B,

I T T

RN
»

INFORM ‘*\5\@

HiDor, ynNES

LACTOSE DIGESTION AND TOLERANCE AFTER YOGURT
TABLET CONSUMPTION IN ADOLESCENTS

%AON G KVAMMANA

DN HNUINS

wvin

...............
.........................................................

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
(FOOD AND NUTRITION FOR DEVELOPMENT)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2000
ISBN 974-664-494-7
COPYRIGHT OF MAHIDOL UNIVERSITY

Th
Lagg L

1000
P 45455 4

<5 G0T 2000



EE

Thesis

entitled

LACTOSE DIGESTION AND TOLERANCE AFTER YOGURT
TABLET CONSUMPTION IN ADOLESCENTS

toomg | Kvemmang
Miss. Laong Kvammana
Candidate

-----------------------------------------

Asst. Prof. Prapaisri P. Sirichakwal, Ph.D.
Major-advisor

Asst. Prof. Prapasri Puwastein, Ph.D.
Co-advisor

........................................

Assoc. Prof. Visith Chavasit, Ph.D.
Co-advisor

-----------------------------------------

Prof. Liangchai Limlomwongse, Ph.D.  Assoc. Prof. Songsak Srianujata, Ph.D.
Dean Chairman
Faculty of Graduate Studies Master of Science Programme in
Food and Nutrition for Development
Institute of Nutrition



Thesis

entitled

LACTOSE DIGESTION AND TOLERANCE AFTER YOGURT
TABLET CONSUMPTION IN ADOLESCENTS

was submitted to the Faculty of Graduate Studies, Mahidol University
for the degree of Master of Science (Food and Nutrition for Development)

on
July 29, 2000

Miss. Laong Kvammana
Candidate

..................................

Asst. Prof. Prapaisri P. Sirichakwal, Ph.D.
Chairman

%M"M ........

Asst. Prof. Prapasri Puwastein, Ph.D.
Member

W o

Assoc. Prof. Visith Chavasit, Ph.D.
Member

..... At Lo T

Prof. Liangchai Limlomwongse, Ph.D. Assoc. Prof. Songsak Srianujata, Ph.D.
Dean Director

Faculty of Graduate Studies Institute of Nutrition

Mahidol University Mahidol University




ACKNOWLEDGEMENTS

I would like to express my deepest gratitude and sincere appreciation to my
advisor, Assistant Professor Dr. Prapaisti P. Sirichakwal, for her kindness, assistance,
advice and encouragement throughout this study.

Appreciation is also extended to my co-advisors, Assistant Professor Dr.
Prapasri Puwastein and Associate Professor Dr. Visith Chavasit for their kindness and
helpful advice during the experimental study.

I am very grateful to the thesis committee, Assistant Professor Dr. Apinya
Assavanig, Department of Biotechnology, Faculty of Science, Mahidol University, for
helpful suggestion and correction of this study.

Grateful thanks are likewise extended to volunteer subjects and the teachers
from Mahidolvithayanusorn Secondary School for participation during the period of
sample collection.

My thanks also extended to all staff members in Human Nutrition, Food
Chemistry and to all my friends for their encouragement and support.

Gratful acknowledgement is extended to the Faculty of Graduate Studies,
Mahidol University, for the research grant.

I would like to express my deepest gratitude to my parents, and especially to
Mr. Panich Kvammana, my brother, for their love, understanding and encouragement
which have enable me to reach my goal.

Finally, all of these, I would like to dedicate this work to my dearest mother.

Laong Kvammana



iv

4036097 NUFN/M : MAJOR : FOOD AND NUTRITION FOR DEVELOPMENT

M.Sc. (FOOD AND NUTRITION FOR DEVELOPMENT)
KEY WORDS : LACTOSE / LACTOSE MALDIGESTION /

LACTOSE INTOLERANCE / YOGURT

LAONG KVAMMANA : LACTOSE DIGESTION AND TOLERANCE AFTER

YOGURT TABLET CONSUMPTION IN ADOLESCENTS. THESIS ADVISOR :
PRAPAISRI P. SIRICHAKWAL PH.D., PRAPASRI PUWASTEIN PH.D., VISITH
CHAVASIT, PH.D. 99 p. ISBN 974-664-494-7

Milk is the major source of calcium, high quality protein and other nutrients. It
contains the unique disaccharide lactose—consisting of galactose and glucose which
require hydrosis by a brush border enzyme B-galactosidase or lactase. High incidence
of lactose maldigestion in both Thai children and adults were reported. Lactase
deficient person may avoid milk and other dairy products consumption because
intolerance symptoms such as abdominal pain, flatulence and diarrhea may occur.
Previous studies in Thailand, explored several means to reduce the undesirable
symptoms when milk was consumed. For example, reducing milk consumption
volume per time, having milk after meals, drinking milk with solid food and having
fermented milk in form of yogurt. It is well established that lactase deficient subjects
digest and tolerate lactose in yogurt better than that in milk. Yogurt tablet is a new
product which has been developed from fresh yogurt with a longer shelf life in room
temperature and still contains certain viable lactic acid bacteria.

This study aims to evaluate the effect of fresh yogurt consumption compared
with yogurt tablet consumption on lactose digestion and tolerance based on breath
hydrogen production in adolescents. Lactose maldigestion and intolerance were
studied in 107 Thai adolescent students from Mahidolvithayanusorn Secondary
School, aged 14-16 years, using 250 ml of milk as the test diet. Among these
subjects, 32% were lactose maldigesters with 29% were lactose intolerant
maldigesters. However, among lactose digesters, 10% were lactose intolerants.
Thirty volunteers out of 34 lactose maldigesters were subsequently tested for breath
hydrogen and gastrointestinal symptoms after consumption of 2 cups (300 g) of fresh
yogurt and 28 yogurt tablets. At least 5 days were required for washout period
between each experiment.  Subjects who consumed fresh yogurt produced
significantly lower levels of breath hydrogen than those who had had 250 ml of milk
and yogurt tablet (p < 0.05). Breath hydrogen level after yogurt tablet consumption
was not significantly lower than that produced after drinking 250 ml of milk. Mild
gastrointestinal symptoms experienced by the subjects did not differ after
consumption of fresh yogurt and yogurt tablet. It is conclude that consumption of
yogurt tablets was not as effective as fresh yogurt in reduction of breath hydrogen
production, but it had the same effect in reduction of gastrointestinal symptoms.
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CHAPTER1

INTRODUCTION

Milk and dairy products are important sources of many nutrients including
high quality protein, calcium, potassium, phosphorus and riboflavin. It contains the
unique disaccharide lactose - consisting of galactose and glucose linked by a B-1, 4
bond-absorption of which requires hydrolysis by a brush border enzyme pB-
galactosidase, commonly called lactase (1). All young mammal and human infants
(except those with a congenital defect) are born with high levels of the enzyme which
enables them to digest lactose. Lactase activity declines afier weaning in most
racial/ethnic groups except most white North Americans and Northern Europeans. By
approximately three to five years of age, when the child is consuming a variety at
foods, lactase level becomes low (2). Population with low lactase activity is now
termed lactase deficiency, lactose maldigesters. The undigested lactose transit into the
large intestine where it is fermented by the colonic bacteria, forming lactic acid,
hydrogen, carbon dioxide or methane. The possible symptoms resulting from lactose
maldigestion include abdominal cramping, bloating, flatulence, and diarrhea. The
undesirable gastrointestinal symptoms occur in lactose maldigesters and intolerance
may cause the sufferers to reduce milk and milk product consumption to a minimum
or to exclude them from their diets. An inadequate calcium intake, vparticularly
throughout childhood and early adulthood, is thought to increase the ﬁsk of post

menopausal osteoporosis (14). It becomes more critical in lactose intolerance person
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to develop osteoporosis. The relationship between lactase deficiency and osteoporosis
were reported (15, 16).

High prevalence of lactose maldigestion, from about 60 to 100% of the studied
in African and Asian races population are reported (4, 5, 6, 7, 8). Studies on the
lactose digestion status in Thai children and adults were performed in the last three
decades (9, 10, 11), high incidence of lactose maldigestion were reported (9, 10, 11,
12, 13). Though, the study of lactose maldigesters and intolerance in Thai adolescent
has yet been performed.

Previous studies explored several means to reduce the undesirable symptoms
when milk is consumed, for example, reducing of milk volume at a time (12), having
milk during and after meal (12, 17), drinking milk with solid foods (18), and having
fermented milk in the form of yogurt (13, 19).

It is well established that lactase deficient subjects digest and tolerate lactose
better from yogurt than from milk (20-25). This most likely results from two
mechanisms: (i) the action of the bacterial lactase activity contained and vehiculated
by yogurt bacteria in the human intestine and (ii) a slow gastric emptying and/or
intestinal transit of lactose, thus, allowing the residual intestinal lactase and the colon
microflora to more effectively metabolize the lactose (23, 24, 26, 27).

Yogurt tablet is the new concept of nutritious snack which developed from
fresh yogurt wit a longer shelf life in a room temperature. It still contained viable
lactic acid bacteria. Then it can be used as source of probiotic, refer beneficial effects
in the human intestine. The hypothesis of this study is that yogurt tablet can reduce -
the problems of lactose intolerance and maldigestion in Thai adolescents who require

high amount of calcium.
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Specific objectives of the study were to study :

1. to screen lactose maldigesters and intolerants among Thai adolescents,
using breath hydrogen test, and a 250 ml- cow’s milk as a test diet.

2. to study the effect of fresh yogurt consumption on lactose digestion and
tolerance, based on breath hydrogen production in Thai adolescents

3. to compare the effect of fresh yogurt and yogurt tablet consumption on
lactose digestion and tolerance, based on breath hydrogen production in Thai

adolescents.
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CHAPTER IT

LITERATURE REVIEW

Milk has been called “the almost perfect food”, rich in proteins, vitamins,
minerals and other nutrients. Therefore, it is surprising that those who cannot digest
milk sugar make up the majority of the world’s population.

Lactose, or milk sugar, is the main carbohydrate found in-milk of nearly all
mammals and is not found in other natural foodstuff. Lactose is not utilized by the
body until it is first hydrolyzed by enzyme lactose. The enzyme presents in the
digestive tract of many mammals, including human, calves, goats, sheep and dogs.

Lactase activity is greatest at birth but after weaning about 90% is lost (3 .

Physiology of lactose digestion

Human milk consists of 7 percent lactose, while whole cow’s milk contains 4.8
percent. Lactose is a disaccharide made up of equal portiohs of two monosaccharides,
glucose and galactose (Figure 1). A unique intestinal enzyme, lactase, a B -
galactosidase, breaks the chemical bond between glucose and‘ galactose, freeing them
for absorption (38). Lactase is one of five disaccharide - hydrolyzing enzymes located
on the brush border of the intestinal epithelium. Activity of the lactase enzyme is
highest in the duodenal and in the terminal ileum (39).

Of all the dietary sugars, lactose is hydrolyzed the most slowly (38). For
example, the hydrolysis of lactose occurs at only half the rate of sucrose hydrolysis.

The rate at which lactose is assimilated is dependent on the rate of the hydrolysis. The
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relative slowness of lactose in broken down, accompanied by a lack of reserved
enzyme, helps explain why many people are vulnerable to lactose maldigestion
(Figure 2). It has been suggested that a faster—than—normal rate of gastric emptying in
persons with low lactase activity may also contribute to symptoms of intolerance after
milk ingestion (40). It is thought that when lactose is not hydrolyzed, the
osmoreceptors, which lie deeper in the intestinal mucous than the lactase enzyme, are

not stimulated to inhibit gastric emptying.

Figure 1 Chemical structure of lactose ( p-form) O-B-D-galactopyranosyl-(1-4)-

B-D-glucopyranose
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Lactose maldigestion

It is estimated that approximately 1% of unhydrolyzed lactose in the small
intestine is absorbed by passive diffusion into the bloodstream, which is then excreted
into the urine unmetabolized. As the remainder of unabsorbed lactose reaches the
jejunum, it exerts an osmotic effect, causing water and sodium to be secreted into the
intestinal lumen. Transit of the contents of the small bowel is accelerated. Large
amounts of lactose may then enter the colon, where it is fermented by colonic bacteria.
Approximately 65 — 100% of the undigested lactose reaching the colon in metabolized
to short chain organic acids, hydrogen, methane, and carbon dioxide gases. Some of
the organic acids are absorbed into the bloodstream, while some are excreted in feces,
resulting in acidic stools (Figure 3) (38). In some individuals sufficient sulphate
exists, sulphate reducing bacteria (SRB) are primarily responsible and H,S is
produced. During conditions of low sulphate availability, methanogenic bacteria and
acctogenic bacteria are able to combine H, with CO, to form methane and acetate
respectively (Figure 4) (41). Methane is then exhaled in addition to CO, and H,.

Methane formation is most active in the distal colon (42).

Prevalence of lactose maldigestion

Prevalence of lactose maldigestion in various groups of population has been
extensively reviewed (2, 43). There are geographical, ethnic and age-related
difference in the ability to digest lactase (13). A high frequency to lactose
maldigestion has also been documented in South African Black adults and children
(2). Rao et al (1994) indicated that the prevalence of lactose maldigestion

significantly increase with age in blacks compared to whites and that the magnitude of
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the problem may be greater in black maldigesters than in white maldigesters (44).
There were different frequencies of lactose maldigestion found in populations of
similar racial composition in different environments (45,46). In consideration of the
differences in types and doses of test diets and the methods of investigation of lactose
maldigestion as well as age group of populations, these make interpretation and

comparison on the prevalence of lactose maldigestion difficult.

High prevalence of lactose maldigesters (60 — 100%) were found among
the following :
1. Mediterranean and middle East region: Jews, Southern Italians, Arabs,
Greek Cypriots.
2. Asia : Thais, Indonesians, Crannies, Koreans
3. African : South Nigerian peoples, Hausa, Bantu
4. North and South America: Esteems, Canadian and U.S. Indians, Chami
Indians.

5. Pacific region : Neu Guineans, Figians

Low prevalence of lactose maldigesters (0 — 30%) were found among the
following :
1. Europe : Danes, Finns, Germans, French, Dutch, Poles, Czechs,
Northern Italians, British.
2. African  : Hinna, Tussi, Fulani.
3. India : Punjab and New Delhi areas.

4. Australia : Australian white
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Studies of lactose maldigestion in Thailand

Studies on the lactose digestion status in Thai children and adults were
performed in the last three decades. Many studies in humans focused only on adults or
reported results over a wide age range without providing an age breakdown. Lactose
tolerance tests were performed in malnourished Thai infants under 2 years of age.
Lactose malabsorption was found in 60% of those with malnutrition and 69% of those
with malnutrition and diarrhea (8). Keusch et a/ (1969) found that by the age of 2
years, about 80% of normal Thai children manifested lactose maldigestion (47). In
view of the Japanese children, starts at about the age of 3 years and reached a stable
level of around 85% at about 6 years (48). Flatz er al (1969) conducted lactose
tolerance test using 1g lactose/kg body weight as the test diet, in 114 healthy well
nourished individuals in Northern Thailand (10). They found that all of 75 adults and
24 children aged 4-12 years were lactose maldigestion. Subsequent study sought out
similar cases in adults from Ayuthaya Province, using lactose tolerance test with
change oral lactose dose to 0.8 g/kg body weight, the degree of lactose maldigesters
was 96 % of these subjects (11).

Further studies applied hydrogen breath test and used a 250 ml-milk as the
physiological dose of lactose (12,13,19). The decline percentage of lactose
maldigesters was observed. Banjapong (1987), using the criterion of breath hydrogen
production 2> 20 ppm, found that 28 out 32 healthy adult subjects (88%) were lactose
maldigesters (12). Using a higher cut—off point of breath hydrogen concentration > 25
ppm, Yankirati (1993) showed that 48% of Thai adults were lactose maldigesters (13).
Besides milk, lactose solution (12g equal to the amount in 250ml milk) was tested in

39 healthy Thai adults in 1991 by Soontornchai (49) and 77% of lactose maldigester
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was found. Kittawee (1997) reported 15% lactose maldigester, when milk was given
at mid morning break to 101 children, aged 5-6 years, with breakfast a7.
Chancharupong (1997) used 250 ml milk as the test diet, found that 41% out of 110
Thai adolescents, aged 14-16 years were lactose maldigesters with 30% being lactose
intolerant maldigester (19).

The difference in the former and the later studies in degree of lactose
maldigestion in Thailand were due mainly to the differences in the type and doses of

test diet and the methods of measurements.

Lactose maldigestion and lactose intolerance

Not all maldigesters are intolerant to milk; only around 20% experience some
or all of the gastrointestinal symptoms with as a little as one cup of milk (50). In
principle, apparent lactose intolerances should not be found in lactose digesters but
many researchers found lactose intolerance among lactose absorbers (51, 52). Lactose
intolerance is a subjective condition which depends not only the parameters, but also
on social and cultural habits and on psychological factor (53). Webster ez al (1995)
indicated that the prevalence of abdominal pain, bloating, flatulence, diarrhea and a
constipation was similar in children with or without lactose maldigestion (54). In the
double blind study of Kwon et al (52), using 50g lactose as test diet, of 42 lactose
absorbers, 13 reported gastrointestinal symptoms after ingestion of lactose frec only or
both lactose free and lactose containing diet. Among these subjects, only one reported
gastrointestinal symptoms after receiving lactose -containing food.

The appearance of intolerance symptoms depend upon the amount of lactose

ingested, the rate of gastric emptying, the motility of the small intestine (small bowel



Fac.of Grad.Studies, Mahidol Uniy. M.Sc. (Food and Nutrition for Development) / 13

transit), the conditions of ingested (e.g., with or without food), the condition and
activity of the large intestine microflora and the residual lactase activity throughout the
small intestine (Figure 5). These variables form the basis by which many individuals
with lactose malabsorption attributable to “adult - onset” lactase deficiency tolerate
significant amounts of milk without developing symptoms.

Recent research using a double-blind method, has shown that individuals who
claim intolerance~even severe intolerance are not always maldigesters as demonstrated
by a breath hydrogen test (53, 54, 55). Documented maldigesters may incorrectly be

associated symptoms to lactose (53).

| Hydrogen breath test

Hydrogen breath test is the most popular method used for diagnosis of lactose
malabsorption, due to its non-invasive, simplicity, specificity and sensitivity. The
principle of the breath hydrogen analysis was established by Levitt and colloway (57).
Hydrogen breath test have been used for gastrointestinal diagnosis of the past dozen
years. Sensitivity and specificity in the diagnosis of lactqse malabsorption are 100%
(58). Beside, Rosado and Solomons (38) reported that sensitivity and specificity of the
hydrogen breath - analysis Test are 80% and 100% respectivgly.

Breath samples can be collected by expiration info a bag of syringe (Figure 6).
A special valve mouthpiece has been divided in which the first 500 ml exhaled during
an expiration cycle is collected in one compartment, and the remainder of the tidal

(alveolar) column in a second compartment. By this way, residual air from the
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Figure 5 Factors influencing lactose intolerance symptoms in subjects with

hypolactasia
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anatomic dead space and true alveolar gas can be conveniently separated during
interval collection (59). If the breath sample cannot be analyzed immediately, it can
be stored for varying length of time. Special gas tight glass syringe and oiled glass, or
even dispossible plastic syringe can maintain a constant hydrogen concentration for up
to 12 hours. Foil paper enveloped impregnated with Myler has been constructed by
some investigators and can maintain a gas sample for aimost 50 days (60,61). These
are not commercially available, however, a common, rubber-stoppered, evacuated
glass tube can pressure the original hydrogen concentration of a glass sample for a 3
weeks (62). Unreliable recover of gas from the tube necessitates extreme caution in
using this storage system (62). The collected breath samples were analyzed for
hydrogen concentration using gas chromatography namely a Quintron Microanalyzed

model DP (Figure?7) (38).

Advantages of hydrogen breath test (65, 66)

The breath hydrogen test is the best and simplest test to establish the presence
of lactose malabsorption, although it is not a measure of lactose hydrolysis and
subsequent monosaccharide uptakes. The test is a useful, non-invasive method for
detecting carbohydrate malabsorption.

Recently, it has become clear that many marginally intolerant patients are not
suspected of having carbohydrate intolerance until it is identified by the breath
hydrogen test. As reported, at the meetings of the AGA in San Francisco in May,
1986, and in Chicago in 1987, many patients were unsuspected lactose malabsorbers. -
The breath hydrogen test can be used to identify and follow up the improvement of the

patients with lactose intolerance after lactose restriction. Without the test, the
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relationship may be difficult to establish, and it may be difficult to convince the
doubting patient to conscientiously avoid milk products during the test.

The breath hydrogen test response provides a general guide as to the severity of
the malabsorption. It is useful to have at least semi-quantitative data which suggest
how severe the lactose malabsorption might be. Therefore, the test can be guide for
recommending the level at which milk or milk products can be included in the diet.
Total avoidance may be unnecessary burden for some patients and a threat to health

unless supplemental calcium is added to their diets.

Factors influence hydrogen breath test

Various idiopathic conditions can alter the validity of hydrogen breath test or
influence the interpretation of results. A fundamental understanding of these cautions
is essential to the successful application of the hydrogen breath analysis test.

1) Sleeping: allowing the patient to sleep during the test will cause an
increase in breath hydrogen and probably in methane. There are 2 reasons for such
increase. Hypoventilation, which is an inadequate rate of air turn - over in the lung,
slows down the rate of hydrogen removal from the blood. Sleep also decrease
intestinal motility, which slows down the movement of qarbohydrates through the
colon and allows a longer time for hydrogen accumulation. Thus, intermittent
sleeping during the test will interfere and should not be allow (68).

2) Colonic pH: hydrogen production is affected by colonic pH. A decrease
in stool pH from 7.0 to 5.5 will cause a drop in hydrogen generation to 1/4 the former
rate (98). The rate is returned promptly by increasing the pH. Thus, the hyperacidic

colon contents may inhibit the generation of hydrogen, or cause the generation of
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methane instead of hydrogen by colonic bacteria (69). Colonic pH is frequently acidic
in individuals on certain modified diets (70) and in normal newborns (71).

3) Smoking: tobacco smoke contains high level of hydrogen, so smoking (by
the patient or by anyone in the experimented area) will produce high hydrogen levels
and will cause extreme baseline instability of the instrument (29).

4) Laxatives and enema: laxatives and enema can decrease the hydrogen
(and methane) response in malabsorbers (72). The decrease may results from reducing
the resident time for carbohydrate in the colon, leading to reduce time for
fermentation. The reduced production may also results from a change in the
concentration of the bacteria and from a change in the environment such as increasing
the acidity, with could inhibit bacterial action (73). Rapid transit of the carbohydrate
through the colon due to hypermotility will also reduce the exposure time and decrease
hydrogen production in the colon.

5) Exercise: the effect of exercise reduces breath hydrogen. Payne et al
(1983) noticed that at least when sequential comparisons of breath hydrogen response
were carried out on individual subjects, exercise immediately prior to the tests should
be eliminated (74).

6) Menstrual cycle: in luteal phase (days 18-20 when progesterone
increases), will delay gastrointestinal transit since transit time was lengthened 25%
from approximately 100 minutes in the follicular phase (days 8-10 when progesterone
levels are low) to 125 minutes during the luteal phase (75).

7) Antibiotics: administering a course of antibiotics may sterilize the colon, -
so the colony count of bacteria is low and non-existent (76,77). However, not all

antibiotics have this effect on the breath test. It was reported that penicillin and
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metronidazole may even increase hydrogen excretion (78). This presumably due to
their drug fermentative-depressant effect on the gut flora, however, not reproduced in
the fecal cultures, where hydrogen remained unchanged.

8) Dinner meals: The accuracy of a breath hydrogen testing could be
influenced by the dinner meal ingested on the day before the test. A dinner containing
unabsorbed polysaccharides results in elevated fasting hydrogen excretion on the
following day (80,81). If the subjects consumed an unrestricted dinner, mean fasting
breath hydrogen was about 3 times higher than with the carbohydrate-restricted dinner
(79).

9) Other diseases: diseases such as pneumatosis cystoid intestinalis (82),
cystic fibrosis (83), small bowel bacterial growth (84), celiac sprue (85) or sickle cell

disease (86) may elevate fasting breath hydrogen excretion.

Criterion for interpretation

Criterion for interpretation of breath hydrogen test in the detection of
carbohydrate malabsorption may vary, but all are based on comparisons of hydrogen
concentrations in interval samples with a pretest valve obtained after an overnight fast.
Hydrogen concentration rised from basal level > 20 ppm is generally regarded as
consistent with lactose malabsorptioxi. Rasado and Solomons (1983) determined the
sensitivity and specificity of various cut-off values for the maximum increase in breath
hydrogen concentration (59). They found that, at least for a dose of intact cow’s milk,
with a lactose content of 18 g (360 ml milk), the conventional criterion of > 20ppm is
as efficient for detecting the same individuals as being lactose maldigesters as the

more restrictive concentration of > 25 ppm. At cut - off points with lower hydrogen
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concentration, the specificity in the diagnosis of lactose malabsorption is progressively
lost. A simplified procedure suitable for field studies gives 80-100% sensitivity and
100% specificity (59,63). Veligati et al (1994) concluded that a rise of breath
hydrogen concentration more than or equal to 20 ppm over the baseline appeared to
give better correlation with subsequent symptoms development than did of more than
or equal to 10 ppm (64).

The area under the discontinuous curve of the change breath hydrogen
concentration is often used to quantify response to oral carbohydrate. Rumessen et al
(1990) suggested that both areas under the curve and peak hydrogen concentration
seem valid for comparison of various dose of lactulose ingested. Furthermore the

magnitude of area under the curve and hydrogen peak were closely correlated.

Breath methane

Ingeneral when bacterial metabolize (or ferment) carbohydrates, they produce
acids, water and gases, mainly carbon dioxide and hydrogen (89). Nearly half of
hydrogen producers also produce methane. Furthermore, methane production has
been identified in these who fail to produce hydrogen following ingestion of non -
digestible sugars (90, 91). The pattern of gas production is related to the type of
bacteria resident in the colon and it can not be predicted in advanced.

The pattern of methane excretion is independent of that of hydrogen. About 35
— 50% of normal adults are methane excretors. Studies of the development of methane
producers shows that children the age of 3 years are usually methane — free, the -
incidence increases slowly to the age of 12 - 13, after which there is a sharp increase to

the adults level by age 17 — 18, a gradual increase to about age 50, the an unchanged
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level until the 7" or 8™ decade of life. Studies of the determinants of methane have not
been conclusive. It is suggested that methane production is less “substrate —
dependent” than is hydrogen, though dietary differences may change the incidence of
methane — producers (for instance, there is more in Mexico and less in India than in
the U. 8.). It has been reported that methane is partially derived from endogenously
- produce glycoprotein (from mucus and the wall of the intestine). It is probably related
to the type of bacteria resident in the colon, but no explanations are adequate by
themselves (87, 88).

There is a relationship between hydrogen and methane production in which
methanogenic bacteria are able to convert the hydrogen to methane in the colon.
Therefore, when disaccharides are metabolized by bacteria, sometimes only hydrogen
is produced, sometimes both hydrogen and methane will appear in the alveolar air, and
sometimes only methane will be increased. Thus, although knowledge is still
incomplete about this interaction, it is important to look at both components if an
understanding of the breath test gases is to be complete (88).

One dissenting paper exists in the literature. Montes and co-workers (67)
reported a high correlation between the hydrogen response and the methane respénse
in malabsorbers, and found the percentage of malabsorbe;s to be the same (51%).
They concluded that methane producing status was not necesssry for the interpretation
of the lactose breath - test. However, most reports suggest that a significant
percentage of malabsorbers will be missed if breath methane is not measured during

the lactose malabsorption test.
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So, in the study of lactose maldigestion and intolerance, it should be
considered to measure breath methane inconjunction with breath hydrogen to prevent

the false negative test, especially in lactose digesters.

Yogurt

The definition of “yogurt” according to the Codex Alimentarius (1975) is “a
coagulated milk product obtained by specific lactic acid fermentation, through
the action of Lactobacillus delbrueckii var. bulgaricus and streptococcus salivarius
var. thermophilus, from cow’s milk with or without addition of powdered milk,
powdered skim milk etc.” The microorganisms in the final products must be viable
and abundant. The use of lactic acid bacteria other than the 2 species cited in the
definition is not permitted in most European countries. In this case, a yogurt
containing Bifidobacterium spp. or Lactobacillus acidophilus would be classified as a
“fermented milk”. In other countries, such as the UK, Canada and the USA, the

addition of lactic acid bacteria to the 2 species used to make yogurt is permitted.

Fermented milk and lactose maldigestion

Population with a high rate of lactose deﬁciency have been consuming
fermented milk as their milk source for hundreds of years with no apparent
intolerance. It was suggested in 1970 (92) that yogurt might help improve lactose
intolerance, and it is now well established that yogurt improve both maldigestion and
intolerance in primary and secondary lactase-deficiency (93,20). Several studies have -

confirmed that hydrogen production with yogurt is significantly less than that with
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milk (13, 20, 54, 93, 97) and that symptoms are improved in both adults and children
(13, 95).

Mechanisms for improve digestion with fermented milk

Yogurt differs from milk in that fermentation of milk with the lactic acid
bacteria Streptococcus thermophilus and Lactobacillus bulgaricus leads to the
production of lactic acid and the subsequent coagulation of milk proteins, with the
resultant characteristic consistency. Other molecules are produced during metabolism
as well. The final product contains 10’-108 live bacteria per ml, and has a pH of 3.9-
4.3.

The level of lactose in traditional yogurt can alleviate maldigestion since 20-
30 g lactose/l of yogurt are hydrolyzed by the lactic acid bacteria. However, today
milk solids are usually added to milk prior to fermentation, thus increasing the initial
amount of lactose. The level in the final product is therefore not necessarily less than
that found in milk (94). The beneficial effect of yogurt work regardless of the quantity
of lactose in the products, and therefore is not due to a lower level lactose. The
mechanisms can be described as follows.

a) Indirect effects of fermentation

Fermentation leads to a thick texture and viscocity which delays gastric
emptying and slows gastrointestinal transit time (98-100). This allows more time for
residual intestinal lactase and for yogurt’s bacteria to work.

b) Direct effects of fermentation

The lactic acid bacteria in yogurt contain enzymes such as lactase (B-

galactosidase) which increase the level of lactase in the small intestine. The buffering



Fac.of Grad.Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 23

capacity of yogurt enables the bacteria to survive the acidity of the stomach (101).
Bile in the small intestine may then enhance the permeability of the bacterial cells,
allowing lactose to enter and to be digested (102-103). The enzymes must be active in
order to exert such an effect. Previous studies on miniature pigs (104,105) suggested
that intact bacterial cells in the food products are necessary for this effect, possibly
because the cell wall protects the enzymes during their transit through the upper
gastrointestinal tract.

c¢) Long term adaptation

Lerebours et al. (106) did not note an adaptation of human small intestinal
lactase activity as a result of yogurt ingestion for 1 week. An increase in lactase
activity was noted, however, in the brush border of both conventional and axenic
(germ-free) mice after 14, 28 and 42 days of yogurt consumption (107). As has been
suggested for milk (96), prolonged consumption of fermented milks may lead to an
adaptation of the colonic microflora and a long-term improved digestion of lactose.
This is not likely, however, because of the overall stability of the colonic microflora
(109). Chancharupong (1997) found that prolong consumption of yoghurt for 14 days
had an effect on lactose digestion, changing few lactose maldigesters to lactose
digesters. The effect was found not sustainable and did not appear on the 3" day after
cessation of yoghurt period (19). Additional research will provide information for
possible long term adaptation of the small intestine and the colon.

d) Lactose maldigestion in children

Yogurt may provide a different mechanism other than increased absorption for -
children with lactase deﬁciency. Yogurt leads to a breath hydrogen test with a delayed

time to rise and a lower rate of rise. As a result, the children experienced decreased
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symptoms with yogurt, even though the level of maldigestion is not altered. . Heat -

treated yogurt shows an intermediate effect (110).

Health benefit of yogurt

1) Improvement of lactase deficiency

It is well excepted that lactose digestion in yogurt made with live Lactobacillus
bulgaricus and Streptococcus thermophilus is significantly improved in lactase
deficient individuals when compare with milk or heated yogurt (13, 19, 23). Reduced
intestinal discomfort is related to microbial activity (99, 100,111). Yogurt ingestion
leads both to less hydrogen production in the breath hydrogen test (lactose
maldigestion) and to reduce symptom (lactose intolerance) (20, 21,100). Kolars and
co-workers (20) fed lactose maldigesters with 18 g of lactose in yogurt, water or milk.
They found that only one-third the level of breath hydrogen was recorded when
consuming lactose in yogurt as compared to the consumption of lactose in water or
milk.

Milk fermented with individual species of bacteria posses varying ability to
improve lactose digestion. L. bulgaricus fermented milks demonstrated higher
capability to reduce symptoms than milk fermented with. Bifidobacterium bifidum.
Strain selection may be important as well (111). With current knowledge, it is
difficult to conclude that there are differences in lactose digestion between species of
bacterial fermented.

2) Lower blood cholesterol levels

Since Mann and Spoerry’s observation in 1974 that East African Maasai

warriors who consume 4 liters per day of fermented milk had low blood levels of
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serum cholesterol, and that, when intake increase to 8§ liters per day, they had
additional decrease in the levels (112), many studies have béen conducted to find a
hypocholesterolemic factor in fermented milks. Results are difficult to interpret
because of confounding variables, such as exercise and varying levels of initial serum
cholesterol. The exact mechanism is unknown.

There is a concern that consuming yogurt on a regular basis may increase
serum cholesterol because of the milk fat. Halpern et al (1 14) and Mcnamara et al
(113) both showed that in young normal lipidemic adults consuming 450g (around 16
ounces) per day of low fat yogurt (7g fat/d) for up to 4 months, there were no
deleterious effects on serum cholesterol, triglycerides, HDL or LDL levels. Yogurt
low fat, can be consumed regularly without concern for raising cholesterol levels.

3) Reduction of the risk of cancer

A epidemological study from France showed that people consuming yogurt
had less risk of developing large colorectal adenomas (115). In addition, the
consumption of yogurt in elderly subjects with atrophic gastritis led to a decrease in
the procarcinogenic fecal enzymes nitroreductase and azoreductase (116). Most
studies reported a decreased in these enzymes during the study period when live lactic
acid bacteria were consumed with a return to baseline level during follow-up when no
lactic acid bacteria were consumed. The mechanisms and long-term effect of these
changes are not clear.

The epidemological studies (117,118) have found that colon cancer risk was
inversely related to the consumption of diets which includes fermented milk. Other -
results (119) show no relation to colorectal cancer risk. Conclusions for the reduction

of risk of colon cancer can not yet be extrapolated from these preliminary results.
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Other dietary factors have been considered in the prevention of colon cancer, including
fiber and calcium.

4) Treatment of urogenital infections

The predominant microorganism in the normal microflora of the female
urinary tract is lactobacilli, in particular, L. acidophilus. Hormonal changes, age, and
menopause can alter the flora. During urinary tract infections, pathogens such as
Candida albicans (a yeast responsible for candidiasis) and E. coli, travel from the
colon to the urethra and the bladder.
A recent study by Hilton ef al. (120) suggested that daily oral ingestion of 227 g (8
ounces) of yogurt containing L. acidophilus may be useful in reducing the recurrent of
candidal vaginal infections. In the small prospective cross-over study, women
consuming yogurt experienced fewer recurrences of vaginal candidiasis than during
control period. Further research on this aspect is necessary.

5) Inmunodulating effects

Yogurt has been shown to enhance various parameters of the immune system
in vitro models (121) and in mice (122-124). In humans, one study found an
improvement in clinical symptoms of nasal allergy, but no changes in any parameters
tested (125). A recent report with atrophic subjects found no significant modification
of immune system caused by yogurt (126). Very high concentration of yogurt bacteria

have led to increase in IFNy, B lymphocytes, and natural killer cells (99), and yogurt

consumption increase 2,5’ -a synthetase activity (a reflection of production of IFNy)

(127).



Fac.of Grad.Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 27

6) Prevention and the treatment of intestinal disturbance

Diarthea is a significant world-wide health problem. Many intestinal
disturbances are caused by food or water contaminated by bacteria or viruses, or by
poor hygeine. Certain lactic acid bacteria have been found to be helpful in preventing
or treating some types of bacteria-induced diarrhea because of their ability to alter the
activity of the intestinal microflora and compete with potential pathogens (114,128), as
well as their ability to produce bacteriocins such as acidophilin and bulgarican (129).

Infant and young children are particularly susceptible to the ill effect of
diarrhea. Gastroenteritis can be caused by a variety of pathogens including rotavirus.
Boudra et al. (130) found that children aged 3-36 months with persistent diarrhea had
decreased symptoms and increased weight gain when given a yogurt-based diet
compared with those given a milk-based diet.

Other forms of diarrhea may be treated in part with lactic acid bacteria. For
example, consumption of yogurt fermented with L. bulgaricus and S. thermophilus
leads to a slower gastrointestinal transit time than milk and help decrease diarrhea

asscociated with lactase deficiency (100,131).
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CHAPTER 111

MATERIALS AND METHODS

3.1 Subjects

Subjects were the students in mathayomsuksa 4 at Mahidolvithayanusorn school,
aged ranged 14-16 years old. All were healthy, without history or symptoms of
gastrointestinal diseases or diarrhea, non had recently used antibiotics or laxatives during
4 weeks prior to study. All subjects were asked to fill in a questionaire on a habit of milk
and milk products consumption and on the gastrointestinal symptoms usually
experienced. The questionaire is given in Appendix B. They agreed to participate in this
study after the risks and benefit had been fully explained.

One-hundred and seven individuals, 53 males and 54 female students participated
in screening for lactose maldigester. Thirty lactose maldigesters, 9 males and 21 females,
out of 34 who were identified as lactose maldi;gester, participated in the study of effect of
yogurt and yogurt tablet consumptioh on lactose digestion and tolerance.

Subjects were requested not to consume milk and milk broducts for a day and fast
from 10 p.m. of the night preceding each test day. In addition, due to the significant
amount of hydrogen produced after eating some kinds of fruits and vegetables, the -
subjects were requested not to consume some vegetables and fruits especially beans, dried -

legumes, banana, unrippen mangoes, cabbage, collard and other high fiber foods one day
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An experiment diet was given after overnight fast for 8-10 h. Normal daily
activity was allowed during sample collection. Smoking, sleeping and doing exercise

work or exercise (enough to cause hyperventilation) were prohibited.

3.2 Tests diets

Milk: Ultra—heat treated (UHT) cow’s milk, FOREMOST™ (Foremost dairies
company (Bangkok) Co., Ltd) was used as test diet for studying lactose maldigestion and
intolerance. Lactose content in a 250 ml-milk was 12.33 g.

Yogurt: Plain yogurt and strawberry flavored yogurt, DUTCH MILL™ (Dutch
Mill (Thailand) Co., Ltd), containing living bacteria as Streptococcus thermophilus and
Lactobacillus bulgaricus, were chosen as test diet. The total estimated bacteria count was
2.0x10° cfu/g. Two cups of yogurt, 2x150 g, contained 11.34 g lactose, were as test diet
to study the effect of yogurt consumption on lactose digestibility and tolerance.

Yogurt tablet: Yogurt tablet prepared from plain yogurt at Department of
Biotechnology, Mahidol University, containing living bacteria as Streptococcus
thermophilus and Lactobacillus bulgaricus, were chosen as test diet. The total estimated
bacteria count was 1.4 x 10° cfu/g. Twenty-eight tablets, (1.24 g each) contained 11.35 g
lactose, were used as test diet to study the effect of yogurt tablét consumption on lactose
digestibility and tolerance. Twenty-eight tablets were given to each subject in order to

provide approximately 11.34 g of lactose as fresh yogurt.
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3.3 Breath sample collection

Breath sample was collected by means of end—expiratory breath sampling
technique using the Quintron Gas sampler system (Figure 6). The system consists of a
750-ml alveolar air collection bag with a one-way flap-valve, a 100-ml discard bag, a T-
piece with a one-way flap-valve and a mouth piece. The discard bag was assembled in
line with the mouthpiece whereas the collection bag was connected to a one-way flap
valve at the right direction of the T-port. After a normal inspiration, the subject was
instructed to release a normal expiration through the mouth to empty the lung of as much
as gas required to provide the alveolar gas sample. By doing this, the discard bag was
first filled with the first portion of the expired air. Due to the pressure in the discard bag,
the valves on the T-piece and in the collection bag were then open. The collection was
then filled with the remaining expired air of the alveolar air. The collection bag was then
removed from the T-port. A subsample of gas (40-50 ml) in the collection bag was
aspirated into a plastic syringe, fitted with a tiu'ee way stopcock and used for hydrogen
analysis. The collection bag can be emptied and reused.

Breath samples were taken after an overnight fast and at 30-min intervals for 7 h.
after consumption of a test diet. Normal daily activities were allowed during breath
collection . The subjects restrained from smoking, sleeping and doing excessive work or
exercise (enough to cause hyperventilation). They were allowed to drink water only

during the period of breath collection.
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3.4 Quantitative determination of hydrogen in expired air

Breath hydrogen in the expired air was analyzed by Microlyzer, Quintron
Instrument Co., Inc. Milwaukee, Wisconsin, Model DP Microlyzerm. It is a special
purpose gas analyzer, which has been designed to measure small quantities of hydrogen
gas in expired and alveolar air samples. The measurement of breath hydrogen is useful
for the detection of intestinal malabsorption of sugars, for the measurement of intestinal
transit time and for the detection of bacterial overgrowth (into the intestinal from the
colon). The principle of the Model DP Microlyzer™ is based on the technique of gas
chromatography. Hydrogen is separated from other gases present in the breath by using
an external chromatographic column, called a sivrite-10 cartridge. Its allows the
hydrogen to pass through freely, but traps all other interfering gases (those which can burn
or react with oxygen). When operated the Model DP Microlyzer™, insert the male end of
the sivrite—10 cartridge into the female luer fitting of the Flush port below the Sample
valve (Figure 7). The gas sample (20 ml) was injected through the Sivrite-10 cartridge
and pushed the sample stem in to its stop. Thus only hydmggn gas was carried passed the
sensor by an inert carrier gas which flowed continuously through the system. The carrier
gas for the Model DP Microlyzer™ was room air that had been conditioned with a large
for-column which removed moisture and stabilized the baseline of the instrument. When
the bolus of the hydrogen was carried into the sensor block, its presence produced an
electrical signal by interacting with the solid state sensor. The peak valve of the
processed signal was directly related to the hydrogen concentration in the sample. The

circuit converted the signal to a decimal form which displayed as parts per million (ppm) -
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hydrogen on a digital panel meter. The breath sample in the 50-ml syringe was analyzed,
in duplicated, within 24 h. after collection.

A compressed reference gas standard of known hydrogen concentration (Quingas-
1) was used to calibrate the digital concentration (ppm) reading. The standard gas was 2
fold diluted with the room air and injected to the instrument. The concentration of the
hydrogen was directed read. The calibration curve was plotted prior to the sample reading

every day and standard checking was performed regularly.

3.5 Calculation of hydrogen concentration
Hydrogen concentration, above the baseline, after consumption of test diets was
calculated by 2 methods:
1) the absolute concentration of hydrogen as peak height of magnitude hydrogen at
30-min intervals expressed as ppm
2) cumulative breath hydrogen excretion was computed as the area under the
hydrogen production curve over the baseline which the following equation for the
sum of the areas of consecutive trapezoids (132) and were expressed as ppm.min.
A = (12H+Hy+H5+.......... +H,+1/2H,) t
Where A = the area under the hydrogen production peak
H = breath hydrogen concentration (ppm) between 0 and 7.0 h.

T =30 min.
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Figure 7 Quintron Microlyzer Model DP

3.6 Statistical analysis
The results were expressed as mean + SD and were considered statistically
significant if two-side P values were < 0.05. The difference between 3 treatments were

compared using One-way analysis of variance (ANOVA).

3.7 Gastrointestinal symptoms
Subjects were asked to record gastrointestinal symptoms, which occurred after test
diet consumption for 24 h. The record form for the symptom is given in Appendix C.

The following set of symptoms, 1) diarrhea, 2) abdominal pain, 3) abdominal bloating and
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flatulence were recorded as present or absent. Among these symptoms, abdominal pain,
abdominal bloating and flatulence, and diarrhea were graded from 0-3 (0: no symptom, 1:
mild, 2: moderate, 3: severe symptom) ( 133). The average intensities of each

gastrointestinal symptom were calculated.

3.8 Experimental design
Three experiments were carried out and the hydrogen breath analysis was used as

an index of incomplete of lactose absorption. The experiments were conducted as follows:

Experiment 1: Identification of lactose maldigestion and intolerance

Objective: To identify lactose maldigestion and intolerance among 107
adolescents using a 250 ml-cow’s milk as a test diet

Method: After an overnight fast, a sample of expired air was collected and a 250-
ml cow’s milk was given. The breath samples were collected at 30-min intervals for 7 h.
after drinking milk. The lowest hydrogen concentration, produced at the first 4 intervals
during 1.5 h. was used as individual baseline. The maximum absolute peak increment in
breath hydrogen at the level of > 20 ppm over baseline value during 7-h collection period
was the criteria for classification as a lactose maldigester. Since the subjects were
allowed to consume lunch, the peak hydrogen rised after 5 h. period which may due to the
carry-over effect of lunch were not counted for lactose maldigester. The cumulative

hydrogen production as an area under the consecutive hydrogen production curves, was -
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also evaluated. The symptom after consumption of milk were recorded and used to

indicate lactose intolerance.

Experiment 2: Effect of yogurt consumption on breath hydrogen production and
tolerance
| Objective: To study the effect of fresh yogurt consumption in lactose maldigesters
Method: 2 cups of 150 g fresh yogurt (a cup of plain yogurt and a cup of
strawberry flavored yogurt) were given to lactose maldigesters after an overnight fast.

Similar to Experiment 1, breath samples were collected at 30-min intervals for 7 h.

Experiment 3: Effect of yogurt tablet consumption on breath hydrogen
production and tolerance

Objectives: To study the effect of yogurt tablet consumption in lactose
maldigesters

Method: Twenty-eight yogurt tablets were given to lactose maldigesters after an
overnight fast. Breath samples were collected at time intervals similar to Experiment 1
and 2.

At least 5 days for washout period was required betweén each experiment. Milk

consumption pattern was recorded by all subjects participated in this study.
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~ 300 g fresh yogurt 28 x 1.24g
(plain yogurt + strawberry yogurt) Yogurt tablets

3
]
¢
i

Collect breath sample
Record all symptoms

Diagram 1 Study plan
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3.9 Analysis of lactose content (134)

Fresh yogurt sample was analyzed for lactose content. It was prepared by
weighing 10 g sample into a 50-ml volumetric flask. 10 ml of 10% standard lactose
solution was added and diluted with 5 ml distilled water. Protein in the yogurt sample
was precipitated by slowly adding of 5 ml of 10% ZnSO,4 while mixing 5 ml of 0.5N
NaOH was added. The solution was then mixed vigorously and left at room temperature
for 15 min. The final volume was adjusted to 50 ml with distilled water. The solution
was filtered through Whatman No.1 filter paper. Lactose in the filtrate was analyzed by
high performance liquid chromatography (HPLC) against lactose standard. Standard
solutions (1,2 and 3 g%) yogurt tablet and milk samples were prepared in the same way as

yogurt samples. The method of analysis is shown in Table 1.
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Table 1 Summary of standard and sample preparation for lactose determination by

HPLC
Reagent Milk sample | Yogurt sample | Yogurt tablet Standard
sample lactose
Sample 20 mi 10g 25g -
Standard - 10 ml - 5,10,15 ml
lactose
Distilled H,O 10 ml 10 ml 30 ml 25,20,15 ml
10% ZnSO4 5ml 5ml 5ml 5ml
Mixed
0.SNNaOH | 5ml 5 ml 5ml 5ml

Mixed vigorously and left for 15 min at room temperature

Adjusted to final volume 50 ml and mix

Filter through ¢ i i L

Whatman No.1

Filtrate Filtrate Filtrate Filtrate Lactose

(1,2, and 3 g%)

HPLC analysis of lactose
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Equipment: The chromatographic system consisted of a pump (Varian,
Associates, Sienny vale,USA; model 5000) completed with a stainless steel cartridge
LichroCART® column (Lichrospher® 100 NH,, particle size = 5 um), dimension length
=250 mm, i.d.=4 mm (Merck 516121) and a refractive index detector (Varian, Associated,
Sienny Vale, USA; model series RI-3) connected to a integrator (Sputra Physic, SP 4270).
Sample injection was done by means of a fixed loop Rheodyne injection valve (model
7120, 50 pl).

Separation and quantitation of lactose: The mobile phase used was
acetonitrile-water (84:16,v/v), with a flow rate of 1.8 ml per min. Lactose peak on the
chromatogram was identified by lactose standard with retention time of about 10 min.
The amount of lactose was quantitatively measured by comparing the peak area of the

unknown with the standard.
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CHAPTER 1V

RESULTS

4.1 Lactose content in milk
Lactose content in a 250 ml-milk, 2 cups of fresh yogurt and 28 yogurt tablets
were 12.33, 11.34 and 11.35 g, respectively (Table 2).

Table 2 Lactose content in milk, fresh yogurt and yogurt tablets sample

Lactose content (g)
Assigned Serving
Sample ( Per 100 g * Per assigned
size
sample serving
Milk 250 ml 4.93 12.33
Fresh.yogurt (average)* 300 g (2 cups) 3.78 4 11.34
Yogurt tablet 35 g (28 tablets) 32.68 11.35

* Averaged content in plain and strawberry flavored yogurt

4.2 Characteristics of subjects

Subjects who answered the questionnaire were 114 adolescents, 58 males and
56 females with the aged range from 14-16 years old. From questionnaire survey,
milk and yogurt consumption habits of the subjects are shown in Table 3. Most of
them (81%) consumed at least one box of milk (250 ml) daily. More than 50% had no.
gastrointestinal symptoms and 19% of them had only mild symptoms. About 84% of

them consumed 1-5 cups of yogurt per week and had no gastrointestinal symptoms.
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Table 3 Milk and milk product consumption habit in 114 adolescents

: Number ( % )
Milk and milk product consumption habit

Female (56) Male (58)

1. Drink milkk
-10 3 (5%) 1(2%)
- yes 53 (95%) 57 (98%)

2. Experience of gastrointestinal symptoms after milk

consumption
-no 37 (70%) 34 (60%)
- yes 16 (30%) 23 (40%)

3. Amount of milk consumed

- <250 ml per day 9 (17%) 12 (21%)
- 250 ml per day 25 (47%) 17 (30%)
- 500 ml per day 16 (30%) 20 (35%)
- >500 ml per day 3 (6%) 8 (14%)

4. Consume yogurt
-no 7 (12.5%) 4 (7%)
-yes 49 (87.5%) 54 (93%)

5. Experiénce of gastrointestinal symptoms after yogurt

consumption
- 10 47 (96%) 50 (93%)
- yes 2 (4%) 4 (7%)

6. Amount of yogurt consumed

-< 1 cup per day 38 (78%) 48 (89%)
- 1 cup per day 7 (14%) 4 (7%)
- 2 cups per day 3(6%) 1 (2%)

- >2 cups per day 1 (2%) 1 (2%)
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4.3 Identification of subjects with lactose maldigestion and intolerance in Thai

adolescents
4.3.1 Breath hydrogen production
Hydrogen in expired air was measured over a 7 h period in 107 Thai
adolescents, after drinking of 250 ml-milk. Figure 8 shows individuals’ absolute
magnitude peak of breath hydrogen (maximum increment of breath hydrogen
production over baseline) with 34 out of 107 adolescents (32%) whose absolute
hydrogen production was > 20ppm. They (21 females and 13 males) were claséiﬁed

as lactose maldigesters (Table 4).

Table 4 Status on lactose digestion in the subjects

Number (%)
Subjects Female (%) Male (%) Total (%)
Lactose digesters (n=73) 33 (30.8%) 40 (37.4%) 68
Lactose maldigesters (n=34) 21 (19.6%) 13 (12.2%) 32
Total subjects (n=107) 54 (50.4%) 53 (49.6%) 100

The average absolute peak hydrogen concentration of the lactose maldigesters
(n=34) was 35.1x11.3 ppm, whereas that of the lactose digesters (n=73) was 10.3+5.7
ppm. Average pattern of changes in absolute breath hydrogen concentration produced.
by lactose maldigesters and lactose digesters, throughout the 7 h period, is summarized
in Figure 9 and Appendix E. Absolute peak height of each subject appeared at |
different period of time. The absolute peak hydrogen concentration in the group of |

lactose maldigesters appeared between 4.5 to 5.5 h. after drinking milk.
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Absolute breath hydrogen concentration (ppm)
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Figure 9 Average changes in absolute breath hydrogen concentration (ppm) after

ingestion of 250 ml-milk in lactose maldigesters (n=34) ( ’) and lactose digesters
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4.3.2 Breath methane

Thirty out of 107 adolescents (28%) produced breath methane > 3 ppm above
the ambient level and the maximum value was 42 ppm. Twenty-three lactose digesters
(21%) and 7 lactose maldigesters (7%) were classified as breath methane producers
(Table 5). In this study, based on the criteria of breath H, 2 20 ppm, the degree of
lactose maldigestion in Thai adolescents was 32%. When the criteria of breath
Hy+CH4 2 15 ppm was used, 9 out of the 23 previous identified lactose digesters were
found as additional lactose maldigesters,. Thus, using both criteria the numbér of

lactose maldigesters was 43, equals to 40% of the adolescents (Table 6).

Table S Number of breath methane producing subjects after milk consumption

Number Number of subjects ( % )
Status of subjects £ subect
N CH4 < 3ppm CH4> 3ppm
Lactose digesters 73 50 (47%) 23 (21%)
Lactose maldigesters 34 27 (25%) 7(7%)
Total subjects 107 77 (72%) 30 (28%)

Table 6 Number of lactose maldigesters based on different criteria

Criteria Number of lactose maldigesters (%)
Breath H, > 20 ppm 34 (32%)
Breath H, + CH; > 15 ppm 9 (8%)

Total subjects 43 (40%)
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4.3.3 Gastrointestinal symptoms

Abdominal pain, diarrhea, bloating and flatulence, recorded by the subjects,
were considered as gastrointestinal (GI) symptoms. Ten out of 34 lactose maldigesters
(29.4%) experienced with these symptoms, were classified as lactose intolerant. The
rest who had no experience were classified as lactose tolerants (70.6%). Seven out of
73 of lactose digesters had gastrointestinal symptoms. The data was shown in Table
7.

Therefore, in tofal of 107 adolescents, 32% were lactose maldigestersv with
29% of them were lactose-intolerant whereas 68% were lactose digesters with 10% of

them were lactose-intolerant (Table 7). The conclusion of the results is shown in the

following table.

Table 7 Lactose digestion and intolerance after drinking 250 ml-milk in 107

adolescents
Number of subjects (%) Number of subjects (%)
Criteria Lactose maldigesters Lactose digesters
Breatﬁ H; 220 ppm 34 (32%) 73 (68%)
GI symptoms Intolerant Tolerant Intolerant Tolerant
10 (9.4%) 24 (22.4%) 7 (6.5%) 66 (61.7%)
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4.4 Effect of yogurt and yogurt tablet consumption on lactose digestion and
tolerance in lactose maldigesters

The aim of this study was to investigate the effect of yogurt and yogurt tablet
consumption in lactose maldigesters by breath hydrogen test. Thirty out of 34 lactose
maldigesters agreed to participate in this study.

4.4.1 Breath hydrogen

The maximum absolute peak height of breath hydrogen produced in
individuals after consumption of milk, yogurt and yogurt tablets ranged from 20-55, 2-
45 and 8-57 ppm, respectively.

The average pattern of change in absolute breath hydrogen concentration
produced by lactose maldigesters after milk, yogurt and yogurt tablet consumption
throughout 7 h period was shown in Figure 12 and Appendix F. After consumption
of yogurt and yogurt tablets, 97% and 60% of the lactose maldigesters, respectively,
showed lower absolute peak height and cumulative breath hydrogen concentration
than after drinking milk (Figure 10 and Figure 11). The mean+SD of absolute peak
height production in individuals after milk, yogurt and yogurt tablet consumption were
34.4 £10.9, 15.8+10.3, 27.314.1 ppm, respectively (Table 8). The mean+SD of area
under curves after milk, yogurt and yogurt tablet consumption were 4822+1494, 2020
+1457 and 394012390 ppm.min, respectively (Table 8).

The level of cumulative breath hydrogen production and absolute peak
hydrogen concentration produced by the subjects after yogurt consumption were |
statistically different (p < 0.05) from those produced after yogurt tablet consumption. |
No differences in these parameters was found in the subjects after milk and yogurt

tablet consumption.
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Figure 12 Average changes in absolute breath hydrogen concentration (ppm) after ingestion

of 250 ml-milk (0 ), yogurt tablet ( W) and fresh yogurt (. ) in lactose

maldigesters (n=3 0)
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Table 8 Absolute peak hydrogen concentration and cumulative breath hydrogen
production (area under hydrogen production curve) , as meantSD, after

consumption of milk, yogurt and yogurt tablets

Experiment Number of Absolute peak Area under curve
diets subjects height (ppm) (ppm.min)
Milk 30 344+109° 4822 £1494°

Yogurt 30 158+103° 2020 + 1457°
Yogurt tablet 30 273+14.1° 3940 +£2390°*

Note: Numbers with different superscripts in the same column are significantly
different, p < 0.05
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CHAPTER YV

DISCUSSION

3.1 Identification of lactose maldigester and intolerance in Thai adolescent
5.1.1 Measurement of breath hydrogen and methane production

In this study the breath hydrogen test was employed to identify lactose
maldigesters because the test is non-invasive and high sensitivity, in comparison to
other methodologies. It has capacity to detect the incomplete absorption of
carbohydrate in 240 ml milk or as small as 2 g of lactose (135). Many investigators
5, 8,12, 13, 17-19, 63, 136) applied this technique to identify lactose maldigesters in
different population groups. The increment of a peak breath hydrogen of > 20 ppm
above baseline of individual subject was used in various studies as a cut—off criterion
for classification of lactose maldigesters (8, 12, 63, 136). However, the area under the
hydrogen production curve could have been promising criteria to identify the lactose

maldigesters in the future. The cut-off point of this criteria must be identified.

Breath methane is derived exclusively from fermentation reactions of strictly
anaerobic bacteria (methanogens) within the intestinal lumen. On the basis of several
large series of studies (146, 147), it has been estimated that 33-50% of healthy adults
excrete breath methane in appreciable quantities, >3 ppm above ambient levels.
However, the factors - genetic makeup, ethnic origin, diet, environment or an
interaction of all these factors - that determine an individual’s methane excretor status-

are not well understood.
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Previous studies found that both in fasting state and after ingestion of
nonabsorbable sugars, subjects with low breath hydrogen excretion had a significantly
greater both methane concentrations than did their counterparts with high hydrogen
excretion (148). .The hydrogen breath test may have the false negative results.
Therefore, in the study of lactose maldigestion and intolerance, breath methane should
be measured in conjunction with hydrogen breath test. The level of methane of at least
12 ppm is an indicative of lactose maldigesters without reference of hydrogen
production (88). Since methane is produced from hydrogen, therefore, the sum of
absolute hydrogen and methane production in breath of at least 15 ppm is considered
to indicate for lactose maldigestion (88).

5.1.2 Test diet

In this study that, a 250 ml-milk was used as the test diet, the degree of lactose
maldigestion in Thai adolescents, 14-16 years old, was 32%. Many previous studies
reported higher degree of lactose maldigesters in adolescent, but they used high
concentration of lactose solution as the test diet. For example, Thing et al (1988)
studied lactose maldigestion in Chinese adolescents, aged 1516 years old, using 0.5 g
lactose/kg body weight as the test diet (about 22.5 g /45 kg bodyweight), they found
that 69% of the Chinese adolescents were lactose maldigesters (8). Using 50 g lactose
in 250 ml water as the test diet, 80% of Asian-American adolescents were found to be
lactose maldigesters (137). Studies on the prevalence of lactose maldigestion in the
last three decades in Thai children and adults, high concentration of lactose solution
(1g / kg body weight for children and 50 g lactose in adults) was used as the test diet
and 100% or almost 100% of lactose maldigesters were reported (9, 10, 11, 47).

Administration of 50 g lactose in the previous studies on lactose maldigester is equal
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to drinking of about 1 liter of milk. This is obviously an unusual feeding habit (6).
Sategna—Guldetti, et al (138) also suggested that milk, rather than pure lactose, must
be used as a physiological test diet in clinical evaluation of lactose malabsorption and
intolerance. Besides, the amount of > 12g lactose clearly demonstrated maldigestion
using hydrogen breath test (135). In this experiment, therefore, a 250 ml-milk which
contains 12.33 g lactose was used as the test diet. This is in accordance with the test
volume of milk in several current experiments (8, 12, 63, 136).

5.1.3 Degree of lactose maldigestion in Thai adolescents

In this study, using breath hydrogen measurement and a 250 ml-milk as tested
diet, 32% of adolescents was found being lactose maldigesters. The degree was
slightly lower than the findings in previous reports, 39-41% in adolescents (18, 19),
which applied the same test diet, same criteria and method for identification of lactose
maldigesters. However, when lactose maldigesters (9 subjects) based on breath
methane and hydrogen production was added up, similar degree (40%) of lactose
maldigesters in adolescents were found. Thus, it seems possible that methanogenesis
could reduce available hydrogen to the extent that breath hydrogen excretion does not
rise by 20 ppm. In conclusions, 43 out of 107 adolescents (40%) were lactose
maldigesters after 250 ml-milk consumption.

5.1.4 Gastrointestinal symptoms

In lactose maldigesters, the residual lactose is transported to the colon where
lactose fermentation is taken place by colonic bacteria, resulted in the production of |
short chain fatty acids and gas (hydrogen, carbon dioxide and methane). This in turn
induced different degree of gastrointestinal symptoms of flatulence, diarrhea and

abdominal pain-the common symptoms among lactose maldigesters after consumption
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of dairy products. Inclusion of 6-7 g lactose in a diet was found to induce the
increment of intolerant symptoms (135, 140). Direct relationship was reported
between the dose of lactose consumed and the severity of intolerant (139, 141). In the
present study, 29% of the lactose maldigesters were lactose intolerant with mild
gastrointestinal symptoms.

Theoretically, symptoms attributable to lactose maldigestion should occur
when receiving lactose-containing diet. Nevertheless, 71% of lactose maldigesters in
the present study had no experience of any symptoms. The same phenomenon (64%
of lactose maldigesters) was shown by Kwon et al (139) although 50 g lactose was
given to the subjects. It was suggested by Saunders and Wiggins (138) that the
development of diarrhea or gaseous symptoms depend partly on the balance between
the production and the removal of fermentation products. The gases produced during
fermentation may be rapidly absorbed into the blood stream, thus the malabsorption
does not necessarily cause the detectable gastrointestinal symptoms.

In this study, it was unexpecting that 10% of the lactose digesters were lactose
intolerants. In principle, apparent lactose intolerance should not be found in lactose
digesters. In the double blind study of Kwon et al (139), using 50 g lactose as the test
diet, of 42 lactose absorbers, 13 reported gastrointestinal symptoms after ingestion of
lactose free only or both lactose free and lactose containing diet. Among these
subjects, only one remaining reported gastrointestinal symptoms after receiving
lactose-containing foods only. These results suggested that subjects may misattribute |
a variety of abdominal symptoms to lactose intolerance (142). Saurez and Levitt (140)
suggested that subjects who believe themselves to be lactose intolerant, small doses of

lactose may unreality have an underlying symptomatic state, which they misattribute
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to lactose intolerance. Therefore, the reporting gastrointestinal symptoms in the
lactose digesters after drinking of 250 ml- milk in this study may not be attributed to
lactose intolerance.

In conclusion, only 29% of lactose maldigesters adolescents were lactose
intolerant due to drinking 250 ml-milk although they drink milk regularly. This might

be caused by the adaptation of gastrointestinal microflora in the subjects (139, 140).

5.2 Effect of fresh yogurt consumption on lactose digestion and tolerance in
lactose maldigester adolescents

Consuming 2 cups of fresh yogurt effectively decreased the degree of lactose
maldigestion in adolescents (identified by consuming 250 ml-milk). The finding was
| supported by: 1) decreasing numbers of lactose maldigesters 2) 97% of lactose
maldigesters showed reduction in absolute peak height of breath hydrogen production
and 100% of them showed reduction in average cumulative breath hydrogen excretion,
3) reducing the severity of the gastrointestinal symptoms in lactose maldigesters. The
finding was in accordance with the previous human studies (13, 19, 20-25).

Improved lactose digestion with yogurt appears partly due to the slight reductin
of lactose content during fermentation, but is primarily due to autodigestion within the
intestine by the microbial —galactosidase enzyme (20). Three related factors appear to
be important to the survival and expression of microbial enzyme activity from yogurt
were: 1) the buffering of stomach acid by yogurt, 2) protection by the intact |
microbial cell to degradation by stomach acid or enzymes, 3) action of digestive
enzymes and bile acids on the microbial cell which releases B-galactosidase activity

(54), and 4) the effect of semi-solid of yogurt which delays gastric emptying and
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slows gastrointestinal transit times (98-100). This allows more time for residual

intestinal lactase and for yogurt 's bacteria to work.

Not only reduction in breath hydrogen production but also the decreasing in the
numbers of gastrointestinal symptoms were observed when yogurt was consumed
compared to milk. Similar ﬁndmgs were reported by several researchers (20, 21, 25,
110). Even active-cultures yogurt brands do not contain the same level of lactase
activity, they can, compared with milk, reduce the occurrence and severity of
symptoms associated with lactose maldigestion (144). However, if yogurt is
pasteurized after the addition of active cultures (which is sometimes done to extend
shelf life of the product), they will lose their ability to hydrolyze lactose in the gut (24,

28).

Some researchers found that flavored yogurts were more acceptable than plain
(28). The same finding was experienced among the adolescent subjects in this study.
Varela-Moreairas, et al, (28) found that consumption of flavored yogurt produced a
breath hydrogen level slightly higher than that of plain yogurt, but none of the subjects
experienced any symptoms after eating variety of yogurt (145). This probably due to
the replacement of added fruits which reduced the amount of yogurt containing living

| microorganisms, thus reduced the f—galactosidase activity in flavored yogurts.

In this study, two cups of yogurt, one of plain and another of strawberry
flavored yogurt, were given to the lactose maldigesters. This was to provide more |
acceptable and to reduce the effect of flavored yogurt, if any. Nevertheless, the
consumption of the yogurt obviously exhibited reduction in breath hydrogen among

lactose maldigesters.
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In conclusion, consumption of yogurt can reduce numbers of lactose

maldigesters and intolerants.

5.3 Effect of yogurt tablet consumption on lactose digestion and tolerance in
lactose maldigester adolescents

Consumption of yogurt tablets, with lactose content equal to that of fresh
yogurt, reduced absolute peak breath hydrogen concentration and cumulative breath
hydrogen production but much lesser degree than the fresh yogurt (reduced number of
lactose maldigestors of about 60% compared to 97-100%). This might be due to the
difference in the number of active bacteria in the products. The estimated active
bacteria in 2 cups (300 g) of fresh yogurt was 6.0x10"! cfu which was clearly higher
than those presented in 28 yogurt tablets (4.9x10° in 34.7 g). The effects of yogurt
tablets consumption in producing breath hydrogen (by the average change of absolute
peak hydrogen and cumulative breath production) in the subjects with lactose
intorelance did not differ significantly from that produced after milk consumption.
Although consumption of yogurt tablets was not as effective as fresh yogurt in
reduction of breath hydrogen, but it exhibited similar effect as fresh yogurt on

decreasing the gastrointestinal symptoms among lactose maldigesters.
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CHAPTER VI

CONCLUSION

Lactose maldigestion and tolerance were studied in 107 Thai adolescents,
using a 250 ml-milk as the test diet. The effect of fresh yogurt and yogurt tablet
consumption on lactose digestion and tolerance was investigated. It was found that
32% of the studied adolescents were lactose maldigesters when hydrogen in breath
was used as the criteria for classification of lactose maldigestion. When both
hydrogen and methane production in breath were measured, 40% of adolescents were
identified as lactose maldigesters.

Consuming 2 cups of yogurt decreased the degree of lactose maldigestion as
indicated by lower breath hydrogen production in lactose maldigesters. It had no
significant effect on lactose digestion when 28 yogurt tablets were consumed but they
have the same effect as fresh yogurt in reducing the gastrointestinal symptoms.

In general, yogurt tablet is consumed about 5-6 tablets at a time. Due to the
low concentration of lactose in a serving (2-3 g lactose), lactose maldigestion or
lactose intolerance should not occur. Therefore, yogurt tablets as a milk product
containing some calcium and protein, can be served as nutritious snack for children or
other age groups. Besides, it can be used as a source of probiotics. However, it must

be aware of causing tooth decay because the high sugars content in yogurt tablets.
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RECOMMENDATION AND SUGGESTION

FOR FURTHER STUDY

1. Yogurt tablet is a new form of yogurt. It can be used as a potential source of
probiotic, calcium and protein for children and adults especially those with lactose
intolerants. It has advantages for use in rural area whereas refrigeration may hot
be available.

2. Future research should be emphasis on the possibility of using yogurt tablet as the
starter for yogurt production. However, yogurt tablet should be developed to
contain more viable lactic acid bacteria.

3. At present, the criteria of using breath hydrogen excretion > 20 ppm is commonly
considered to indicate the lactose maldigesters. In most studies, both the
cumulative breath hydrogen concentration and the absolute peak height were
measured. However, the cumulative breath hydrogen concentration has not yet
been considered as the criteria to identify lactose maldigesters. It should be
considered as another parameter to indicate lactose maldigestion. The criteria

based on this parameter must be set up.
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Lactase

Lactose

APPENDIX A

GLOSSARY

fB-galactosidase, an enzyme of the hydrolase class that catalyzes the
hydrolysis (digestion) of lactase, a disaccharide, into vits
monosaccharide components of glucose and galactose. Lactase is
present on the brush border of the intestinal mucosa where such

digestion takes place.

A disaccharide which yields upon hydrolysis the monosaccharides,
glucose and galactose. Since milk is the sole natural source of lactose,

it is commonly referred to as milk sugar.

Lactose intolerance The clinical sign and symptom following lactose maldigestion

which include bloating, flatulence, abdominal pain, and diarrhea.
“Tolerance” and “intolerance” are not synonymous with “digestion”
and “maldigestion” and should be used only in reference to a defined
dose of lactose delivered in a specific vehicle (i.e. the subject was

intolerance to 50g of lactose in aqueous solution).

Lactose maldigestion Reduced digestion of lactose due to low lactase activity as

determined by a lactose tolerance test.
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Lactose malabsorption This word has been used uncorrected in previous
literature. Lactose is not absorbed as such but must first be split into

glucose and galactose.

Breath hydrogen test A test that measures expired air for hydrogen content. If
lactose is poorly digested it passes into the large intestine where it is
fermented by bacteria, with hydrogen as a by product, the hydrbgen
diffuses into the bloodstream and is expired through the lungs. This
increase in breath hydrogen after lactose consumption is thus a

measure of the degree of lactose maldigestion.
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APPENDIX E

Average changes in absolute breath hydrogen concentration (ppm) produced by

lactose digesters and lactose maldigesters after ingestion of 250 ml-milk in each time.

Absolute breath hydrogen concentration (mean + SD)
Time (h) Lactose digesters (n=73) Lactose maldigesters (n=34)
0 32140 26+3.0
0.5 2313.0 21127
1.0 ' 1.9+£29 24126
1.5 A 1.89+34 33+38
2.0 1.7+33 5.5+6.3
2.5 29445 84+11.9
3.0 k 3.7+£5.0 126 +11.3
3.5 34149 14.8 £12.2
4.0 35147 174 £12.1
4.5 42+5.0 17.9+11.7
5.0 48+54 21.2+13.7
5.5 47+54 19.1 £10.3
6.0 5.1+4.7 17.6 £10.3
6.5 43+54 12.8 £8.7
7.0 44+54 11.6 £ 8.9
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APPENDIX F

Average changes in absolute breath hydrogen concentration (ppm) in lactose

maldigesters after ingestion of milk, yogurt and yogurt tablets

Absolute breath hydrogen concentration (mean + SD)
Time (h) Milk (n=30) Yogurt (n=30) Yogurt tablet (n=30)

0 24130 45+3.5 40+4.6
0.5 22+2.8 29+3.1 3.9+4.0
1.0 25427 23+28 23+2.7
1.5 34+39 1.0£1.9 3.1£5.0
2.0 53+54 20+£23 51466
2.5 7.7+10.8 2.6+3.1 6.7+5.8
3.0 127 +11.1 3.7+4.4 11.7+13.0
3.5 152 +12.2 39+58 © 124+13.0
4.0 17.4+10.9 7.0+8.7 146+11.9
4.5 | 18.8 +12.1 7.5+9.3 15.1+12.3
5.0 21.0+12.7 8.0+10.7 17.5+12.5
5.5 19.3 +£10.5 6.9+93 13.1+11.6
6.0 18.1+10.8 74+8.1 10.7+9.5
6.5 122+ 8.0 7.0+9.0 10.8+11.8
7.0 11.4+8.7 55+7.6 93493
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APPENDIX G

Gastrointestinal symptoms occurred in lactose digesters during ingestion of milk and

lactose maldigesters during and after ingestion of difference test diets

Number of subjects experienced symptoms

Status of Bloating and
Test period Diarrhea Abdominal pain
subjects flatulence

. ID(@3) {721 |0 |0 |67|6 0|0 |66|/7 |00
Milk

IM@4) (31| 300 {29500 124|10{0|0

Yogurt |LM30) (282 |0 |0 |28{ 2|00 |26/4]0]0

Yogurttablet | LM (30) |28 | 2 | 0 |0 [27|3 |0 |0 |25|5 |00

* LD : Lactose digester
LM : Lactose maldigester
* Grade of symptoms
0 = no symptom
1 =mild (1-3 times/h)
2 = moderate (4-6 times/h)

. 3 =severe (7-9 times/h)
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