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Abstract –  
Objective: Dietary profile of national adolescent swimming trainees was assessed and cost-effective home based snacks 
filling gaps in nutrient intake were developed. Methods: The National Swimming Academy, Sports Authority of India, was 
the locale and 100% trainees (8 girls & 10 boys) aged 11 to 15 years comprised the sample. Physical Activity Level, Total 
Daily Energy Expenditure, 24 hour nutrient intake, food frequency and general dietary parameters were assessed using 
standardized tools. Results were compared with erstwhile national recommendations and gaps in dietary intake identified. 
Home based snacks with 4 weeks shelf-life were formulated using standardized procedures and recipes presented in a 
booklet. Shelf-life was assessed using chemical and microbial analysis. Results & Conclusion: The percentage consumption 
of pulses (201%;178%), milk & milk products (150%;202.6%), fruits (275%;255%), fats & oils (108.5%;103.7%) and sugar 
(253.5%;300.6%) amongst girls & boys were higher than recommendations. Consumption of cereals (60.7%;70.4%), meat & 
meat products (38.5%;48.2%), other vegetables (26%;21%) and green leafy vegetables (5.8%;0%) by girls & boys 
respectively were lower than recommended amounts. Iron (94%;92%), total dietary fibre (73.8%;79.7%), vitamin B6 
(31.7%;36.7%), β-carotene (48%;32%) were lower than recommendations in girls and boys respectively. Based on gaps in 
dietary intake, vegetable powders, millets and dried fruits were utilized to develop snacks with enhanced micronutrients and 
antioxidants. Consumer acceptability using ANOVA and Tukey’s post hoc tests revealed higher acceptability of Rajgira 
ladoos, baked mathri and cookies (p<0.05) than nutri-bar and multigrain chips that were developed. 
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I. INTRODUCTION 
 
Competitive swimming is a well-structured, 
systemized, codified and regulated sport that has 
more than 30 minutes of continuous activity with 10-
15 seconds rest between swims. An appropriate 
training schedule of swimming usually require 2-3 
sessions per day. It requires a multi-dimensional 
nutritional approach to support the general training 
needs and also the acute demands of competition. 
Even minute inadequacies in diet may produce 
significant changes in their athletic performance 
(6,15).  
As per Indian guidelines for elite athletes, athletic 
diets should include all food groups (cereals, milk 
and dairy products, lean meat, fish, poultry, eggs, 
legumes, fruits and vegetables) in balanced 
proportions. This approach is also useful to tackle 
micronutrient deficiencies widely prevalent in Indian 
adolescents. Dietary diversification, fortification with 
micronutrients & supplementation are some of the 
good methods. Healthy intake behaviour with 
breakfast, mid-morning and evening snacks, lunch 
and dinner at regular intervals and adequate amount 
of fluids during the day can further enhance 
performance (17).  
There is a lack of recommendations for elite Indian 
adolescent athletes. However dietary 
recommendations for swimmers suggest 12-15% 
protein, 25-30% fat, and 55-65% carbohydrates of the 
total energy intake (1). Further, regular ingestion of 
snacks or meals providing both CHO and Protein (3: 
1 CHO: Protein ratio) is reported to promote recovery 
and replenishment of muscle glycogen. Ingestion of 6 

–20 grams of essential amino acids and 30 – 40 grams 
of high-glycemic CHO within three hours after an 
exercise and immediately before exercise 
significantly stimulate muscle protein synthesis (10). 
Protein intake should aim up to 2g/kg body weight in 
male teenage athletes with an emphasis on quality & 
timing. To date, dairy proteins seem to be superior to 
other tested proteins, largely due to leucine content 
and the digestion and absorption of branched-chain 
amino acids in fluid-based dairy foods. The diet of 
young athletes should consist of dietary fibre and its 
requirement can be arrived at by adding 5g to the age 
for children older than two years. Given the normal 
reduction in blood glucose during exercise, the 
hydration beverage should contain approximately 100 
mg of sodium per 240 ml and approximately 6% 
carbohydrate to have better regulation of body 
temperature and to prevent dehydration (17,18).  
Dietary intake of swimmers is reported to be 
inadequate in many studies with low energy, protein, 
iron, vitamin A, vitamin D, copper, zinc, magnesium 
& calcium than the RDA & often reflect in Body 
Composition & BMI (13,14,20). Hence, food 
supplements and special foods are reportedly 
consumed to enhance athletic performance (16). 
Despite the considerable number of publications in 
sports in India, few formal studies about on dietary 
intake and eating behaviour of elite adolescent 
athletes have been published, although there is an 
emphasis on home-based snacks in India. 
Due to reported lack of macronutrients and 
micronutrients in the diet of swimmers and paucity of 
data on intake of elite adolescent swimmers, present 
study was planned for assessing the dietary profile of 
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elite adolescent swimmers and developing adequate 
recipes for snacks that may be used during the 
training phase.  
 
II. METHODOLOGY 
 
Subject Selection: All elite adolescent swimmers 
were selected using saturation sampling technique 
present in National Swimming Academy, SAI, 
Government of India, Talkatora Stadium, New Delhi 
after taking informed consents from the trainees, 
permission from their institute and ethical clearance. 
Anthropometric Assessment: Anthropometric 
profile using height, weight, BMI, Body Fat 
percentage (BF%) & Total Body Water percentage 
(TBW%) was measured with microtoise & Tanita 
bio-impedance analyser. 
Energy Expenditure: The Factorial Method was 
used to estimate the Total Daily Energy Expenditure 
(TDEE).Physical activity pattern of a day was 
recorded using Activity Diary to derive the total time 
spent on various activities. PAR values of various 
activities given by WHO were utilized for estimation 
of TDEE & Physical Activity Level (7). 
Dietary Profile: Nutrient intake, intake of different 
food groups and food consumption behaviour were 
assessed. Three day 24 hour recall, food frequency 
questionnaire and general dietary questionnaire 
eliciting responses regarding self-supplementation, 
likes/dislikes, meal-timings, rehydration-behaviour, 
skipping meals, fasting, other influences etc were 
utilized. The 24 hour recall was administered on two 
working and one holiday. Food models were used as 
memory aid to elicit information regarding the 
portion sizes that they consume. Also, the weights of 
raw ingredients used in cooking was obtained to get 
an idea about quantities of food consumed and 
proportions which were used. Cooking methods, 
brand names of the processed food items were 
collected.  
Swimmers were also probed about the pattern of food 
consumption of different food items on a daily, 
weekly, fortnightly, monthly & occasional basis. 
Dietary habits were also reflected when they marked 
‘Never’ for certain foods like meat & meat products. 
Their individual preferences were revealed when they 
pointed out one food item or food group more than 
the other. 
The mean dietary intake was determined using the 
DietCal software. SAI & ILSI recommendations were 
utilized for dietary guidelines for elite swimmers 
(17). The last published diet scale (12) for athletes in 
this age group, though not the said academy, was 
used as reference to assess the adequacy of various 
food groups. Since nutrient recommendations were 
not available, the recommended requirements for all 
Indian adolescents given by ICMR were utilized as 
minimum standards of intake (8,9). 
Recipe Development: The entire data collected on 
general information, anthropometry, dietary intake, 

socio-economic status & physical activity were 
analysed to compare the swimmers’ nutrient & food 
intake with the recommendations made for them 
during the training phase. This exercise revealed the 
main gaps in nutrients that were needed to be 
included. Analysis of food intake behaviour further 
highlighted the food groups and types of snacks that 
could be used to enrich their diet & fill the said gaps. 
Five recipes were developed using standardized 
techniques. 
Chemical Parameters: Moisture and ash content for 
all the products were determined as per BIS standards 
(IS 1011 : 2002; IS 12711 : 1989; IS 15279 : 
2003).Peroxide value and Free Fatty acid test were 
also applied using IS:15271:2003. 
Microbial Analysis: Yeast, mold and total plate 
count growth was checked at different temperatures, 
for yeast & moulds at 25ºC,for total plate count at 
37ºC. 
Product Acceptance: 5-point Hedonic scale was 
used for organoleptic evaluation from a panel of 
experts during development of recipes and consumer 
acceptance was assessed. ANOVA (version 22) and 
Tukey’s post hoc test was applied for comparison 
among the overall acceptability of all final products. 
 
III. RESULTS AND DISCUSSION 
 
Subjects: The academy had a total of eighteen elite 
swimmers of which 10 were males and 8 females. 
The anthropometric parameters of the swimmers are 
depicted in Table 1.The age range of the trainees was 
11-15 years and all were in normal range of BMI, 
BF% and TBW%. 
 

Anthropome
tric 

Parameters 

Mean ± 
SD(BOY

S) 
(n=10) 

Mean ± 
SD(GIRL

S) 
(n=8) 

Mean 
±SD(samp

le) 
(n=18) 

Age(years) 12.9 ± 
1.29 13 ± 1.4 12.9 ± 1.3 

Height(cm) 163.5 ± 
5.8 

161.8 ± 
6.6 162.7 ± 6.1 

Weight(kg) 51.4 ± 
7.7 59.2 ± 5.9 54.9 ± 7.9 

BMI(kg/ܕ) 19.1 ± 
2.3 22.5 ± 1.4 20.7 ± 2.6 

TBW% 61.4 ± 
2.1 51.7 ± 1.4 57.1 ± 5.3 

Body Fat % 16.1 ± 
2.9 29.2 ±2 22 ± 7.2 

Table 1: Anthropometric parameters of swimmers 
 
Energy Expenditure: Estimated TDEE in males was 
reported to be 5964 kcal in 10-12 years, 5725 kcal in 
12-14 years and 5589 kcal in 14-16 years age group 
and in females was reported to be 5673 kcal in 10-12 
years, 5499 kcal in 12-14 years and 5361 kcal in 14-
16 years age group.  
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The estimated energy expenditure was approximately 
1000 kcal higher than the energy intake in both males 
and females. Hence, there emerged a need for more 
precise methods for measuring TDEE, preferably 
through oxygen consumption, for mapping RDAs for 
energy for this group of swimmers since energy 
efficiency in this age group is largely unreported. 
Dietary Analysis: Dietary Profile of the subjects is 
illustrated in Tables 2-4. The nutrient intake data 
when compared with the minimum recommended 
intake revealed an intake of approximately energy 
range from 3955-5962 kcal in males & 3199-5303 
kcal in females and of protein ranges from 116-171g 
in males & 83-160g in females. Fluids and various 
micronutrients like calcium, vitamin C, vitamin A, 
thiamine, riboflavin, niacin, zinc and folic acid were 
adequately consumed by swimmers. Also, iron, total 
dietary fibre (TDF), vitamin B6 and β- carotene were 
lower than recommendations in both males and 
females. Although vitamin A levels were met, there is 
future scope of improving the β-carotene form of 
vitamin A, as carotenoids and not retinol are reported 
to be antioxidant against lipid peroxidation. Also it 

was reported that less intake of antioxidants can 
decrease the serum iron in athletes and that can 
increase oxidative stress among them (19). 
Consumption of food groups like cereals, meat & 
meat products, other vegetables, and green leafy 
vegetables were inadequately low. Pulse, milk & milk 
products, fruits, fats & oils and sugars were higher 
than recommended amounts. 
 
Food consumption behaviour: Salient behaviours 
highlighted that majority (83.3%) of the swimmers 
consumed no dietary supplement, while 16.6% 
consumed Gatorade, Xtra Charge and whey protein 
regularly. Sugar cravings were also observed in 50% 
swimmers of which most preferred to reach out for 
foods rich in simple carbohydrates like 
chocolates/toffees/ice-cream. Sugar cravings linked 
with mild neurotransmitter changes in athletes 
requiring high levels of focus and concentrations for 
continued competitions have been reported. A diet 
rich in tyrosine, choline, and other nutrients 
supporting neurotransmitter production has been 
considered protective for such populations (21). 

 

Nutrients Recommendation Mean ± S.D Percentage 
Adequacy 

Energy (Kcal/day) 3200 4760±524 149% 
Protein(gm/d) 15% of total energy (120g) 147.1±18.4 122.5% 
Carbohydrate 

(gm/d) 60% of total energy (480g) 688.3±102.3 143% 

Total Fat  (gm/d) 25% of total energy (88g) 159±20.2 180.6% 
Iron (mg/day) 

 
21 for 10-12years 
32 for 13-15years 25.7±4.9 91.6% 

Calcium (mg/day) 800 2281.4±450.4 285.18% 
Vitamin A(µgm/day) 600 1660±330.4 276.82% 

Vitamin B6 (mg/day) 1.6 for 10-12yrs 
2 for 13-15yrs 0.69±0.27 36.7% 

Vitamin C (mg/day) 40 193.8±42.9 459.91% 
β-carotene (µgm/day) 4800 1539.5±597.5 32% 

Thiamine (µgm/day) 1.1 for 10-12yrs 
1.4 for 13-15yrs 2.33±0.37 178% 

Riboflavin (mg/day) 1.3 for 10-12yrs 
1.6 for 13-15yrs 2.14±0.39 142.1% 

Niacin (mg/day) 15 for 10-12yrs 
16 for 13-15yrs 20.3±3.74 129.2% 

TDF (gm/day) 45-65 43.2±6 79.76% 

Zinc(mg/day) 9 for 10-12yrs 
11 for 13-15yrs 12.04±2.84 115.16% 

Table 2: Nutrient intake for boys (n=10) 
 

Nutrients Recommendation Mean ±  S.D Percentage 
Adequacy 

Energy (Kcal/day) 2700 4214.3±724 156% 
Protein(gm/d) 15% of total energy (102g) 125.6±23.3 123% 

Carbohydrate (gm/d) 60% of total energy (405g) 612.4±139.4 151 
Total Fat (gm/d) 25% of total energy (75g) 141.4±18.6 188% 

Iron (mg/day) 27 25.4±3.42 94.21% 
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Calcium (mg/day) 800 1829.2±270.8 228.6% 
Vitamin A (µgm/day) 600 1296.3±252.2 216% 

Vitamin B6 (mg/day) 1.6 for 10-12yrs 
2 for 13-15yrs 0.58±0.26 31.7% 

Vitamin C (mg/day) 40 191.6±54.8 478.9% 
β-carotene (µgm/day) 4800 2304±1155 48% 

Thiamine (µgm/day) 1 for 10-12yrs 
1.2 for 13-15yrs 2.16±0.31 188% 

Riboflavin (mg/day) 1.2 for 10-12yrs 
1.4 for 13-15yrs 1.71±0.31 127.2% 

Niacin (mg/day) 13 for 10-12yrs 
14 for 13-15yrs 17.96±3.56 130.8% 

TDF(gm/day) 45-65 39.5±8.87 73.8% 

Zinc(mg/day) 9 for 10-12yrs 
11 for 13-15yrs 10.24±2.68 98.7% 

Table 3: Nutrient intake for girls (n=8) 
 

Food groups 
(g) 

Boys 
 

Girls 
 
 

Recommendations 
(g) 

 

% adequacy of   RDA 
Boys         Girls 

Cereals 500±102.1 430.8± 120.6 710 70.4%            60.7% 

Pulses And 
Legumes 

 
106.7±25.4 

 
120.6 ±43.3 

 

 
60 

 
177.8%         201 % 

Leafy 
Vegetables - 5.8 ± 16.5 100 -              5.8% 

 
Roots And 

Tubers 97.8 ± 29.3 138.5±44.3 100 97.8%         138.5% 

Other 
Vegetables 41.5 ± 47.1 52.1±33.7 200 20.8%           26 % 

Fruits 509 ± 60.4 550.1±188.1 200 255%            275 % 

Meat & Poultry 96.3 ±48.1 77.1±58.1 200 48.2%           38.5% 
 

Milk & Milk 
Products 1519.2 ± 380.7 1122 ± 231 750 202.6%       149.6% 

Fats & Edible 
Oils 67.4 ±23.6 70.5± 20.2 65 103.7%       108.5% 

Sugars 90.2 ±22.6 76 ± 41.3 30 300.6% 253.5% 
Table 4: Intake of various food groups amongst elite adolescent swimmers 

 
Recipe Development: From the dietary profile it was evident that swimmers’ diet can be enhanced in 
micronutrients and biodiversity. Viewing a need for inclusion of high biological value (HBV) protein, fibre, B-
carotene, choline & tyrosine, 5 nutritious recipes were developed namely, Rajgira ladoos, cookies, nutri-bars, 
baked mathris and multigrain chips and presented in a booklet. Also the main ingredients chosen for formulation 
of these recipes were lesser eaten millets, dried-fruits and vegetables in form of powders (carrot, beetroot, 
spinach & fenugreek) to ensure acceptability and include biodiversity in their diets. 
Chemical Parameters: Moisture and ash content were within BIS specifications given in Table 5. Free Fatty 
Acid & Peroxide Value were analysed and are shown in Table 6. 
Microbial Analysis: The colony count for Yeast & mould was not detected in any of the products and for TPC 
was less than 15 cfu/g, indicating good hygiene was maintained throughout formulation as illustrated in Table 7. 
Sensory Evaluation:  Initially 4 to 5 trials of each recipe were conducted in order to reach to the final 
formulation of recipe development process. Five semi-trained panellists evaluated these formulations. Among 
these 4-5 trials, three were selected finally and data was analysed by determining significance of difference from 
rank sum (11). Sensory attributes like appearance, taste and texture, flavour and aroma, colour and overall 
acceptability were taken into consideration and final sensory evaluation was conducted on 10 panellists. 
Selected products, using sensory evaluation, were produced and further evaluated by the swimmers and 
compiled into a recipe booklet. 
Statistical Analysis: There was a statistically significant difference between 5 recipes as determined by one-
way ANOVA (F=18.99*, p<0.001). The Tukey’s post-hoc test revealed that the overall acceptability of nutri-
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bars (2.56 ± 0.61, p< 0.042) and multigrain chips (3.28 ± 0.75, p<0.006) was statistically significantly lower 
compared to Rajgira ladoo (4.17 ± 0.85), baked mathri (4 ± 0.90) and cookies (4.50 ± 0.618).The overall 
acceptability for cookies was the highest among swimmers.  
 

 
Table 5: Moisture and ash analysis of products 

 
The data are mean ± S.D. of duplicate readings. 

PARAMETER CHIPS LADOO BAR COOKIES MATHRI 
Free Fatty Acid (as 

oleic acid),% 1.87 1.05 1.13 0.68 1.09 

 
Peroxide value(meq/kg) 

 
8.00 

 
5.67 

 
6.91 

 
ND 

 
7.67 

Table 6: Rancidity parameters of products 
 

The data is mean of duplicate readings. 

 
Table 7: Microbiological analysis of products 

 
CONCLUSION 
 
The scientific understanding of linking food with 
physical performance is essentially a twentieth 
century concept introduced in healthcare 
sector/medicine. Rapid growth period may pose a 
challenge for fulfilment of nutrient requirements for 
subjects undergoing professional sports training. 
Fluid consumption and intake of various nutrients 
were found adequate. However, elite adolescent 
swimmers’ diet can be enhanced with micronutrient 
and phytochemical rich snacks for which the 
developed recipes could be high quality, acceptable 
solutions. Present study also highlights urgent need 
for specific RDAs for individualized sports based on 
age group, level of competitions, quantum and quality 
of training. 
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