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Thickening agents, such as carob bean gum or galactomannan, have been successfully administered for the treatment of 
gastroesophageal reflux in infants.  To study the effect of carob bean gum on gastric emptying and to symptoms of 
regurgitation, we recruited 20 full term Thai infants (mean age = 13.4 + 7 week; mean body weight = 4943 + 1272gm) 
without pathological gastroesophageal reflux. Initially, we determined half time gastric emptying  (T 1/2 GET) by Tc99m 
radioscintigraphy method  (mean T 1/2 GET = 116.1 + 72 min)  in infants consuming standard infant cow's milk formula 
for 2 weeks.  Afterwards, carob bean infant formula was given for 2-4 weeks and weight gain, vomiting symptoms, night 
cough, colic, flatus, defaecation character and T 1/2 GET were assessed.  There were statistically significant improve-
ments in symptoms of vomiting (a smaller quantity P<0.001 and frequency of vomiting P<0.0001) and improvements in 
weight gain per week (W1 = 121.2 + 106.9gm, W2 = 221.3 + 136.1gm; P= 0.005) when infants consumed the carob bean 
formula.  However, there was no significance difference in gastric emptying half time (GET1 = 116.1 + 72, GET2 = 
148.5 + 130.9; P= 0.154).  In conclusion, carob bean gum, as a thickening agent, improves the clinical symptoms of 
regurgitating infants, but does not significantly alter the gastric emptying physiology. 
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Introduction 
Various thickening agents have been successfully introduced 
as phase I treatment of gastroesophageal reflux in infants and 
children.1,2,8  The thickening agents have been derived from 
cereals, polysaccharide from glass rice and carob bean gum, 
which are all sources of dietary fibre. Carob bean gum 
(Locust bean or St. John’s bread ) is obtained from the inner 
part of the carob bean kernel and is an off-white, odourless 
powder with no distinctive taste. It is composed of 80% 
polysaccharides (mostly galactomannan) and 20% protein.  
The carob bean is used as a chocolate substitute and as a 
sweetener. Cow’s milk formulas with added thickening 
agents (like carob bean or galactomannan) for infants with 
problems of regurgitation or failure to gain proper weight, 
have been commercially available.  Carob bean, which has 
been developed to mix with infant formula, has two specific 
characteristics: 1. it thickens the formula; 2. it has dietary 
fibre that will promote the bacterial flora in the large intestine 
which benefits constipation.  Some fermentable dietary fibres, 
such as those found in carob bean gum, can act as food 
thickeners by increasing the viscosity of the food.  In 1981 
Tsai and Peng3 demonstrated the reduction of gastric 
emptying rate in rats after feeding the locust (carob) bean 
gum enriched diet and a flattening of postprandrial serum 
glucose.  Silk et al., and others have demonstrated that 
gastrointestinal motility4-6,30 can be positively affected by  
dietary fermentable  fibres.  These fibres are fermented by the 

 
 
intestinal microflora and are therefore predominantly of 
importance in stimulation of colonic motility.  During this 
fermentation process, the short chain fatty acids produced can 
act as an energy source for the colonocyte and enterocyte and  
they also play a central role in osmoregulation.  In adults, 
dietary fibres influence the prolongation of anal transit time 
and colonic transit time which suggested the potential use of 
dietary fibre in diabetic diarrhoea and some irritable bowel 
syndromes with diarrhoea.  Vandeplas and Sacre in 19877 

reported that milk thickening agents clinically improved 
symptoms of gastro-esophageal reflux in infants, but 
increased the duration of the longest reflux episodes 
significantly.  
     In this study we evaluated the effect of an infant formula 
enriched with a carob bean gum thickening agent on gastric 
emptying in Thai infants with symptoms of regurgitation and 
vomiting. 
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Materials and Methods 
This study was approved by the Committee of Human 
Research, Faculty of Medicine, Chulalongkorn University on 
November 16, 1995. During 1 January 1996 to 31 January 
1997  (13 month period) 20 Thai infants, 13 male and 7 
female, aged 4 -24 weeks were studied.  The study had a 
cross over trial design. All infants were all normally deli-
vered, with full-term criteria by gestational age determined 
with ballard scores.  All infants in the study were bottle-fed. 
Officially signed informed consents were obtained from 
either parent.  All infants were born in Bangkok hospital or 
suburban hospital with uncomplicated pregnancy and routine 
antenatal care with normal blood checked to screen out the 
evidence of serious perinatal transmissible diseases such as 
HIV, hepatitis B virus HBV and syphilis. Infants were 
recruited using the following inclusion criteria: bottle fed 
with Cow’s milk infant formula (protein = 18-20 gm/dl, 
whey:casein = 60:40,  fat content = 3.5 gm/dl) without 
pathological gastro-oesophageal reflux, no family history of 
atopy or cow’s milk allergy, severe heart, kidney, liver 
diseases, chronic diarrhoea or 2o lactase deficiency and CNS 
anomalies.  Exclusion criteria were as follows: infants who 
could not attend all follow up sessions or who developed 
other organic diseases during the 6 week study period. 
     Informed consents were addressed and signed by the legal 
parents.  Baseline infant data were provided by the mothers 
completing the pre-test questionnaires.19 These questionnaires 
described: gestational age; birth weight; age of recruitment; 
increment weight gain per day by casual feeding with formula 
milk [with comparable ratio of whey:casein (60:40); percen-
tage of fat (3.5gm/dl)]; frequency and amount of meals; type 
of additional food; frequency, volume and character of 
vomiting; evidence of abdominal colic; night cough; flatus; 
duration of crying; character and frequency of each passed 
stool.  Baseline data for the infants were collected for 1-2 
weeks before the intervention period with the carob bean. 
     Gastric emptying time (GET) was assessed by using 
Radio-scintigraphy9-14,26 technique using standard infant 
formula milk, 300ml/M2 of body surface mixed with 5µCi 
(0.2 Mbq)/ml of 99mTc phytate.  Within 5-10 minutes of  
consuming the standard formula milk the infant was placed 
under the collimeter to detect the radioactivity of the labelled 
milk in the stomach.  The computer acquisition was accessed 
every 30 seconds for up to 30 minutes; time activity curves 
were generated and gastric emptying half time was cal-
culated.  If the infant vomited after ingesting the labelled 
milk, the procedure was repeated, at least 6 hours apart.  
After the assessment of first gastric emptying half time, all 
the infants were given carob bean gum milk formula for at 
least 2 weeks.  The same symptom-questionnaires were com-
pleted by the mothers with weekly body weight measuring.  
A second gastric emptying half time was also performed. 
Infants who were satisfied with the carob bean milk formula 
consumed this special milk up to 6 months of age then 
changed to a cow's milk formula and supplementary foods. 
Infants who were not satisfied with the carob milk formula or 
who were diagnosed as having gastroparesis (by means of 

radionuclide study) were put on motility drugs, such as 
domperidone or cisapride.15-17 Advice was not provided regar-
ding infant position during and after feeding two kinds of 
milk formulae.  Statistical analyses were performed using the 
paired t-test. 
 
Results 
Baseline data of the 20 full-term infants who entered into the 
study are shown in Table 1.  Twenty infants aged  4-24 weeks 
(13.4 + 7) were studied with gestation age ranging between 
36 - 40 weeks (39.15 + 1.42); birth weight  ranged between 
2080 – 3770g (3040 + 420); actual body weight ranged 
between 2570g - 6800g (4943 + 1272); cow’s milk infant 
formula by the volume per feed was 45 - 120ml (84.5 +  
21.67) for 6-8 feedings (6.9 + 0.9).  The weight increment per 
day before entering into the study ranged between 1 to 31 
grams  (18.4 + 6).  
     Table 2 compares clinical data obtained after feeding with 
cow’s milk formula for 2 weeks followed by feeding with 
carob bean formula for another 2 weeks. The cow's milk 
formula had a similar whey:casein ratio and caloric density  
(20 Kcal per 30 ml ) to the carob bean formula.  The paired  
t test analysis showed that in the carob bean formula group, 
frequency of vomiting per week decreased significantly from 
5.7 + 2.13 to 2.25 + 1.45 (P=0.001) and weight gain per week 
increased significantly from 121.5 + 100.7g to 221.2 + 
136.2g (P=0.005) (Fig. 1).  Fig.2 shows that the changes in 
gastric emptying times  (mean GET1 = 116.16 + 72 sec., 
mean GET2 =148.5 + 131sec.) were not significant (P = 
0.154).  Non-numerical parameters of clinical symptoms from 
the mothers showed that there was significantly less vomiting  
(P <0.001), night coughing (P=0.002) and crying (P=0.02). 
Reported differences in symptoms of colic were not 
statistically significant (P=0.331). Flatus seemed to be 
observed more during the carob bean formula treatment  
(P=0.010).  Stool frequency decreased during the  carob bean 
feeding, but it was not statistically significant (P =0.679). 
 
Discussion 
There are various modalities of management for infants with 
recurrent regurgitation and vomiting, such as thickening 
agent added to milk formula, 30o infant head raised up 
position,4,18 motility drugs20-25 (e.g. domperidone, erythro-
mycin31), acid lowering agents (e.g. H2 blockers, ome-
prazole,32 cisapride) or surgical correction (e.g. fundopli-
cation).  Thickening agents such as cereal, gelatin and various 
polysaccharides were used in the trial therapy period of the 
study and many of the infants suffering from recurrent  
regurgitation responded to the phase I treatment quite well. 
     This study not only showed that the addition of carob bean 
gum into the milk formula was palatable to the infants, but 
that it resulted in a better clinical outcome (Fig. 1, Table 3).  
Several studies have shown that dietary fibre prolongs gastric 
emptying and may cause gastroparesis in adults33-35  - this was 
also found in this study but it was not statistically significant 
(P value = 0.154).  Table 3 shows that night coughing and  
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Table 1.  Clinical data of  Thai infant study group before intervention with carob bean infant formula (N=20) 
 

 
Case 
No 

    
Gestationala

Age (week) 

 
Birth Weight 

(gram) 

 
Sex 

 
Age (week) 

 
Body Weight 

(gm) 

 
Weight gain 
per day (gm) 

No.of milk 
feeding per 
day (time) 

Volume.of 
milk per feed 

(ml) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

36 
36 
37 
38 
38 
38 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

2450 
2080 
2600 
3300 
2800 
3400 
3200 
3000 
3700 
3115 
3770 
2500 
3250 
2790 
3000 
2950 
3200 
3400 
3300 
3000 

F 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
F 
M 
M 
M 
F 
F 
F 
F 
M 

16 
12 
24 
12 
24 
  4 
  4 
24 
20 
  4 
20 
16 
16 
  4 
  4 
16 
  8 
16 
12 
12 

2570 
4800 
4050 
4550 
6400 
4000 
3650 
5340 
6250 
3200 
6500 
6200 
5900 
3150 
4100 
6100 
4400 
6800 
5700 
5200 

  1 
30 
  8 
14 
20 
20 
15 
13 
17 
  1 
19 
31 
22 
10 
24 
26 
20 
28 
26 
22 

8 
7 
6 
8 
6 
8 
8 
6 
7 
8 
6 
6 
8 
6 
6 
6 
8 
8 
6 
7 

90 
60 
90 
90 
90 

         120 
 60 
60 

         120 
60 

         100 
90 
60 
90 
90 
45 
90 

         120 
75 
90 

Mean 
Std 

39.15 
  1.42 

    3040.25 
 420 

M : F 
12 : 8 

   13.4 
     7.02 

4943 
1272 

   18.35 
   8.6 

   6.9 
    0.94 

   84.5 
   21.7 

a Gestational age at birth

Table 2.  Comparison of clinical data between cow’s milk formula and carob bean formula feeding  (cross over design) 

 Weight gain per week 

(gm) 

Frequency of 

vomiting 

Amount of vomiting 

Case No. GET1 
(min) 

GET2 
(min) 

Cow’s 
milk 

Carob 
bean 

Cow’s 
milk 

Carob 
bean 

Cow’s  
milk 

Carob 
bean 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

  54 
208.2 
  79 
  59.6 
302.7 
109 
250 
  63.68 
  48 
  86.4 
  92 
 58.49 
110 
102 
  42 
104 
  87.15 
156 
104 
207 

  51.7 
288.2 
  77.2 
  34.3 
449 
133 
198 
  60.2 
  46.5 
  72.2 
  16 
  56.7 
450 
  94 
  94 
314 
  78 
169 
  90 
198 

100 
150 
  10 
   0 
   0 
185 
  30 
300 
100 
225 
150 
    0 
150 
200 
  75 
   0 
100 
400 
150 
100 

250 
150 
300 
    0 
100 
165 
300 
200 
300 
500 
200 
100 
240 
450 
  25 
250 
    0 
250 
375 
270 

7 
7 
7 
7 
7 
5 
6 
7 
4 
7 
7 
7 
1 
4 
7 
2 
7 
1 
7 
7 

3 
5 
5 
2 
2 
5 
1 
1 
1 
1 
3 
2 
1 
1 
3 
1 
1 
1 
3 
3 

Half meal 
Half-full meal 

Mouthful 
Full meal 
Sporadic 
Full meal 
Half meal 
Half meal 
Half meal 
Half meal 
Half meal 
Full meal 
Half meal 
Full meal 
Half meal 
Mouthful 
Half meal 
Full meal 
Mouthful 
Full meal 

Mouthful 
Mouthful 
Mouthful 
Mouthful 

None 
Mouthful 
Half meal 
Mouthful 
Mouthful 
Mouthful 
Mouthful 
Full meal 
Mouthful 
Half meal 
Mouthful 
Mouthful 
Mouthful 
Mouthful 
Mouthful 
Mouthful 

Mean 
Std 

116.16 
  72.03 

148.5 
130.9 

   121.5 
   100.7 

  221.2 
 136.2 

  5.7 
  2.3 

2.2 
  1.45 

  

 GET1 =  Gastric emptying half time during cow’s milk formula feeding; GET2 =  Gastric emptying half time during carob bean formula feeding
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crying improved significantly during the carob formula 
feeding phase, however, there may have been parent bias 
when recording these symptoms due to their positive attitude 
in being involved in the treatment phase of study.  Even 
though the volume of vomiting was quite difficult to measure, 
parental feedback on this point was reliable because the 
parents also reported  spending less time cleaning at night due 
to less vomiting and sleeping for longer periods during the 
night. The frequency of vomiting also decreased which corre-
lated well with the weight gained per week during the carob 
bean formula feeding.  This suggests that the infants were 
retaining more formula milk inside the stomach that later 
passed along the gastrointestinal tract and was absorbed for 
body utilization. Thickening agents, such as carob bean, 
appear to decrease stool frequency due to higher fibre 
content.  The higher fibre intake did not result in significantly 
more flatus in the infants, possibly due to colonic bacterial 
fermentation of the dietary fibre (galactomannan) in the carob 
bean.  Carob bean allergy has been reported in infants,36  but 
we did not find any cases of allergy in our study.  Only four 
infants were diagnosed with cow’s milk allergy before the 
study and were excluded.  
     In this study we did not assess the role of feeding and 
sleeping position of the infant because recommendations 
about this are controversial.  To reduce this variable as a 
possible confounder we decided to let all infants sleep in their 
usual position through the period of study.37 
     In conclusion, carob bean can be safely administered to 
young infants as a milk thickening agent to reduce clinical 
symptoms associated with regurgitation and to improve 
weight gain.  The carob bean formula was palatable to the 
infants and was just as well tolerated and accepted as 
standard cow's milk formula.  Infants with pylorospasm or 
severe gastroparesis may not respond to milk thickening 
agents because of the delayed gastric emptying time6,38,39.  
Furthermore, pathological gastroesophageal reflux or cow’s 
milk allergy should be ruled out before prescribing special 
milk thickening formula. 
 
Table 3.  Clinical significance of carob bean formula feeding in Thai 
infants 

 
Clinical symptom Number of 

presenting cases 
out of total in 

the study N=20 

P value  
(one-way 

sample test) 

Decreased frequency of 
vomiting 

15/20 P=0.001 

Decreased amount of 
vomiting 

14/20 P<0.001  
 

Decreased night cough 14/20 P=0.002  
Decreased colic 8/20 P=0.331 
Increased flatus 1/20 P=0.010  

Decreased crying 6/20 P=0.021  
Decreased stool frequency 5/20 P=0.679 

Increased weight gain  
per week 

13/20 P=0.005  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Comparison of weight gain per week (grams) between cow’s 
milk and carob bean formula feeding in Thai infants. 
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