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be on educating and encouraging mothers to breast
feed their own babies. A high rate of breast feeding
in neonatal units and postnatal wards will ensure a
ready supply of fresh expressed breast milk.
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Is it necessary to warm infants' feeds?
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Department ofChild Health and Department ofChemicalPathology, University ofAberdeen, Scotland

SUMMARY The effect of temperature on gastric
emptying after milk feeds was studied in 31 newborn
infants. Test meals were a commercially prepared
modified cows' milk (a) at body temperature and (b)
at room temperature. Our results suggest that
temperature has no effect on gastric emptying.

Before feeding a baby it is customary to warm the
milk to approximately body temperature. This
time-consuming procedure is presumably designed
to mimic breast feeding as closely as possible. Even
today when prepacked feeds are widely used, most
mothers prefer to warm their babies' feeds, often
using bottle-warmers which may be a fire hazard and
a source of infection. Because food temperature has
been shown to influence the rate of gastric emptying
in adults (Ritschel and Erni, 1977) we decided to
study the effect of feed temperature on gastric
emptying in the newborn period.

Methods and infants

31 infants born in Aberdeen Maternity Hospital
were studied. Their characteristics are shown in the
Table. All the babies were being fed routinely via
indwelling polyvinyl nasogastric tubes every 4 hours.
The method of serial test meals used for adults
(Hunt, 1951) had been modified for studying gastric
emptying in the newborn (Husband and Husband,
1969). Initially the stomach was washed out with

Table Gastric emptying in 31 newborn infants after
test meals of 'warm' and 'cool' milk

Case Gestational age Day of life started Test meal (Y.)
(weeks) recoveredfrom

stomach after 30
min

Warm Cold

1 33 2 52*76 38*60
2 36 5 64-00 70-50
3 35 17 63-12 88-70
4 38 3 63-45 56-10
5 38-5 3 69-50 71-66
6 35 9 69-80 37-20
7 36 11 64-02 94-45
8 40 10 75-00 63-52
9 31 23 65-50 73-80
10 38 4 52-86 69-20
11 37 5 56-03 60-20
12 36 3 46-63 55-00
13 38 3 70.33 75*23
14 36 4 72-70 56-33
15 36 4 70-83 66-93
16 35 4 52-06 35-83
17 35 5 41-00 65.26
18 33 8 61-23 79-90
19 35 4 53-35 65-00
20 32 8 41-20 53-33
21 36 2 78-06 70-00
22 32-5 30 60-26 78-76
23 36 16 58-53 65-00
24 32 5 83-80 53-73
25 36 4 60-00 51*33
26 35*5 6 63-33 64-43
27 35 19 51-60 53-33
28 36.5 4 61 30 66-40
29 34 7 71-20 58-05
30 32 41 60-33 52-76
31 36 2 40-00 57.40

Mean 61-72 62-10
SEM 1.86 2.38
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water until free of large curds. Test meals (20 ml/kg)
were given 3 hours after the last feed and over a
period of 3-4 minutes. After an interval of 30 minutes
the gastric content was aspirated. The stomach was
then washed out with 20 ml water to recover any
remaining feed.

Test meals consisted of modified cows' milk
formula (SMA Gold Cap) (a) at body temperature
(370C); (b) at room temperature (24°C). Phenol-red
0 24 mg/100 ml as a marker was added to these
meals as it is not absorbed from the stomach and has
no effect on gastric emptying(Hunt, 1956). Specimens
obtained were kept frozen (-40C) until analysed.
Details of the calculations for estimating the gastric
emptying rate are shown in the Appendix.
Both test feeds were given on the same day after

two consecutive routine feeds. Each infant acted as
his own control. Infants were nursed prone through-
out the test.

Results

The results of the test meals are shown in the Table
and Figure. A mean of 61 72% (+ 1 -86 SEM) of
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the meal was recovered after the 'warm' feed while
the mean for the 'cold' milk was 62-10% (±
2 * 38 SEM). When these results were analysed by the
Student's t test for pairs the difference was not
significant (t = 0 - 14; P>0 * 5).

Discussion

Although it is traditional to warm a baby's milk
before feeding there have been several trials with
cold milk. Gibson (1958) gave 150 infants cold feeds
from the refrigerator (40C) and most accepted them
without difficulty. Other studies investigated cold
milk for feeding premature babies and no differences
were observed in sleep patterns, vocalisations,
motility, food or fluid intake, weight gain, or amount
of regurgitation when compared with babies fed on
warmed feeds (Holt et al., 1962; Illingworth, 1972).
As these studies were based largely on clinical

observations, it seemed reasonable to study the
effect on gastric emptying as one physiological
function which might have been altered by such a
variation in feeding. Our results indicate that
temperature changes within these relatively narrow
limits have no effect on gastric emptying, unlike
those of Ritschel and Erni (1977) and Erni and
Ritschel (1977) who reported that an increase in
temperature prolongs stomach emptying time. There
are differences, however, between their methods and
ours. The first study (Ritschel and Erni, 1977) was
done on adult volunteers, and gastric emptying was
studied using a Heidelberg capsule. Test meal
consisted of water given at 4-60C, 20-250C, or 450C.
The second study (Erni and Ritschel, 1977) was done
on rats. James (1957) supported the views of these
authors, but did not present any further evidence.
Our failure to demonstrate any difference between

feeds administered at room temperature and feeds
given at body temperature might reflect the fact that
the temperatures selected were not sufficiently
different to have any effect. Gastric emptying time
may be different after refrigerated milk, but in
hospitals that use prepacked milk stored at room
temperature there seems to be no advantage in
warming the feeds to body temperature.

Appendix

Warm Cold
milk milk

Figure Percentage of test meal recovered 30 minutes
after a milk formula given (a) at body temperature
(37°C) (b) room temperature (24QC). Means for the
solutions are shown.

Methods for estimating gastric emptying. The volume
of the meal which is still in the stomach can be
calculated from the total gastric content recovered,
independent of added gastric secretions and saliva,
by measuring the concentration of phenol-red
(Hunt and Knox, 1962). A 10 ml aliquot of the
liquid to be measured was pipetted into a test-tube.
1 ml of concentrated sulphuric acid was carefully
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Example: Case I in the Table.
Volume (ml) Optical density

(a) Testmeal 30 0-195
(b) Aspirate at 30 minutes 16 0.18
(c) Washout 21 0.01

Vol. of meal in (b) = (16 x 0-18 .0195 = 14-76 ml
Vol. of meal in (c) = (21 x O*01 0. 195 = 1*07 ml
Vol. of meal remaining in stomach at 30 min = 14-76 + 1.07 =
15-83 ml. Y. retention of meal at 30 min = 15-83/30 x 100 =
52-76%.

added drop by drop with shaking. It is important to
add this acid slowly and to mix carefully to avoid
charring the sample. When the whole ml of acid was
added the tube was capped and thoroughly shaken
and then allowed to stand for about 10 minutes. The
acidified sample (pH approx. 1) was then filtered
through filter paper no. 42. The clear filtrate was
measured in a Vitatron colorimeter using a filter of
510 Fm. The machine was put back to zero on water
between each sample reading.

Approval for the study of gastric emptying in
newborn infants was obtained from the Grampian
Health Board, and University of Aberdeen Joint
Ethical Conmmittee.
We thank Dr G. Hems for statistical analysis of our
results, and Miss Gordon of the Pharmacy Depart-
ment, Royal Aberdeen Children's Hospital.
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Hepatitis A and Indian childhood cirrhosis
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SUMMARY Antibody to hepatitis A virus (anti-
HAV) was found in 50% of patients with Indian
childhood cirrhosis; this was not significantly
different from the prevalence of anti-HAV in age-
and sex-matched controls.

Indian childhood cirrhosis (ICC) is an important
cause of mortality in young children in India
(Indian Council of Medical Research Liver Diseases
Sub-committee, 1955) but its aetiology has remained
obscure (Nayak and Ramalingaswami, 1975). It
has been suggested that the disease may be a sequel
to infection with the virus of viral hepatitis (Achar

et al., 1960), but this has been questioned (Nayak
et al., 1972). Studies of hepatitis B surface anti-
gen (HBsAG) in patients with ICC have not been
conclusive (Chandra, 1970; Nayak et al., 1975). In
our experience, evidence of infection with hepatitis
B virus can be found in 33% of patients with ICC.
HBsAg was found by radioimmunoassay to be
present in 18-8% of patients with ICC, and in
another 14*2% patients, anti-HBsAg or HBc,
or both, could be detected. Although this incidence
is significantly higher than in control populations,
infection with hepatitis B cannot account for all
cases of ICC. Tests for the diagnosis of infection
with hepatitis A virus are now available (Bradley
et al., 1977), and sera from patients with ICC were,
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