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Abstract
Obesity has reached epidemic proptirtions iii Imlia in the 21' century, with inorbidity obesity affecting five percent of 
tile country's population. Adolescent is a i rucial period in life and implies multiple physiological and psychological 
changes that affect nuirifional needs and habits. Meal skipping and eating irregularly are common during adolescence 
and especially prevalent during inidtile aiul late adolescence. High fiber diets provide bulk or more satiating and have 
been linked to lower hodv weight. Niitritioii education must help teens to become informed decision makers about their 
diets. Three hundred atlolesceiu girls were involved m screening for obesity. From them forty five adolescents and baseline 
survey was conducted with them and then they divided into three groups each have 15 members. In this study they 
researcher has developed high fiber recipes like ko'/hukattai, roti and porridge using fiber rich ingredients like varagu, 
horse gram and curry leavers. Four differeiu samples of high fiber recipes were developed using the same ingretlients at 
various proportion and then it was subjected to organoleptic evaluation with 30 semi-trained panel members. Sample 
III got over all acceptability then other samples in three high fiber recipes. Recipes are subjected to biochemical analysis. 
Dietary fiber content in ko'/.liukatti, roti .nid porridge found to be 7g, 8g and 8g respectively. Rower point was pi'epared 
for nutrition education based on management of obesity and meal replacement given to obese adolescent girls in group 1 
and nutrition education mily nutrition education given to group 11. After three months of meal replacement and nutrition 
education, the changes in fieiglu, weight, |:MI, Waist to hip ratio and Imdy fat peicentage were evaluated. From the study 
I'esults meal replacement wa.s very effecuve- in weight reduction.
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1. Introducti n

The incidence ol ohe.sily lias risen dramalieally in recent 
years globally and there is an esvialating epidemic ol over 
weight and obesitv' both in developed and developing 
countries. According to Worhl Health Organization, it is 
estimated that there are approicimalely 1.3 lallion adoles 
cents (aged 20 years and older) \\ ho arc overweight and at 
least 400 million adolescents w !io are (,'bese \u)iTd\viile 11 j. 
TTie World Health Oiganizaiion has revised the HMl 
eut-oti lor .Asian Indians and suggesU'd ,t fh\ll ol 25 kg,-' 
m 'to  deline obesilv ag,,nnsl the .4) kg/m ’ rts.'mnmendcil 
for ITiropeans. .Adolescent obesity is assoei.ited witli an

increased risk of adult obesity and subsequent cardiovas- 
etilar rliseases |2 |, Ciirls experience a mucb larger increase 
in biuty fat than buys during adolescence. Adolescent boys 
typically liave significantly less superficial lal, less total 
body fat and less percentage body fat than adolescent girls 
[3], The meal nnssed most oflen by adolescent are break- 
last and lunch. Breakfast is frequently neglected and is 
omitted more by teens and young adults than by any other 
age group in the popidation. Meal replacements are any­
thing we can consume that is already proportioned and 
ready lo eat -and we can eat tlie whole tiling, ollen packed 
wilii extra I'notein and liber for greater satiety. Meal 
replacemenls are characterized by liquid formulas, powder
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formulations reconstituted \vitli water or milk, or nutrition 
bars that are typically fortined with vitamins and minerals 
and with or without tiber [-tl (Consumption ol high tiber 
starchy loods, mainh' whole wheat lloui ,uui brown rice 
has gone down considerabb' and has been replaced by low 
liber retined wheat Hour and polished nee [S|. Depletion 
of fiber in our present tla\' diet lias resulted in emergence 
of several disease including dubetes, obesity, cardiovascu­
lar disease, gastrointestinal diseases, appentlicitis, cancer 
ol colon and constipation 16|. Nutrition education ol ado­
lescents should address and identit\ the limitations and 
potential problems of fast foods |7]. It should suggest how 
with proper selection, these loods can be combined and 
incorporated with other loods into an (oerall nutrition­
ally ailequate food plan In addition, arlolescents need to 
he taught the skills with which to make wise loorl choices 
from available menu items. Nutrition education must help 
teens to become informed decision in.ikers ,ibout tlieir 
diets |8|.

2, Materials and Methoc: >

2.1 Selection olOtn sc Adoio : ■ it Cbri.s
The investigator conducted the studi' at \\ inashilingam 
Institute for Home Science ,md ftighei liducation tor 
Women, (fCoimbatore whicti is a university exclusively 
for women. Three hundrerl adolescent girls in the age 
group of 18-21 years based on their willingness to partici­
pate in the study were selected from six departments ot 
the f'acLilty of Home science, Necessan permission was 
obtained Irom the universit\ ,mlho^itie^ to conduct the 
sliuly. Ihe selected three hundred adohwceiU girls were 
screened lor obesity. Ihe height ol ,ill the three hundred 
adolescent girls was measured to the nearest 0.01cm. 
Weight w'as recorded to the iicMrcsi 0.1kg on a digital 
weighing balance. Body .Vla.̂ s liulex (B.MI) was calculated 
and based on the values, 4.7 obese adolescent girls were 
selected from three hundred adolescent girls

2.2 .Socto-cconoinic Itackgroum! and 
[.)ielary Fattern of Selected Obese 
•Adolescent Girls

The investigator designed an interview schedule to assess 
the socio economic background and diel.iry pattern ol the 
selected obese adolescent girls. A pre li.'sted questionnaire 
consisting ol 20 multiple choice questions e,ieh carrving

one mark was tormulated to assess the nutritional knowl­
edge of selected obese adolescents. Questions on the 
importance of nutrients, skipping of breakfast and role 
ot balanced diet in providing good nutrition was admin­
istered to all the obese adolescent girls, dhe investigator

three day recall method using a proforma.

2.3 Assessment of Nutritional Status
For measurement of hip circumference, the tape was 
placed horizontally over the buttocks and the circumfer­
ence was measured at the point yielding the maximum 
cii\.umtercnce in centimeters (Plate 11). Waist to hip ratio 
was calciilateil using the formula:

Waist-to-hip ratio:
W'aist circumference (cm)

Hip circumference (cml

Body fat analyzer is a small portable fat analyzing 
instrument or scale which is non-invasive, safe, cheap 
and reliable estimation of body composition was used 
in this study to determine body fat. From the electrical 
condiictivitv between both hands ot the children, the 
tal percentage digitally displayed by the instrument was 
recorded.

3. Formulation and Evaluation of 
High Fiber Recipes

'the investigator selected Varagu, horse gram and curry 
leaves depending upon their nutritive value. Varagu 
(ITispakim scrohiculatum) known as kodo millet is widely 
grown around the world for food and fodder. Varagu con­
tains 9g ol liber per lOOg. Horse gram (Dolichos bitloms) 
is a legume that is predominantly used in India as part 
ot their daily meals. Fiber content of horse gram is 5.3g 
per lOOg. tiurry leaves (Murraya koenigii) a green leafy 
vegetable is rich in liber (6.4g per lOOg). Apart from these 
ingrcrlicnts, rice Hour was used in the lormulaled liber 
rich recipes tor binding. Varagu and horse gram were 
cleaned, roasted and pow'dered. Curry leaves were washed 
ihoroughl)', shade dried and powdered. Ihe pi'oporlion of 
the ingretlients is given in 'Fable 1.

3.1 Organoleptic Evaluation
The standardized floui' mixture of 50 gram, 10 gram of 
chopped onion, green chilli, cumin seeds, salt and 70 ml



of water were added and mixed. Adequate amount ol'the 
mixture was taken and made into medium -iized balls and 
pressed with the palm and shaped into ko/.hukattais and 
steamed for 15 minutes. Roti was prepared by mixing 50 
gram of standardized (lour, 10 g ol chopped onion, green 
chilli, cumin seeds, salt and 75 ml of water. It was divided 
into two equal balls and made into medium sized roti and 
cooked on non stick tawa witliout oil foi' 15 minutes. 50 g 
of tlour mixture yielded two pieees ol roti and each piece 
weighed 50g after cooking. 50 g standardized Hour cumin 
seeds and salt was mixed with 200 ml ol water, boiled tor 
20 minutes and served hot with onion and green cliilli.50 
g of standardized lioui' yielded 200 ml of porridge.

Each recipe namely roti, kozhukatlai and porridge 
w'erc prepared in four tliffereni proportions and organo­
leptic evaluation by 30 semi-trained panel members was

Table 1. Proportion ol the ingredients
Ingredients (g) Sample

1
Sample

II
Sample

III
Sample

IV

Rice Hour 6.5 50 2,-.

Varagu 20 23 50 50

Hoicsc gram to 20 20 15

Curry leaves powder 5 5 Cj 5

Total too ioo iOO 100

conducted using a score card. All the food samples were 
evaluated based on characteristics such as appearance, 
colour, flavor, taste and texture using a 5 point hedonic 
rating scale. Acceptability score of the recipes are pre­
sented in Table 2.

4. Evaluating the Effect of 
Meal Replacement and 
Nutrition Education on Weight 
Reduction among Adolescents

Meal replacement is probably the most valuable and 
underrated supplement on the market. The selected 45 
obese adolescent girls were divided into three groups (2 
experimental and 1 control) of 15 each. Experimental 
group 1 was given meal replacement and nutrition edu­
cation and for experimental group II only nutrition 
education was imparted for a period of three months. 
Control group did not receive any intervention. For meal 
replacement, the high fiber recipes were prepared every 
morning at the Foods Laboratory, Department of Food 
Science and Nutrition, Avinashilingam Institute for Horne 
Science and Higher FIducation for Women, Coimbatore. 
.All the obese adolescents in experimental group I were

Table 2, Acceplabilit) score ol the recipes
(Maxinuiin Score = 5)

Recipes Charcterislic.s
Appearance Colour Flavour Taste Texture Average

score

KOZHUKAT TAl
Sample 1 4.6 -t 0.2 4.8 ± 0.1 4,7 + 0,2 4,8 i  0.2 4,9 ± 0.1 4.7 ± 0.05

Sample !I 4.7 .t 0.1 1,8 ± 0,1 4.8 1 0.1 4.9 ± 0.1 4.9 ± 0.1 4.8 1 0,03

Sample 11! .•) I.H.LO.I 4.9 5 4,7 10,1 4,810,05
Sample i\' 4.2 1 0.2 1.0 :.!, 0.1 4.9 1 0.1 4.4 1 0.2 4.1+0.2 4.3 ±0.1
ROTI
Sample 1 4.4.it).2 4,6±0,4 4.710.4 4.610.1 4.710.2 4.610.1
Sample 11 4.5.t0.1 4.6±0 3 4.31:0.2 4.8l:0.1 4,710.3 4.610.1

.Sample III 4,7 to. 1 •t.7±0.4 4.810.2 5 4,810.1 4.810.1

Sample l\' 4.5 ±0.2 1.210.2 4.81(1.1 4.5+0 1 4.310.3 4.410.2
PORRlDt.H
Sample 1 4,4+0.1 4.510.4 4.2±(). 1 4.710.1 4,810.1 4.5+0.2

Sample 11 4.5±0,2 1.810.3 4.410,1 4.710.2 4.810.2 4.610.2

Sample 111 4.8±0.3 ■t.9±0,l 4.8+0.1 5 4.910.1 4.810,1

Sample IV 4.5±0.] 4.4.10.4 4.8+0,2 4.710.2 4.510.1 4.610.2



instructed to assemble in the foods laboratory between 
9.15-9.45 am every morning. 'I he prepared recipes were 
served hot. During weekend and holidays, the investiga­
tor provided meal replacement llour to adolescent girls 
toi' making recipes.

Nutrition education was imparted through povvei' 
point presentation b\' lecture method to both experimental 
groups I and II. The girls were asked to assemble in a class 
room and a power point presentation on the management 
ol obesity was given on specilic clays lor ,i duration ol 45 
minutes tora period of three months. Discussion was held 
at the beginning and at the end ol the session. A leallet on 
obesity management was also distributed by the investiga 
tor to the girls belonging to experimeni.il g,roups 1 and II

5. Results and Discussion
The developed recipes weie analysed lor its nutrient 
content tollowing the procedures suggested by AO AC 
method and presented in Table 3.

Nutrient analysis ot lOOg ol the desclopcd recipes 
revealed that it had a moisture content ol 58 percent and 
47 perceiil and 80 percent tor ko/luikattai, roti and por 
ridge respectively. I be developed ieci['C'. bad a dietary 
liber content ol 7g, 8g and 8g in Ko/,lmkailai, roti and por 
ridge respectively.

The energy content ol ko/.hukatlai, roti and porridge 
was l(->9 kcal, 213 kcal and Slkcal respectively. Protein 
also high in developed recipes like 6g in kozhukattai, 7g 
in roti and 6g in porridge.

The calcium content kozhukattai was 258mg .Roti 
had a calcium content ot 178 mg and the porridge had 
a calcium content o l '24 1 mg. A low' fat content of (),4g, 
0.3g and 0.3g was found in kozhukattai, roti and porridge

Tabic 3. Nutrient content ot the developed 
snacks
Nutrients Recijies

Kozliiikattai
(lOOg)

Roll
(lOOg)

Porridge
(2()()ml)

Mui.slui'e (%} dS i: so
l iiergy (kcal) UiU 2 1.1 81
t ai bohydrale (g) A 3 ■16 13
Protein (g) (> / 6
Pat (g) 0.4 0.3 0,.)
Dietary liiier (g) 7 ,8 8
( I'ude liber (g) () 6
( ialciuni (nig) 238 178 241
iron (mg) ■) ■)

respectively. Tlie iron content of the recipes ranged from 
1.9 to 2.0mg per serving.

5.1 Cost ot the I'ormulated High Fiber 
Recipes

The cost ol 1 OOg ol high fiber recipes was Rs.3.75 whereas 
lor per serving it was Rs. 1.88. The developed recipes were 
less expensive than any other type of processed foods that 
are currently available in the market.

6. Effect of Meal Replacement 
and Nutrition Education on 
Weight Reduction

6.1 Anthropometric Measurements of 
Obese Adolescent Girls before and after 
Meal Replacement

The anthropometric measurements of obese adolescent 
girls before and after meal replacement are presented in 
Table 4.

The mean height of selected obese adolescent girls 
in experimental group 1 slightly changed from an initial 
value ol 1.52cm to 1.53cm after intervention. The mean 
height ot the obese adolescent girls in experimental group 
II diti not cliange alter intervention.

The mean height of the obese adolescent girls in con­
trol group also dkl not change after intervention. Mean 
dillerence in height among experimental group I was 
in tile range ol 0.1cm and it w'as found to be significant 
(p<0.0l).

In tlie present study, the mean weight of selected 
obese adolescent girls in experimental group I was found 
to be 62.8kg at tlie start of the intervention which reduced 
to 60.8kg after intervention. Tlie mean weight of obese 
adolescent girls in experimental group 11 was found to be 
67.4kg before intervention which had slightly increased 
to 67,8kg alter intervention. Mean weight of adolescent 
girls in tile cr)iitrol group was found to be 62.8kg in initial 
stage wliicli had slightly increased to 63.8kg at final stage. 
In group 1, tile mean dilference in weiglil reduction was 2 
kg winch was lound to be significant at one per cent level. 
In experimental group II and control group a mean diller- 
ence in weight of 0.4kg and 1.0kg was observed w'hich was 
stalislically significant (p<0.01). In tins study, when com­
pared to otlier groups, experimental group 1 was found to 
lia\e a ma.ximum reduction.



Talile } Mean anthropometric measurements ot obese adolescent 
girls before and alter meal replacement
I’iiiainclcis Mean ± St) 

Betore Alter
■Mean dillerence 

±S1)
‘t’ value

1 k'iglu (cm)
(iroup 1 I52±0.1-1 15310.1 l.OlO.l 0.37'''-'
(iroup II 16t)±0.2 l(r0±t).2 0.1 ±0,1 0.00
Control group 134.;!:0,1 15410.1 0.1 ±0.1 0.00
Weigh! (kg)
( iroup 1 02.8+8.,! (r0.8± 1 3,6 2.0011 7.03"
( iioup 11 67, 1 1 67,818.1 0.4i2.3 3.7"
( iontrol group 62.813.1 63.813.6 1.012,1 3.5"
Itoih' Mass Index (15,VI1)
(iroup i 27.610.6 23.811,7 -1.210.5 8.51"
(iroup 11 27.2vr3.4 27.315.4 0.211.1 3.4"
( iontrol group 26.611 .-1 26.512.3 0.0410.1 5"

Sigmiis.in! at 1% leui,  \ ’S Not si^nilicani 
(inuip I (N -lr>j . Mi'dl Kfpi.iccnu'nl aiui Nulnlum l'.diK.alion 
(ii'oiip 1! (N- !5) : NulnlirMi luliK'dlittn 
Control i î'otip ( N - I fd • No inlci'vent ion

Hie findings of the study revealed that the mean 
Body Mass Index (BMI) ol the selectcti obese adolescent 
girls given dillerent intervention strategies had a signile 
cant reduction (p<0.()l) in experimental group !. It was 
observed that the mean BMI value among obese adoles­
cent girls in group 1 was 27.0 before intervention which 
reduced to 25.8 after intervention with a mean difference 
of 1.23 which was stalislicallv significant ipcO.ttl) ilie 
mean Body Mass Inde.x (BMI) of the obese adolescent 
girls in experimental group 11 and control group was 27.3 
and 26.6 in initial stage which had slight!) increased to 
27.5 and 26.6 after intervention respectively, llie mean 
diderence also slightly increased alter intervention at sig- 
nilieant level (p<t).l) I)

6.2 Mean VVaist-to-iiip Ratio ot Selected 
Obe.se Adolescent (drls beiott and after 
Intervention

Mean waist-to-hip ratio of selected obese adolescent girls 
before and after intervention is presented in Table 5.

dhe mean waist-to-hip ratio oi selected obese ado­
lescent girls in experimental group I had reduced trom 
an initial value ol 0.91) and 0 85 alter inlci ventioii. llie 
mean ditlerencc in wai.st to-hip ratio reduction range was 
0.05 was found to he signilicanl at live [ler cenl level. In 
experimental group 11 mean waist to hip i.itio ol obese 
girls was 0.96 Initially and t).98 alter inlervention which 
was slightly increased. 'The mean dillerence in waist-to-

lahie 5. Mean waist-to-hip ratio of selected obese 
adolescent girls before and after intervention

VVaist-to- Mean ± .SO
hip ratio before

inteivenlion
After

intervention

Mean
difference

‘t’ value

(iroup 1 0.9010.1 0,8510.08 -0.0510.1 2,35’
(iroup 11 0.9610.1 0.9810,1 0,0210.1 2.74*
Conirol
group

0.8910.1 0.910,1 0.01+0.2 0.9’''̂

Siynilic.mi di 5''6 level; NS \ o i  signtlicam 
(.inHip 1 (N- 15) \lcal keplaccmonl and Nulnlion Hducalion 
( 11 (Hip 1 i (N - 15) ; Nulrilion l-.dueatioii 
(lonirol group (N- 13) ; No iiHe’i vcnlion

hip ratio was found to be increased by 0.02 at significant 
(p<0.03) level. In control group, the mean waist-to-hip 
ratio was 0.89 initially and it increased to 0.90 after inter­
vention. Among the control group, mean difterence ol 
waist to-hip ratio was 0.01 which was not found to be 
significant.

6.3 .Mean Body Fat Percentage of Selected 
Obe.se .Adolescent Girls before and after 
Interv ciition

lahle 6 presents mean body tat percentage ot selected 
obese adolescent girls before and after intervention.

In the present study, the mean body fat percentage in 
experimental group 1 was found to be 36.3 per cent at the 
beginning ot the intervention which reduced to 34.5 per-



I able f. Mean liocly fat percentage of selected obese adolescent girls 
befoie aiul alter intervention
Body fat 
percentage

Mean ± .St) Mean
ditlerenec

‘t’ value
Belore iulervention After intervention

Group 1 .Ui.3±2.3 34.5±2.l -1.810.9 7.4"
Gioup II 38.5±4 38±4 -0.511.7 3.7"
Gontrol group 36. i ±2.5 35.4±6 -0.711.6
“ Siguilu tiiil 111 l"n U'vi-l; N’S si^mficanl
Cirtnip ! (N 13) : Moal Uopkki'mciu and Nulrilit'n Ixiiicalion
( I roup II ( N:r 13) : Nul i ilbui l-ducaliun
C lin tro i ^I'oup ( N--13) : N'n in lc ru 'iilio n

cent after intervention, 'llie mean body lat percentage ol 
experimental group II bail icduced slightly trmn 38,5 per 
cent before intervention to 38 per cent after intervention. 
In the control group of selected obese atlolcscent giifs the 
mean body fat percent was lound to be 3(i.l per cent ini 
tially and 35.4 per cent al the final stage ol intervention, '1 he 
mean dilTerence in bod\’ fat percentage in experimental 
group I was 1.8 per cent which was found to be significant 
at 1 per cent level, dbe mean difference of experimental 
group II was found to be 0.3 per cent signilicant at 1 per 
cent level. Ihe mean ditlerenec ol bod\' lat percentage in 
the control group was lound not to be signilicant.

6.4 Mean Score of Nutritional Knowledge ot 
Selected Obese Adolescent girls before 
and after Education

Table 7 reveals that mean score ol nutritional know­
ledge of selected obese adolescent girls belore and after 
education.

Tlie finding ol the present study revealed that the 
nutritional knowledge ol the selected obese adolescent 
girls in experimental group I was lound to be 10 at the 
initial stage which increased to 17.6 alter intervention. 
Ihe mean score of nutritional knowledge in experimental 
group II was 9.4 before inter\ention which bad increased 
to 13.4 after intervention.

'Ihe mean dilference in score of nutritional knowledge 
of obese adolescent girls in experimental group 1 was 
found to be 7.6 al significant (p<().01) level. Ihc mean dif­
ference in score of obese girls in experimental group 11 
was 6 at a signilicant (p<0.01) level,

7. Conclusion
Obesity is a complex condition with serious social and 
psychological dimensions, that allecls \irtuail) all age

'f able 7. Mean score of nutritional knowledge 
lo

education
(Mean score=20)

Category Mean ± SD Y value
Before After Difference

Education Education
Experimental 
group 1

10 ±1.55 17.611.25 7.6+2.11 13.5"

Hxperiniental 
group 11

9.412,8 15.4124.9 611.8 10.39"

Control 7.612,3 7.511.7 -0.112.0 0.2NS
group
■' Signilicant al 1% level, \ S  N’(;l signilicanl
(iroup ! (N = 15): Meal Replacement and Nutrition liducation
(IroLip li I N - I 5 ) : Nutrition Education
( Ainlml group ( N - 13) ; No intervention

and socio-economic groups and threatens to overwhelm 
both developed and developing countries. Ibis problem 
is increasing in adolescents and various factors, contrib­
ute lo it. 'Ihe mean dilTerence in BMl among obese girls 
in experimental group I and II and control group was 1.2, 
0.2 and 0.04 respectively. Mean BMI value reduced only 
among experimental group I at signilicant (p<0.01) level. 
.Mean difference of waist-to-hip-ratio had decreased to 
0.05 after intervention in experimental group I. In exper­
imental group II mean dilference slightly increased by 
0 02 at significant (p<0.05) level.Mean difference in body 
fat percentage of obese.adolescents in group I, group II 
and control group decreased to 1.8, 0.5 and 0.7 per cent 
respectively. 'Ihe't’ value revealed changes at signilicant 
(p<0.01) level. 'Ihe present study revealed that meal 
replacement with the developed high fiber recipes (Roti, 
ko/,hiikattai and porridge) and nutrition education was 
found to be very effective in weight reduction among 
obese adolescent girls.
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