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Abstract. The objective of this cohort study was to assess the relationship between banana given as
early solid food with the symptoms of intestinal obstruction (SIO) among neonates, inarural commu-
nity in West Lombok District, West Nusa Tenggara Province, Indonesia. Mothers having newborn
infants were interviewed and 3,420 neonates were followed for 28 days. Compared with infants who
were not given solid food, therelativerisk (RR) for infants given food other than bananaas early solid
food was 1.87, 95% CI 0.48-8.24, p=0.4, while for infants given banana only as early solid food the
RR was 9.15, 95% CI 1.96-42.58, p 0.0005. After adjustment for birthweight, colostrum, and breast-
feeding, the odds ratio for infants given banana and the appearance of SIO was 2.99, 95% Cl 2.65-
5.14; p=0.0012. These data indicate that banana given as early solid food is an important risk factor

for the appearance of SIO in neonates.

INTRODUCTION

Perinatal distress can be related to maternal
factors operative during pregnancy, or to factors
operative during delivery or early in the post-
partum period (CBS, 1995). The Weaning Project,
sponsored by the United StatesAgency for Inter-
national Development (USAID) during 1985-
1989 in West Nusa Tenggara Province (WNTP)
and East Java Province (EJP), Indonesia, reveaed
that 64% of mothersin WNTPand 76% of moth-
ers in EJP fed their newborn with crushed or
chewed bananas (USAID, 1989). A qualitative
ethnographic study conducted in Labuapi Sub-
district, Lombok, WNTP, in 1991, showed that
86% of mothers commenced feeding early solid
food to their neonates in the forms of bananas or
rice (Hananto, 1996).

A study employing verbal autopsy inter-
viewed mothers whose neonates had just died, in
Kediri sub-district, West Lombok, WNTP, dur-
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ing 1986. Out of 414 deaths, 42 (10.1%) had pri-
mary symptoms of vomiting and abdominal dis-
tention. We define the latter as symptoms of in-
testinal obstruction (SIO). Calculation of the case
fatality of SIO revealed that the proportion of
neonatal deaths dueto SIO was higher than that
of neonatal tetanus. All neonates dying with SIO
had previously been fed solid foods shortly after
birth, especialy green banana (Hananto Wiryo,
1989; 1996).

The association between the provision of ba-
nana as early solid food and the appearance of
SIO has not previously been reported. Some re-
ports revealed an association between non-
breastfed infants and neonatal necrotizing entero-
colitis (NNEC) (Bell and Ternberg, 1978; Giles,
1992; Dodge, 1996). In Indonesia, phytobezoar
(indigestible vegetable material), and perforation

of the gastrointestinal tract caused by Siamese
banana, and followed by NNEC in the duode-
num, has been reported (Darmawan, 1984). Be-
zoar can cause symptoms like abdominal disten-
tion, vomiting, and regurgitation (Dodge, 1996).

From the dataabove, the question arises. the
provision of bananaasearly solid food for in neo-
nates associate with the appearance of SIO?This
study looked for an association between the pro-
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vision of banana as early solid food and the ap-
pearance of SIO, and to understand the role of
this practice in neonatal morbidity/mortality.

MATERIALSAND METHODS

Study population and fields methods

A cohort study was done in West Lombok
district (WLD), WNTP, Indonesia. More than
80% of mothers especially in rural Lombok Is-
land, WNTP, give banana to their newborn as
early solid food. WLD was selected due to the
ease of transportation from the research center in
Mataram (the capital of WNTP, whichisin WLD)
to the field site (sub-districts and villages). The
sub-districts and villages in WLD, were chosen
randomly. The sub-districts choosen were Gerung,
Kediri, Labuapi and Gunung Sari. From Gerung,
four villages, from Kediri five; from Labuapi six;
and from Gunungsari five were chosen depend-
ing on the total populations in those areas. All
infants born in the villages of the research area
were eligible for inclusion in the study .

Newborn infants were reported to the field
assistantsinthe villagewithin 24 hoursafter birth
by traditional birth attendants, midwives, or field
assistantsinthe hamlet. Boththevillageandfield
assistants met with the traditional birth attendant
and theinfant’s parentsto record the delivery pro-
cedure, prenatal care, the mother’s condition
during the pregnancy, and the weight of the in-
fant. Thefield assistant then visited the intended
family daily for up to 28 days, to observe and
obtain recordings related to the types of food
given to the infants and any symptoms of dis-
tress or poor health. If vomiting and abdominal
distention appeared, the field assistant would re-
port it to the principal researcher, who would
immediately visit the child in the field. If the
principal researcher found that the symptoms
matched SIO, the neonates would be referred to
thr Neonatal Intensive Care Unit of Mataram Gen-
eral Hospital. Physical, laboratory, and x-ray ex-
aminations were performed. They also received
physiologic saline in 10% dextrose infusion,
ampicillin (100 mg/kg body weight/day three
times daily intravenous), gentamicin (5 mg/kg
body weight/day, two times daily intravenous),
and 2 mg intramuscular injection of vitamin K.
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Diagnoses of NNEC was based on plain abdomi-
nal x-ray. If pneumatosis intestinalis were seen,
the diagnosis of NNEC was performed. Upper/
lower barium examinations were done if intesti-
nal obstruction was suspected. The stools of all
neonates with SIO were cultured inthe Microbi-
ology Department, Faculty of Medicine,
Airlangga University, Surabaya. The patients
were hospitalized until the condition improved.

The data collection instruments were devel -
oped through pre-testing to ensure that appropri-
ate responseswere obtained. Dataquality wasas-
sessed editing all forms and by random cross-
checking of approximately 10% of all household
visits. In general, three categories of data were
collected: parent attributes, pregnancy history, and
delivery procedure, with a specific focus on the
key indicators of neonatal health [asphyxia, low
birth weight babies, and congenital cyanotic heart
disease (CCHD)]. In addition, datawere collected
about the kinds of foods given and any symp-
toms appearing.

Variables

The exposure variable consisted of the pro-
vision of bananaas early food. The outcomevari-
able was SIO, defined as vomiting and abdomi-
nal distention. Specifically, SIO diagnosis in-
cluded abdominal distention and pain associated
with abdominal pal pation, apparent distressof the
infant, clear presence of intestinal peristaltic

movements, metallic sounds heard upon auscul-
tation; and vomiting defined as g ecting the stom-
ach contentsthrough the mouth with contraction
of the abdominal muscles. The confounding vari-
ables included mother’s fever after premature
rupture of the membrane (PROM), asphyxia at
birth, low birthweight (LBW) <2,500 g, CCHD,
and the delivery procedure.

Step of analysis

First, calculate theaverage (mean) of giv-
ing bananas as early food to neonates with SIO,
compared with neonateswithout SIO. Theamount
of banana given was measured by teaspoon. The
mean of giving bananawas calculated by divid-
ing the total of banana in teaspoon (morning,
noon, and afternoon) with the number of obser-
vation days. Second, find the association between
the dose of banana with the appearance of SIO,
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by comparing low consumption (thefirst 50" per-
centile) and high consumption (the second 50"
percentile). Third, calculate the value of relative
risk (RR), using the Mantel Haenszel stratifica-
tion (Anderson et al, 1980). Fourth, confounding
variables were adjusted using logistic regression
analysis (Hosmer and Lemenshow, 1989; Khan
and Sempos, 1989).

Sample size

If predicted incidence of SIO in the expo-
sure group was 0.012, while in the unexposed
group it was 0.0012, a=0.05 and =0.20, the
power of thisresearch was 80%. The samplesize
needed was 4,080 neonates, consisting of 3,672
exposed neonates (group given banana as early
food), and 408 of unexposed neonates. The
sample size was determined by an unequal
sample size method according to Fleiss (1982)
and Schlesselman (1982).

Datawere edited by the supervisor inthere-
search center and then entered into the comput-
ers by trained computer operator using the
dSurvey software program (Corner, 1989).

Ethics-Informed consent

A coordination meeting between the re-
searcher, with the head of the WLD, subdistrict,
villages, hamlets, formal/informal leaders was
held to effect community agreement. The re-
searcher explained the purpose of the study and
the research was conducted after community
agreement given by the head of the WLD. Ac-
cording to the Guideline of Ethicsin Medical Re-
search and the International Guideline for Ethi-
cal Review of Epidemiological Studies, this
agreement was regarded sufficient to replacein-
formed consent in observational research
(Oemijati et al, 1987; WHO, 1991).

RESULTS

At the end of the study, nine cases had moved
out of the study areaand 3,420 cases finished the
study. Theseincluded 3,061 exposed (given other
food and banana), and 357 unexposed (no food)
(Fig 1). One hundred and nine neonates died from
thefollowing causes: nine (8.6%) SIO, six (5.7%)
NNEC, 13 (12.5%) umbilical cord infection, 24
(23.1%) diarrhea, 24 (23.1%) neonatd tetanusand
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3,429 neonates

9 neonates
moved
3,420 neonates

1,249 given other food but not banana

3,061 neonates
exposed group,
(other food and banana)

359 neonates
unexposed group,
(no food)

157 only banana
1,655 other food and banana

Fig 1-Three thousand, four hundred and twenty neo-
nates finished the study; 3,061 exposed group,
(other food and banana); 359 unexposed group
(no food).

23 (22.1%) broncho-pneumonia.

Theaverage quantity of bananagivento neo-
nateswith SIO was 20.4 (SD 5.6) teaspoons com-
pared with 14.2 (SD 11..6) teaspoonsgiven to neo-
nates without SIO, (p=0.00027).

The association between low consumption
(lower 50" percentile) and high consumption (up-
per 50" percentile) of banana as early solid food
and the appearance of SIO can be seen in Table
1.

Table 1 showsthat thereisasignificant dose-
response rel ationship for the association between
banana as early solid food and the appearance of
SIO (p<0.001).

The strength of association between banana
as early solid food, banana and other solid food,
and other solid food with no food (not given early
solid food), to the appearance of the SIO, can be
seen in Table 2. There is no significant associa-
tion between other solid food (early solid food
without banana) with no food (RR 1.87, 95% ClI
0.42-8.24, p=0.4), but a strong association be-
tween banana as early solid food with no food

(RR9.15; 95% CI 1.96-42.58; p<0.001). TheRR

of banana as early solid food is greater than the
combination of other solid food and banana (9.15
Vs 4.23).

The determined confounding variables,
which influenced the association between ba-
nana as early solid food and the appearance of
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Tablel
Association between low consumption (<20.4 teaspoon/day) and high consumption (>20.4 teaspoon/day)
of bananaasearly solid food and the appearance of SIO.

Banana SIO (+) R(%) SIO (-) R(%) Total p
Low consumption 2 0.23 881 99.77 883 0.0001
High consumption 45 5.10 837 94.89 882
Total 47 1,718 1,765
R = Row proportion (%)
Table2

Association between bananaas early solid food, bananaand other solid food, and other solid food, with
no food, and the appearance of SIO.

Variables Slo
SIO (+) SIO (-)
Freq R (%) Freq R (%)
1. Other solid food 13 1.04 1,236 98.96
No food 2 0.56 357 99.44
RR=1.87 %?=0.75
95% CI=0.42-8.24 p=0.400
2. Banana 8 5.10 149 94.90
No food 2 0.56 357 99.44
RR=9.15 x>=11.84
95% Cl1=1.96-42.58 p=0.0005
3. Banana and other solid food 39 2.36 1,616 97.64
No food 2 0.56 357 99.44
RR=4.23 x?=4.79
95%CI=1.03-17.44 p=0.029

R (%)=Row percentage; RR=Relative risk; 95%CI=95% Confidence interval; Other solid food=honey, rice,

young coconut, etc.

SIO, after statistical calculation, are mother’s fe-
ver after PROM (p=0.048) and asphyxia
(p=0.029).

The Mantel Haenzel stratification analysis
method revealed that the association of banana
as early solid food with the appearance of SIO
was not influenced (interacted) by mother’s fe-
ver after PROM and asphyxia as confounding
variables.

Logistic regression analysis was performed
by adjusting for al possible confounding vari-
ables: banana, birthweight, colostrum feeding,
breastfeeding, asphyxia and mother’s fever after
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PROM. The odds ratio for banana as early solid
food to the appearance of SIO was 2.99, 95% ClI
2.65-5.14, and p<0.01.

SIO and NNEC: from 62 neonates hospital -
ized with SIO, 10 neonates suffered from NNEC.
Nine of 62 neonateswith SIO died (14.52%), and
from 10 neonateswith NNEC, six (60%) died. In
neonates with SIO, 28.8% occurred at the first
week, 23.1% at the 2™ week, 32.7% at the 3
week, and 15.4% at the 4™ week, whilefor NNEC,
60% at the first week, 10% at the 2™ week, and
30% at the 3 week, respectively.

Seventy-two percent of neonates with SIO
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Table 3
Importance of individual diagnostic tests in making the causal decision.

Effect of test result on causal decision

Diagnostic test Test result consistent  Test result neutral Test result opposes
with causation or inconclusive causation
Human experiment ++++
Strength of association
From randomized trial +4+++ .-
From cohort study +++ -- .-
From case-control study + 0 -
Consistency +++ -- .-
Temporality ++ -- -
Gradient ++ .-
Epidemiologic sense ++ .-
Biologic sense + -
Specificity + -
Analogy + 0 0

Listed in decreasing order of importance: + Causation supported; - causation rejected; O causation not effected; the
number of plus and minus signsindicatesthe relative contribution of the diagnostic test to the causal decision (From

Sackett et al,1985).

had been given green banana, while 28% had been
given alocal type of banana.

The other kinds of early solid food given to
the neonateswere honey, young coconut and rice.
Honey and young coconut were mostly given only
on thefirst few days, while bananaand rice were
consistently given throughout the 28 days. There
were no significant associ ations between the pro-
vision of honey, young coconut and rice as early
solid foods with the appearance of SIO. There
was also no significant association between the
method of bananafeeding (masticated or crushed
with a spoon before feeding) and the appearance
of SIO.

Thestool culturesof neonateswith SIO were
Escherichiacoli (57.8%), Klebsiella pneumoniae
(12.5%), Enterobacter sp (10.7%), and Proteus
mirabilis (3.6%). In neonates with NNEC they
were Escherichia coli (50%), enteroinvasive E.
coli (EIEC) 0136 (16.7%), Enterobacter sp
(16.7%), and Klebsiella pneumoniae (16.7%).

DISCUSSION

In Indonesia, there has been only one report
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of phytobezoar, perforation of the gastrointesti-
nal tract and NNEC caused by Siamese banana.
Although they did not report about SIO, bezoar
has symptomslike abdominal distention and vom-
iting (Darmawan, 1984)-

The average for feeding bananato neonates
with SIO was 20.40 (SD 5.60) teaspoons a day,
while in neonates without SIO it was 14.20 (SD
11.6) teaspoons, and this difference was signifi-
cant (p<0.001). There are also significant differ-
ences (p<0.001) between low and high consump-
tion of banana as early solid food. If bananais
given together with other solid food, the amount
of bananaintakeisless, so that it will reduce the
risk (Table 2). Increased of bananafeeding caused
an increase in SIO, and there are dose-response
relationships.

Mantel Haenszel stratification analysis re-
vealed that the provision of banana as early solid
food had astrong association with the appearance
of SIO, without interaction among confounding
variables. Logistic regression analysis was then
performed, and the odds ratio of this association
after adjustment with all possible confounding
variableswas 2.99, 95% Cl 2.65-5.14 (p<0.0012).
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These data revealed that a strong association be-
tween banana as early solid food and SIO, with-
out interaction with confounding variables.

Neonates are endowed with a good ability
to digest carbohydrate. The digestion of carbo-
hydrate in neonates is mainly done by glu-
coamylase produced by duodenal mucosa cells,
because pancreatic aphaamylaseis not yet pro-
duced (L ebenthal, 1989).

The association between the provision of ba-
nana as early solid food and the appearance of
SIO may be suspected by: (1) banana acting as a
solid mass; (2) substanceslike serotonine, dopam-
ine, and noradrenaline, which can influence the
motility of the intestinal tract (Englyst and
Cummings, 1986). The dose of serotonine was
170 mg daily (the mean of the provision of ba-
nana feeding daily was 85 g and the serotonine
content of banana is 2 mg/g) (Foy and Parrat,
1960). If the integrity of the intestinal mucosais
damaged, an amount of serotonine will flow into
the blood vessels, which may have a significant
further impact; and (3) the carbohydrate crystal-
line pattern (b type) and the non-starch polysac-
charide content found in banana (hemicellulose,
algine and pectin) are materials that are difficult
to digest. Therefore, they are potential fermenta-
tion and gas producers. The gas could cause ab-
dominal distention and vomiting (Dodge, 1996;
Englyst and Cummings, 1986).

The causal relationship between exposure
and outcome can be completely proved if the cri-
teriaof Sacket et al (1985) arefulfilled (Table 3)
(Trout, 1981). There are nine criteria: (1) the re-
search method must be powerful enoughto prove
the existence of a causal relationship, according
to their degree of strength of association. These
are: experimental (randomized controlled
trial=RCT), cohort, and case control; (2) research
on human subject; (3) and (4) temporal and dose-
response rel ationship between exposure and out-
come; (5) epidemiological sense; (6) biological
sense; (7) analogy; (8) specificity; and (9) con-
sistency. The strength of every criterion is not
equal; analogy, specificity and consistency have
little power.

In this research we use the cohort; the re-
search was conducted on human subjects; there
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are temporal and dose-response relationships in
this research; this research also revealed epide-
miological and biologica sense in the commu-
nity; anal ogy; but not specific and consistent. Spe-
cific meansasingle exposure caused asingle out-
come, while not consistent means that thereis as
yet no published literature about the association
between the provision of bananas as early food
and the appearance of SIO; but thisalso indicates
theoriginality of theresearch. Therefore, because
only two of nine criteria, which have only little
power (ie consistency and specificity) arenot ful-
filled, thisresearch can beinterpreted as suggest-
ing that the provision of bananaas an early solid
food for neonates, could cause SIO. Further study
in other areas of Indonesiais needed.

Although the signs and symptoms are simi-
lar, NNEC and SIO are different. First, NNEC
occurred 60% in the first week of life, while SIO
isonly 32.7%; second, 60% of NNEC died, and
only 14.52% of SIO; third, NNEC usually oc-
curredin LBW and prematureinfants, while most
SIO occurred in full-term infants; and fourth, the
SIO condition wasreversible beforeintensive de-
struction of the integrity of the intestinal mucosa
and it seems that SIO is not the first stage of
NNEC (the stage of NNEC according to Bell and
Ternberg criteria’'s) (Bell and Ternberg, 1978).

The higher proportion of neonates died due
todiarrhea(23.1%), which suggested unhygienic
preparation prior to feeding.

The NMR in the research area was 30.14/
1,000 livehirths, lower than statistically predicted
of NMR (46/1,000 live births) (CBS, 1995).
Suggestion

The provision of bananas as early food for
neonates could be the cause of SIO, athough fu-
turestudiesin other areas of Indonesiaare needed.
Toimprove community health, it istherefore nec-
essary to discourage the custom of giving banana
as early food.
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