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Yogurt — a potential strategy for overcoming lactose
intolerance: the significance of the dose

Jogurt — potencjalna strategia w nietolerancji laktozy: znaczenie dawki
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Abstract

Introduction: Adult-type hypolactasia (ATH) is the most com-
mon enzyme deficiency in humans. Incomplete digestion
of lactose may result in lactose malabsorption (LM) causing
symptoms of lactose intolerance (LI).

Aim: Determination the dose of lactose, administered as
a single serving in the form of yogurt, that is tolerated by LI
healthy young adults.

Material and methods: All (10 young adults) subjects were
homozygotes C/C at locus 13910 upstream of the LCT gene.
The hydrogen-methane breath test (BT) was performed after
a load of 400, 200 and 100 ml of yogurt (5 h). Clinical symp-
toms were assessed for 12 h.

Results: Ingestion of 400 ml of yogurt brought about abnor-
mal BT results in all examined individuals; consumption of
200 ml did so in two of ten subjects, while a load of 100 ml
caused borderline hydrogen excretion in one individual. How-
ever, residual fermentation of lactose was observed for sever-
al hours in all subjects. All participants reported symptoms
after the ingestion of 400 ml of yogurt and their severity was
significantly higher than that observed after a load of 200 ml.
After consuming 100 ml of yogurt, none of the examined indi-
viduals reported gastrointestinal symptoms.

Conclusions: Subjective observation of clinical symptoms sug-
gests that young adult LI may tolerate up to 200 ml of yogurt
served in one meal. However, when considering the objective
assessment of LM by BT, it seems that the dose served per
meal definitely should not exceed 100 ml.

Streszczenie

Wstep: Hipolaktazja typu dorostych jest najczestszym niedobo-
rem enzymatycznym wystepujacym u ludzi. Niepetne trawienie
laktozy moze prowadzi¢ do zaburzer jej wchtaniania, co powo-
duje zesp6t objawow klinicznych okreslanych jako nietolerancja
laktozy (NL).

Cel: Okreslenie dawki laktozy podawanej jednorazowo w posta-
ci jogurtu, tolerowanej przez zdrowe mtode osoby doroste z NL
Materiat i metody: Badaniem objeto 10 mtodych dorostych z NL.
Wszyscy badani byli homozygotami -13910 C/C w zakresie
genu promotorowego laktazy. U kazdej osoby wykonano wodo-
rowo-metanowy test oddechowy (TO) po obcigzeniu 400, 200,
100 ml jogurtu (5 godzin). Objawy kliniczne oceniano przez
12 godzin po spozyciu kazdej dawki produktu.

Wyniki: Nieprawidtowe wyniki TO wystepowaty u wszystkich
badanych 0séb po spozyciu 400 m|, a u 2 sposréd 10 po spozy-
ciu 200 ml jogurtu. Obcigzenie dawka 100 ml skutkowato gra-
niczng wartoscig TO u 1 osoby. U wszystkich badanych stwier-
dzono resztkowa fermentacje laktozy przez wiele godzin
(mediana sumy wydalania wodoru i metanu w 240. min testu
- 6,5 ppm). Wszyscy badani zgtaszali objawy kliniczne po spo-
zyciu 400 ml jogurtu. Ich nasilenie byto istotnie wieksze niz
obserwowane po obcigzeniu 200 ml produktu. Dawka 100 ml
jogurtu nie wywotata dolegliwosci brzusznych ani zmiany kon-
systencji stolca u zadnej sposréd badanych oséb.

Whioski: Subiektywna obserwacja objawéw klinicznych sugeru-
je, ze mtodzi dorosli z NL moga tolerowa¢ do 200 ml jogurtu
podawanego w jednym positku. Uwzgledniajac jednak obiek-
tywna ocene zaburzen trawienia laktozy za pomoca TO, wydaje
sie, ze jednorazowa dawka zdecydowanie nie powinna przekra-
czac¢ 100 ml.
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Introduction

The National Institute of Diabetes and Digestive and
Kidney Diseases of the NIH (USA) states that about 4 bil-
lion people worldwide cannot digest lactose, the main
disaccharide of milk, and thus may not be able to absorb
a sufficient amount of calcium from dairy products [1].
This indicates that their small intestinal lactase (LCT
[MIM 603202]) activity is only a small fraction of the
infantile level, not allowing for unlimited digestion of
lactose throughout the course of a lifetime. Incomplete
digestion of lactose may result in lactose malabsorption
(LM), a condition in which undigested lactose may reach
the colon, causing symptoms of abdominal pain, bloat-
ing, flatulence, cramps, and diarrhea, forming a syn-
drome known as lactose intolerance (LI) [2].

Recently it has been shown that the genotype C/C of
the LCT promoter gene is responsible for predisposition
to adult-type hypolactasia (ATH) [3]. The ATH is an inher-
ited autosomal recessive trait leading to decreased LCT
activity in the intestinal mucosa after weaning and it is
thought to be the most common cause of milk intoler-
ance in children, adolescents and adults, and the most
common enzyme deficiency in humans overall [4]. Elim-
inating dairy products from the diet or limiting their con-
sumption is the strategy taken by many LI individuals to
avoid the associated abdominal discomfort. However,
such a diet usually contains less calcium and vitamin D
than the recommended daily intake and may lead to
poor health outcomes, particularly in relation to bone
mineral density and the risk of fractures [5, 6]. It is
known, however, that most LI subjects can tolerate
some amount of lactose and that the lactose ingested in
fermented dairy products is better tolerated than that in
milk [7-9]. Moreover, the calcium content in yogurt is
much higher than in milk (415 mg for plain, low-fat
yogurt vs. 285 mg for semi-skimmed milk, respectively,
in one cup) [10].

Aim

The objective of the present study was to determine
the cut-off point of a lactose dose, administered as
a single serving in the form of yogurt, that is tolerated
by LI healthy young adults.

Material and methods

Ten highly motivated, clinically symptomatic, other-
wise healthy young adults with LI were enrolled in the
study. The investigated group consisted of 5 women and
5 men, all of Caucasian descent, aged 20-25 years (me-
dian: 23.0 years), with body mass index (BMI) ranging
from 19 kg/m?2 to 25 kg/m? (median: 22.0 kg/m?). All of
the enrolled participants reported symptoms indicative
of lactose intolerance prior to the study.
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A predisposition to ATH was confirmed by molecu-
lar analysis; all subjects were homozygous C/C at
locus 13910 (13910 C/C) upstream of the LCT gene
(NM_005915.4:¢.1917+326C>T; rs4988235). For —-13910
T>C polymorphism detection, the kit MutaGEL Lactase
(Immundiagnostik AG, Bensheim, Germany) was used.
The details of applied methodology have been described
elsewhere [11].

Lactose malabsorption was confirmed in all study
participants based on a hydrogen-methane breath test
(BT) with a load of 25 g of lactose, following an
overnight fast. More specifically, subjects were instruct-
ed not to eat or drink for at least 12 h before the test
and to avoid slowly digested foods, including beans and
other legumes, brans or high-fiber cereals, on the day
before the test. Participants were not allowed to smoke,
sleep or exercise vigorously for at last 1 h before or at
any time during the test. Breath samples were collected
at baseline (fasting) and every 30 min within the 3 h
after the ingestion of lactose. The samples were ana-
lyzed with QuinTron MicroLyser DP Plus (Quintron, USA).
A positive BT was defined as a breath H; level increase
of at least 20 ppm over the lowest preceding value with-
in the test period, or a breath CHy level increase of at
least 12 ppm over the baseline within the test period, or
as a combined increase (H, and CH,) of at least 15 ppm
within the test period.

After selection of the study group, a BT was per-
formed three times in each of the subjects (with inter-
vals of at least 7 days) after a load of 400, 200, 100 ml
of yogurt as a single serving given as a drink (lactose
content 19.2 g, 9.6 g, 4.8 g respectively). Breath samples
were collected at baseline (fasting) and 30, 60, 90, 120,
150, 180, 210, 240, 270 and 300 min after lactose-con-
taining product ingestion. The excretion of gases is
expressed as the sum of hydrogen and doubled
methane expiration.

Clinical symptoms were assessed within the 12 h
after each product load using the questionnaire adopted
for the project. The issues addressed were:

1) abdominal pain (0 — abdominal pain did not occur/1 -
discomfort/2 — mild pain/3 — pain impeding normal
functioning/4 — unbearable pain),

2) number of stools (0 — no stool/ 1, 2, 3... — correspond-
ed to the number of stools),

3) stool consistency (0 — formed/1 — mushy or com-
pressed/2 — loose/3 — liquid),

4) intestinal rumbling (0 — lack/1— barely perceptible/2 —
moderately severe/3 — very severe).

In addition, the BT area under the curve (AUC) was
calculated assuming that it reflects semi-quantitatively
the production of the total amount of intestinal gases
over the 5-h period. All values are expressed as median
(15t-31 quartile).
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Statistical analysis of the data was performed using
the Kruskal-Wallis test with post-hoc comparisons.

Ethical consideration

The protocol of the investigation was approved by
the Ethical Committee of the Poznan University of Med-
ical Sciences, Poland (150/11). Written informed consent
was obtained from all subjects.

Results

The comprehensive data of BT after loading with
400, 200 and 100 ml of yogurt are shown in Table I. Nine
subjects exhaled exclusively hydrogen, while in one indi-
vidual the excretion of methane was also found. There
were no significant differences in the fasting breath
hydrogen/methane levels between the three doses of
product. They did appear after lactose loading, reaching
a level of significance at 90 min into the test. Ingestion
of 400 ml of yogurt brought about abnormal BT results
in all examined individuals. Consumption of 200 ml of
yogurt resulted in abnormal BT results in two of ten
subjects, while a load of 100 ml caused a borderline rise
(20 ppm) of hydrogen excretion in one subject. Howev-
er, residual fermentation of lactose was observed for
several hours in all subjects (median value of hydrogen
and methane excretion in 240 min was 6.5 ppm)

The values of hydrogen/methane AUC for various
yogurt doses differ significantly (p < 0.00001). AUC values
for 400 ml of yogurt (186.5 ppm x h [143.5-195.5 ppm x h])
were significantly higher than for 200 ml (74.0 ppm x h
[61.5-100.9 ppm x h]) and 100 ml (26 ppm x h [19.4-45.5]);

(p < 0.029 and 0.00001, respectively). A tendency
towards statistical difference between the loads of 100
and 200 ml of yogurt was observed (p < 0.098).

All examined subjects reported symptoms after the
ingestion of 400 ml of yogurt. The severity of symptoms
was significantly higher than that observed after a load
of 200 ml. After consuming 100 ml of yogurt, none of
the examined individuals reported abdominal discom-
fort or changes in stool consistency (Table I1).

Discussion

In the present study, 3 doses of yogurt served with-
out a meal after a fasting period as a single dose were
compared. The obtained data suggest that LI subjects
can tolerate 100 ml of yogurt (lactose content 4.8 g)
without clinical symptoms. It seems that a dose of
200 ml of yogurt (lactose content 9.6 g) may also be tol-
erated with minor or no symptoms, while 400 ml (lac-
tose content 19.2 g) brought about typical symptoms in
all examined LI subjects, and also evoked abnormal BT
results in all of them. Despite the fact that 200 ml of
yogurt did not cause severe clinical symptoms, the BT
results in two subjects were abnormal, with one subject
having a borderline BT result (20 ppm), while in all oth-
er individuals the hydrogen/methane excretion was sig-
nificantly higher than in healthy subjects. Ingestion of
a dose of 100 ml of yogurt was associated with a bor-
derline rise of H, production exclusively in one individ-
ual. However, in all studied subjects, the production of
hydrogen/methane was higher than typically observed
in healthy subjects.

Table I. Hydrogen-methane breath test (ppm) after ingestion of 400, 200 and 100 m! of yogurt in 10 lacto-

se intolerant subjects

Tabela I. Wyniki wodorowo-metanowego testu oddechowego (ppm) przeprowadzonego u 10 0séb z nietole-

rancjq laktozy po spozyciu 400, 200 i 100 ml jogurtu

Yogurt Time [min]
0 30 60 90 120 150 180 210 240 270 300
400 ml Median 0 1 1 7 15 22 30 33 31 30 27
1st-3rd quartile 0-3 02 05 5-10 15-19 20-23 23-36 27-36 25-35 24-38 22-33
200 ml Median 0 1 1-5 3 6 10 13 15 14 14 12
1st-3rd quartile 02 02 13 25 5-11 7113 11-15 13-21 12-20 11-19 9-17
100 ml Median 0 0.5 1.5 2.5 3 4.5 5 55 6.5 5 4.5
1st-3rd quartile 01 01 02 1-3 3-6 3-7 3-8 4-10 4-8 3-7 3-7
Statistical significance
400 mlvs. 200 ml vs. 100 ml NS NS NS 0.01 0.0001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
400 mlvs. 200 ml NS NS NS NS 0.013 0.024 0.041 0.023 0.022 0.046 0.065
400 ml vs. 100 ml NS NS NS 0.01 0.00007 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001
200 mlvs. 100 ml NS NS NS NS NS NS 0.076 NS NS 0.076 0.058

NS — not significant
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Table II. Clinical symptoms reported after ingestion of 400, 200 or 100 m! of yogurt in 10 lactose intolerant

subjects
TabJela Il. Objawy kliniczne wystepujqce po spozyciu 400, 200 i 100 ml jogurtu u 10 0s6b z nietolerancjq lak-
tozy
Yogurt Abdominal pain Number of stools Stool consistency Intestinal rumbling
Median 1st-31d quartile Median 1st-31d quartile Median 1st-3d quartile Median 1st-31d quartile
400 ml 1 1-1.5 1 1-1.5 1 0-1 1.5 1-2
200 ml 0 0-0.5 1 0-1 0 0-0.5 0.5 0-1
100 ml 0 0-0 0.5 0-1 0 0-0 0 0-0
Statistical significance
400 ml vs. 200 ml vs. 100 ml 0.07 0.0018 0.00001 0.00001
400 mlvs. 200 ml NS NS 0.0091 0.00026
400 mlvs. 100 ml NS 0.014 0.00026 0.00002
200 ml vs. 100 ml NS NS NS NS

NS — not significant

Current dietary recommendations suggest a daily
consumption of 3 glasses (about 700 ml) of fat-free or
low-fat milk or equivalent milk products, in order to
secure an appropriate calcium intake [12]. That dose
(equivalent to about 35 g of lactose) makes it a recom-
mendation that is impossible for LI individuals to follow.
Discussion concerning determination of the maximum
tolerated dose of lactose in LI persons is still ongoing.
Most of the available data arise from the studies based
on milk consumption and do not provide an unequivo-
cal answer. The maximum tolerated single dose of lac-
tose suggested by different researchers varies widely
from 6 g to 25 g [13-15]. It has long been known that lac-
tose tolerance depends on the type of product in which
it is ingested and that the lactose in yogurt is better tol-
erated than that in milk [16]. However, there are no pub-
lished surveys determining the cut-off point for the lac-
tose dose tolerated by LI subjects administered in the
form of yogurt.

The results of the present study, in which LI subjects
were able to clinically tolerate up to 9.6 g of lactose con-
sumed in the form of yogurt, are consistent with the
results of the Alm study [17]. On the other hand, in the
present study, the dose of 19.8 g brought about clinical
symptoms. This is not concordant with the findings of
Savaiano et al. [7], who documented that 500 ml of
yogurt (lactose content 20 g) did not cause abdominal
distress. A likely explanation may be related to the
enrollment criteria; subjects who were classified in the
study of Savaiano et al. [7] as “lactose-deficient” were
probably LM rather than LI.

Recently introduced genetic testing of the LCT pro-
moter gene is an available and useful method for detec-
tion of LM predisposition [3, 18, 19]. In association stud-
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ies relating genetic polymorphism and eating behavior,
decreased consumption of milk in adults with the C/C
genotype compared to those with at least one T allele
was consistently reported, suggesting that LM-predis-
posed individuals avoid milk, presumably to reduce
dairy-induced abdominal distress [20, 21]. In order to
secure an appropriate calcium and vitamin D intake
these individuals are encouraged to consume dairy
products, which seems to be justified from a nutritional
point of view. However, it has not been proven that such
an approach, which would demand a tolerance of mild
to moderate abdominal discomfort along with the pres-
ence of fermentation gases and osmotic substances, is
safe. Therefore, it also raises some doubts whether the
clinical symptoms should be the sole determinant of the
threshold of dairy product consumption by LM people,
especially since it has been shown by Hammer et al. [22]
that the subjective symptoms in LM individuals did not
correlate with the amount of malabsorbed lactose or
with the volume or the rate of gas accumulation per se.
It is worth emphasizing that while lactose ingestion may
not provoke clinical symptoms itself, it may, however,
result in overproduction of gases as evaluated and doc-
umented by BT in the present study. It is assumed that
the maximum tolerated lactose dose is the one that did
not provoke clinical symptoms. Thus, the studies per-
formed to date are based exclusively on a subjective
evaluation of intestinal discomfort. Even though, as in
the Hertzler et al. [23] and Martini et al. studies [8], the
ingested dose of lactose resulted in abnormal hydrogen
production documented by BT, the researchers did not
refer to that when discussing their results. Bearing in
mind that LM subjects do not necessarily manifest
symptoms of LI, further surveys assessing the possible
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chronic effects of excessive intestinal fermentation
should be considered. The consequences of chronic
over-production of gases have not been studied so far,
although it has been proven with the use of jejunoscopy
that the mucosa of LI subjects became hyperemic and
edematous after lactose exposure [24].

Fermentation is one of the most important functions
of the colonic flora and results in the production of
volatile fatty acids, lactic acid and gases (hydrogen, car-
bon dioxide and sometimes methane) [25]. It was
shown that diet affects the condition of colonic mucosa
predominantly through its effects on microbiota [26].
Disturbances in the bacterial flora and excessive bacte-
rial metabolism may result in the production of cytotox-
ic substances which promote chronic inflammation or
the production of mutagenic compounds. There is evi-
dence that many colonic diseases (pseudomembranous
colitis, inflammatory bowel disease, colon cancer) are
determined by interactions between the diet and micro-
biota [26, 27] which can be substantially changed by the
intensive fermentation occurring in LI subjects after
dairy consumption. On the other hand, it was demon-
strated that the administration of viable microbial
strains in the form of fermented products can induce
a decrease in the concentration of the fecal enzymes
(B-glucuronidase, azoreductase, nitroreductase) involved
in colonic carcinogenesis [28, 29]. The net effect of yogurt
(milk/dairy product) consumption by LI individuals cer-
tainly requires further study.

In conclusion, a subjective observation of clinical
symptoms suggests that young adult LI subjects may
tolerate up to 200 ml of yogurt served in one meal.
However, when considering the objective assessment of
lactose malabsorption by breath test, it seems that the
dose served per meal definitely should not exceed
100 ml.
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