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PREFACE.

A7 the request of some medical friends, the Author has ventured
to collect in one volume, those contributions which, during the
last nine years he has made on various subjects relating to the
Physiology of Digestion and to Dietetics.

No one i1s more fully aware of their slight worth than the
writer, but he hopes that the suggestions which he has made
may prove of as much value to others as they have proved to

himsell.

W. G. AITCHISON ROBERTSON,

26 MinTo STREET,
EpinvsurcH, OcToBer, 1903.






THE DIGESTION OF SUGARS IN HEALTH.

IT is only within the last century that the consumption of cane
sugar has become general ; until a comparatively recent period its
expense limited its use to the wealthy, while to the poor it was
almost unknown. When a sweetening agent was desired, honey
was commonly employed, and nearly every cottager kept his beehive,
a custom which has now fallen into desuetude. As the price of cane
sugar has fallen, so has its consumption increased. According to
M‘Culloch, the amount consumed in Great Britain in 1700 was
10,000 tons. In 1790 it reached 81,000 tons; although in 1808
the duty had risen to 27s. per cwt., 142,000 tons were used ; while
in 1864 there were imported 551,105 tons, a quantity equal to 30
1bs. per head. 1In 1891 the home consumption of raw and refined
sugars was 1,352,676 tons, which is equivalent to an annual con-
sumption of 80 lbs. per head.

Great Britain and America are the larzest consumers of sugar.
In other countries, as France, where the duty is higher, the con-
sumption is proportionally less.

An article of diet so largely consumed merits as much attention
from the physiologist and scientific physician as it has already
received from the chemist.

The large employment of sugar in these times is no doubt a
very important factor in the causation of dyspepsia. Our ancestors
were much less troubled with indigestion than the present race,
and the increase of this malady is commonly ascribed to increased
civilisation and to the multiplication of sedentary oceupations.
Perhaps there is some truth in these ideas, but I have not found
this disease more common among our hard brain workers than
amongst our manual labourers, 1 believe the prevalence of
indigestion mainly arises from the greater complexity of the diet
now used, compared with the plain fare formerly consumed.
Many dyspeptics have at an early period of their trouble to
abandon saccharine foods, since they, soon after ingestion, canse
much acidity, nausea, and heartburn. Why should this be so?
Is eane sugar in itself so difficult of digestion, or is it because of
its proneness to fermentative change that gastric disturbance is
apt to arise? In what form is sugar absorbed into the blood ? [s
1t as cane sugar, or is it as dextrose, leevulose, or maltose? How
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1s cane sugar changed in digestion, and in what form is it absorbed ?
These are the questions I shall endeavour to answer.

CHEMISTRY OF SUGARS,

1. Cane Sugar.—Let me briefly summarize some facts regarding
the chemistry of sugars. When a solution of cane sugar or
saccharose (C,H,,0,,) is heated for a long time by itself, or for
a short time in the presence of dilute mineral acid, it becomes
“inverted.” When yeast is added to a warm solution and a
moderate temperature maintained, the cane sugar becomes first
inverted and then suffers aleoholic fermentation. A solution of
cane sugar is dextro-rotatory ; after inversion, however, the solution
rotates the polarized ray to the left. During inversion cane sugar
takes up a molecule of water, and then splits into equal parts of
dextrose and leevulose. Petit maintains that these do not oceur
in equal proportions; while Maumené believes that, in addition to
these, inversion gives rise to other optically neutral bodies, and
that the products are much more numerous than is generally
believed.

The mineral acids are much more powerful and rapid in their
inverting action than organic acids ; and of the inorganie, sulphuric
acid is the most potent of all. The rapidity of inversion increases
with the temperature to which the mixture of acid and sugar is
raised.

2. Dextrose, glucose or grape sugar, is a crystallizable sugar. It
is not so sweet as cane sugar, and is much less soluble in water.
It rotates the plane of polarized light to the right.

3. Leevulose, or fructose, on the other hand, is a colourless syrup
as sweeb as cane sugar. It has also been obtained in colourless
acicular crystals. It turns the plane of polarization to the left,
but its specific rotatory power is far greater than that of glucose,
and hence, even though these two sugars may exist in equal
amounts in invert sugar, the plane of polarization lies to the left.

The suboxide of copper is not precipitated from an alkaline
solution of tartrate of copper by boiling with a solution of pure
cane sugar, unless the ebullition be carried on for a long time;
but if invert sugar be used, the copper oxide is at once reduced.

I. DigesTION OF CANE SUGAR.

Action of Saliva on Cane Sugar.

It has been affirmed by some writers that saliva has an inversive
action on cane sugar, while this is denied by others. I have
sought to determine this point. . .

I have already stated that when a solution of cane sugar 1s
heated alone it undergoes a slow inversion. To estimate the
amount of this inversion I kept a 20 per cent. solution of pure
cane sugar in a water-bath at a constant temperature of 38° C.
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This solution was made by dissolving 200 grammes of pure dry
cane sugar in distilled water and diluting to one litre. After
being kept at this temperature for one hour, invert sugar amount-
ing to 0'19 per cent. was produced. At the end of two hours this
had increased to 0'252 per cent. This constitutes the control
experiment, and shows the amount of inversion which a 20 per
cent. solution of cane sugar undergoes after one and two hours’
exposure to the normal temperature of the body.

To determine whether saliva had a greater inversive action on
cane sugar than distilled water, I performed the following experi-
ment :—

Equal volumes of human saliva and cane sugar solution (of
strength equal to 40 per cent.) were mixed together to give a 20
per cent. solution of sugar. Several beakers containing this solu-
tion were placed in the water bath at 38° C. After thirty minutes
no recognisable inversion had occurred. In forty-five minutes
traces of invert sugar appeared, as shown by the reduction of
copper oxide, and in one hour the invert sugar amounted to 0-2
per cent.; while in two hours it reached 0-27 per cent.

Invert Sugar.

I. Cane Sugar, 20 per cent. at 38° C.
In one hour. | In two hours.

1. Solution in distilled water, . 0-19% 02527
2. i\ ., saliva, . 2o 0-2 0-27 |
Difference, . . . . 01 018 |

The amount of inversion in presence of saliva is so nearly the
same as in its absence, that we may safely conclude that normal
human saliva has practically no influence in hastening or retarding
the inversion of cane sugar. In fact, it seems to be perfectly
passive in this respect. The results given in the above experiment
were practically identical with those obtained in other experiments
conducted on similar lines.

II. GasTRIC DIGESTION 0F CANE SUGAR

Cane sugar reaches the stomach unchanged. Does it undergo
any digestion in this organ, or does it require any ?

It is thought by some that cane sugar is absorbed unchanged,
and that after its entrance into the portal vessels it is transformed
into glucose through the agency of a ferment in the blood. Pavy
is of opinion that it does not require to be changed by digestion
to aid its absorption, but merely requires solution to enable it to
pass _into the bloodvessels. He is inclined to believe, however,
that, as a matter of fact, it is at all events partially converted
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into grape sugar before absorption from the alimentary canal,

Bouchardat and Sandras state that, under the influence of the gastric

Juice and of the lining membranes, cane sugar is changed into

nvert sugar and lactic acid, and absorbed as such, and that it must

E?d?;gﬂ inversion before it can be absorbed and used up in the
ood.

The gastric juice contains, besides pepsin,a milk-curdling ferment;
and, according to Hammersten, there is also a lactic acid ferment
that acts on milk sugar. But in opposition to this last statement,
it is a fact that a pure solution of lactose does not undergo fer-
mentation when acted on by the gastric juice,

The acidity of the gastric secretion is now universally believed
to be due to free hydrochloric acid (as was first conclusively
proved by Bidder and Schmidt), which amounts usually to 017 to
0-3 per cent. During the first stage of digestion, even though the
contents of the stomach are acid, no free hydrochlorie acid is found.
The period when it appears varies in different individuals, and also
varies with the diet. After breakfast it may not be found until
45-60 minutes have elapsed, while after a full dinner it is not
evident until after the lapse of two hours.

Lactic acid is said by some to exist normally in gastrie juice,
though it never reaches an amount exceeding 1 per mille. Free
hydrochloric or lactic acid can seldom be detected in the stomach
of infants.

Of the total acidity which one estimates in the gastric juice
during digestion, only a very small amount may be due to free
hydrochloric acid, the greater part being caused by the presence
of acetie, butyric, and lactic acids.

Action of Gastric Secretion on Cane Sugar,

Dalton, Leube, and others state that outside the body the gastric
juice slowly changes cane sugar into glucose. Laborde, however,
affirms that the inversive power of the gastric juice is less than
that of a solution of hydrochloric acid of the same strength; but
if a trace of hydrochloric acid be added to the gastric juice, its
inversive power becomes greater than that of the dilute solution
of hydrochloric acid alone. Leube makes an exactly opposite
statement. Brown-Séquard, Schiff, and Smith say-that cane sugar
is inverted in the stomach, and Bourquelot thinks that it is partly
inverted in the stomach, but that part passes directly into the
blood and is there inverted by the carbonic acid. Hay could find
no inversive ferment in the gastric mucous membrane. Frerichs
states that cane sugar is not inverted even if left in the gastric
juice for twelve to thirty-six hours; and Blondlot believes that
the sugar undergoes no change while in the stomach. Richet
found that unless he added hydrochloric acid to gastric juice, there
was no inversion of eane sugar; and asserts, 1n explanation ut_l;l_us,
that there is really no free hydrochloric acid in the gastric juice,
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but that it is always combined with organic bodies. He states
that under normal conditions the gastric juice in the stomach does
not act on sugars.

According to Dalton, it cannot be shown that cane sugar under-
woes any inversion during ordinary digestion, and that if taken
along with other food there is probably no conversion of it into
glucose in the stomach. Kiihne and Hermann make similar
statements, and Leube comes to the same conclusion. In the
healthy stomach, he says, no inversion of cane sugar occurs;
but if there be dilatation, then there is a considerable amount of
inversion.

Inversion of Cane Sugar by Dilute Hydrochloric Acid.

To estimate the amount of inversion caused by a dilute
acid in a solution of cane sugar, I performed the following experi-
ments :(—

To 100 c.c. of a 20 per cent. solution of cane sugar I added 0-2
c. c. of hydrochlorie acid, and placed it in a water-bath at 38° C.
After the lapse of one hour it was removed, and was found to
contain 0-37 per cent. of invert sugar. After being heated thus
for two hours, the invert sugar had increased to 045 per cent.
Subtracting the amount of sugar which is inverted when the 20
per cent. cane sugar solution is heated alone, we find that after one
hour the hydrochloric acid has caused an increased inversion of

0-18 per cent., and after two hours 0-198 per cent., or nearly ith
per cent. more.

Invert Sugar.
Cane Sugar, 20 per cent. solution, o

at 38° C.

In one hour. In two hours.
1. Alone, . , . . | 0-19 per cent. | 0-252 per cent.
2. With 0'2 per cent. HCIl, | 037 ,, QS 2 et

This comparison shows that the presence of the acid in the
solution of cane sugar nearly doubles the amount of invert sugar
produced. At the end of two hours, only about J;th part of the
cane sugar had undergone inversion in the presence of acid similar

in amount to that of the gastric juice and at the temperature of
the stomach.

Inversion of Cane Sugar by Gastrie Secretion.

I then continued the experiment with the gastric secretion from
a man with a perfectly normal digestion. At 8 A.M. he had break-
fast of porridge and milk. At 10 A.M. I washed out his stomach
thoroughly, and then injected three ounces of dilute Liguor Carnis
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