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The acidity of the gastric contents in the unfed
newborn infant was first investigated by Szydlowski
(1892a and b). He recorded the presence of free
hydrochloric acid. Hess (1913) found free hydro-
chloric acid in varying amounts in 54 out of 55 infants,
and recorded unexpectedly high values. Pollitzer
(1921) made similar observations on 100 infants.
The pH of the gastric contents was estimated first

by Tangl (1906) whose observations ranged from
1 3 to 1I8. Griswold and Shohl (1925) recorded a
pH range of 1 7 to 4 4. Ritter (1941) found thepH
varied from 1 3 to 4 6, and noted the absence of free
hydrochloric acid in four out of 36 infants. Miller
(1941) also observed the occurrence of achlorhydria
and stated that the incidence of achlorhydria
diminished with increasing birth weight.
No worker has as yet submitted his observations

on achlorhydria and the volume of the free hydro-
chloric acid in relation to birth weight to a proper
statistical test. For this reason it was thought
desirable to undertake a new investigation into the
incidence of achlorhydria and the free acidity in the
newborn.

Method
The observations were made on healthy normal

singleton infants of both sexes. The birth weights ranged
from over 4i lb. to 10 lb. A sterile dry catheter was
passed into the stomach and suction was applied with a
sterile record syringe. When gastric contents were
obtained they were transferred to a sterile, dry test tube.
The material obtained was in some cases analysed
immediately, but when this was not convenient the test
tubes were placed in a refrigerator. Those specimens
which were contaminated, e.g. by liquor amnii, were
rejected.
The volume of the specimens was recorded. The pH

was determined by the B.D.H. capillator method.
To deterinine the presence of free hydrochloric acid

Gunzberg's test was performed. A uniform volume,
0.5 ml., was measured into a watch glass. This was

placed on a white surface and titrated with N/10 NaOH
from a microburette graduated in hundredths of a
millilitre. On five occasions, owing to the small volume
of the specimen, 0 3 ml. was used for titration. Deferring
to long established custom Topfer's reagent was used
as an indicator, though it was recognized that thymol
blue would have given a more accurate end-point in
estimating the acidity.

Results
Birth Weight. The infants were arranged in the

order of their birth weights and grouped in half-
pound unit intervals, the lowest weight interval being
over 4-1 lb. to 5 lb. inclusive (Fig. 1). The birth
weight distribution shown is not representative of
the newborn infant, because an effort was made to
collect specimens more frequently in the higher and
lower birth weight groups. The mean weight of
the 154 infants was 7*43 lb., and the standard
deviation 1 f28 lb.
Volume of the Specimens. The measured volumes

of the specimens are plotted against the birth weights
in Fig. 1. The mean volume for each birth weight
group is also shown. The correlation coefficient
is +0 074, and the mean volume of all the specimens
is 2 * 65 ml. with a standard deviation of 2 05 ml.
pH. In a similar manner the pH is recorded in

Fig. 2. The correlation coefficient is +0 050, and
the meanpH of all specimens is 2 * 52 with a standard
deviation of 1 53. A pH of more than 2 8, the
end-point for free hydrochloric acid, was observed
in 43 instances (27 - 9 %). In four of these instances
the pH was 3 * 0 and the Gunzberg test was positive.
The mean pH for each weight group is also shown.

Achlorhydria. The incidence of achlorhydria is
shown in Fig. 3.

Free Acidity. The volume of the free acidity
which was found to be present in 115 infants is
shown in Fig. 4. The mean weight of these infants
is 7 36 lb. with a standard deviation of 1 -24 lb.
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VOLUME AND ACIDITY OF GASTRIC CONTENTS IN NEWBORNS
The mean volume of all the observations of the The correlation coefficient is +0@098. The mean
volume of the free acidity is the equivalent of volume of the specimens is 2 * 87 ml. and the standard
21 -44 ml. N/10 H.Cl per 100 ml. of gastric contents deviation is 2*06 ml.
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FIG. 1.-The volume of the gastric contents recovered from the unfed newborn infant in relation to the birth weight.

with a standard deviation of 11 * 89 ml. The
correlation coefficient is -0 * 096. The mean
volume of the free acidity in each birth weight group
is also shown.

T'he volumes of these specimens are plotted

against the free acidity expressed as the equivalent
of N/10 H.Cl per 100 ml. of gastric contents (Fig. 5).

Discussion
The volume of the gastric contents in the unfed

newborn infant has seldom been recorded. In a
series of 15 infants ranging in weight from 4 lb. 9 oz.
to 9 lb. 1 oz. Gellis, White, and Pfeffer (1949) found
the average quantity to be 2 ml. They measured
the volume to the nearest millilitre, and in one-third
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FIG. 2.-The pH of the gastric contents of the unfed newborn infant in relation to the birth weight.
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VOLUME AND ACIDITY OF GASTRIC CONTENTS IN NEWBORNS
of their infants no specimen was obtained. When
these five cases are omitted the mean volume
becomes 3 15 ml. Miller (1939) measured the
volume to a tenth of a millilitre. In 93 normal
infants, who were within the same weight range as
the infants of the present investigation, the mean
volume was 2 *46 ml. These figures are close to the
mean of 2 65 ml. now reported.
The range of the volume of the gastric contents

reported by Gellis et al. (1949) was from 1 ml. to
7 ml. The range of the volume of the 93 specimens
measured by Miller (1939) was from 0 1 ml. to

60i

with a pH reading of 3 -0 were Gunzberg positive.
This apparent contradiction is readily accounted for
by the element of personal error which enters into
all experimental observations. It occurs the more
easily in micro-estimations. Thus 39 of the 154
specimens showed achlorhydria, i.e. 25-3%. This
figure is practically identical with the 26- 5%
incidence of achlorhydria in a birth weight range
from over 4 lb. 8 oz. to 9 lb. 8 oz. inclusive, calculated
from Miller (1941).

Examination of Fig. 2 will show that the pH
observations are widely scattered and do not suggest
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FIG. 3.-The percentage of unfed newborn infants with achlorhydria.

10 ml. In the present investigation the volume
ranges from 0-4 ml. to 12-25 ml., and the most
frequent measurement was 3 ml. This measurement
occurred in 4 - 55% of the 154 cases.
The lack of relationship between the birth weight

and the volume of the gastric contents is shown in
Fig. 1, and statistical confirmation is obtained from
the correlation coefficient of +0 -074.
In this series of observations the pH ranged from
-2 to 7 -4, and is greater than that reported by

rangl (1906), Griswold and Shohl (1925), and
Ritter (1941).

It is agreed that free hydrochloric acid is present
f the pH is 2-8 or less. This level is indicated in
-ig. 2. All the specimens on or below the 2-8 line
vere Gunzberg positive. In addition four specimens

any relationship to birth weight. The correlation
coefficient, +0-050, is not a significant one.

Inspection of Fig. 3 suggests that there is no
relationship between the birth weight and the
incidence of achlorhydria. This finding has its
counterpart in Fig. 4 which fails to disclose a
relationship between the birth weight and the
volume of the free acidity, the correlation coefficient
for which is -0-096, and is not statistically
significant.

These findings are contradictory to those reported
by Miller (1939, 1941). This can be explained partly
by the different arrangement which Miller adopted
for his data, and partly by a difference in the source
from which Miller obtained his data. Miller's data
are arranged in birth weight groups of four unequal
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FIG. 4.-The free.acidity in the unfed newborn infant in relation to the birth weight.
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FIG. 5.-The free acidity and the volume of 115 specimens of gastric contents from unfed newborn infants.
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ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 1

FREE ACIDrrY IN 3-31 LB. BIRTH WEIGHT GROUP

Volume of Gastric Gunzberg pH Free Acidity
Birth Weight Contents (ml.) Reaction (ml. N/10 H.Cl per 100 ml.)

Male .. 3 lb. 5 oz. 0-6 + 2 2 8

Female .. 3 lb. 8 oz. 1-7 + 1-4 36

ranges of weight, while of the observations made on more mature, there is a difference of 1 lb. 7 oz.
infants weighing 5i lb. or less at birth, at least 26% between the twins who are presumably of the same
were made on twins. There is only one observation period of gestation, and the bigger of the twins
made on a singleton weighing less than 4 lb. at birth shows a free acidity of less than half that of the
and it showed an absence of free acidity. smaller. Both twins of set No. 4 are achlorhydric
During the present study two singleton infants in though this is a more mature set than either set

the birth weight group over 3 lb. to 3i lb. inclusive Nos. 1 and 2. It should also be noted that there
were examined (Table 1). It is of interest to note is a difference of 2 lb. I oz. between the birth weights
that both showed the presence of free hydrochloric of the twins of set No. 4. In sets Nos. 5 and 6,
acid. one twin in each set is achlorhydric. In one case it

It is also shown in this investigation that there is is the larger twin, and in the other the smaller one
no relationship between the volume of the specimen which is achlorhydric. Both these sets of twins are
and the amount of the free acidity (Fig. 5). The more mature than sets Nos. 1 and 2. In set No. 7 no
correlation coefficient of +0 098 is not significant. specimen was obtained from one twin while the

If there were any relationship between the birth other was achlorhydric. These data do not lend
weight and the volume of the free acidity at birth support to the view that there is a relationship
or the existence of achlorhydria at that time, it between birth weight on the one hand and the
would be reasonable to expect similar results in each presence of achlorhydria or the volume of free
of a set of twins. The results obtained from an acidity on the other.
investigation of seven sets of twins are shown in It is unfortunate that a comparison cannot be
Table 2. It will be seen that sets Nos. 1 and 2, made with the observations on twins by Miller
which by any test are the smallest and most (1939), because the sets of twins in Miller's publica-
immature, show similar amounts of free acidity in tion cannot be identified with certainty.
each of the twins in each set. In set No. 3 which is It has been suggested that some gastrogenic

TABLE 2
VOLUME, pH, AND FREE AcIDrrY OF GASTRIC CONTENTS IN SEVEN SETS OF TWINS

Duration of Vol. of Gastric Free Acidity
Birth Weight Pregnancy Content pH (ml. N/10 H.Cl per

100 ml.)
Twin No. 1 2 1 2 1 2 1 2

Set No. lb. oz. lb. oz. ml. ml.

1 3 81 3 8 ? 0-7 0-6 1-6 1-6 32 34
2 4 9+ 3 13L 34 weeks 0-77 13 1 4 1-4 34 30
3 6 0 7 7 38 weeks 1-3 1-6 1-6 2-4 28 12
4 4 0 6 1 36 weeks 0-65 1l35 7-35 70 - -

D 4 4 t .37weeks 2-1 0-8 18 5-0 14 -
__ ~ ~~~~~ ~ ~ I l l I
6 5 14 : 5 10 38 weeks 0 7 3-2 60 |16 - 36

7 5 6 5 7 37 weeks 11 Nil 6-0 Nil - Nil

564

by copyright.
 on M

ay 19, 2023 by guest. P
rotected

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.26.130.558 on 1 D
ecem

ber 1951. D
ow

nloaded from
 

http://adc.bmj.com/


VOLUME AND ACIDITY OF GASTRIC CONTENTS IN NEWBORNS 565

hormone is supplied to the infant in utero either
from the mother or the placenta. While these
observations on twins do not support this suggestion,
since dissimilar results are obtained in each of a
set of twins, some consideration must be given to
the possibility that one twin of a set may be more
able to utilize such a hormone than the other twin,
or may receive a greater quantity of hormone.

Summary
The acidity of the gastric contents of the unfed

newborn infant has been investigated in 154
singleton infants and in seven sets of twins.
The birth weight range of the singletons was over

4- lb. to 10 lb. inclusive.
No relationship was found to exist between the

birth weight of the 154 infants and the volume of the
specimens recovered, the pH of the specimens, or
the incidence of achlorhydria.

In 115 infants, i.e. 74%, free hydrochloric acid
was present.
No relationship was found between the birth

weight of this group of infants and the volume of

the free acidity expressed as ml. of N/10 H.Cl in
100 ml. of gastric contents.
The presence of free hydrochloric acid is recorded

in two singletons in the birth weight group over
3 lb. to 31 lb. inclusive.

I would express my indebtedness to Mrs. Lili Stein,
of the Department of Public Health and Social Medicine
in the University of Edinburgh, for the statistical
calculations used in this article.
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