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Dietary manipulation of postprandial colonic
lactose fermentation: I. Effect of

solid foods in a meal'®
ook 1 Solorara. w0y e Morsie, Cusresns, ard Bungomen Tirun, 4D, PAD

ABSTRACT The effect of adding solid foods—cornflakes, banana and hard-boiled cgg—i0 a
meal with 360 ml of intact milk containing 18 g of lactose was investigated in 13 lactose-
malabsorbers and 10-lactose-absorbers chosen from 36 Guatemalan adults screened for their
capacity to digest and absorb completely the lactose in this volume of milk. A six-hour hydrogen
breath test was used as the index of carbohydrate absorption. Minimal breath H; was excreted by
lactose-absorbers with cither the intact milk alone, the intact milk with solid foods, or lactose-
prehydrolyzed milk with solids. In lactose-malabsorbers, however, the 6-h excretion of H, with
intact milk plus solid food was intermediary between milk alone and prehydrolyzed milk with
solids. A relative net reduction of 47% in lactose malabsorption was produced by adding food,
and the peak-nise in breath H; was delayed by 2 hours A physiological consequence of taking
solid foods along with milk is a slower rate of colonic fermentation, and this may be the basis for

reducing gastro-intestinal symptoms in lactose-intolerant malabsorbers.
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Introduction

A large portion of the world’s population
has genetically-determined lactase deficiency
(1). Thus, with advancing age, the mucosal
content of lactase is progressively reduced
such that lactase levels are generally below 3
[U/g wet weight by late childhood and there-
after (2). Diminished enzyme levels result in
less efficient hydrolysis of the milk sugar,
lactose. The conventional diagnostic proce-
dure—the lactose tolerance test—involves the
administration of a concentrated solution
containing 50 g of lactose, equivalent to the
sugar content of a full liter of cow’s milk.
Such a procedure stresses the limits of the
digestive capacity of lactase-deficient individ-
uals, and usually over 70% will experience
gastrointestinal symptoms including abdom-
inal distension, cramps, eructations, flatu-
lence, and/or watery stools, symptoms that
result from the bactenial fermentation of car-
bohydrates with the evolution of gases (CO,,

CH,, H,) and osmotically-active organic acids
(3). By contrast, dietary amounts of lactose,
ic. the quantity in a glass of milk, that is 12
g, usually are well-tolerated by most lactase-
deficient individuzls (4-9), but severe gas-
trointestinal symptoms are attendant to the
malabsorption of even small amounts of
lactose by some individuals (10, 11).

Milk represents a rich source of several
nutnients including calcium and nboflavin.
It is also an indispensible component of
meals containing puddings, custard, ice
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cream, and ready-to-eat breakfast cereals.
Enabling milk-intolerant lactose-malabsorbers
to use appreciable amounts of milk and dairy
products in their diets would provide nutn-
tional benefits and greater diversity in food
selection. Several strategies to overcome lac-
tose intolerance and milk rejection have been
conceived. Most are based on the reduction
of the lactose content of milk through enzy-
matic hydrolysis of the lactose (12, 13) or
ultrafiltration (14). Simpler, more direct, ap-
proaches to the intolerance to usual dietary
levels of lactose, however, would be useful
additons to the overall effort to reduce milk
avoidance. The adding of fiber components
to milk is one of the more imaginative recent
contributions in this direction (15).

It has been anecdotally reported that com-
bining milk into a meal with solid foods
reduces or eliminates symptoms that would
otherwise be experienced if a given individual
consumed the same volume of milk alone as
a beverage. The physiological bases for this
claim, however, have not been firmly estab-
lished. We have speculated that the rate of
transit of lactose through the stomach and
small intestine could be a major determinant
of the subjective symptoms that attend milk
ingestion by an intolerant malabsorber (16).
In the present study, we have used the hy-
drogen (H;) breath-analysis test as an index
of incomplete carbohydrate absorption to
evaluate the physiological consequences of
combining milk with solid food elements in
adult lactose malabsorbers.

Subjects and Methods

Subjects

Thirty-six individuals, ranging in age from 19 1o 50
yr. 6 males and 30 females participated in the screening
phase of the study. The purpose of the screening was to
identify an available pool of volunteers characterized in
terms of their capacity to digest lactose for denvative
expenments with various intervention procedures. All
were healthy, without history or symptoms of chronic
gastrointestinal iliness and not receiving oral antuibiotics.
Individuals who both affirmed and denied previous milk
intolerance were enrolled into the study. All subjects
agreed 10 participate in the study after the nsks and
benehits had been fully explained. and informed consent
had been obtained. The protocol had been approved by
the Committee on the Use of Humans as Experimental
Subjects of MIT and the Human Rights Comminee of
INCAP.
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Collection of Expired Air and Analysis of Hydrogen

The breath collection technique was a modification
of our procedure previously described for children (17,
(8). Samples of mixed pulmonary gas were obtained by
having the subjects breathe normally through a one-way
Hans Rudolph valve (Warren Collins, Braintree, MA)
into a 5-L rubber anesthesia bag with nipple (Warren
Collins) until over 3 L of air had been collecied. After
flushing the dead-space in the nipple and connector, 30
to 60 ec of air from the bag were transferred into a
plastic synnge fitted with a three-way stopcock. Samples
stored 1n this manner lose 5% of their H; concentration
per 24 h (19). All samples were mcasured within 8 h of
collection.

Samples were analyzed for H,; concentration on a
compact, thermal conductivity detection gas-solid chro-
matographic apparatus (MicroLyzer Model-12, Quintron
Instruments Co, Milwaukee, WI) with a digital display
meter and using room-air compressed by an internal
pump as the carrier gas (20, 21). The machine was
calibrated using one or another of two standard reference
gases of known H, concentration (Scotty Gas I1, Supelco,
Bellefonte, PA; Linde Gas, Linde Division of Union
Carbide, N Chicago, IL); the two gas mixtures were
internally standardized. Once calibrated, the MicroLyzer
registers the concentration of a sample of gas—reference
standard or unknown—on a digital display panel in

parts per million (ppm).

Absorption Breath Tests

All 36 subjects were initially screened for their lactose
absorption capacity using an ordal dose of 360 ml of
intact, whole cow’s milk (IM) (La Pradera, Guatemnala
City, Guatemala). Herein, bovine milk has been assumed
to contain 5% lactose (w/v); thus, the volume of milk of
our test dose provided 18 g of carbohydrate in the form
of lactose. Breath samples in the screeming test were
taken at 30-min intervals over a 6-h period. For unifor-
mity and consistency with the subsequent studies, only
data at 60-min intervals have been computed in the
present study.

A rise in breath H; concentration of »25 ppm above
th fasting level at any hourly breath-collection interval
following the milk dose was the criterion for classification
as a lactose-malabsorber. Individuals with increments
below this criterion were classified as laciose-absorbers.
The conventional cut-off criterion that signifies biologi-
cally-significant incomplete absorption of oral carbohy-
drate is an increment in breath H; of 20 ppm (22),
but here we sought to enroll a population of malabsorbers
with greater excess H; excretion for inclusion in the
derivative protocol studies in this paper, and in the
companion article (23), involving polentially beneficial
interventions.

Ten subjects classified as lactose-absorbers agreed to
participate, and from our pool of lactose-absorbers we
chose I3 willing volunteers to enroll roughly equivalent
numbers of individuals in the comparative studies with
a standard breakfast meal. The meal consisted of 40 g
of cornflakes (Kellogg Co, Battle Creck, MI), a hard-
boiled egg, and a medium banana. Subjects were studied
on two occasions in a randomized order, separated by
at least 48 h 10 avoid the effects of residual colonic
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acidification (24). On one occasion, the meal was accom-
panied by 360 ml of laclose-prehydrolyzed milk (HM),
preincubated for 24 h with 0.25 g of LactAid (LactAid
Co, Pleasantville, NI}, a commeraial, food-grade beta-
gulactosidase enzyme preparation denved from Kiuyver-
omyces lactis. This treatment has been reported to
produce >90% hydrolysis of lactose 10 glucose and
galactose (13), and in our laboratory, incubaton of milk
formula with the appropnale dosage consistently produced
net hydrolysis of >99% (25).

Data analysis

Descriptive statistics were calculated based on the
change in breath H; concentration and on the area
under the discontinuous curve of breath H; concentration
expressed in ppm - hr (26), an expression similar to that
used by others (27, 28). Differences between treatments
were compared using the Student 1 test with a probability
of p < 0.05 considered 10 be significant.

Results

Postmilk hydrogen excretion by lactose-
absorbers and lactose-malabsorbers

Of the total of 36 screening tests performed
for this study and a subsequent investigation
(23), 12 individuals had maximum incre-
ments in breath H, concentration above
baseline of <25 ppm after consuming 360
m! of IM, and were classified as lactose-
absorbers. The remaining 24 subjects mani-
fested a nse in H, of =25 ppm, and were
classified as lactose-malabsorbers. The mean
peak-nise after intact milk in the lactose-
absorbers was 7.1 + 2.0 ppm (mean + SEM),
whereas that for the lactose-malabsorbers was
35.2 £ 2.7 ppm. Composite curves of the
mean hourly changes in breath H, concen-
tration attendant to the IM screening test for
the whole group are shown in Figure 1. It
would be expected that any intervention fa-
vorable to the reduction in the rate of delivery
or the total delivery of unabsorbed carbohy-
drate to the colon in lactose-malabsorbers
would be charactenzed by a change in the
composite breath H,; curve for that group
from that shown (upper curve, Fig 1) toward
the one generated by the lactose-absorbers
(lower curve, Fig 1).

Effect of solid food on hydrogen production
from intact and lactose-hydrolyzed milk

Twenty-three individuals—10 lactose-ab-
sorbers and 13 lactose-malabsorbers—partic-

201

ipated in the protocol that involved the stan-
dard test-meal along with 360 ml of either
IM or HM as the beverage. The mean interval
breath H, concentrations for the two groups
over the 6 h followming the standard meal
with both beverages are shown in Figure 2.
It can be appreciated that the consumption
of the meal with IM by the lactose-malab-
sorbers led to the excretion of substantially
more pulmonary H, than with the other
forms of milk. The H, excretion-volume
after the meal plus HM 1n the malabsorbers
and afler the meal plus either beverage in
the absorbers are not significantly different.

Comparison of colonic carbohydrate
fermentation with fluid milk alone, or milk
plus solid foods

In Figure 3, the magnitude and time-
course of the breath H, responses for intact
milk taken alone or taken along with solid
foods is shown for the 13 lactose-malabsor-
bers. As shown in the upper graph of Figure
3, the total area under the discontinuous
curve of breath H; concentration was greater
with milk alone over the 6-h interval. How-
ever, as some of the H, in the test with the
milk plus solid food could have come from
colonic fermentation of the non-absorbable
carbohydrate (dietary fiber) in the cereal or
fruit, we corrected the data for the standard
meal studies by subtracting the H; curve
produced with the meal plus HM for each
individual. Thus, in the lower graph of Figure
3, the change in breath H, concentration
(using the baseline, fasting sample as refer-
ence) is displayed, and the excess H; excretion
plotted, corrected for the contribution from
cereal and fruit in the meal-derived curve.
Consuming 360 ml of IM with a meal reduced
the amount of lactose reaching the colon
duning the 6-h postprandial period by 47%.
Moreover, the average peak-rise in breath H,
was displaced from the third post-prandial
hour with liquid IM alone to the fifth post-
prandial hour with IM plus solid food.

Discussion

It has been a frequent contention that milk
is better tolerated by lactase-deficient individ-
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FIG 1. Mean breath H; concentration (+SEM) in ppm at 60-min intervals over 6 h in 24 lactose-malabsorbers
and 12 lactose-absorbers afier the ingestion of 360 ml of intact milk.

uals when combined with food than when
drunk alone. In an extreme demonstration,
Garza and Scrimshaw (5) observed almost
no symptoms when lactose-malabsorbing
children were fed 12 g of lactose mixed into
a sandwich. Since the symptoms of lactose
intolerance denve from the armval of lactose
in the colon, carrying water from the small
intestine and provoking fermentation by the
colonic flora and the evolution of gases and
osmotically-active cleavage products (3), we
felt that monitoning the rate and extent of in
vivo colonic fermentation after consuming
lactose would provide a physiological corre-
late of the passage of unabsorbed carbohy-
drate into the colon. Whether H, evolution

per se is a major contributor to the syndrome
of carbohydrate intolerance is controversial
(29), but the pulmonary excretion of H,
suggests itself as a useful marker of colonic
fermentation of unabsorbed substrate. It has
proven useful in differentiating the effects of
vanous manipulations of milk and lactose
digestion and absorption (30). The H, breath
test 1s non-invasive, ideal for use in healthy
volunteers. It has a high sensitivity and spec-
ificity for diagnosing lactase deficiency (31),
assunng that our classification of our 36
initial subjects into the respective categones
of lactose-malabsorber and lactose-absorber
is highly reliable. It is sensitive enough 10
detect the incomplete absorption of only
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F1G 2. Mean breath H; concentration (+SEM) in ppm at 60-min intervals over 6 h afier ingestion of a standard
meal with intact milk or hydrolyzed milk by 13 lactose-malabsorbers and 10 lactose-absorbers.

small amounts of substrate from physiological of investigators have used the H, breath test
doses of lactose (32, 33). Although usually to study the efficiency of carbohydrate ab-
applied in a clinical context (22), a pumber sorption from various foodstuffs including:
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milk and dairy products (7, 8, 15, 16, 23,
27, 29, 33-45); beans (46—48); vegetables and
fruits (49, 50) and cereal grains and starches
(7, 8, 51-56). We thus felt that this approach
was most suitable for the selection of a
subsample of lactose-malabsorbers, as well as
for determination of the physiological con-
comitants of consumpuon of a dietary
amount of milk, with and without solid
foods. Our dosage of lactose—18 g—is larger
than that in the 8 oz glass of milk (12 g)
often used as the standard of typical con-
sumption (9), but it closely approximates
usual meal situations in which a glass of milk
might accompany a serving of cottage cheese,
creamed soup, cream sauce, iICe cream, OfF,
as in our study, a bowl of ready-to-eat cereal
and milk

That the H, response in lactose-malab-
sorbers following the consumption of meal
of 360 ml of intact milk plus a refined ready-
to-eat breakfast cereal, banana and egg is
largely due to the incomplete absorption of
the carbohydrate in milk, lactose, was dem-
onstrated conclusively by the major reduction
in excess pulmonary excretion of H, when a
lactose-prehydrolyzed milk was substituted
for intact milk. As expected, efficient lactose-
absorbers handled the lactose-containing and
low-lactose meals 1n an identical fashion with
no pronounced H, response following either
offering. Although the mean concentration
of breath H, was never significantly higher
than fasting with HM plus the meal when
fed to lactose-malabsorbers, or with either
form of milk plus the meal in the absorbers,
a clear upward dnft in breath H, concentra-
tion from the postprandial nadir at 2 h to
the latter hours of the test can be appreciated
(Fig 2). We artnbute this H, to the colonic
fermentation of small amounts of the other
carbohydrates in the solid elements of the
meal. Dietary fiber, as contained in the ba-
nanas, can produce an H, response (51, 52),
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and even refined flour can contribute to
colonic fermentation (8, 53). In some indi-
vidual subjects, in fact, this contribution of
non-absorbed, non-lactose carbohydrate was
quite substantial. Thus, 1n the context of a
solid meal, we felt obliged to consider the
lactose effect as the H, produced with the
meal plus IM minus the H, production with
the meal plus HM.

When the patiern of postprandial breath
H, excretion in the lactose-malabsorber group
is compared for intact milk alone and the
same volume of milk consumed with the
standard breakfast meals, a striking difference
is noted. The excretion of H, rises steadily,
reaching its peak at 3 h afier the meal with
the milk alone. At this time-point, mean
breath H, concentration i1s 15 ppm higher
than at a comparable time after the milk
plus a meal. With the solid foods, the peak
of colonic fermentation occurs two hours
later, at 5-h postprandial. Moreover, when
the areas under the curves of the change in
breath H, concentration are calculated, there
is a 47% reduction in the contribution to
colonic fermentation from lactose during the
6 h postprandial when the milk was taken
along with solids. Since the collection period
was terminated afier the sixth hour in order
that the subjects could eat thetr lunch, we
cannot know whether net H, excretion from
the two treatments would have further ap-
proximated one another over the course of
the next 6 to 8 h, for example.

If we assume that the rate of colonic armval
of non-absorbed carbohydrate and the inten-
sity of malabsorption and fermentation per
unit time are differential factors in the ex-
penience of adverse gastrointestinal symptoms
such as bloating and distension, cramping,
and diarrhea, then the distinct kinetic patterns
of lactose-related H, production would serve
as a reasonable physiological explanation for
a reduction in symptomatology when milk

F1G 3. (Upper graph) The mean breath H; concentrations at 60-min intervals over 6 h in 13 lactose-malabsorbers
after ingestion 360 ml of intact milk: alone (— ® —); or with the standard meal (— O —). The arrows represent,
respectively, the postprandial hour when the greatest amount of total breath H, excretion was occumng following
the milk beverage alone (black arrow, 3rd hour) and the milk with the meal (white arrow, 5th hour).) {(Lower graph)
The mean changes in breath H; concentrations at the same intervals in the same individuals and expeniments with
the same respecuve symbols, but with the H; excretion following the meal correctied for the nise in H; related to the
fermentaton of other carbohydrates in the solid foods by subtracting the interval changes in breath H; from each
individual’s meal wath lactose-hydrofyzed milk (shaded area) (see text).
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was consumed with a meal. Unfortunately,
although symptoms were recorded with the
dose of IM alone, no comparable, systematic
recording of symptoms was conducted with
the meal treatment. Thus, our present exper-
iments cannot confirmn or refute an improved
subjective tolerance of milk when it is con-
sumed with solids.

The mechanisms by which solid foods
reduce the arrival in the colon of nonabsorbed
lactose could be multple. A logical factor
would be a slowing of the overall mouth-to-
colon transit due to a reduction in the rate
of gastric emptying. Indeed, we found a
slower rate of H; production after a dose of
lactose provided as whole milk, compared to
an aqueous lactose solution, in preschool
children (16). Similarly, using breath H,
analysis, Ellestad-Sayed et al (41) studied the
effect of meals on the evolution of gas follow-
ing milk consumption tn Manitoba Indian
schoolchildren; the production of H, was
greater after skim milk alone than after skim
milk plus a sandwich, but this relationship
did not hold with diluted evaporated whole
milk as the test beverage. The reduced fer-
mentation and slowed time-course of breath
H; concentration nse produced in adult Gua-
temalan lactose-malabsorbers when the meal
was taken with milk could be the simple
conseguence of the retarding effects on gastric
emptying of the additional 5.7 g of fat and
10 g of protein in the solids (57).

In addition to delayed transit per se, the
slower flow of lactose through the small
bowel might allow for a greater magnitude
of hydrolysis by the residual endogenous
intestinal lactase in these lactase-deficient
individuals. The possibility that slower transit
rates actually increase net digestion of lactose
is suggested by observations of Leichter (58).
Using the change in blood glucose as the
index of lactose digestion, he noted an in-
creasing area under the glucose curve as the
lactose-malabsorbing subjects progressed from
aqueous lactose to skim milk to whole milk
at a lactose dosage of 50 g, suggesting im-
proved assimilation of the sugar.

The observations on fiber components
from Oklahoma (15, 59) add a fresh perspec-
tive on physiological mechanisms. Nguyen
et al (15) compared breath H, responses and
symptoms in 6 lactose-malabsorbers who 1n-

gested 24 g of lactose in either a 480 ml
aqueous solution or as 480 ml! of whole milk.
The effect of adding various components of
dietary fiber was investigated. Psyllium, but
not cellulose ennched bread nor pectin, pro-
duced a significant reduction in H, excretion
and intolerance. The authors could not ex-
plain the unique effect of psyllium in terms
of differential influences on gastric emptying
rate or mouth-to~colon transit time. A similar
influence of psyillium on H; production after
glucose in gastrectomy patients has also been
reported (59). A direct effect of the psyllium
hydrophilic mucilloid on pulmonary excre-
tion of H, cannot be excluded. Activated
powdered charcoal, for instance, has been
shown to attentuate the appearance of H, in
expired air after a meal of beans, presumably
by adsorption of the gas in the colon (48).
The effect of psyllium, and perhaps part of
the effect of our standard meal, could relate
to adsorption or trapping in the colon of the
H, produced by the fermentation of lactose.

Recent observations demonstrate that not
all of the carbohydrate that escapes removal
by the small intestine is lost to the economy
of the organism. If osmotic forces and fluid
accumulation do not overwhelm the large
bowel, an efficent colonic conservation of
energy is possible (60-63). The reduced rate
of postprandial fermentation of lactose, when
milk i1s consumed with a meal, may serve
both to reduce the intensity of symptoms
and to improve the efficiency of colonic
conservation of dietary enmergy from non-
absorbed carbohydrate.

Milk is nich in several nutrients of impor-
tance to adult nutrition (64). The willingness
to consume milk and dairy products also
provides for greater diversity in dietary selec-
tion. For individuals with primary lactase
deficiency, the margin between milk intoler-
ance and rejection, and the comfortable,
regular consumption of milk could be deter-
mined by the presence of a solid meal. The
present study provides a physiological per-
spective on the anecdote that taking milk
with solid foods improves tolerance in lactase-
deficient persons;, we have demonstrated that
certain foods—breakfast cereal, egg, and ba-
nana—reduce the postprandial colonic fer-
mentation in response to 12 oz of milk in
lactose-malabsorbers by about one-half. H
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