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I. Introduction 
Under nutrition continues to be a primary cause of ill health and mortality among children in developing 

countries. The UN estimates  that  2.1 million Indian children die before reaching the age of 5 every year  mostly 

from  preventable illnesses such as diarrhea,  typhoid,  malaria,  measles and  pneumonia. In India 48% children 

suffer from under nutrition and 6.4 % of children below 60 months of age, are severely wasted 
[1].

 

There is increasing awareness that the human gut micro flora plays a critical role in maintaining host health. An 

‘optimal’ gut micro flora establishes an efficient barrier to the invasion and colonization of the gut by pathogenic 

bacteria
[2].

Changes in the intestinal micro flora that occur with the consumption of prebiotic fibers like 

fructooligosaccharide (FOS) potentially mediate immune changes via the direct contact of Bifidobacteria, which 

can improve the host health by preventing morbidities. Bifidobacteria is known to constitute one of the major 

organisms in the colonic flora of healthy children and adults 
[3].

Little information is available in literature on the 

establishment of Bifidobacteria in normal and undernourished children and its role in occurrence of infections 

and gastrointestinal problems in children. Investigators have reported increase in the number of bifidobacteria in 

humans with FOS supplementation for 15 days 
[4].

 However, intake of such foods in preschool children needs to 

be tested. Many factors such as frequency of intake of antibiotics and long term effect of exclusive breast feeding 

and mode of delivery on establishment of gut micro flora needs to be determined. Therefore the present study 

focused on studying the effect of FOS supplementation on establishment Bifidobacteria and enteric pathogens in 

the gut of undernourished preschool children as well as their morbidity profile. 

 

II. Methodology 

A. Selection of the subjects 
Eighty eight children (3-6 years of age), were enrolled, from a preschool “Balwadi” associated with The 

Maharaja Sayajirao University of Baroda at Vadodara. Written informed consent was obtained from the parents 

of children and school authorities. Children who suffered from obesity/overweight, chronic diarrhea, severe ARI, 

celiac disease, juvenile diabetes, HIV, cancer, renal disorder and liver disorder were excluded. All the 

undernourished subject who met the criteria of both weight-for-age and height for age category of <-3 SDs, -3 to 

-2 SDs and -2 to -1 SD according to WHO classification, 2007 were included in the study. No changes were 

made in the methods after trial commencement. 
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B. Collection of baseline data 

Baseline information was collected with respect to anthropometric measurements, diet intake, morbidity profile 

and socio-economic status. Information regarding age, gender, educational level of parents, monthly family 

income, and parity was elicited using a pre-tested structured questionnaire administered to the parents of all the 

subjects. Gut microbial counts levels was determined in terms of bifidobacteria and enteric pathogen. The 

subjects were randomly assigned using computer generated random tables to either control or experimental group 

by the investigator.  

Anthropometric measurements like, height was measured using flexible measuring tape and weight of subjects 

was measured on a pre-standardized weighing scale nearest to 100 kg. BMI was calculated using the formulae 

weight (kg)/height (m2). Waist circumference (WC) and hip circumference (HC) were measured using flexible 

measuring tape. To measure waist circumference, subjects were made to stand straight and with their stomach 

relaxed. The tape was positioned midway between the top of the hip bone and the bottom of the rib cage. Hip 

circumference was measured 24 inches below navel level, tape was wrapped and circumference measured.  

Data on dietary intake of all the subjects was collected by using 24hr dietary recall and food frequency methods. 

The prebiotic and probiotic content of the selected food items (27 foods) was taken from the scientific report by 

Sheth, Parnami and Vaidya 2008 
[5].

 Based on the frequency of consumption of dietary fiber and prebiotic food, 

the subjects were categorized as those with most frequent and less frequent intakes. A three day 24-dietary recall 

of 88 subjects was collected. Nutrient content of diet was calculated using ‘Diet soft’ software package 
[6].

 

In order to determine the morbidity profile, the respective parents were asked to report the various illnesses 

experienced in the past two months and the recurring problems with respect to gastrointestinal problems 

(vomiting, diarrhea, abdominal pain, flatulence and constipation), cardiovascular problems, liver and kidney 

diseases and general illness such as cough, cold, fever, skin infection, wound and any other major illness suffered 

by the subject using a checklist. The children were divided into normal and undernourished category using the 

WHO growth standards for children (2007). 

 

C. Study Design 
Double blind placebo control trial was used as the study design for the intervention where the blinding was done 

at two stages- one at the time of dividing the children into two groups and second at the time of preparation of 

the FOS and dextrose added lemon juice. Sixty five Undernourished subjects were divided into 2 following 

groups irrespective of their degree of under nutrition. Group 1 which constituted of Experimental group was 

supplemented with 7g of FOS( BeneoRaftilineP95 BAG 25 kg, Orafti, Belgium was procured from Brenntag 

Ingredients India Pvt. Ltd, Mumbai).   

 

D. Mode and duration of Intervention 

As lemon juice formed a part of their routine drink served along with breakfast daily, it was chosen as a medium 

for supplementation for period of 4 weeks. The acceptability of FOS added lemon juice was ensured before 

supplementation. The beverage was given to children during school hours and for the holidays, sachet of 7g FOS 

and 7g Dextrose was given to respective children for the continuity of the supplementation. Parents were told to 

give FOS by mixing it into the lemon juice only.  

 

E. Collection of test samples 

Fecal and blood samples were collected before and at the end of intervention. Fecal samples were collected for 

determining microbial counts in terms of bifidobacteria and enteric pathogen. Parents of the subjects were 

advised not to alter their usual calorie intakes and physical activity pattern and were asked to document any 

unusual symptoms or side effects. The compliance of the supplementation was monitored regularly by the 

research investigator. 

 

F. Test methods 

Fecal bacteria enumeration 

The gut micro flora was determined with respect to the microorganisms- Bifidobacteria and enteric pathogens. 

Fecal samples were collected in an air tight sterile container kept with cold packs and within 3 hours after the 

collection. The serial dilutions of 1 gram of fecal samples were made up from 10
-2

 to 10
-8

 dilutions (14).The 

media for bifidobacteria and Enteric pathogens was prepared in laboratory using the dehydrated bifidobacterium 

agar and EMB agar respectively procured from Hi Media and was autoclaved at 121
0
C for 15 minutes (15). The 

prepared media were poured into sterile petri plates and was allowed to set (pour plate technique). The petri 

plates were kept inside laminar flow under UV light prior to using them for serial dilution. These plates were 

then kept inside the incubator along with the plates of Enterobacteria at 37°C for 48 hours. After this the colonies 

were counted and reported the organisms were enumerated using a colony counter and the numbers of colonies 

were reported as log values per gram of sample (log CFU/g). 
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Blood collection and analysis 

After the overnight fast, venous blood sample was collected in clean, sterilized vacuum containers and allowed to 

stand at room temperature for 15 minutes. Hemoglobin assessment of was based on the cell counting and 

volumetric analysis. 2ml of blood was collected in EDTA bulbs by a professional laboratory technician and 

analyzed using automated analyzer.  

G. Statistical analysis 
The data was entered in a computer using an excel spreadsheet. The data was cleaned and verified and subjected 

to appropriate statistical analysis Data analysis was performed using the Statistical Package for the Social 

Sciences (SPSS19.0 version, SPSS Inc., Chicago, IL, USA). Paired t test was performed to observe the effect of 

FOS supplementation. The significance levels were set at 5% by two sided tests. Student t test was performed for 

the comparison between control and experimental group. Pearson correlation was calculated between blood 

glucose parameters and gut microflora counts. Mean and standard deviation were calculated. Frequency 

distribution and percentages were calculated wherever applicable. All tests were considered significant at 

P<0.05. 

H. Statutory clearances 
The Medical Ethics committee of the Foods and Nutrition Department, The M.S. University of Baroda approved 

the study proposal and provided the Medical ethics approval number (F.C.Sc/FND/ME/57). Written consent was 

obtained from the parents of participants who agreed to give baseline information through questionnaire and give 

sample of blood and stool for biochemical and microbiological analysis respectively. 

 

III. Results  

A. Baseline Characteristics 
The background information of the subjects revealed that most of the subjects (51.1%) belonged to nuclear 

family and their average family income per month ranged between 5, 000-10,000. Sixty seven per cent subjects 

were the first child of their family. In most cases, the parents were literate up to graduation and majority of the 

mothers (80.7%) were house wives. Type of the delivery was normal in most of the cases (72.7%). Most of the 

undernourished children were mildly underweight and stunted according to WHO classification, 2007. Almost 

65% of the children had completed their booster dose for immunization, yet majority of the subjects (70.4%) 

were suffering from the mild illnesses and only 4.5% children were hospitalized due to these illnesses.  

As indicated in table 1, significant association (p < 0.05) was found between antibiotic intake and nutritional 

status of the children under study. Undernourished children were taking more antibiotics than the normal 

children. Almost 42% of the children suffered from infection and fever during the past two months, along with 

abdominal pain and flatulence. More number of undernourished children suffered from infection (p < 0.05) as 

compare to the normal children and this difference was found to be statistically significant. 

  

B. Anthropometric, Biochemical and Physical activity profile 
The mean values of recorded weight and height of the subjects was 9.7kg and 97.1cm respectively. Weight (p ≤ 

0.01) and height (p ≤ 0.001) were significantly associated with the nutritional status of the subjects. Majority of 

the children (59%) were vegetarian. Surprisingly, 63.3% mothers reported that their children were having normal 

appetite, in spite of their being undernourished. Only a few subjects (6.81%) were taking dietary supplements 

other than food.  Most of the children (86.3%) were reported to be breast fed exclusively after birth up to 6 

months. 

Mean haemoglobin levels of healthy subjects were in the normal range as compared to undernourished subjects 

were moderately anemic (Hb < 10.9).
15 

 

C. Dietary Intake Assessment 
The mean nutrient intake of all the children was below the recommended daily allowances (RDA) by 33.7% and  

82.7% for calories  and total dietary fiber respectively. Very low intakes of zinc, iron, vitamin-C and β-carotene 

were observed. The nutrients that affected their nutritional status most significantly were protein (p <0.01), TDF 

(p <0.05) and β-Carotene (p <0.05). Energy intake of severely undernourished children was significantly lower 

(p <0.001) than that of the mild and moderately undernourished children. Almost 70% children were taking 

prebiotic and probiotic foods more frequently (Table1). 

 

D. Microbial Profile 

As seen in Table 1, the establishment of beneficial bacteria was significantly higher in normal children as 

compared to undernourished children whereas enteric pathogens colonized less in the normal subjects.  

 

E. Correlation amongst dietary intake , biochemical parameter and microbial parameters 
Total dietary fiber intake significantly affected Enteric pathogen (p <0.05) counts in the gut of the subjects. 

Frequent consumption of prebiotics and probiotics foods, significantly reduced the establishment of Enteric 
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pathogen (p <0.001) in the gut of the children. When the establishment of gut micro flora as affected by the 

intake of curd and buttermilk of children was studied, it was found that the number of subjects who were 

consuming buttermilk on daily basis had significantly greater establishment (p <0.001)  of Bifidobacteria as 

compared to the children who took buttermilk occasionally.  Daily intake of curd showed significantly reduced 

(p <0.01) establishment of Enteric pathogens in large number of subjects. Data on type of delivery of mothers of 

the subjects revealed that 72.7% subjects were born through normal delivery and microbial counts of Enteric 

pathogens of those subjects was significantly less (p <0.001) than those who underwent caesarean delivery. 

However, the type of delivery did not have any significant effect on the establishment of the Bifidobacteria. 

Children, who took antibiotics in the past two months, had significantly lower (p <0.05) establishment of 

beneficial micro flora and greater establishment (p <0.001) of Enteric pathogens in the gut of the subjects. 

Subjects who were breast fed at the time of birth up to six months, had significantly lower bacterial counts (p 

<0.001) for Enteric pathogens which are harmful for health. Bifidobacteria counts in the breast fed children were 

little higher than non-breast fed children but it was not statistically significant. 

Table 1 Factors affecting the nutritional status of the subjects under study. 
Variables                     Nutritional status (n=88)  

 Normal  Undernourished  

Number of subjects  χ2 value 

Antibiotics intake 6 35 5.261* 

Infection episodes in 
past 2 months 

5 31 4.734* 

G.I Problems in past two months 14 47 1.045NS 

Mean values ‘t’ value 

Protein(g/d) 33.09±7.8 27.03±8.11 3.104** 

TDF (g/d) 3.48±1.44 3.16±1.25 2.222* 

β-Carotene(μg/d) 888.73±156.6 795.25±190.66 2.110** 

Hemoglobin level (g/dl) 11.09±0.81 10.14±1.12 3.936** 

                                                         Mean values (log10CFU/g)  

Bifidobacteria 5.24±0.39 4.97±0.59 2.489* 

Enterobacteria 3.5±0.49 4.16±0.53 5.388*** 

    

*=Statistically significant at p < 0.05, **=Statistically significant at p < 0.01 

***=Statistically significant at p < 0.001 NS= Non-Significant 

Impact of FOS supplementation on weight gain, dietary intakes, hemoglobin and gut bacteria of 

undernourished children. 

FOS supplementation resulted in non-significant weight gain of the children, however a significant reduction in 

GI problems (p <0.001) and occurrence of infections was observed. Also the dietary intakes of FOS 

supplemented children increased significantly with respect to vitamin-C, zinc and total dietary fiber and A 

significant (p <0.01) increase in the establishment of Bifidobacteria in the gut of the children with a significant 

reduction in the establishment of Enteric pathogens was seen in the FOS supplemented group. 

Supplementation with FOS showed a non-significant increase in the hemoglobin levels (Table 2) . 

Table 2 Impact of FOS supplementation on weight gain, dietary intakes, hemoglobin and gut bacteria of 

undernourished children. 
Variables  Groups(n=65)  

 Experimental (n=32) Placebo (n=33)  

Mean values ‘t’ value 

Weight gain 12.87 ± 1.4 13.82 ± 2.4 1.877NS 

Vitamin-C (mg/d) 22.75 ± 12.3 15.81 ± 9.5 2.524* 

TDF (g/d) 10.31 ± 1.08 3.19 ± 1.54 20.739*** 

Zinc (mg/d) 2.10 ± 0.7 1.82 ± 0.6 2.174* 

Hemoglobin level (g/dl) 10.72 ± .9 11.06 ± 1.23 1.125NS 

 (log10CFU/g)  

Bifidobacteria 5.8 ± 0.54 5.1 ± 0.72 4.326*** 

Enterobacteria 3.68 ± 0.83 4.11 ± 0.65 2.316*** 

*=Statistically significant at p < 0.05, **=Statistically significant at p < 0.01 

***=Statistically significant at p < 0.001 NS= Non-Significant 
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IV. Discussion 

The gastrointestinal tract (GIT) micro biota plays an important role in host health due to its involvement in 

nutritional, immunologic and physiological functions. Microbial imbalances have been associated with enhanced 

risk of specific diseases 
[7]. 

The present study revealed increased establishment of bifidobacteria and reduced enteric pathogens in normal 

children when compared to the undernourished children. Human gut is a natural habitat for a large and dynamic 

bacterial community; these include both beneficial and harmful bacteria. Composition of Microflora differs 

among individuals and also during life with in the same individual. Under normal homeostatic conditions, the 

intestinal microflora is of central importance in preventing colonization by pathogens 
[8],

 hence, beneficial 

bacterial species were found to establish more in healthy gut as compared to the one with compromised gut 

enteropathy. Gut enteropathy plays an important role in the pathogenesis of severe undernutrition by affecting 

their resistance against the pathogens 
[9]. 

Intake of dietary fiber and frequent consumption of foods rich in 

probiotics and prebiotics also may have played a role in the establishment of more number of beneficial bacteria 

in the gut of the normal children. In the present study the intake of dietary fiber was significantly higher (9.1%) 

in the normal children when compared to the undernourished children.  

Several studies have shown positive balance in the establishment of beneficial gut microflora as affected by 

intakes of dietary fiber. The establishment of beneficial microflora in the adult female was also reported with 

more frequent consumption of prebiotics and probiotic foods
[10].

In a study, infants who were fed with cow milk 

formula supplemented with FOS and galactooligosaccharides (GOS), after 28 days of feeding revealed 

significant increase in the numbers of fecal bifidobacteria when compared with the placebo 
[11,12] 

. 

The major functions of the gut microflora include metabolic activities that result in salvage of energy and 

absorbable nutrients, important trophic effects on intestinal epithelia and on immune structure and function. In 

the present study, undernourished subjects were found to suffer from more episodes of infection and 

gastrointestinal problems then their normal counterparts 
[13]. 

Studies have reported that inclusion of fibre (FOS) in the diet promotes satiation and aids in long-term 

compliance to low energy diets, and encourages “healthy” food choices and eating habits 
[14].

 The decrease in fat 

mass development is clearly linked to decrease in energy intake and hence reduction in body weight. 

The present study did not reveal any association between fructan (FOS) intake and reduced weight gain in the 

children. In fact there was a nominal weight gain in both experimental and the placebo group, indicating that the 

mechanism of satiation may be different in the children and daily supplementation in amounts as low as 7g may 

in fact provide health benefits to the children. 

The present study therefore concludes that supplementation of 7g FOS for the period of 4 weeks does not cause 

weight loss in undernourished children but in fact increase the establishment of Bifidobacteria and reduce 

establishment of enteric pathogens known to reduce occurrence of infections in children. Such an effort may 

promote to break the vicious cycle of infections and under nutrition in children. Long term studies on a larger 

sample are required to determine the effect of FOS supplementation on reducing under nutrition related 

morbidities and mortalities. 
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