.8. Cross-sectional views of microencapsulated
lactobacilli sugar seeds coated with Eudragit L30D with
addition of 6g talc into coating chamber when applying
Lactobacillus acidophilus plus nonfat dry milk.
(magnification of a, b, and d = 500X; magnification of
c=2,000X). No cracks were seen. a - d = batches B - E
with 13.98%, 6.67%, 8%, and 14.7% w/w solid content of
Eudragit L30D, respectively.
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Figure 11.9. Storage effects at 4 0C and room
temperature on viable lactobacilli in spray dried nonfat
milk and sodium hydroxide neutralized Eudragit L30D.
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Figure 11.10. Spray dried nonfat milk (a) and spray
dried sodium hydroxide neutralized Eudragit L3OD (b);
Spray dried Lactobacillus acidophilus in nonfat milk (c)
and sodium hydroxide neutralized Eudragit L3OD coating
film (d). (magnification of a = 1,000X; magnification of
b = 2,000X; magnification of c and d = 2,500X).
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CHAPTER III

SIMPLIFYING GROWTH MEDIUM AND CONDITIONS FOR BIFIDOBACTERIA



INTRODUCTION

Bifidobacteria, a genus related to lactobacilli,

130

are present in the intestinal tract of humans and

various animals, and also found in the human vagina and

mouth (1). They are predominant in the stools of

breast-fed infants who are less susceptible to

infections than bottle-fed infants (2,3,4,5). It is

speculated that bifidobacteria play a role in the

nursling's resistance to infection (2,3,4,5). Lower

morbidity and mortality are seen in breast-fed infants

which has lead many people to study the health role and

ecology of bifidobacteria (2-7). Also, a high content

of bifidobacteria as well as lactobacilli were found in

the digestive tract of long living people in Abkhaziain

in Russia (8).

Bifidobacteria are gram-positive rods, but often

stain irregularly, especially in older cultures.

Freshly isolated strains may be branched, bifurcated Y

and V, or spatulate shapes, but may become straight or

curved rods of various width and length, and may break

resembling branching (1,4). Classification of

bifidobacteria is controversial. Before 1957, they were

included in the genus Lactobacillus as Lactobacillus

bifidus, but now they are classified in the genus

Bifidobacterium on the basis of carbohydrate

fermentation, physiological characteristics, and DNA-
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homology patterns (1,4). Guanine plus cytosine (G+C)

content of DNA varies among different genera of

bacteria. The G+C content of Bifidobacterium is about

60.1%.

Bifidobacteria constitute a major part of the fecal

flora of healthy humans. The most prevalent species of

bifidobacteria in infants were reported to be B. bifidum

type b, B. infantis ss. infantis, B. breve ss. breve, B.

breve ss. parvulorum, and B. lonqum ss.lonqum type b

(9). In children, adults, and senile men, B.

adolescentis type a and b, and B. lonqum were found in

high numbers in the intestine. Bifidobacterium infantis

is believed to be the dominant organism in breast-fed

infants and has been isolated most frequently from the

feces of babies (1,5,9). However, in a study by Benno

et al., B. breve was found to be the most predominant

species in both breast-fed and bottle-fed babies (5).

They suggested that this controversial report might be

due to the environment surrounding the babies.

The most frequent pathogens of neonatal infections

are coliform organisms and streptococci. Fresh human

milk promotes the growth of bifidobacteria, and

suppresses the growth of coliform and other pathogenic

bacteria (2). Freeze dried B. bifidum (107 cells/day)

have been added to the diet of formula-fed infants or

used as supplementary treatment in some enteric
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infections (1). B. lonqum was reported to develop a

"barrier effect" against pathogenic E. coli (7). One of

the species, named Bifidobactrium infantitis was

incorporated with Lactobacillus acidophilus in Infloran

Berna capsule, a commercial product from Switzerland to

treat diarrhea.

Forty-eight Bifidobacterium strains were found to

hydrolyze the conjugated bile acids, sodium taurocholate

and glycocholate (10). Bifidus milk containing viable

B. bifidum produced an improvement in liver cirrhosis

patients associated with a decrease in ammonia, free

phenols, and fecal pH along with an increase in feces

bifidus content. Also, bifidobacteria have been

reported to be important for vitamin synthesis in humans

(1,11).

B. bifidum was found to selectively localize and

proliferate in various tissues of tumor-bearing mice

(12). None of these same bacteria could be detected in

the tissue of healthy organs such as liver, spleen,

kidney, lung, blood, muscle and bone marrow 2 to 4 days

after IV administration of B. bifidum. It is believed

that focal centers of necrosis with zones of low oxygen

tension occur frequently in cancer lesions and that

healthy tissues are rich in oxygen which is supplied by

blood flow. Therefore, B. bifidum can be used as a tool

for diagnosis and perhaps therapy of cancer.
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Lipotechoic acid (LTA) was reported to be a common

surface antigen within the genus Bifidobacterium (13).

Though, LTA itself is a weak immunogenic agent,

complexation with methylated bovine serum albumin (BSA)

makes the LTA strongly immunogenic. Antisera to LTA of

B. bifidum subsp. pennsvlvanicum were obtained by

injecting LTA/methylated BSA complexes into rabbits

(14). LTA may serve as a carrier for drugs and bind to

the target tissues.

Bifidobacteria have these potential nutritional and

therapeutic effects. Although they are not used in the

U.S. as either dietary adjuncts or therapeutic agents,

they are used to make cultured milk in Europe and sold

in Japan as a food supplement in the form of freeze-

dried powder. However, these bacteria are nutritionally

fastidious, and heterogeneous (1,4). Thus, they are

difficult to grow. Also, these bacteria are strictly

anaerobic or microaerophilic in the presence of carbon

dioxide. Some strains, extremely sensitive to oxygen,

require a low oxidation reduction potential for growth

and fermentation. However, the need for anaerobiosis is

reported to be different for different strains (1,4).

Media reported to support vigorous growth are

expensive and/or not acceptable for addition to foods.

Optimization of bifidobacterial growth in a food

substance such as milk is a worth-while research
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challenge. The objectives of this research are as

follows:

1. To determine whether or not bifidobacteria can be

grown economically in milk, or modified milk.

2. To provide a buffer system and/or a chemical reaction

which will simultaneously neutralize growth acids and

expell oxygen from the medium.

3. To find the "best" growth conditions and fermenter

design to provide anaerobic conditions for medium-

scale propagation.

4. To evaluate the growth parameters (titratable

acidity, pH change and CFU) of bifidobacteria.

5. To minimize the adverse effects of lyophilization on

bifidobacteria and to increase their shelf-life.

Early results indicated that fermenter-scale

propagation of bifidobacteria is limited by agitation

and incorporation of oxygen. Agitation appears

necessary since bifidobacteria produce a considerable

amount of acid which coagulates the milk used as a

growth medium. Therefore, small screw capped bottles,

Erlenmeyer flasks, and volumetric flasks were used.

Calcium carbonate was employed to provide a buffer

system and release of carbon dioxide (CO2) when reacting

with acids produced by bifidobacteria. The carbon

dioxide may expell some oxygen to help produce anaerobic

conditions.
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MATERIALS AND METHODS

Cultures

Bifidobacterium lonoum ATCC 15707 and B. lonqum J

(which is a commercial strain from Japan) were

propagated twice at 196 inoculum through Reinforced

Clostridial Medium (RCM) and grown in a Gas-Pak jar

(BBL, Baltimore, MD) at 37 °C.

Experiment 1 (Growth in RCM and NFM)

One ml of each of these cultures was separately

inoculated into 100 ml of RCM with and without calcium

carbonate in wide mouth 4 ounce screw capped bottles at

37 °C in an incubator without anaerobic conditions (but

screw-capped tightly) for 40 hours. All RCM media were

autoclaved before use, including those containing

calcium carbonate which caused the initial pH to rise

(see Table II1.1). All 12% (w/w) Nonfat milk (NFM)

were steamed for 30 min at 90 °C prior to use. They

were shaken by hand at times 0, 3, 6, 9, 12, 24, 27, 30,

33, 36 and 40 hour. Another two bottles of 1% culture

in RCM were grown in a Gas-Pak jar. Titratible acidity

(TA) and pH were measured (Table III.1).

In a separate experiment, different amounts of

calcium carbonate (in screw-capped test tubes)

autoclaved separately for 15 min were combined with 20

ml of 12% (w/w) NFM plus 0.05% cysteine (NFM+C) or RCM,
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vortexed 1 min, then autoclaved for another 12 and 15

min, respectively. After cooling, these test tubes were

vortexed 1 min, sonicated 2 min, and vortexed 1 min.

Culture (0.2m1) was inoculated into the above media in

duplicate (as Table 111.2 shows). They were vortexed

for 1 min and shaken in a 37 °C water bath shaker for 24

hours or 41 hours. The TA and pH were also measured as

shown in table 111.2.

Experiment 2 (Best milk growth conditions)

Bifidobacteria grown in 12% NFM plus 0.05% L-

Cysteine HCL with addition of calcium carbonate

(NFM+C+Ca) was found in the first study to have a higher

titratible acidity than that in NFM plus cysteine

without calcium carbonate (NFM+C) after 41 hours of

growth in screw-capped test tubes. Building on this

knowledge, the following experiments were designed to

find a "best growth" condition in milk for the

bifidobacteria.

Growth in test tubes

B. longum ATCC 15707 and B. lonqum J which had 1.6

x 107CFU/m1 or 1.14 x 107CFU/m1 in RCM medium,

respectively, were inoculated (0.2 ml) in 20 ml of 12%

NFM or 12% NFM plus 0.05% L-Cysteine HC1. Then,

previously autoclaved calcium carbonate was added and

the tubes screw-capped tightly. They were shaken in a

37 °C walk-in incubator for 24 hours. A second set of
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tubes was also made with 1% inoculum and shaken in the

37 °C walk-in incubator for 40 hours. Viable

bifidobacteria were counted by blending, making serial

dilutions, plating on modified MRS agar (MRS agar plus

0.05% L-Cysteine HC1) and incubating in Gas-Pak jars at

37 °C for 48 hours. The dilution blanks contained 1.25%

sodium acetate, 0.25% dipotassium phosphate, and 0.1 %

L-Cysteine HC1. The final pH was adjusted with 10%

lactic acid to 6.6.

Growth in flasks

Three hundred ml of 12% NFM with or without 0.05%

cysteine HC1 were added to flasks with or without 6 g of

previously autoclaved calcium carbonate. B. qonqum ATCC

15707 or B. lonqum J in RCM were inoculated (3.0 ml)

into the flasks which were covered with aluminum foil

and paraffin paper, and incubated with stirring in a 37

°C walk-in incubator. Aliquots of these cultures were

collected for measuring titratible acidity (9 ml) and pH

(2 ml) at times 0, 5, 9, 25, and 48 hours.

Growth with addition of ferrous sulfate in volumetric

flasks

Ferrous sulfate (FeSO4.7H20) solution was prepared

by adding 9.96 g to 300 ml of distilled water and

autoclaving for 15 min. Another ferrous sulfate

solution was made by adding 9.96 g of FeSO4.7H20 to 300

ml of previously autoclaved distilled water.
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One hundred ml of 12% NFM in 100 ml volumetric

flasks with or without 0.05% L-Cysteine HC1 were

autoclaved for 12 min. B. lonqum ATCC 15707 was

inoculated (1 ml) into these milk based media.

Additions to NFM were 2 g of autoclaved calcium

carbonate and/or 0.1 and 0.2 ml of ferrous sulfate

solutions which provided 6.67 ppm or 13.34 ppm of iron.

Then the autoclaved 12% NFM and 12% NFM plus 0.05% L-

Cysteine HC1 were added to the volumetric flasks to make

100 ml. All flasks were incubated with stirring in a 37

°C walk-in incubator for 40 hours before titratible

acidity and pH measurements were made. Stirring was

necessary to prevent coagulation and to keep the calcium

carbonate suspended in intimate contact with the

bacteria.

Experiment 3 (Fermenter design)

Since bifidobacteria are strictly anaerobic, carbon

dioxide produced in growth media may help expell oxygen

and provide an anaerobic condition. A lab-scale

fermenter was designed to quantify carbon dioxide

produced to correlate with bifidobacterial growth.

One ml of B. lonqum ATCC 15707 in RCM was

transferred into 100 ml volumetric flasks containing

about 97 ml of sterile (121 °C, 12 min) 12% NFM or 12%

NFM plus 0.05% L-Cysteine HC1. Autoclaved calcium
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carbonate (2 g) and/or magnesium phosphate (2 g) then

were added. Then 0.2 ml of ferrous sulfate solution

which had been autoclaved for 15 min was added to make

13.34 ppm of available iron. Finally, the NFM or NFM

plus cysteine was added to the volumetric flasks to make

100 ml. All flasks were covered with aluminum foil and

paraffin paper except those to be measured for gas

produced (NFM+C+Ca, NFM+C+Fe+Ca, and NFM+C+Ca+Mg).

Two-liter capacity beakers containing 600 ml of

distilled water received one drop of 3N NaOH and 1 ml of

0.2% bromcresolpurple solution. Suction flasks were

filled with mineral oil and the side arms covered with

aluminum foil tightly before being connected to

volumetric flasks. These suction flasks were inverted

and put into the beakers as shown in Figure 1.

Volumetric flasks were fitted with rubber tubes

connected to Tygon tubes. Then, the side arm of the

suction flask was inserted into the Tygon tube where the

aluminum foil around the side arm had been removed.

Flasks were placed in a 37 °C walk-in incubator and

stirred with a magnetic stirrer for 40 hours.

The mineral oil above the water in the beaker was

collected by pipette, separated from the water with a

separatory funnel and weighed; then the pH of water

remaining in the beaker was measured.

The cultured growth medium in the volumetric flasks
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was collected in a Waring blender jar, blended for 1

min, serially diluted and plated on modified MRS agar

plates. Aliquots (9 ml and 2 ml) of the mixtures were

sampled for measurement of titratible acidity (9 ml) and

pH (2 ml).

Experiment 4 (Freeze drying effects on bifidobacteria)

B. longum ATCC 15707 was grown 24 hours at 37 °C in

tubes of RCM incubated anaerobically in Gas-Pak jars.

The 24-hr culture was the inoculum for 1.2 liters of RCM

or 0.6 liters of modified MRS broth. Cells were grown

at 37 °C for 24 hours before being harvested by

centrifugation (10,000 rpm for 10 min at 4 °C) using a

Beckman model J2-21 centrifuge. Pellets were

resuspended in 150 ml or 100 ml, respectively,

autoclaved 12 % NFM, and transferred to round-bottom

flasks. Autoclaved calcium carbonate (3 or 2 g) was

added to the cell suspensions, followed by thin shell

freezing in a mixture of acetone and dry ice for about

20 min. The bacteria were then freeze-dried under

vacuum for 24 hours. Another lot of B. longum grown in

0.5 L and 0.6 L RCM and modified MRS were centrifuged,

resuspended in 100 ml of autoclaved 12% NFM with 2%

calcium carbonate, and freeze dried as before.

Survival was measured before centrifugation and

after freeze-drying by blending, diluting, and plating

on modified MRS agar plates. All agar plates were
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incubated anaerobically in Gas-Pak jars for 48 hours.

The freeze dried bifidobacteria were kept in 100 ml

glass bottles and stored in a refrigerator (4 °C).

Storage effect was also determined over time. The first

batch of freeze dried bifidobacteria were formulated in

No. 3 capsules and enteric coated as chapter I

described. Each capsule contained 100 mg of freeze

dried B. lonqum ATCC 15707 with 9.42 x 107CFU, 15 mg of

lactose and dextrose, and 100 mg of calcium carbonate.

Both enteric coated and nonenteric coated capsules were

tested for dissolution in simulated gastric fluid for 60

minutes, then in simulated intestinal fluid for an

additional 90 minutes, as chapter II described.
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RESULTS AND DISCUSSION

Each of the two strains tested produced the same

amount of acid in RCM whether or not anaerobic

conditions were provided (Gas-Pak jar - first line in

Table III.1). However, less acid was produced (lower

TA) when calcium carbonate was added (Table III.1).

This suggests that strictly anaerobic conditions may not

be as necessary for growing B. lonqum in RCM, if

titratible acidity is the main evaluating parameter for

their growth. Calcium carbonate (3.5% or 4%) added to

RCM brought the pH up to 7.01 and 6.96 after autoclaving

(Table 111.1), compared to 6.78 and 6.76 before

autoclaving. Since it has been suggested that the final

pH of prepared media for bifidobacteria be adjusted to

6.6 - 7.2 ( in some cases to pH 7.5) before

sterilization (1), this slightly alkaline pH of RCM plus

calcium carbonate after autoclaving was not expected to

inhibit growth. However, the final pH of RCM plus 3.5%

and 4% calcium carbonate (after growing bifidobacteria

for 40 hours) was 7.18 and 7.85, respectively. The

corresponding TA's were only 0.07 and 0.05 (Table III.1)

which indicated that the slightly alkaline pH or the

high concentration of calcium ion inhibited growth of

bifidobacteria.

B. lonqum grew better in NFM-i-C than in NFM after

either 24 or 41 hr (Table 111.2), which is consistent
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with the report from Collins et al. (15). They reported

that B. lonqum grew only with cysteine added. Calcium

carbonate seemed to enhance growth in NFM+C (NFDM+C+Ca)

in which higher TA's were observed.

Experiments have shown that calcium carbonate does

not interfere with titratible acidity (measured as acid

produced). When 1.9 ml of 10% lactic acid was added in

NFM, 2% calcium carbonate does not interfere with pH

(4.0), though TA (1.08) is slightly lower (compared to

1.16, when calcium was not added). This indicates that

2% calcium carbonate added in NFM + C does not affect

the measurement of acids produced by bifidobacteria.

Therefore, higher TA in NFM + C + Ca than NFM or NFM + C

implies that more acid is present (Table 111.2). When

1.0 ml of 10% lactic acid was added in RCM, calcium

carbonate raised the pH from 4.0 to 5.23, and had some

small effect on titratible acidity (0.6 compared to

0.73, Table 111.3). However, based on titratible

acidity, bifidobacteria in NFM plus cysteine with

calcium carbonate grew better than in RCM either with or

without calcium carbonate (Table 111.1 and 111.2). For

both 2% and 5% calcium carbonate added in either NFM , or

RCM, TA's are about the same (0.29 /and 0.3 vs. 0.29 ,or

0.24 /and 0.23 vs 0.23, Table 111.3). The titratible

acidity after 41 hours was greater than after 24 hours,

indicating that B. lonqum was still growing or
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metabolizing after 24 hours of growth in NFM.

When calcium carbonate was added to 12% NFM plus

cysteine and autoclaved, a dense, hard pellet was found

at the bottom of the test tubes. A sonicator was used

to suspend it. To avoid this time-consuming, mixing

step and the possibility that added salt would raise the

pH too high, the calcium carbonate and other salts were

autoclaved separately and then combined with autoclaved

12% NFM for the following experiments.

Best milk growth conditions

The titratible acidities in NFM plus cysteine with

and without calcium carbonate were higher than in NFM in

the screw-capped test tubes (Table 111.4). L-Cysteine

HC1 apparently reduced the oxidation-reduction potential

and enhanced the growth of bifidobacteria which is

consistent with previous reports (1,4,15). Both strains

had higher titratible acidities for prolonged growth (40

hr) than for shorter growth (24 hr, Table 111.4), which

is different from the results of Collins et al. (15).

The titratible acidities of B. lonqum in 12% NFM and

cysteine HC1 for the first and second transfers were

reported to be 1.2 and 0.93, respectively.

Increasing amounts of calcium carbonate decreased

the titratable acidity for 24 hours growth but did not

make a noticeable difference in the 40 hour titratable
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acidity. Plate counts showed that even a little calcium

carbonate enhanced growth of bifidobacteria growing in

NFM plus cysteine for 24 hours. The plate counts were

about 10 times higher for all calcium carbonate

concentrations than in the case of NFM plus cysteine

without calcium carbonate, but the TA did not imply they

grew better with addition of calcium carbonate.

Therefore, plate counts instead of TA is a better

measurement for the growth of bifidobacteria up to 24

hours of growth. Plate counts for the 40 hours of

growth were not determined for this experiment but were

determined later as discussed with Table II1.11 data.

Titratible acidity did not increase in the first 24

hours in the Erlenmeyer flasks (Table 111.5). At 48

hours, TA was less than 0.8 (about 0.7, Table 111.5).

L-Cysteine HC1 added to NFM + Ca did not increase TA.

The TA's in NFM + 2% Ca and NFM + C + 2% Ca were 0.77

and 0.72, respectively for B. lonqum ATCC 15707. The

TA's in NFM + 2% Ca and NFM + C + 2% Ca were both 0.66

for B. lonqum J. It is believed that sampling at times

0, 5, 9, 25, and 48 hours allowed incorporation of too

much oxygen which delayed or inhibited the growth of

bifidobacteria.

The salts added to 12% NFM didn't increase the

titratible acidity. Neither calcium carbonate nor

ferrous sulfate could substitute for cysteine to
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decrease the oxidation-reduction potential for growing

B. lonqum ATCC 15707 (Table 111.6 and 7).

Ferrous sulfate enhanced the growth of

bifidobacteria in the presence of cysteine as the

titratible acidity was much higher than in NFM plus only

cysteine (1.88 and 1.93 compared to 0.91, Table 111.6).

Ferrous sulfate heptahydrate may act as a reducing

reagent. It has been reported to be oxidized rapidly in

hot aqueous solution (16), but the autoclaved ferrous

sulfate and un-autoclaved ferrous sulfate had similar

effects on the growth of bifidobacteria since the

titratible acidity in both cases did not differ from

each other very much (Table 111.6). Also, the oxidation

rate of ferrous sulfate in aqueous solution has been

reported to be increased by addition of alkali and

exposure to light (16). When calcium carbonate and non-

autoclaved ferrous sulfate solution were added to NFM+C,

the TA was 1.24; much lower than the 1.93 for NFM+C+Fe.

It seems, therefore, that the un-autoclaved ferrous

sulfate was oxidized more by addition of calcium

carbonate, hence the bifidobacteria did not grow as much

as in the case of NFM+C+Fe without calcium carbonate.

The autoclaved ferrous sulfate solution and calcium

carbonate in NFM+C had TA's of 1.21 and 1.26 (Table

111.6 and 111.7), much less than the 1.88 and 1.74 in

NFM+C+autoclaved Fe. If the pale greenish ferrous
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sulfate solution was oxidized completely to brownish

ferricsulfate, the alkali added in NFM+C+Fe should not

further affect the oxidation rate of ferrous sulfate

(which had been oxidized already). The autoclaved

ferrous sulfate solution may not have been 100%

oxidized.

Gas was produced in NFM plus cysteine and calcium

carbonate as expected. It may help expell oxygen and

provide an anaerobic condition. Therefore, a container

was designed to quantify CO2 production and study the

viability of bifidobacteria to see whether the produced

carbon dioxide would enhance their growth.

Fermenter design

B. longum ATCC 15707 produced the most acid in 12%

NFM plus L-cysteine HC1 and autoclaved ferrous sulfate

in all experiments. The TA's in NFM + C + Fe were

greater that 1.7, while TA's in NFM + C were less than

1.5 (Table 111.8 and 111.9). However, iron could not

replace cysteine in NFM. Neither did calcium carbonate,

since a higher titratible acidity in NFM plus cysteine

was seen (Table 111.8) than in NFM plus these salts but

without cysteine.

Plate counts in NFM + C + Fe and in NFM + C + Mg +

Ca which had higher TA were much less than in NFM + C +

Ca (2%), or NFM + C + Ca (5%) after growth for 40 hours

(Table 111.9). This was surprising since a high TA
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should correlate with a high plate count. If

bifidobacteria are not damaged by the acids or

metabolites they produced (such damage would cause a

high titratible acidity), highest plate counts should

occur in NFM + C + Fe or NFM + C + Mg + Ca. The initial

titratible acidity for all treatments were similar but

not identical (Table 111.10). The high TA in NFM + C +

Fe was not affected by the salts added initially and

must therefore have been due to the acids produced by

bifidobacteria. Cells grew in NFM + C + Fe and produced

more acid than in NFM + C. However, these acid-

producing bacteria may have been inhibited by their own

metabolites (Table 111.8, 111.9, and III.11).

Furthermore, plate counts for all treatments after 40

hours were decreased at least 10-fold compared to the

24-hour data (Table III.11). We may conclude,

therefore, that some bifidobacteria die during growth

for 40 hours. This was not a pH effect since some

higher plate counts occurred with lower pH values as

shown in tables 111.4, 111.9 and III.11.

Bifidobacteria growing in NFM + C + Ca + Mg had the

highest plate counts after 24 hours (Table III.11), but

the lowest plate counts after 40 hours (Table 111.9).

This medium also supported very high titratible

acidities (Table 111.9, and III.11). If magnesium

phosphate stimulates metabolism, and the bifidobacteria
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are susceptible to metabolic end products, then,

1. The higher TA in NFM + C + Mg and NFM + C + Ca + Mg

can be explained.

2. The highest plate count in NFM C + Ca + Mg occurred

after 24 hours as expected due to both the buffer

capacity and anaerobic conditions being created by

released CO2 (Table III.11).

3. The lower plate counts after 40 hours of growth

correlated with more metabolites being produced.

Mineral oil released from suction flasks in

response to carbon dioxide produced, may reflect

anaerobic conditions. Plate counts in NFM + C + Ca

(2%), NFM + C + Ca (5%), and NFM + C + Ca + Mg were

higher than the control after 24 hours of growth (NFM +

C, Table III.11). The carbon dioxide produced might

have provided improved anaerobic conditions. Magnesium

phosphate with early buffer capacity may have

neutralized the acids such that less gas (and mineral

oil) was released (Table 111.9). However, the NFM + C +

Ca + Mg with highest plate counts and TA appeared to be

the best growth medium during the first 24 hours.

Collins et al. (15) concluded that the anaerobic

and nutritionally fastidious nature of the

Bifidobacterium species they studied (including B.

lonqum) did not prevent their growth in 12% NFM if 2%

modified MRS broth (MRS broth with 0.05% L-Cysteine HC1)
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was added. They reported TA values of 0.89 and 0.82 for

the first transfer of B. lonqum growing for 24 hours and

40 hours, respectively, and did not study plate counts.

Results presented herein indicate that magnesium

phosphate and calcium carbonate increased the TA after

24 and 40 hours (Table 111.9 and II1.11). Anaerobic

conditions are still thought to be of major importance

for growing bifidobacteria, because higher plate counts

were seen in NFM + C + Ca with carbon dioxide released

after 24 hours of growth than NFM + C (Table 111.4 and

III.11).

Freeze drying effects

It has been reported that smooth morphological

variants of Lactobacillus acidophilus displayed superior

survival over rough variants during frozen storage.

Furthermore, inclusion of calcium in the growth medium

for Lactobacillus bulqaricus 1243-0 and 1423-F resulted

in superior survival during freeze-drying over cells

propagated in the absence of calcium (17). The calcium-

supplemented cells with rough morphology on basal agar

plates displayed only about 2 log cycle reduction (99%)

after freeze-drying and 5 days of storage at -20 °C

(18). With dried cultures, a serious problem of shelf-

life stability has been encountered quite often. Air

and moisture may induce decreased activity for freeze
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dried lactic acid bacteria (18,19). In our previous

study (20), calcium carbonate (2%) was added during

lyophilization of lactobacilli which had very good

stability. Therefore, the same concentration (2%) was

used during lyophilization of bifidobacteria.

Bifidobacteria grown in 1.2 L of RCM for 24 hours

had 5.75 x 107CFU/m1, and in 0.6 L of modified MRS broth

had 1.66 x 109CFU/ml. After freeze drying, the survival

of bifidobacteria in RCM was much less than in modified

MRS broth, the viable plate counts (VPC) being 3.3 x

106CFU and 1.58 x 109CFU/g (4.62 x 107CFU/14g and 1.9 x

1010CFU/12g), respectively. This amounted to 0.1% and

2.0% survival with 3.2 and 1.72 log cycle reduction,

LogR's, respectively. VPC's remained almost constant

for 9.5 months (Table 111.12).

Survival after storage in the refrigerator for two

weeks was 8.87 x 104CFU and 9.42 x 108CFU/g (1.23 x

106CFU/14g and 1.13 x 1010CFU/12g) for 1.6 and 0.2

logR's.

B. lonqum (24 hours) had 108CFU and 4.86 x 1011CFU

in 0.5 and 0.6 L (2 x 106 and 8.1 x 108CFU/m1),

respectively, of RCM and modified MRS broth in the

second lot (Table 111.12). After freeze drying, they

had less than 106CFU/g and 6.45 x 109CFU/g with greater

than 2.0 and 0.78 logR's, respectively. Survival after

storage of bifidobacteria from modified MRS broth at 4
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°C for two weeks was 1.74 x 109CFU/g with only 0.57

logR. It remained about the same for another two weeks.

Viable bifidobacteria lyophilized in modified MRS broth

were thus surprisingly much higher than in RCM which is

used routinely as a propagation medium.

Collins et al. grew B. infantis for 48 hr in

modified MRS broth and reported finding 5x 108 to 1 x

109CFU/ml, similar to our 1.66 x 109CFU and 8.1 x

108CFU/m1 (Table 111.12). They also reported that plate

counts were slightly increased after lyophilization,

which was thought to result from mechanical breakage of

chains and clumps. They resuspended the centrifuged B.

infantis (48hr) in 5% NFM plus 8% sucrose and 1.5%

gelatin. Sucrose was claimed to be a cryoprotectant

during the freeze-drying of lactobacilli (19). Gelatin

may semisolidify the medium such that less oxygen can

contact the bifidobacteria.

Several different salts, such as monosodium

glutamate and ascorbate were claimed to be potentiators

which were added to growth media, then lactobacilli were

freeze dried or spay dried after a short waiting period

(1 or 2 hours) after the addition of potentiators and pH

adjustment (19). These potentiators and cryoprotectants

for spray drying and freeze drying bifidobacteria have

not yet been studied in our laboratory. The method used

in this Chapter to freeze dry B. lonqum (which were
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grown in modified MRS broth for 24 hours) in 12% NFM

plus 2% calcium carbonate was successful. The modified

MRS broth provided many viable bacteria (0.81 and 1.662

x 109CFU/m1) before freeze drying. The final product,

freeze dried B. lonqum (previously grown in modified MRS

broth) had about 2 x 109 CFU/g with good shelf-life

(Table 111.12).

B. lonqum could be grown better in modified milk

containing 0.05% L-Cysteine HC1 than in nonfat milk or

RCM. Calcium carbonate added before freeze drying B.

lonqum was useful (as it was added before freeze drying

lactobacilli). Calcium carbonate was also proved to

enhance microbial growth by either providing a buffer

system or reacting with acids produced, then releasing

carbon dioxide to provide anaerobic conditions.

Bifidobacteria were found to continue to metabolize

after 24 hours. During the first 24 hours of growth,

plate counting was a useful measure of growth of

bifidobacteria. When they are incubated for more than 24

hours, plate counting was not a reasonable measure for

growth, as the organisms are suspected of being killed

by their own metabolic products when grown for 40 hours

or more. The titratible acidity can be used as an

evaluating parameter for their growth (Table 111.7 and

8) after growing for 40 hours.

Dissolution showed that B. lonqum ATCC 15707
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without being enteric coated died in simulated gastric

fluid. However, they survived in enteric coated capsules

after exposure to simulated gastric fluid (1 hour), and

then exposure to simulated intestinal fluid (Figure

111.2). Only about 10% of the bifidobacteria survived,

which may be due to the killing effect of oxygen in air

and in intestinal fluid during the testing period. The

data indicate that an enteric coated dosage form is as

necessary for bifidobacteria as for lactobacilli to

protect them against acidic gastric fluid. Extensions

of this research should include evaluations in humans of

the beneficial effects of enteric coated bifidobacteria.
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Table III.1. Titratible acidity and pH growth data for
Bifidobacterium strains in Reinforced Clostridial Medium
(RCM)

Culture B. lonqum B. lonqum
ATCC 15707

Initial Final Final
Treatmenta TA pH TA pH TA pH
RCM (in
Gas-Pak Jar) - 0.73 4.4 0.70 4.51

RCM 0.19 6.56 0.73 4.35 0.64 4.49

RCM+0.05% Ca 0.21 6.60 0.67 4.49 0.66 4.64

RCM+0.08% Ca 0.22 6.62 0.60 4.64 0.61 4.68

RCM+2.0% Ca 0.21 6.85 0.49 4.71 0.43 4.83

RCM+3.5% Ca 0.21 7.01 0.07 7.18 0.18 4.58

RCM+4.0% Ca 0.21 6.96 0.05 7.85 0.10 7.49

a: TA and pH were only measured after 40 hours of growth
and not at time zero. Later experiments with
similarly prepared media were the source of the
initial TA and pH data. Note that increasing calcium
carbonate had little effect on initial TA, and thus
did not interfere with TA.
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Table 111.2. Titratible acidity and pH growth data for
Bifidobacterium strains in nonfat dry milk (NFM) or RCM
supplemented with 0.05% cysteine HC1 (C) and Calcium
carbonate (Ca).

Culture B. longum ATCC 15707 B. longum J

Growing 24h 41h 24h 41h
period TA pH TA pH TA pH TA pH

NFM 0.01 5.63 0.36 5.82 0.59 5.91 0.38 5.86

NFM+C 0.07 4.37 0.91 4.0 0.59 5.4 0.8 4.77

NFM+C+0.01%Ca 0.57 5.01 0.83 4.76 0.43 5.02 0.78 4.84

NFM+C+0.1%Ca 1.51 4.38 1.72 3.91 0.87 4.64 0.8 4.93

NFM+C+1.0%Ca 0.81 4.99 1.54 4.34 1.25 4.69 1.32 4.5

NFM+C+2.0%Ca 1.06 4.54 1.95 4.44 1.15 4.74 1.81 4.48

RCM 0.7 4.41 0.76 4.29 0.6 4.48 0.64 4.31

RCM+0.01%Ca 0.76 4.56 0.67 4.52 0.61 4.62 0.74 4.53

RCM+0.1%Ca 0.38 5.4 0.48 5.16 0.29 5.84 0.28 5.49

RCM+1.0%Ca 0.34 5.75 0.25 5.67 0.28 5.87 0.32 5.61

RCM+2.0%Ca 0.29 6.02 0.28 5.67 0.24 5.99 0.23 5.76
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Table 111.3. Interference of calcium carbonate on pH
and titratible acidity of 12% nonfat milk (NFM)
and RCM.

Medium Calcium
carbonate
added(w/w%)

10%lactic
acid (ml)

pH Titratible
acidity

NFMa 0 0 6.35 0.29
NFM 2 0 6.31 0.29
NFM 5 0 6.31 0.30

NFMb 0 1.9 4.0 1.16
NFM 2 1.9 4.0 1.08
NFM 5 1.9 4.0 1.00

RCMa 0 0 6.25 0.23
RCM 2 0 6.39 0.24
RCM 5 0 6.42 0.23

RCMb 0 1.0 4.0 0.73
RCM 2 1.0 5.23 0.60
RCM 5 1.0 5.23 0.60

a: Calcium carbonate added does not interfere with
titratible acidity measurement of acid produced.

b: Calcium carbonate neutralized the acid added, but had
little effect on titratible acidity (see text).
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Table 111.4. Growth
containing various

B. lonqum ATCC

of Bifidobacteria in test tubes
supplements.

15707
First transfer(24 h) Second transfera(40
TA pH Plate Count TA pH

(108CFU/m1)

h)

Treatment

NFM 0.45 5.35 0.47 5.7

NFM+C 1.03 4.2 0.31 1.25 4.5

NFM+C+.01%Cab 1.08 4.41 2.75 1.3 4.49

NFM+C+.04%Ca 1.13 4.69 2.7 1.23 4.78

NFM+C+0.5%Ca 0.86 5.12 3.65 1.46 5.04

NFM+C+1.0%Ca 0.79 4.91 2.75 1.47 5.1

NFM+C+2.0%Ca 0.86 4.95 3.75 1.43 4.4

B. lonqum J
First transfer(24 h) Second transfer(40 h)

TA pH Plate Count TA pH
(108CFU/m1)

Treatment

NFM 0.34 5.86 0.43 5.6

NFM+C 0.84 4.65 0.28 1.63 4.07

NFM+C+.01%Ca 0.93 4.77 3.6 1.64 4.2

NFM+C+.04%Ca 0.66 5.2 1.18 1.73 4.59

NFM+C+0.5%Ca 0.82 5.07 6.1 1.57 4.97

NFM+C+1.0%Ca 0.92 4.99 1.8 4.6

NFM+C+2.0%Ca 0.69 5.1 4.6 1.75 4.64

a: Incubation for 40 h was carried out on an inoculated
culture made from the first transfer, 24 hour-old
culture.

b: Ca means calcium carbonate.
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Table 111.5. Growth of Bifidobacteria in flasks
incubated in nonfat milk containing various supplements
as measured
timesa.

B. lonqum ATCC

by pH and TA measurements taken at

15707

Oh 5h 9h 25h
TA pH TA pH TA pH TA

different

48h
pH TA pH

Time
Treatment

NFM 0.32 6.16 0.32 6.17 0.34 6.17 0.36 6.08 0.33 5.85

NFM+C 0.35 6.04 0.34 6.05 0.35 6.04 0.4 6.07 0.6 5.99

NFM+2%Ca 0.32 6.18 0.31 6.19 0.32 6.2 0.32 6.17 0.77 5.09

NFM+C+2%Ca 0.32 6.08 0.33 6.2 0.32 6.32 0.35 6.09 0.72 5.1

B. lonqum J

Time Oh 5h 9h 25h 48h
Treatment TA pH TA pH TA pH TA pH TA pH

NFM 0.32 6.14 0.34 6.18 0.35 6.16 0.42 6.04 0.37 5.99

NFM+C 0.33 6.03 0.35 6.08 0.81 6.14 0.37 6.02 0.38 5.9

NFM+2%Ca 0.33 6.16 0.32 6.19 0.34 6.18 0.37 6.21 0.66 5.2

NFM+C+2%Ca 0.32 6.06 0.33 6.09 0.35 6.18 0.35 6.13 0.66 4.86

a: Apparent slow growth is thought to be due to
incorporation of oxygen when multiple samples were
obtained from these Erlenmeyer flasks.



160

Table 111.6. Growth (40 hours) of B. lonqum 'ATCC 15707
in volumetric flasks containing NFM with different
supplements.

Treatmenta TA pH

NFM 0.40 5.85

NFM + Ca 0.58 5.37

NFM + Fe 0.46 5.95

NFM + FeN 0.41 5.95

NFM + Fe + Ca 0.37 5.87

NFM + FeN + Ca 0.36 6.12

NFM 0.91 4.71

NFM + C + Cab 1.21 4.71

NFM + C + Fe 1.88 4.0

NFM + C + FeN 1.93 3.98

NFM + C + Fe + Cab 1.21 4.67

NFM + C + FeN + Cab 1.24 4.68

a: Ca means 2% calcium carbonate; Fe means 6.67ppm Fe
were used in this experiment.

b: Gas produced.
N: The ferrous sulfate was not autoclaved.
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Table 111.7. Growth (40 hours) of B. longum ATCC 15707
in volumetric flasks containing NFM with different
supplements.

Treatmenta TA pH

NFM 0.65 4.82

NFM + Ca 0.70 5.20

NFM + Fe 0.77 4.79

NFM + Fe + Ca 0.67(0.70)b 5.24(5.17)

NFM + C 1.14 4.3

NFM + C + Ca 1.10c 4.63

NFM + C + Fe 1.74 4.0

NFM + C + Fe + Ca 1.26c(1.24c) 4.60(4.67)

a: Ca means 2% calcium carbonate was present and Fe means
6.67 ppm of Fe (autoclaved ferrous sulfate) were added.

b: Values in parenthesis were done in duplicate and indicate
results are consistent.

c: Gas produced.
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Table 111.8. Growth (40 hours) of B. lonqum ATCC 15707
(3.2 x 107 /ml) in volumetric flasks containing NFM with
different supplements.

Treatmenta TA pH Plate Count Weight of
(CFU/ml) Mineral Oil

(g)

NFM

NFM + Fe

NFM + Ca

NFM + Fe + Ca

NFM + C

NFM + C + Fe

NFM + C + Ca

0.74 4.74 6.25 x 107

0.72 4.69 __b

0.60 5.07 4.60 x 107

0.60 5.07 6.25 x 107

1.49 4.03 3.25 x 107

1.68 4.10 <105

1.30c 4.67 4.4 x 106 35.1

NFM + C + Fe + Ca 1.39c 4.70 3.8 x 106 36.2

a: Ca means 2% calcium carbonate was used and Fe means
13.34 ppm autoclaved ferrous sulfate was added.

b: Not done.
c: Gas produced
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Table 111.9. Growth (40 hours) of B. longum ATCC 15707
in volumetric flasks containing NFM with different
supplements.

Treatmenta
TA PH Plate Count Mineral Solution

(107CFU/m1) oil(g) pH Color

NFM + C

NFM + C + Fe

1.28

2.07

4.06

4.03

0.47

0.36

b

NFM + C + Ca 1.21c 4.68 16.8 36.5 5.82 purp d

NFM + C + Ca(5%) 1.09c 4.68 7.95 28.4 5.44 purp/
brown

NFM + C + Fe + Ca 1.21c 4.07 20.9 34.6 5.37 brown

NFM + C + Mg + Ca 2.20c 4.78 0.18 11.6 6.64 purp

NFM + C + Mg 2.45 4.64

a: 2.9 x 107 CFU/ml were inoculated; Ca means 2% calcium
carbonate was used, Mg indicates 2% magnesium phosphate
was added, and Fe means 13.34 ppm Fe was present.

b: Not done.
c: Gas produced.
d: Purp means purple.
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Treatmentb TA pH
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NFM 0.35 6.41

NFM + C 0.38 6.21

NFM + C + Fe 0.38 6.16

NFM + C + Ca 0.38 6.24

NFM + C + Ca (5%) 0.39 6.24

NFM + C + Fe + Ca 0.35 6.47

NFM + C + Mg + Ca 0.41 6.17

NFM + C + Mg 0.35 6.48

a: Prior to inoculation.
b: Ca means 2% calcium carbonate was added, Mg indicates

2% magnesium phosphate was added and Fe means 13.34 ppm
Fe was added.
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Table 111.11. Growth of B. lonqum ATCC 15707 in milk
with various supplements for 24 hours and 40 hours as
measured by titratible acidities, pH, plate counts and
mineral oil displaced by carbon dioxide produced.

Treatmenta 24 h 40 h
TA pH Plate Count pH Plate Count Weight

of
(108CFU/m1) (107CFU/m1) oil

NFM+C 1.43 4.19 2.38 4.17 2.5 b

NFM +C + Fe 1.61 4.32 1.74 4.22 3.7 _
NFM+C+Cac 1.03 4.9 5.15 4.98 7.6 29.9

NFM+C+Ca(5%)c1.27 4.82 4.1 4.96 1.3 15.6

NFM+C+Fe+Cac 1.02 5.01 1.22 4.95 9.7 30.1

NFM+C+Mg+Cac 1.65 5.09 6.15

NFM+C+Mg 1.45 4.99 5.13 5.7- _

a: 1.38 x 108CFU/m1 were inoculated; Ca means 2% calcium
carbonate was used, Mg indicates 2% magnesium phosphate
was added, and Fe means 13.34 ppm Fe was present, oil
means mineral oil.

b: Not done.
c: Gas produced.



Table 111.12. Storage effect at 4 0C and viable plate
counts of B. longum ATCC 15707 before and after
lyophilization.

Lot No.a 1 2
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Medium RCM modified MRS RCM modified MRS

Time
(months)

Before 4.86x1010/1.2L 9.96x1011/0.6L 108/0.5L 4.86x1011/0.6L
drying

(5.75x107/ml) (1.66x109 /ml) (2x105 /ml) (8.1x108 /ml)

0 3.3x106/g 1.58x109/g <106/g 6.45x109/g
(logR=3.2) (logR=1.72) (>logR 2.0) (logR=0.78)

0.5 8.87x10 4 /g 9.42x108/g <10 6/g 1.74x10 9/g

1.0 <106/g 1.96x109/g

9.5 <106 /g 2.50x109/g

a: viable plate counts are expressed as colony forming
units (CFU).

b: Time 0 indicates time immediately after freeze
drying; logR indicates log cycle reduction.
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Figure 111.1. Photograph of apparatus used to measure
volume of carbon dioxide expelled from calcium carbonate
in response to acid production in carbonate-supplemented
nonfat milk by Bifidobacterium species. Mineral oil in
the inverted Erlenmeyer flask was displaced by the
carbon dioxide and the volume of displaced oil measured
on the surface of the alkaline solution of bromcresol-
purple.
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Figure 111.1
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Figure 111.2. Dissolution of enteric coated B. lonqum
ATCC 15707 containing capsules and non-enteric coated
B. lonqum ATCC 15707 containing capsules.
This enteric coated B. lonqum containing capsule has
6.4 x 107CFU/capsule, as shown at time 0.
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Appendix I. Effect of enteric coated lactobacilli
containing capsules on fecal Lactobacillus:coliform
(L/C)counts in piglets and area under the curve of L/C
counts.

Enteric coating was found to be necessary for

protecting lactobacilli against acidic gastric fluid.

Pharmacological responses showed that enteric coated

(EC) lactobacilli containing capsules were more

advantageous than non-enteric coated lactobacilli or

nonfat dry milk capsules, for controlling diarrhea

(decreasing incidence and severity of diarrhea, and

providing quick recovery) and improving growth in the E.

coli challenged groups (experiment 2, chapter I). In

unchallenged groups, pigs were also given NFDM,

lactobacilli, EC lactobacilli, and nothing (experiment

1, chapter I). Although the EC lactobacilli containing

capsule treatment had superior performance, neither the

fecal lactobacillus count in this group nor

lactobacillus:coliform (L/C) ratio increased

consistently or significantly. Table 1. shows that L/C

ratios vary within each treatment group. One pig in a

lactobacilli containing capsule treatment group had an

extraordinary high L/C ratio at day 13 or day 14. These

two points will be/and not be included in calculation of

area under the curve (AUC) values for comparison.

AUC values were calculated by trapezoidal method

after days 11, 12, and 26 to see whether lactobacilli in

enteric coated dosage form have a significant cumulated
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effect on increasing fecal lactobacilli flora or

decreasing gram-negative coliform counts, seen as

increased L/C ratios.
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Table 1. Fecal
TMTa None(2)
Days

L/C ratios
NFDM(2) lactobacilli(4) EClactobacilli(4)

0 0.29 1.45 2.35, 0.05 2.22, 4.16

18.17- 16.10 0.02, 0.74 0.10, 0.59

1 2.44 0.82 0.99, 0.3 1.3, 0.31

2.58 2.12 2.0, 0.32 4.14, 0.58

2 0.02 1.12 0.43, 1.32 20.68, 3.20

2.24 1.49 1.31, 0.62 6.12, 3.19

3 6.71 20.25 7.07, 3.81 10.85, 18.4

13.1 0.07 14.0, 2.03 6.26, 5.29

4 3.4 28.18 36.0, 8.88 14.57, 13.08

2.23 1.51 5.41, 1.13 39.15, 15.38

5 2.58 9.42 1.8, 1.4 17.52, 4.04

36.09 4.2 27.16, 8.63 1.05, 10.97

6 0.89 0.51 1.53, 1.75 0.73, 5.9

1.52 4.35 1.11, 47.91 33.06, 99.54

7 7.82 3.88 7.33, 22.38 12.0, 4.38

9.8 2.46 8.5, 1.08 35.76, 1.67

11 8.66 1.22 25.57, 2.17 9.44, 25.76

1.7 4.73 7.75, 9.16 922.88, 3.51

12 2.17 1.14 8.52, 6.94 38.69, 88.2

--b 2.14 0.44, 3.68 493.53, 3.4

13 22.38 0.1 28.45, 1.13 19.09, 2.68

2.06 7.88,7692.25c 657.4, 2.32

14 44.45 6.11 67.2, 4.8 2.51, 20.2

4.22 9.36,2463.25c 7.2, 12.35

19 20.75 17.2 32.86, 1.72 10.52, 77.84

2.43 0.99, 28.91 8.33, 8.22

26 62.5 8.56 28.85, 13.17 6.91, 16.41

10.83 18.45, 1.82 11.74, 155.61

a: None indicates no treatment; NFM indicates nonfat dry

milk capsule; lactobacilli indicates lactobacilli-
containing capsule; EClactobacilli indicates enteric

coated lactobacilli-containing capsule; data in
parenthesis represents the number of pigs used.

b: One pig died.
c: These 2 points will be /and not be taken off to
calculate area under the curve for comparison.
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Table 2. F values for comparing AUC for group means from
day zero to day 11, day 12, or day 26.

(Day 11) (Day 12) (Day 26)

Four group means: F3 8 =0.685 =0.617 =0.364 =0.946a
(EC lac, LAC, NFDM, ana NONE)

Three group means: F2,7 =0.854 =0.864 =0.495 =1.407
(EC lac, LAC, and NFDM)

Two group means:
(EC lac vs. LAC) F1,8 =1.194 =0.489 =1.809
(EC lac vs. NDFM) F1,4 =0.583 =1.076 =1.076
(EC lac vs. NON) F1,3 =0.262 =0.226 =0.226

a: calibrated area under the curve, where 2 points (with
extraordinary high L/C ratios) of one pig in
lactobacilli-containing capsule treated group (days 13
and 14) were taken off.

Neither of above comparisons, AUC's (calculated up

to days 11, 12, or 26) of four treatment groups, three

treatment groups, or of two treatment groups (EC

lactobacilli-containing capsule vs. lactobacilli-

containing capsule; EC lactobacilli-containing capsule

vs. nonfat dry milk capsule; EC lactobacilli-containing

capsule vs. no treatment) differ significantly. If the

AUC is calculated with calibration, without including

those two extraordinary high L/C ratios (at days 13 and

14) in the lactobacilli-containing capsule treatment,

AUC's (calculated up to day 26) of either group of

comparisons are not significant different either. This

is consistent with all other analysis described in

chapter II. Therefore, lactobacilli in enteric coated

capsules can be concluded not to increase fecal L/C

ratios significantly.


