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I  INTRODUCTION
Nutrition is the study of foods and nutrients and their effect on health, growth and development of the individual. Sports nutrition applies to sports with the intent of maximizing performance (Ramana, 2007). In this new millennium our ‘love affair’ with fitness and sports continues to grow worldwide. Although physical activity is still very prevalent among nations, more of us are joining fitness facilities or initiating fitness programs. Improvement in health and fitness is one of the major reasons that more and more people initiate an exercise program. Research has shown that adult who become physically active may also become more interested in other aspects of their lifestyle, particularly nutrition which would affect their health in a positive way (William, 2010).
Clyde Williams (2006), a renowned sports scientist from England, notes that, in addition to specialized training, from earliest times, certain foods were regarded as essential preparation for physical activity, whether this was for confrontation on the battle fields of history or competition in the stadia of ancient Greece, the aim being to achieve greater strength, power and stamina than the opponent. Nutrition is an important component of any physical fitness program. The main dietary goal for an athlete is to obtain adequate nutrition to optimize health fitness and to increase sports performance (Srinivasan, 2010).
According to the American Dietetic Association (ADA) and the Canadian Dietetic Association (CDA), ‘the importance of diet and healthful food choices in optimizing status, fitness levels and athletic performance has been recognized by both participants and professional athletes’. They further state that athletes require accurate information establishing safe weight and body composition goals. Another important factor addressed by CDA was that the diet of female athletes are poor in providing energy and nutrients, particularly since their requirements are high, due to growth and development factors and involvement in competitive sports.
Sports and nutrition are directly related to each other. Taking into consideration the fact that sports persons need more energy to carry out their sporting activity effectively, it becomes a prime importance to take care of the nutrition for sports performance. Full planning and implementation is required, when it comes to the athlete’s nutrition like selection of foods, time of food intake, selection of nutrition and diet supplements (Helsinki, 2010). Athletes need dietary supplements in order to increase energy, maintain strength, enhance performance, maintain health and immune system and prevent nutritional deficiencies. Sports persons need the most frequent use of supplemental proteins, vitamins, amino acids, minerals and other supplements like fish oils.
Success in sports depends mainly on three factors the genetic endowments, the state of training and nutrition. The latter has always been of great interest to athletes. Proper nutrition is an important component of the total training program. Athletes need the same amount of essential nutrients as non athletes with varied increases in their caloric requirements as well as other macro and micro nutrients due to increased physical activity. Therefore it is essential to explore and assess their increased demands of macro and micro nutrients (Venkataramana, 2010).
Optimal nutrition is important for athletes to maintain good performance and to attain a good health in later life. The nutrient intake of athletes should be adequate to cover the specific energy requirement of the sports as well as for the tissue maintenance and repair.
           Protein is not just an essential nutrient, but the largest component in the body after water, typically representing about 15 percent of body weight. Most of this protein mass is found in skeletal muscle, which explains the importance of protein to athletes. Many athletes try to get their daily protein from drinks. This will not be sufficient because the body will not absorb all the protein from protein shakes. So it is necessary to provide protein that is digestible and biologically good in quality (Scott, 2004).
The discovery of spirulina marked an important breakthrough in tackling the problem of malnutrition. Spirulina is a blue green micro algae which is considered as ‘food for future’ because of its amazing ability to synthesize high quality concentrated protein than any other algae. Besides, it has a unique blend of nutrients that no single plant source can provide. Athletes need to use the supplements which give them all nutrients and that requirement can be fulfilled by spirulina (Fitzgerald, 2010).
This tiny single microorganism, called spirulina designed by nature 3.6 billion years ago, is in the highest order of super foods. It contains many of the nutrients not found in any other food or herb. Spirulina is 60 percent highly digestible vegetable protein and contains a huge concentration of beta carotene, vitamin B12, trace minerals and rare essential fatty acids. It has a balanced spectrum of amino acids, chlorophyll and the blue pigment phycocyanin with tremendous antioxidants, anticancer and anti inflammatory properties. Spirulina is used by athletes to boost their performance. It can help to protect athletes from the symptoms of over training by supporting the immune system and it also can improve the athletic endurance (Minton, 2010).
“For WHO, spirulina represents an interesting food for multiple reasons, rich in iron and protein and is able to be administered without any risk. We at WHO consider it a very suitable food” (WHO, 2000).
Wood (2006) states that athletes desire for accurate and practical nutrition information represents an increasing challenge and responsibility for nutritionists. Athletes are in need of information regarding fluids, food supplements and methods of gaining and losing weight. In addition, he states that nutrition information should be developed and presented in scientific format for implementation.
Female athletes face several nutritional and health problems. Their nutritional requirements especially for iron and calcium are very high. Most of them are in Chronic Energy Deficiency (CED) states. Hence, health problems, menstrual irregularities, sports injuries and anaemia are prevalent among female athletes. In addition, female athletes have limited knowledge about nutrition which today leads to a dangerous outcome named ‘female athlete triad’. Hence female athletes need to feed their bodies well if they want to prevent the problems of the triad. The concept of ‘Nutrition for Female Athletes’ is yet to gain momentum in the Indian sports arena.
Nutrition education aims to enhance knowledge and improve dietary intake in athletes. Adequate diet, hydration and dietary supplements improve the deficiency of athletes, enhance their performance and give them the winning edge. This awareness should be imparted to every athlete, coach and other stake holders in the sports arena.  
[bookmark: _GoBack]With these points in view, this study was undertaken to assess the 
· Socioeconomic and nutritional status of the athletes
· Physical fitness, energy intake and expenditure of the athletes
· Effect of spirulina supplementation and nutrition education on the athletes.


II. REVIEW OF LITERATURE
	The literature pertaining to the study, ‘Effect of Spirulina Supplementation on Nutritional Status and Physical Performance of Female Athletes’ is reviewed under the following headings:
A. Contribution of Female Athletes to Athletics
B. Nutritional Concerns for Females Athletes
C. Ergogenic Aids and Nutritional Supplements in Athletic  performance
D. Spirulina-The Miracle Food – a Potential Sports Supplement.
E. Energy Expenditure and Fluid Intake of Athletes
F. Nutritional Knowledge of Athletes
A. CONTRIBUTION OF FEMALE ATHLETES TO ATHLETICS
	Female athletes have performed on par with men. Their athletic competency has been documented in ancient Greek mythology. Athletic record of the 20th century revealed that in 1962, Jackie Joyner Karsee won three gold, one silver and two bronze medals for contractive Olympic games. She was one of the greatest Olympic Athletes (Spring, 2011).
	Yunna Kim received the sports woman of the Year (2010) Award for individual sport athlete. She was the first woman to have a combined final score of over 210 points and finishing 36.04 points ahead of her closet competitor (Whitley, 2010).
	A longitudinal, international study of 27 years update from 1977-2004 showed that 8.32 teams per school was the average  offering for female athletes, 44.1 per cent of the coaches of women’s team were female and 30.0 per cent of the full time head athletic  trainers were female, (Acosta, 2009).
         	Serena Williams, Venus Williams and Maria Sarapova are not only the top most players, they are also the richest women players in the world                (Reed, 2010). In1906, Lula Olive Gill became the first female jockey to win a horse race in California (Herwing, 2006).
	India has so far produced a number of successful athletes. Among them,  notable contemporary female athletes include P. T. Usha, Anju Bobby George, Jotirmoyee Sikdar, Saraswati Saha and Soma Biswas (Pathak, 2006).
	In 2002, Anju Bobby George and Saraswati Saha and in 2003, Somabiswas and Madhuri Saxena won the Arjuna award (Bhose, 2005).
	Bachendripal, the first Indian woman to scale the mighty Mount Everest  made  history when she ascended the peak on 23rd May 1984. She had also served as the mountaineering instructor for women (Bhatia, 1984).
        	Saina Nehwal is the first Indian to win the prestigious world Junior Badminton Championship. She is one of the top women hepthalon athletes in India (Pathak, 2008). Sania Mirza recently won the Grand Slam title in 2009 Australian Open   Mixed Doubles paired with Mahesh Bhupati (Sonal, 2010).
	P.T. Usha, hailed as the ‘Sprint Queen, Golden girl, Payyoli Express’ and ‘Running machine’. She is the greatest woman athlete that India has ever produced around two decades. She has been awarded Arjuna Award and Padma Shree in 2010 (Haur, 2010).
	Female shooter Anisha Sayeed won two gold medals, Renubala won the gold medal in weight lifting, Geeta Devi won the gold in wrestling, Dola Banergi team got the gold medal in archery and Anitha got the gold medal for free style discus in 14thCommon Wealth Games, 2010, in India (Meraj, 2010).
         	In Tamil Nadu, Santi Gaeta is the best female athlete of the MetLife 45th National Interstate Senior Athletics championship in Tamil Nadu, Andhra Pradesh and Kerala. Santhi Sundarajan is known to be the best athlete in Tamilnadu and was awarded 15 lakhs by Tamil Nadu Government (Nair, 2009).

B. NUTRITIONAL CONCERNS FOR FEMALE ATHLETES	
	Though women have contributed greatly to the field of athletics, yet their nutritional status is vastly neglected. Inadequate dietary intake is the primary nutritional concern of today’s female athletes. World over, women athletes fail to consume enough energy to support the physical demands of training, The risk of   disordered eating, amenorrhoea and osteoporosis and low energy intake are related to menstrual irregularities and chronic diseases associated with the female athlete triad (Gabel, 2010).
	Case studies on 20 years old American female athletes showed that these women, in order to lose 16 per cent of body weight to qualify for the national crew team, cut down on their diets resulting in gross inadequacy of vitamins, minerals, protein and carbohydrate intake as well as amenorrhea and pathogenic eating behavior (Clark, 2009).
	Sheriffs (2008) reported that under nutrition and dehydration were the major nutritional concerns of British female athletes among whom the prevalence of iron deficiency was alarmingly high. Accordingly Sheriffs recommends that all female players should adopt dietary habits that ensure adequate iron intake.
	Fraczek (2008) showed that there is low intake of fish and fiber rich product, too few meals were eaten during the day and too many snacks were taken by the female volley ball players in France. Arzu (2005) showed that prevalence rate occurrence of the female athlete triad was 1.36 per cent in young Turkish athletes. Female athletes who met whole criteria of female athletes triad were prone to eating disorder and the occurrence of disordered eating behavior was higher in female than male.
	Smiley (2010) showed that female athletes were extremely self conscious about their appearance and hence cut down their regular meals and eat only few foods. Ahmadi (2010) showed that iron deficiency anemia is most prevalent among female athletes of team ball sports in Iran. Twenty per cent of the athletes were iron deficient which decreased their aerobic capacity.
	A study on thirty Indian rural female athletes of Tamil Nadu (15-18 years) of age showed that all of them were in negative energy balance. Fifty seven per cent were in different stage of CED.  Majority had mild or moderate anaemia (Shaijamol and Subapriya, 2010).
       	Monica (2010) reported that female athletes attain late menarche due to stunting in early child hood which may be detrimental for reproductive health in case of early child bearing because of the association between height and pelvic size.  
C. 	ERGOGENIC AIDS AND NUTRITIONAL SUPPLEMENTS IN ATHLETIC PERFORMANCE
	The term ergogenic aids refers to a substance that can increase the capacity for bodily or mental labor especially by eliminating fatigue symptoms (healthline.com. 2010). Kalman (2006) reported that gelatin has many nutritional uses and can stimulate changes and enhancement of cartilage tissue.
	Turpin (2004) explained that ergogenic aids also include dietary manipulation by functional foods used for endurance exercise. According to Panjwani (2007) L- Carnitine supplementation improved exercise endurance and delayed the onset of fatigue during prolonged exercise.
	Celejowa (2007) reported that nitrogen losses from sweat, expired air and other miscellaneous routes during sports activity increased the protein requirement of athletes in Poland. Loon (2007) showed that the use of protein, protein hydrolysates and amino acids mixture had multiple applications to improve post exercise recovery after endurance type exercise in French athletes.
	Glesson (2008) showed that there is interrelationship between physical activity and branched chain amino acids, He suggested branched chain amino acid to be the third fuel for muscle after carbohydrate and fat. 	Pikosky (2008) showed that European volleyball players had dietary increase in protein and they maintained nitrogen balance during exercise.
	Seifert (2010) indicated that fluid retention for protein drink was fifteen per cent greater than carbohydrate drink and forty per cent greater than water in American athletes.
         Hafeld (2008) did a study on effect of multinutrient supplements on exercise performance and hormonal response. They found that multinutrient supplementation helped in increasing endocrine signaling and recovery followed by resistance exercise. Disilvestro (2008) reported that micronutrient supplementation to young women athletes improved health and lowered the risk of osteoporosis.
	The effect of magnesium supplementation on plasma magnesium, zinc and copper levels were determined in young adult athletes by Cinar (2007) After four week supplementation, the magnesium level was high in athletes.   
	Tian (2009) in Singapore showed that the prevalence of supplementation   was 76.8 per cent in athletes and  that 20 different products were used.  He added that athletes were benefited by the dietary supplements.
            Scofield (2006) showed 19 percent of athletes in India reported use of dietary supplements which decreased the deficiency and made  them to feel better than before supplementation.
           Arvind Malik (2010) reported that intake of nutritional supplement or dietary supplements was shown to be common in athletes of Haryana. He then explained the common nutritional supplements used by athletes were glucose, multi vitamins, calcium tablets and protein powder.  
 D. 	SPIRULINA –THE MIRACLE FOOD –A POTENTIAL SPORTS SUPPLEMENT
	Kraemer (2009) showed that spirulina reduced fatigue after exercise and enabled athletes to run at a high intensity for longer period It has effect on delaying the production of lactic acid which is responsible for fatigue and cramps. Fitzgerald (2010) showed that, time of fatigue on spirulina supplementation, after two hours tread mill run was significantly longer. He concluded that spirulina has performance enhancing effect.
	Nowitz (2010) showed that 4.5g of spirulina daily can reduce serum LDL and raise HDL and studies in Germany and India found a weight reduction effect along with cholesterol reduction in those who consumed spirulina. Sehajpak (2010) reported that spirulina has been shown to greatly benefit even for AIDS patients in whom poor absorption associated with and opportunistic infections is a problem.
	Spirulina consumption significantly improved the symptoms of patients with allergic rhinitis compared to placebo, including nasal discharge and sneezing (Ren, 2008). 
	Seshadri (1993) showed that ‘Bitots spot’ decreased from 80 per cent to 10 per cent in a one year feeding programme with one gram of spirulina  on 5000 rural preschool children with symptoms of vitamin A deficiency. 
    	Trojacanec (1998) FIMS showed that female athletes, after supplementation of spirulina showed significant increase in iron level and the physical capacity was improved. Tweed (2009) found that spirulina reduced the amount of oxidative stress and inflammation in college athletes generated by running on a treadmill for two hours.
         	Minton (2010) reported that spirulina delivers 20 times more protein per acre than soya bean and 200 times more protein than beef. So when we make the decision to incorporate spirulina in to our diet, we become a part of the food crisis solution.
E.   	ENERGY EXPENDITURE AND FLUID INTAKE OF ATHLETES
      	Motonga et al (2007) stated that the total energy expenditure of the endurance athletes was higher than expected and was significantly affected by exercise energy expenditure. He added that total energy expenditure (TEE) of athletes in general must be carefully evaluated before incorporating nutritional support for them. 
   	Roy (2009) showed that energy was one of the important aspects of energy balance and contributes to weight maintenance by increasing energy expenditure of athletes.
     	Louise (2009) showed that the average daily energy intake by male athletes in Singapore was 2900 kcal and by women athletes was 2200 kcal.
      	There is rich scientific literature regarding hydration status and physical function that began in 1800s. A decrease in body water from normal level provoked changes in cardio vascular, thermoregulatory, metabolic and central nervous function that became increasingly great dehydration. Similarly performance impairment often reported with modest hydration hence one should understand when performance is at stake, it is better to be a well hydrated than dehydrate. This generalization holds true in occupational, military and sports settings (Richard 2007).
	According to Naughton (2008) when competing a National Tournament, the profile comprised of  hydration monitoring body mass before and after each game. Studies showed that sweat loss was high in cricket compared to the other sports and less among female than male sports persons.
	Brown (2008) reported that, flavoring of water and addition of                      six per cent carbohydrate plus 18 m.mol sodium chloride does not prevent mild hypo hydration in trained, heat acclimatized athletes with high sweating rates, however there is greater tendency towards greater fluid retention.
	According to Singh (2010), competing athletes were near exhaustion despite absence of thirst. Specific precaution was taken to prevent chronic dehydration, prior to dehydration had a negative effect even on exercise of short duration where sweat losses are small. He suggested that, athlete must begin exercise fully hydrated and regular exercise is beneficial for them. 
    	Costill et al (2004), reported that Plasma electrolyte concentrations remained unchanged or became elevated during dehydration states, while intracellular concentration of some electrolytes increased in proportion to the severity of dehydration.
     	Williams  (2002) reported that, the gross over study asses the per centage of hydration of 120 per cent hydration, they concluded that, ingesting the volume of 120 per cent of losses still under hypo hydrated because of urine production and was better than plain water for rehydration after exercise induced dehydration.
F. 	NUTRITIONAL KNOWLEDGE OF ATHLETES
          Turnur (2001) showed that nutritional knowledge of athletes was minimal in American athletes and they had lack of knowledge about selecting proper food before the events. Sarah (2002) showed that athletes were not aware of how the food components contributed energy to their diets. Seventy four per cent of males and 54 per cent of female athletes knew that eating carbohydrate would not make them fatty and sixty three per cent of male and fifty four per cent of female athletes knew that the main source of energy for exercising were carbohydrate and fat.
     	Hinton (2004) reported 88 percent of female college athletes in New  Zealand had belief that carbohydrate, protein and alcohol provides more energy and only 12 percent had belief that fat has highest amount of energy. Azizi (2006) in Iran showed that the mean score of nutrition knowledge of male and female’s athletes were 52.36 and which represents 57.3 per cent of athletes. 
     	Philipa (2007) showed that lack of difference in nutritional knowledge between ‘at risk’ and ‘not at risk’ athletes suggests that lack of information is not accountable for restricted eating associated with the female athlete triad. George (2010) in his study on south Indian athletes showed that it is necessary to provide adequate nutritional knowledge to them for their better performance. Paula (2004) in a study of knowledge of nutrition among athletes suggested that it is necessary to teach female athletes about knowledge of nutrition and awareness of female athletic triad.  


III METHODOLOGY
	The methodology adopted for the study on the ‘Effect of Spirulina Supplementation on Nutritional Status and Physical Performance of Female Athletes’ is discussed under following headings:
A. Selection of Area and Athletes
B. Collection of Background Information
C. Assessment of Nutritional Status and Physical Performance
D. Supplementation with Spirulina
E. Conduct of Nutrition Education
F.  Impact Evaluation of Supplementation and Nutrition Education
A. 			SELECTION OF AREA AND ATHLETES
		One hundred athletes (19 to 27 years of age) from the Physical Education Department of Avinashilingam Deemed University for Women, Ponnuthu Campus, situated in Pannimadai, Coimbatore were selected for the study. An interview schedule was formulated to collect details regarding the socioeconomic background, dietary pattern, liquid intake and health status of athletes.
		A sub sample of only 50 athletes (age group 19 to 21) with low BMI, blood hemoglobin level and physical performance were selected for  further anthropometric, biochemical, and dietary investigations.  These athletes were also included for supplementation study by dividing them into two groups of 25 each forming the experimental (E) and control (C) groups respectively.
B. 		COLLECTION OF BACKGROUND INFORMATION
	Back ground information was collected regarding monthly expenditure on food, diet pattern, food habits and nutritional knowledge using the interview schedule (Appendix I). Dietary pattern was assessed by food frequency checklist, 24 hour dietary recall and three days diet record method of the athletes (Appendix II) (NSI, 2010).
	Dietary assessment is defined as the set of methods that measure and/or estimate food intake, which can be converted to nutrient intake from the food consumption table. Diet record or food record is known as food diary and provides a prospective account of food, beverages and water consumed in a defined period of time (NSI, 2010). Diet record was used to determine the food intake and assess the adequacy of the diet. 
C. 	ASSESSMENT OF NUTRITIONAL STATUS AND PHYSICAL PERFORMANCE
	The nutritional status of the subjects was assessed by measuring anthropometric, dietary, biochemical and physical performance parameters.
1. Anthropometry
 	Anthropometry is the single, most popular, universally applicable, inexpensive and non-invasive method available to assess the proportion, size and composition of the human body. It reflects both health and nutritional status and predicts performance, health and survival (WHO, 2000).
	Selected anthropometric measurements such as height, weight, mid upper arm circumference, waist and hip circumferences, wrist circumference, abdominal circumference, fore arm circumference, skin fold at triceps and biceps were measured from which body mass index, waist hip ratio, lean body mass and body fat percentage were calculated.
Weight
	Body weight is a time honored, most widely used and most sensitive anthropometric measurement for the evaluation of nutritional status. It indicates body mass and is a composite of all body constituents like water, mineral, fat, protein, bone, etc (Bamji et al, 2003).
	The athletes were made to stand on a digital electronic balance (Plate 1) without footwear, with minimal clothing and the weight of the athletes was recorded to the nearest 0.5kg.  Zero error (if any) of the weighing scale was checked before taking the weight (Vivian, 2004).
Height
	Height of a person is an index of all round development (NSI, 2010). It was measured using a stadiometer. The subject was made to stand erect with heels together after removing shoes. The head was held comfortably erect and arm hanging at the sides. The buttocks, shoulder and back of the head were in the same line touching the rod. The sliding head piece was brought down and made to rest gently on top of the head. Height was measured in cm (NSI, 2010). 
Waist circumference
	The distance around the smallest girth below the ribcage and above umbilicus (belly button) is a measure of waist circumference. Waist circumference was measured by using a stretchable fiber glass tape around the subject’s body, crossing just above the upper hip bone. The tape was tightened without crushing (Hammond and Stump, 2008).
Hip Circumference
	The subject was made to stand erect with feet together, the tape was positioned around the hip at the level of pubis and the circumference was measured to the nearest millimeter using a non-stretchable fiber glass tape (Hammond, 2008).
Wrist Circumference
	Wrist circumference was measured with a flexible tape just below the wrist bone for all the athletes (Roberto, 2002).

Abdominal Circumference
	For measuring the abdominal circumference, upper hip bone and the top of right iliac crest was located. Measuring tape was placed in a horizontal plane around the abdomen at the level of iliac crest of subject. The measurement was made at the end of a normal expiration (Roberto, 2002).
Fore Arm Circumference
	Fore arm circumference was taken by measuring the circumference closer to the elbow. The tape was not made too loose or too tight and was kept flat on the skin (George, 2010).
 Mid upper arm circumference
	For assessing MUAC, fiber glass tape was used on the left hand at the midpoint between the tip of the acromion of the forearm bone (ulna), which was located with the elbow, flexed and marked with a pen and the reading was taken (Srilakshmi, 2006).
Body mass Index
	Body mass Index is the mathematical formula used to state the ratio of weight to height. 
	BMI was calculated as  
	           	Weight (kg) 
	BMI   = 
                     	Height2 (cm				(NNMB, 2010)
Waist Hip Ratio
	According to ICMR (2010) the standard waist hip ratio is 0.85 in women and greater than 1.0 in men. The waist hip ratios of athletes were calculated according to following formula.
	WHR = Waist circumference / Height circumference     (ICMR, 2010)
Skin fold measurement
Biceps skin fold: The bicep skin fold was measured over the biceps muscle in the middle of the upper arm and midpoint of the distance between inferior border of acromion process and external superior border of the head of the radius (NSI, 2010).
Triceps skin fold:  The athlete was made to stand erect, arm normally hanging down by the side. The skin was picked up over triceps muscle of the right arm, skin fold caliper was placed 1-2 cm away from the thumb and finger, perpendicular to the skin fold and half way between the crest and the base of the fold, then the caliper lever was released so that its spring tension was exerted on the skin fold pinch, while reading the caliper. Reading was taken to the nearest 0.5 mm, between 1 to 2 second after lever had been released (Roberto, 2002).
Lean body mass
	Lean body mass consist of protein and water with smaller amount of minerals and glycogen, the tissue of skeletal muscle being the main component of fat free mass.
Lean body mass was calculated using formula
		        	  1.07 x weight (kg) – 148 x (weight) 2 
                LBM =
                                             (Women 100xheight (m2)												            (WHO, 1997).
Body Fat Percentage
	The formula to predict body fat percentage is based on BMI, age and gender. For calculating lean body weight, body weight (kg), wrist circumference (cm) abdominal circumference (cm) and hip circumference (cm) were taken respectively. 
LBW = 	8.987 + 0.732 x Body weight + 3.786 x Waist cir – 0.157 x 			(max.abd. cir.) – 0.249 x (Hip cir) + 0.434 x forearm 				circumference
Percentage of body fat 	= 100-(100×LBWin kg body wt/body wt in kg)
Male =1, Female = 0 (NSI, 2010).
 2. Biochemical Assessment
	Blood hemoglobin, glucose and serum total protein levels were estimated for all the athletes using standard procedures (Plate 2).
a. Blood hemoglobin was estimated using the cyanmethemoglobin method (Raghuramulu et al 2003).
b. Serum total protein was estimated by  Biuret method (Raghuramlu et al, 2003).
c. Blood glucose was estimated by Biuret method  (Raghuramulu et al, 2003) 
3. Dietary Assessment
a. 24 – Hour Dietary recall
	The 24 hour dietary recall method provides information about everything the subject had to eat or drink from mid night to midnight of the previous day over the past 24 hours period (NSI, 2010). For this a set of cups and spoons were first standardized by the investigator following the procedure by Rao (2003). Information on the total cooked amount of each preparation and quantity consumed by the respondent was then assessed using the standardized cups. Later the raw food equivalents of the foods consumed by the respondent were found out. The 24 hour recall method was carried out for all the athletes.
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b. Three days diet record
	Diet record or food record provides a prospective account of food and beverage consumed in a defined period of time (NSI, 2010). All the athletes were asked to maintain the food record for three days. This method was used for detecting imbalances in food intake (NSI, 2010).
c. Food frequency method
 	Food frequency questionnaires are designed to obtain information about usual food consumption patterns of selected food such as cereals, pulses, green leafy vegetables, roots and tubers, fruits and milk products, fish and flesh foods butter and ghee by all the athletes (NSI, 2010). 
d. Energy expenditure rate
The energy expenditure rate was calculated using a physical activity pattern questionnaire from which the total energy expenditure of athletes was calculated using the equation for Energy Expenditure Rate (EER).
EER= 354-6.91 × age + (PA ×weight+726×height) (Williams, 2005)   
4. Assessment of physical fitness
Physical fitness was assessed in terms of VO2 max test; such as treadmill test, test for muscular endurance such as press up and push up, test for power such as vertical jump and test for coordination such as alternate hand wall toss test (Krishna, 2011).
Fitness tests were done to determine current health condition, risk or limitation, learn about past injuries and assess the current fitness level.
(a)  Test for VO2 max
Treadmill Test; Treadmill is a device consisting of a large belt on which a person walks or runs. The belt is moved by the person or by an electric motor. It is used as an ergometer to measure a person’s work output control condition.
	The athlete was made to run on treadmill with an electronic motor at a speed of 85km/hour. After three minutes the speed was increased to 100km/hour. The speed was increase in every three minutes till the subject felt tired and the exhaustion time was noted for all the athletes (Taylor, 2011) (Plate 3).
b. Test for muscular endurance
Press ups or push- ups: This test assesses the strength of the shoulder, chest and arm muscles. In this the athlete was made to lie on a mat, hand shoulder width kept apart and fully extend the arms. At the “go” command athlete lowered the body until the elbow reached 90 degree and return to the starting position, the total push -ups in 1 minute was counted for each athlete (Plate 4).  
c. Test for power    
Vertical jump test: This test estimated the explosive power of the leg muscle. In this method the athlete was made to stand side wise to a wall and reach up with the closest to the wall and kept the feet flat on the ground. 
The finger tips was marked and recorded, standing reach. The subject was made to stand away from the wall and jump vertically as high as possible. The best three attempts was recorded about 30-60 seconds break between two attempts the jump was converted to power by the formula.
     	Power (watts) = 61.67x body mass (kg) x vertical displacement in meter   (NSI, 2010).


d. Test for coordination
	Co-ordination is the ability to control the movement of the body in co-operation with body’s sensory function. Eg: catching a ball.
Hand wall toss test: In this test, a mark was placed at a distance of two meters from the wall. The athlete was made to stand behind the line and face the wall, and asked to throw the ball to wall with one hand and catch with the other hand. The test was continued for thirty seconds and the number of successful attempts was counted (NSI, 2010) (Plate 5).
D. 	SUPPLEMENTATION OF SPIRULINA 
         	Spirulina contains 65 to 71 percent of biologically complete protein. Athletes need extra nutrition and spirulina is a high intensity super food for a high intensity workout. It delivers energy and improves stamina which is an important and necessary need for an athlete (Holistic herb.co.in).The nutritive value of Spirulina according to Antena Nutritech Foundation, (2010) is as given below.
100g of Spirulina contains
 	Energy                     :         1630 kj / 380 kcal
	Protein		:	60% - 70%
	Carbohydrate	:	15% - 20%
	Minerals		:	6% - 9%
	Fats (Lipids)		:	5% - 6%
	Moisture		:	3% - 5%
	Phycocyanin		:	17% - 20%
	Beta carotene	:	0.12% - 0.16%
	Iron			:	0.09% - 0.10%
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	Minton (2010) showed that daily supplementation of 6g of spirulina boosts the metabolism and helps the body to burn fat rather than carbohydrates when exercising. Study by Babu et al (1995) reveals that it reduces the amount of oxidative stress sustained during athletic training and helps in increasing antioxidant activity within the body in the period immediately following a workout or training session. Loseva (1993) showed that spirulina supplements can increase athletic endurance, by boosting the metabolism and protects against oxidative stress. Hence in the present study spirulina tablet (6g) was given every day to the athletes for three months (Plate 6 to 9).
E. 	CONDUCT OF NUTRITION EDUCATION
	Nutrition knowledge about athletes was collected by questionnaire method. Education of importance on Nutrition in sports was given by power point presentation and booklet to all the athletes (Plate 10 and 11) (Appendix- III).
F. 	IMPACT EVALUATION OF SUPPLEMENTATION AND NUTRITION EDUCATION
  	After three months, the effect supplementation was assessed on body weight, physical performance, and biochemical test such as blood hemoglobin, blood glucose and serum total protein and dietary assessment by comparing the initial and final values. Effect of nutrition education was evaluated through questionnaire method.








	[image: \\God\krishna\ADU COLLEGE\Thesis 2010-2011\FSN\Taskeen\photo\DSC06321.JPG]
	[image: DSC06328]

	PLATE 6
SPIRULINA TABLET
	PLATE 7
SPIRULINA TABLET IN FOCUS


	[image: SDC11675]
	[image: ]

	PLATE 8
ATHLETES TAKING SPIRULINA TABLET
	PLATE 9
ACTIVE ATHLETES




 (
22a
)

	

	PLATE 10
NUTRITIONAL EDUCATION THROUGH POWERPOINT



	

	PLATE 11
INVESTIGATOR WITH SUBJECTS



 (
22b
)

IV  RESULT AND DISCUSSION
The results of the present study titled ‘Effect of Spirulina Supplementation on Nutritional Status and Physical Performance of Female  Athletes’, is presented under following headings:
A. Background Information and Dietary Pattern of Athletes
B. Nutritional Status and Knowledge of Athletes
C. Physical Performance and Energy Expenditure 
D. Impact of Spirulina Supplementation
E. Impact of Nutrition Education
A. BACKGROUND INFORMATION AND DIETARY PATTERN OF   ATHLETES
	Table I presents the details on socio-economic status of the athletes.
TABLE I
SOCIO ECONOMIC STATUS 
								     (N=100)
	Socio-economic status
	Criteria
	No. / %

	Composition

	3
4
5
6
	2
72
15
11

	Age group
	19-21
22-24
25-27
	75
8
17

	Religion

	Hindu
Muslim 
Christian 
	73
15
12

	Type of family

	Joint
Nuclear
	4
96

	Total family income # (in[image: ])
	 Upper middle (2431-7149)
High (>7150)
	20
80

	Marital status
	Single
Married
	92
8


# National Leadership Survey (2010)
 Two percent of the families had three members, seventy two percent consisted of four members, fifteen percent consisted of five members and eleven percent consisted of six members. Seventy five percent of students were in age group 19 to 21, eight percent were in age group 22 to 24 and seventeen percent of students were in age group 25-27 years. Seventy five percent of students were Hindus, fifteen percent were Muslims and twelve percent were Christians.  Majority of the students were from nuclear family (96 percent) and only four percent students were from joint families. None of the athletes were from low or middle income families, while twenty percent of athletes were from upper middle income group and eighty percent of athletes were from high income group. While eight percent of students were married, ninety two percent were single/unmarried.
	 Times of India (2009) quantifies that there are 82 percent Hindu,                 12 percent Muslim and 2.5 percent Christians among the total population of India.
	Table II presents the details of expenditure on food and education.
TABLE II
DETAILS OF EXPENDITURE ON FOOD AND EDUCATION
						    (N=100)
	Items
	Expenditure (Rs.)
	Number / Percentage

	Food
	1001 -2000
2001-3000
>3000
	38
34
28

	Education 
	<2000
2001-3000
3001-4000
	48
24
28


Thirty eight percent of the families spent Rs.1001-2000, twenty four percent spent Rs. 2001 to 3000 and only twenty eight percent of families spent more than  Rs. 3000 for food, while forty-eight percent spent less than Rs. 2000 on education, twenty four percent of families spent Rs. 2000 to 3000 and twenty eight percent spent Rs. 3000 to 4000 on education.
Table III presents the details on level of participation of athletes.
TABLE III
LEVELS OF PARTICIPATION 
				(N=100)
	Level
	Number / Percentage

	University 
District
State 
National
	28
31
35
6


Twenty eight percent of students were University level players, thirty one percent of students were District level players, thirty five percent were State level players and six percent were National level players.
Table IV presents the details on medals won by athletes.
TABLE IV
MEDALS WON
				   (N=100)
	Number 
	Number of Students / Percentage

	≤ 2
3
4
5
>5
	8
4
2
8
78


	Eight percent athletes got less than two medals, four percent athletes got three medals, two percent athletes got four medals, eight percent athletes got five medals and a majority (78%) of the athletes won more than five medals. 
	In Asian game of 2010, India won fourteen gold, seventeen silver, thirty four bronze medals, a total of 65 medals (SAI, 2010).
	Table V presents the details on rest and exercise pattern of athletes.
TABLE V
REST AND EXERCISE
	(N=100)
	Criteria
	Option
	Number / Percentage

	Hours of sleep
	4-6
6-8
8-10
	18
54
28

	Exercise regularly
	Yes
	100

	Type of exercise 
	Walking
Running
Yoga
	4
80
16

	Benefits from sports
	Socialization
Becoming fit and healthy
Personal satisfaction
	12
40
48


	Majority of the athletes (54%) slept for six to eight hours, eighteen percent   for 4-6 hours and twenty eight percent of students slept for eight to ten hours. All the athletes exercised regularly. Four percent   involved in walking, Eighty percent involved in running, and sixteen percent involved in yoga as an exercise. Forty eight percent athletes derived personal satisfaction from sports, forty percent felt fit and healthy and twelve percent derived socialization from sports.
	A study by Parkas (2007) showed that Yoga practice in athletes has a positive effect on their performance and it also reduces oxidative stress. Lietch (2006) in his study on response to exercise in 24 male and 14 female Scottish athletes, found that oxygen uptake was similar to those reported in other international studies, while the value for ventilatory  response to exercise in athletes were normal. 
	Table VI presents the details on past medical history and illness of athletes.
TABLE VI
PAST MEDICAL HISTORY AND ILLNESS 
	(N=100)
	Types#
	Number / Percentage

	Anemia
Malaria
Jaundice 
Fracture 
Surgery

	24
36
2
34
4



					




		

			# Multiple response
	Twenty four percent of athletes suffered from anemia, ten percent had malaria, two percent had jaundice, thirty-four percent had fracture and four percent  athletes had undergone surgery of hand and nose.
          A study by Carazzato (2000) on twelve young female athletes in Brazil showed that iron deficiency anemia was frequent among them and it impaired their physical fitness.
        A study by Raman (2007) showed that a serious problem of female athlete, the ‘female athlete triad’ is a shared relationship with eating disorder, menstrual problems, and stress fracture.  
	Table VII presents the details on dietary habits of athletes.
TABLE VII
DIETARY HABITS OF ATHLETES
(N=100)
	Type /Frequency of meal
	Number of athletes /Percentage

	Type
 Vegetarian
 Non vegetarian
Ova vegetarian
	
22
70
8

	Frequency
  	2
  	3
	
36
64


	Seventy percent of athletes were non vegetarian, twenty two percent   were vegetarian and eight percent were ova vegetarian. Majority of athletes (64%) took three meals per day and thirty six percent of athletes took two meals per day.
	A study by Shastri (2004) on meal pattern of female athletes in Shimla showed that fifty five percent of athletes took only two meals per day in order to maintain the weight.
	Table VIII presents the details on frequency of food consumption of athletes.

TABLE VIII
FREQUENCY OF FOOD CONSUMPTION 
									(N=100)
	Food items
	Frequency of consumption
	Number / Percentage

	Cereal 
	Daily
	100

	Pulses 
	Daily
	100

	Green  leafy vegetable 
	Rarely
Not at all
	86
14

	Other vegetables 
	Daily
Thrice weekly
Once in week
	18
78
4

	Roots and tubers 
	Daily
	100

	Milk and milk products
	Daily
Thrice weekly
Not at all
	54
32
14

	Fruits 
	Daily
Rarely
	10
90

	Fish and flesh foods
	Rarely
Not at all
	78
22

	Sugar 
	Daily
	100

	Butter and ghee 
	Rarely
	100

	Snack items
	Daily
Once in a week
	24
76

	Soft drinks
	Yes
No
	92
8


	Cereals and pulses formed the main daily diet for all the athletes. While eighty six percent of athletes took green leafy vegetables rarely, fourteen percent of athletes did not consume green leafy vegetables at all. Seventy eight percent of athletes consumed other vegetables thrice weekly, four percent consumed them once in a week and only eighteen percent of athletes consumed these food daily. All the athletes consumed roots and tubers daily.
	Fifty four percent of athletes consumed milk daily, thirty two percent of athletes had milk thrice weekly and seven percent of athletes did not take milk at all. Only ten percent of athletes took fruits daily and ninety percent of athletes had them rarely. Twenty two percent did not take flesh foods while seventy eight percent of athletes ate them rarely. All the athletes took sugar daily, while all the athletes took butter and ghee rarely.
Twenty four percent of athletes took snack items daily and seventy six  percent consumed them once in a week. Ninety two percentage of athletes took soft drinks where as eight percent of athletes did not take soft drinks.
	Study by Nelson (2005) on college level athletes showed that athletes took much soft drink before and after the competition for rehydration they also had a belief that soft drink will increase performance and hydration.
	Table IX presents the details on eating pattern of athletes.
TABLE IX
EATING PATTERN
						(N=100)
	Criteria 
	response
	Number / Percentage

	Habit of eating outside the home
Eat while watching T.V
	Yes
No

Yes
	64
36

100

	 Supplements  (if any)
	Iron
Calcium
no
	8
4
84


	Sixty four percent of athletes took meals outside the home some times and thirty six percent of athletes did not eat outside at all. All the athletes had the habit of eating while watching T.V. Majority of athletes (84%) did not take any supplement.
	Table X and Figure 1 presents the details on type and amount of fluids consumed by athletes.
TABLE X
ATTITUDE OF ATHLETES TOWARDS SPECIAL FOODS
					(N=100)
	Type of fluids #
	Number  / Percentage

	  Water
Glucose
  Boost 
  Juice
	100
52
18
30

	Quantity of fluid consumed (ml / day)
	Number  / Percentage

	800
1200
2000
2500
	10
18
26
46


		       # Multiple answers


a. Type of Fluids consumed
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	All the athletes took water during competition. Among them fifty two percent athletes took glucose, eighteen percent athletes took boost and thirty percent of athletes took juice.
	 Ten percent of athletes took 800ml of fluids per day, eighteen percent of athletes took 1200ml of fluid per day, twenty six percent of athletes took 2000ml of fluid per day and forty six percent of athletes took 2500ml of fluid per day.
	Venkataramana (2007) showed that athletes can take fresh fruit juice or non fat milk before the event. Breakfast and lunch should be high carbohydrate meals and athletes should give more importance to the meal before the competition.
	Studies on sports hydration reveal that athletes should consume 8 lit of fluid above their normal intake daily. Before and during event they should drink 150 ml to 250 ml in every 10 to 15 minutes to maintain fluid balance (Venkataramana, 2009).
	Table XI presents the details on health status of athletes. The types of injury encountered by the athletes is given in Figure 2.






TABLE XI
HEALTH STATUS
						     (N=100)
	Question#
	Number / Percentage

	Dehydration during competition
	Yes
Remedy 
	Glucose 
	Water
	

100

62
38

	Injury during competition
	Yes
	
100

	Types of injury
 	Sprain
 	Strain
 	Fracture
 	Dislocation of joint
	Stretchability of ligament
	Small wound 
	
20
22
6
36
10
100

	Female athlete triad ^
      Eating disorders
      Menstrual problems
	Stress Fractures      
	
40
31
15


	  # Multiple response	^- NIN (2007)
All the athletes had dehydration and injury during event. Twenty percent of athletes had   sprain, twenty two percent of athletes had strain, six percent of athletes had fracture, thirty six percent of students had dislocation of joint, ten percent of students had stretchability of ligament and all the students had small wounds.
The female athlete triad according to NIN (2007) comprises of eating disorders, menstrual problems and stress fractures. Forty, 31 and 15 per cent of the athletes faced each of these problems respectively.	
A statistical study by Luice (2006) U.S.A showed that nearly 30 million students participate in organized sports and suffer more than 3.5 million injuries each year, the leading cause of death being brain injury.
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B. 	NUTRITIONAL STATUS AND KNOWLEDGE OF ATHLETES
	Table XII presents the details on anthropometry parameters of athletes. 
TABLE XII
ANTHROPOMETRY PARAMETERS OF ATHLETES
									(N=50)
	Criteria 
	Standard /Normal
	Mean  ±SD
	‘t’ value

	Height (cm)#
	164
	161±6.6
	3.006 **

	Weight(kg)∞
	55
	48.7±6.7
	6.5 **

	Waist circumference(cm)#
	76.5
	70.2±7.4
	6.51 **

	Hip circumference(cm) #
	91.0
	86.1±9.7
	4.12 **

	Wrist circumference(inch)#
	5.5
	5.4±1.3
	1.02NS

	Fore arm circumference(cm)€
	22.5
	22.16±1.55
	1.25NS

	MUAC(mm)€
	23.8
	19.1±3.4
	4.12 **

	Triceps skin fold (mm)¥
	15.6
	12.6±3.82
	2.89 **

	Biceps skin fold(mm) ¥
	24.6
	23.7±9.1
	1.25NS

	BMI∞
	18.5-23
	17.5±7.1
	7.6 ** ~ 31 **

	WHR$
	0.85
	0.71±0.56
	5.24**


     #-Prajakta (2009), 	∞-ICMR (2010), 	€-George(2010),		
     $-NNMB(2010),   	¥ Ruiz(2000) 	** Significant at 1% level
             The average height of athletes was 161cm, which was significantly less (p<0.01) than the height given for female athletes by Prajacta (2009). Average weight of athletes was 48.7 kg, which was significantly lighter than the standard weight (of 55kg) given by ICMR (2010). Average waist circumference was 70.2cm which was significantly (p<0.01) lower than the reference waist circumference (of  76.5 cm). Average hip circumference of athletes was (86.1cm), which was significantly lower than the reference hip circumference (91cm). Average wrist circumference of athletes was 5.4 inches, which was approximately similar to the reference wrist circumference (5.5 inches). Average fore arm circumference was 22.16cm approximately similar to reference fore arm circumference (22.5cm). Average mid upper arm circumference was (19.1cm), which was significantly lower than the reference value (23.8cm). Average triceps of athletes was 12.6mm and average biceps value was 23.7mm which were significantly less than reference   values of 15.6 and 24.6mm respectively. Average Body Mass Index was 17.5 lower than the normal BMI range given by ICMR (2010).
       The height of an individual is influenced both by genetic (hereditary) and environmental factors. During periods of severe deprivation, linear growth rate slows down and leads to stunting as a consequence of chronic food deficiency (Bamji et al., 2005). George (2010) reported that the South Indian female athletic group showed the lowest mean values for height (162.56 & 152.4 cm respectively). He opined that, irrespective of sports, all groups of female players were found to be shorter than their respective standards. Kevin (2004) reported that the mean height of Australian female fencers was 171.5cm, which was similar to male volley ball player. Ranjan, (2006) showed that female athletes showed dominant waist circumference and displayed good relationship with dominant lower extremity. 
	Table XIII and Figure 3 presents the details on BMI Grade of athletes.
	

TABLE XIII
DISTRIBUTION OF ATHLETES ACCORDING TO BMI
							(N=50)
	Grade$
	BMI Score
	Number
	percent

	Under weight
	<18.4
	21
	42

	Normal
	18.5-23
	20
	40

	Over weight
	23-25
	9
	18


                              $-NNMB (2010)
      	Athletes were categorized according to criteria of BMI given by NNMB (2010). Forty two percent of athletes were under weight (chronic energy deficient), forty per cent maintained the normal category and eighteen percent were overweight. None of the athletes were obese.
    	Study by Nelson (2005) on Chinese female athletes (sprinter) showed that fifty five percent were normal and forty five percent were underweight.   
	Table XIV presents the details on mean body fat percentage and lean body mass of athletes.                                                                        




	
	BMI Range
	Description

	<18.4
	Under weight (U)

	18.5-23
	Normal (N)

	23-25
	Over weight (O)
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TABLE XIV
MEAN DIFFERENCE OF BODY FAT PERCENTAGE AND                  LEAN BODY MASS
					   (N=50)
	Parameters
	Mean ± SD

	Body fat percent
	14.5±6.2

	Lean body mass
	45.2±3.21


        Mean fat percent of athletes were 14.5 and mean lean body mass was 45.2.  Clover (2007) reported that average body fat percentage of female athletes    (age group 19 to 24) was 21 percent.
	Table XV presents the details on mean biochemical profile of athletes.
TABLE XV
MEAN BIOCHEMICAL PROFILE OF ATHLETES
	(N=50)
	Criteria
	Normal
	Mean ± SD
	‘t’ value

	Hemoglobin(g/dl) #
	>14.5
	10.98±0.7
	6.8 **

	Total serum protein(g/dl)#
	6-8
	6.8±0.61
	1.21NS~2.69**

	Random glucose(mg/dl)∞
	80-120
	109±7.2
	27 **~ 6.3 **


	# - Chatterjee (2006), 		∞ Bamji (2009), 		
	** Significant at 1% level, 		NS - not significant
	Mean hemoglobin level of athletes was 10.24g/dl, which was significantly (p<0.01) lower than the standard hemoglobin level. Mean protein level was 6.8 which was within the normal level of protein and mean glucose level was 109 which was within the normal level. 
	Table XVI presents the details on mean food intake. 
TABLE XVI
MEAN FOOD INTAKE (g/day) OF ATHLETES
(24 HOUR RECALL METHOD)
								(N=50)
	Food stuffs (g)
	Suggested allowance for athletes ^ 
	athletes 

	
	
	Actual intake
	Percent deficit/excess

	Cereals 
	490
	210
	-57

	Pulses 
	80
	42
	-47.5

	Green leafy vegetable
	150
	41
	-72

	Roots and tubers
	200
	60
	-70

	Other vegetable
	150
	61
	-59.3

	 Fruits 
	150
	52
	-65.3

	Milk and milk product
	550
	460
	-16.3

	Fish and flesh foods
	100
	20
	-80

	Fats and oil 
	25
	20
	-20

	Sugar and Jaggery
	40
	15
	-62


	^ National Institute of Nutrition (2007)
	Mean cereal intake of athletes was only 210 g per day was found to be fifty seven percent deficient compared with the suggested allowance for athletes recommended by the National Institute of Nutrition. Intake of pulses showed a 47.5 percent deficit, intake of green leafy vegetable was 72 percent deficient, roots and tubers was seventy percent deficient, other vegetable was 59.3 percent deficient, fruits was 65.3 percent deficient, milk and milk product was 16.3 percent deficient, fish and flesh foods was 80 percent deficient, fats and oil was 20 percent deficient and sugar and jaggery was 62 percent deficient.
	Burke et al., (2001) revealed that female players in Jakarta took more roots and tubers and their fish and flesh food intake was very less especially before performance. 
	Table XVII presents the details on mean nutrient intake of athletes from twenty four hour recall method.
TABLE XVII
MEAN NUTRIENT INTAKE OF ATHLETES
(24 HOUR RECALL METHOD)
								                  (N=50)
	NUTRIENT
	RDA $
	ATHLETES

	
	
	Actual intake
	Percent deficit or excess

	Energy (k cal)^
	3000
	2085.3
	-30.5

	Protein (g) ^
	56
	36
	-35.7

	Fat (g)$
	25
	21.2
	-15.2

	Iron (mg)
	21
	17.04
	-18.8

	Calcium (mg)
	600
	501
	-16.4

	Retinol( µg)
	600
	631.1
	5.1

	Beta carotene( µg)
	4800
	4997.1
	4.1

	Thiamine (mg)
	1.4
	1.2
	-14.2

	Riboflavin (mg)
	1.7
	1.9
	11.76

	Niacin (mg)
	16
	16.8
	5.0

	Pyridoxine (mg)
	2.0
	1.98
	-1.0

	Ascorbic acid (mg)
	40
	34
	-15.0

	Folic acid(µg)
	200
	179.1
	-10.45

	Vitamin B12
	1.0
	0.98
	-2.0


       $  ICMR (2010),    ^  National Institute of nutrition (2007)
	NIN (2007)	suggests that except for higher RDA for proximate principles, athletes should consume   other nutrients according to the RDA for non sports persons. Hence mean energy intake of athletes was 2085.3 k cal per day, 30.5 percent deficient from the RDA for athletes given by NIN (2007). Mean protein intake was 36g per day and mean intake of fat was 21.2 g per day. All macronutrients were found to be deficient as compared to normal intake given by NIN and ICMR respectively. The percentage deficit of other nutrients was 18.8 (iron), 16.4 (calcium), 14.2 (thiamine), 1.0 (pyridoxine), 15.0 (ascorbic acid), 10.45 (folic acid) and 2.0 (vitamin B12). Nutrients that were found in excess (%) were retinol (5.1), beta carotene (4.1), riboflavin (11.76) and niacin (5.0).
	Nazini (2010) reported that energy protein and iron intake was lower in female runners in South India and calcium intake was also normal.
	Table XVIII presents the details on mean nutrient intake of athletes from three days diet record method.








TABLE XVIII
MEAN NUTRIENT INTAKE OF ATHLETES
(THREE DAYS DIET RECORD METHOD)
								(N=50)
	Nutrients
	RDA $
	Athletes

	
	
	Actual intake
	Percent of deficit or excess

	Energy(k cal)^ 
	3000
	2190
	-27

	Protein (g) ^
	56
	41
	-26

	Fat (g)
	25
	21.9
	-12.4

	Iron(µg)
	21
	20.1
	-5.2

	Calcium (mg)
	600
	509.5
	-15.08

	Retinol(µg)
	600
	641.2
	6.86

	Beta carotene (µg)
	4800
	4993.1
	4.01

	Thiamine(mg)
	1.4
	1.3
	-7.1

	Riboflafin  (mg)
	1.7
	1.95
	47.05

	Niacin(mg)
	16
	16.4
	2.5

	Pyridoxine(mg)
	2.0
	1.97
	-1.5

	Ascorbic acid(mg)
	40
	36
	-10

	Folic acid(µg)
	200
	180.1
	-10.05

	Vitamin B12(µg)
	1.0
	0.91
	-9


              	 $   ICMR (2010), ^ NIN (2007)
	Nutrient intake was deficient for energy (27 %), protein (26 %), fat           (12%), iron (5.2 %), calcium (15.08 %), thiamin (7.1 %), pyridoxine (1.5 %), ascorbic acid (10 %), folic acid (10.05 %) and vitamin B12 (9 %). Excess intake was found for retinol (6.86 %), beta carotene (4.01 %), riboflavin (47.05%) and niacin (2.5 %).

 	Table XIX and Figure 4 presents the details on energy expenditure rate of athletes.
TABLE XIX
ENERGY EXPENDITURE RATE OF ATHLETES
                                                          					(N=50)
	Group
	Estimated energy expenditure (Kcal/day) ^
	Actual total energy expenditure (Kcal/day)
	Deficit or Excess
(%)
	Net energy requirement (kcal/day)^
	Energy intake (kcal /day)
	Deficit /Excess
(%)

	Athletes

	2597
	2862.7
	10
	3000
	2078
	-30.7


^ National Institute of Nutrition, (2007)
	The mean estimated energy expenditure of athletes was 2597 kcal per day (NIN, 2007). The actual total energy expenditure was 2862.7 kcal /day among the athletes of which showed an excess of energy expended by ten percent. The mean energy intake of athletes was 2078kcal/day which showed deficit of 30.7 per cent compared to the net energy requirement (NIN, 2007).
	Study by NIN (2007) showed that energy intake level of boxers was lower than the energy expended which showed that they were in negative energy balance.
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C. PHYSICAL PERFORMANCE AND ENERGY EXPENDITURE
	Table XX presents the details on categorization of athletes according to VO2 Max.
TABLE XX
CATEGORIZATION OF ATHLETES ACCORDING TO VO2 MAX
										(N=50)
	Category #
	Score
	Athletes

	
	
	Number
	percent

	Very poor
	< 30.0
	10
	20

	Poor 
	30-35.4
	14
	28

	Fair 
	35.5-40.4
	11
	22

	Good 
	40.5-45.6
	10
	20

	Excellent 
	45.6-50.4
	4
	8

	Superior 
	>50.4
	1
	2


	#   Taylor (2011)
	Twenty percent of athletes had very poor VO2  max, 28 percent  athletes had poor, twenty two percent had fair, twenty per cent had good, eight per cent had excellent and only two per cent were in superior category.
	Elizabeth (2001) reported tread mill test was designed in 1963 as non invasive test to assess patients with suspected heart diseases and also one common method for estimating VO2 max in athletes.
	Andresen (2000) reported that maximum athletes were in good category of VO2 max and was higher in male players than female players.
	Table XXI presents the details on categorization of athletes according to press ups or push ups.

TABLE XXI
PRESS UPS OR PUSH UPS
								(N=50)
	Fitness category 
	Score
	Athletes

	
	
	Number
	Percent

	Very good 
	21-29
	5
	10

	good
	15-20
	24
	48

	Fair 
	10-14
	21
	41


	 NSI (2010)
	Ten percent athletes came under very good category, forty eight percent came under good category and forty one per cent came under fair category. Drawer (1997) reported that women basket ball players of US national basket ball team were very good in pushups performance test.
	Table XXII presents the details on categorization of athletes according to vertical jump test.
TABLE XXII
VERTICAL JUMP TEST
							(N=50)
	Rating 
	Scores
	Athletes

	
	
	Number
	Percent

	Excellent 
	    > 55
	-
	-

	Good 
	50
	8
	16

	Average 
	45
	17
	34

	Fair 
	40
	10
	20

	Poor 
	    < 36
	15
	30


		  NSI (2010)
	Sixteen percent athletes were in good category, thirty four percent were in average category, twenty percent were in fair category and thirty percent were in poor category.
	Hoffman (2000) reported that 23 years old foot ball players and basket ball players were good in vertical jump test as compared to drill test.
	Table XXIII presents the details on categorization of athletes according to hand wall toss test.
TABLE XXIII
ALTERNATE HAND WALL TOSS TEST
(N=50)
	Rating 
	Score
	Athletes

	
	
	Number
	percent

	Excellent 
	>35
	3
	6

	Good 
	30-35
	15
	30

	Average 
	20-29
	13
	26

	Fair 
	15-29
	9
	18

	Poor 
	< 15
	12
	24


	    NSI (2010)	
	Six per cent were in excellent category, thirty per cent were in good category, twenty six per cent were in average category, eighteen per cent were  fair and twenty four per cent were in poor category. 
D. IMPACT OF SPIRULINA SUPPLEMENTATION
a. Effect of Spirulina on Body weight of Athletes
	Table XXIV presents the details on mean weight of athletes before and after supplementation.

TABLE XXIV
MEAN WEIGHT OF ATHLETES BEFORE AND AFTER SUPPLEMENTATION
									(N=25/group)
	Groups
	Before (mean  ± SD)
	After (mean ± SD)
	‘t’ Value

	Experimental 
	48.7 ± 6.7
	52.3 ± 9.1
	I Vs F
2.3 *

	Control

	50.1 ± 7.1
	51.2 ± 8.1
	I Vs C
0.23 NS

	
	
	
	E Vs C
0.18 NS


* Significant at 5% level   NS-not significant
	Before supplementation, the mean weight of athletes in the group (E) was 48.7kg, after supplementation it increased significantly (p<0.05) to 52.3kg.  Before supplementation period the mean weight of group (C) was 50.1kg, after supplementation it came to 51.2kg which was not statistically significant.
	After supplementation the final mean weight of group (E)   athletes was 52.3kg which was statistically not significant when compared final weight (51.2kg) of   group C since athletes with lower BMI were only included in group E (for supplementation).
b) Impact of Spirulina on Biochemical Parameters
	Table XXV and Figure 5 presents the details on effect of spirulina before and after supplementation on biochemical parameters.



TABLE XXV
EFFECT ON BIOCHEMICAL PARAMETERS
									(N=25/group)
	Groups
	Before (mean ± SD)
	After (mean  ± SD)
	‘t’ Value

	Hemoglobin g/dl

	Experimental 
	10.24 ± 0.7
	14.64 ± 0.75
	I Vs F
5.9**

	Control

	11.78 ± 1.5
	11.79 ± 0.9
	I Vs F
0.20 NS

	
	
	
	EF Vs CF
2.23 * 

	Protein (g/dl)

	Experimental

	6.8  ± 0.61
	8.9±2.1
	I Vs F 12.2 **
2.98

	Control

	6.98 ±1.2
	6.90±1.2
	I Vs F
1.21 NS

	
	
	
	EF Vs CF
2.81 **

	Glucose (mg/dl)

	Experimental

	102±6.2
	102.3±4.2
	0.23 NS

	Control

	116±5.1
	116.1±3.3
	0.81 NS

	
	
	
	EF Vs CF
28.1 **


** 	- Significant at 1% level,    	* - Significant at 5 % level		
NS - Not significant
	Before supplementation the mean hemoglobin level of group E athletes was 10.24g/dl. After supplementation it increased dramatically to 14.64g/dl, (p<0.01). 
	At the beginning of the study, the group C had mean hemoglobin level of 11.78g/dl. After three months the mean hemoglobin level was 11.79g/dl. There was no statistically significant difference.
	Before supplementation the mean protein level of group E athletes was 6.8 after supplementation it increased significantly (p<0.05) to 8.9g/dl. In the group (C) the initial protein level was 6.98g/dl before the supplementation period, which reduced to 6.90g/dl after three months.  
	In the group E before supplementation, mean glucose level was 102mg/dl. After supplementation it was only 102.3mg/dl with no significant difference. Before supplementation mean glucose level of group C was 116 after it was 116.1mg/dl.
	Study by NIN (2007), showed that 50 per cent of all women runners were deficient in iron, due to low iron level they were fatigue and showed poor endurance. 
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c) Impact of Spirulina on Food Intake
	Table XXVI and Figure 6 presents the details on mean food intake of group (E) before and after supplementation.
TABLE XXVI
MEAN FOOD INTAKE BEFORE AND AFTER SUPPLEMENTATION
										(N=25)
	Food stuffs (g)^
	Group E
	Percentage of excess or deficiit

	
	Before supplementation
	 After supplementation
	

	Cereals
	210
	340
	+61.9

	Pulses
	42
	51
	+21.4

	Green leafy vegetables
	41
	45
	+9.7

	Roots and tubers
	60
	66
	10

	Other vegetables
	61
	69
	13.1

	Fruits
	52
	54
	3.8

	Milk and Milk product
	460
	590
	28.2

	Fish and flesh foods
	20
	20
	-

	Fats and oil
	21
	23
	9.5

	Sugar and jaggery
	15
	25
	66.6


^ National Institute of Nutrition (2007)
          It was observed that spirulina supplementation increased the appetite of the athletes and consequently their food intake. Before supplementation, the mean cereal intake was 210g/dl, after supplementation, intake increased by 61.9 percent. Before supplementation the mean daily pulse intake was 42 g/dl. After supplementation intake increased by 21.4 percent. Before supplementation mean green leafy vegetable intake of athletes were 41g/dl and after supplementation  it increased by 9.7 percent. Other vegetables, fruits and milk and milk product intake were found to be increased by13.1, 3.8, and 28.2 percent respectively. Fish and flesh foods intake was same before and after supplementation due to limited availability of these foods.  
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d) Impact of Spirulina on Nutrient Intake
	Table XXVII and Figure 7 presents the details on mean nutrient intake of athletes before and after supplementation.
TABLE XXVII
MEAN NUTRIENT INTAKE (E) BEFORE AND AFTER SUPPLEMENTATION
(24 HOUR RECALL METHOD) 
										(N=25)
	S.No.
	Nutrient
	RDA #
	Group E

	
	
	
	Before supplementation
	After supplementation

	
	
	
	Actual intake
	% of deficit or excess
	Actual intake
	% of deficit or excess

	1. 
	Energy (kcal) ^
	3000
	2078
	-30.7
	2391
	-20

	2. 
	Protein (g)^
	56
	31
	-44.6
	40.5
	-27.6

	3. 
	Fat (g)
	25
	22.2
	-11.2
	23.1
	-7.6

	4. 
	Iron (mg)
	21
	17.04
	-18.85
	18.1
	-13.8

	5. 
	Calcium (mg)
	600
	500.1
	-16.6
	591.6
	-1.4

	6. 
	Retinol (µg)
	600
	621.1
	3.5
	624.2
	4.0

	7. 
	Beta carotene (mcg)
	4800
	4981.1
	3.7
	4785.1
	-0.3

	8. 
	Thiamin (mg)
	1.4
	1.2
	-14.2
	1.21
	-13.5

	9. 
	Ribo flavin (mg)
	1.7
	1.8
	5.8
	1.82
	7.05

	10. 
	Niacin(mg)
	16
	16.6
	3.7
	16.6
	3.7

	11. 
	Pyridoxine (mg)
	2.0
	1.91
	-4.5
	1.91
	-4.5

	12. 
	Ascorbic acid(mg)
	40
	33
	-17.5
	37
	-7.5

	13. 
	Folic acid (µg)
	200
	178.1
	-10.9
	179
	-10.5

	14. 
	Vitamin B12
	1.0
	0.97
	-3
	0.97
	-3


^ National Institute of Nutrition (2007)		# ICMR (2010)
	Before supplementation per cent of energy intake deficit was 30.7 after supplementation intake deficit narrowed to 20 per cent.	 Nutrients such as pyridoxine and vitamin B12 were found to be same before and after supplementation. The deficits in protein (44.6%), fat (11.2%), iron (18.85%), calcium (16.6%), thiamine (14.2%) and ascorbic acid (17.5), before supplementation narrowed down to 27.6 percent, 7.6 percent, 13.8 percent, 1.4 percent, 13.5 percent and 7.5 percent respectively after supplementation. 
             


	A
	Energy (kcal) ^
	H
	Thiamin (mg)

	 B
	Protein (g)^
	I
	Ribo flavin (mg)

	 C
	Fat (g)
	J
	Niacin

	 D
	Iron (mg)
	K
	Pyridoxine (mg)

	E
	Calcium (mg)
	L
	Ascorbic acid(mg)

	F
	Retinol (µg)
	M
	Folic acid (µg)

	G
	Beta carotene
	N
	Vitamin B12




FIGURE 7
 (
58
)MEAN NUTRIENT INTAKE OF GROUP (E) BEFORE AND AFTER SUPPLEMENTATION
e) Impact of Spirulina on Physical Performance
	Table XXVIII and Figure 8 presents the details before and after supplementation on VO2 Max.
TABLE XXVIII
EFFECT OF SUPPLEMENTATION ON VO2 MAX
									(N=25/group)
	Category 
	Score
	Group E 
	Group C

	
	
	Before
	After
	Before
	After

	
	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Very poor
Poor
Fair
Good
Excellent
Superior
	< 30.0
30-35.4
35.5-40.4
40.5-45.6
45.6-50.4
>50.4
	10
10
2
3
-
-
	40
40
8
12
-
-
	-
-
3
9
11
2
	-
-
12
36
44
8
	-
4
9
7
4
1
	-
16
36
28
16
4
	-
5
10
7
2
1
	-
20
40
28
8
4


 NSI (2010)
	Before supplementation, forty per cent of the group (E) athletes were in very poor category, forty per cent were in poor category, eight per cent in fair category and twelve per cent were in good category. After supplementation only twelve per cent remained in fair category, thirty six per cent moved to good category, forty four per cent performed excellently and eight per cent came to superior category.
	Before supplementation period, sixteen percent of group C athletes were in poor category, thirty six per cent were in fair category, twenty eight per cent were in good category, sixteen per cent were in excellent category and four per cent were in superior category. After supplementation period twenty per cent were in poor category, forty per cent were in fair category, twenty eight per cent were in good category and four per cent were in superior category.
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	Table XXIX presents the details on Impact of spirulina on press up or pushups.
TABLE XXIX
IMPACT OF SPIRULINA ON PRESS UP OR PUSHUPS
									  (N=25/group)
	Category 
	Score
	Group E 
	Group C

	
	
	Before
	After
	Before
	After

	
	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Very good
Good
Fair
	21-29
15-20
10-14
	-
8
17
	-
32
68
	10
9
6
	40
36
24
	5
16
4
	20
64
16
	4
20
-
	16
80
-


 NSI (2010)
	Before supplementation, thirty two per cent group (E) were in good category and sixty eight per cent athletes were in fair category. None of the athletes were in the very good category. After supplementation forty per cent came to very good category, thirty six came to good category and twenty four were in fair category.
	Before supplementation period  twenty per cent of group C athletes were in very good category, sixty four per cent were in good category and Sixteen per cent were in fair category. After supplementation period sixteen per cent were in very good category and eighty per cent were in good category, none of the athletes were in fair category.
	Table XXX presents the details of before and after supplementation on vertical jump.


TABLE XXX
EFFECT OF SUPPLEMENTATION ON VERTICAL JUMP
									  (N=25/group)
	Category 
	Score
	Group E 
	Group C

	
	
	Before
	After
	Before
	After

	
	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Excellent
Good
Average
Fair
Poor
	>55
50
45
40
>36
	-
2
7
4
12
	-
8
28
16
48
	1
4
9
11
-
	4
16
36
44
-
	-
6
10
6
3
	-
24
40
24
12
	-
6
12
5
2
	-
24
48
20
8


  NSI (2010)
	Before supplementation, none of the group (E) athletes were in excellent category. After supplementation four per cent athletes came to excellent category. Before supplementation eight per cent, twenty eight per cent, sixteen per cent and forty eight per cent were in good, average, fair and poor category respectively. After supplementation four per cent were in excellent. Sixteen per cent were in good, thirty six per cent were in average and forty four per cent were in fair category.
	Before supplementation duration twenty four per cent group (C) of athletes were in good category, forty per cent were in average category, twenty four per cent were in fair category and twelve per cent were in poor category. None of the athletes were in excellent category. After supplementation period twenty four per cent remained in good category, forty eight per cent were in average category, twenty per cent were in fair category and eight per cent were in poor category.
	Table XXXI presents the details of before and after supplementation on hand wall toss test.
TABLE XXXI
EFFECT OF SUPPLEMENTATION ON HAND WALL TOSS TEST
									(N=25/group)
	Rating*
	Score
	Group E 
	Group C

	
	
	Before
	After
	Before
	After

	
	
	No.
	%
	No.
	%
	No.
	%
	No.
	%

	Excellent
Good
Average
Fair
Poor
	>35
30-35
20-29
15-19
<15
	-
6
5
4
10
	-
24
20
16
40
	-
9
4
5
7
	-
36
16
20
28
	-
9
8
5
2
	-
36
32
20
8
	-
9
7
4
2
	-
36
28
16
8


*NSI (2010)	
	Before supplementation twenty four per cent of group (E) athletes were in good category, twenty per cent were in average category, sixteen per cent were in fair category and forty per cent were in poor category. After supplementation thirty six per cent were in good category sixteen per cent were in average category twenty per cent were in fair category and twenty eight per cent were in poor category.
	Before supplementation period thirty six per cent of athletes in control group (c) were in good category, thirty two per cent were in average category, twenty per cent were in fair category and eight per cent were in poor category. After supplementation period thirty six per cent were in good category, twenty eight per cent were in average category, sixteen per cent were in fair category and eight per cent were same in the poor category. None of the group (C) athletes were in excellent category.
E. 	IMPACT OF NUTRITION EDUCATION
	Table XXXII and Figure 9 presents the impact of nutrition education on athletes.
TABLE XXXII
EFFECT OF NUTRITION EDUCATION ON KNOWLEDGE OF ATHLETES
										(N=75)
	Aspects of knowledge
	Before
	After

	
	Number
	Per cent
	Number
	Per cent

	Knowledge on importance of sports nutrition
	
	
	
	

		Known
	Unknown
	54
21
	72
28
	75
-
	100
-

	Role of protein in muscle building
	
	
	
	

		Known
	Unknown
	32
43
	42
58
	62
13
	82
18

	Importance of hydration
	
	
	
	

		Known
	Unknown
	27
48
	36
64
	71
4
	95
5

	Hazards of dehydration
	
	
	
	

		Known
	Unknown
	39
36
	52
48
	75
-
	100
-

	Pregame meals
	
	
	
	

		Known
	Unknown
	43
32
	57
43
	63
12
	84
16

	Good nutrition is as important as skill, training and knowledge
	
	
	
	

		Known
	Unknown
	65
10
	87
13
	75
-
	100
-

	Awareness about the female athlete triad
	
	
	
	

		Yes
	No
	3
72
	4
96
	70
5
	93
7

	Disease caused by deficiency of Vitamin C
	
	
	
	

		Scurvey
	Rickets
	Beri Beri
	61
6
8
	82
8
10
	71
4
-
	95
5
-

	Food used to compensate dehydration
	
	
	
	

		Oral glucose solution
	Milk
	Water
	9
7
59
	13
9
78
	51
-
24
	68
-
32

	Daily fluid intake
	
	
	
	

		3 liters
	8 liters
	10 liters
	10
40
25
	13
54
33
	-
69
6
	-
92
8

	Vegetables and fruits are rich in 
	
	
	
	

		Vitamin
	Iron
	Fiber
	All of them
	16
15
12
32
	21
20
16
12
	7
3
-
65
	9
4
-
87

	The essential component for human existence 
	
	
	
	

		Energy
	Fat
	Protein
	All of them
	52
3
15
5
	69
4
20
6
	4
-
-
71
	5
-
-
95


	Before nutrition education, seventy two per cent of athletes knew the importance of sports nutrition and twenty eight per cent athletes did not. After education, all the athletes came to know about the importance of sports nutrition.
	Before nutrition education 42 per cent of athletes knew about role of protein in muscle building while 58 per cent did not know. After education            82 per cent of athletes came to know about role of protein in muscle building while 18 per cent still did not have any idea.
	Before education, 36 per cent knew importance of hydration while sixty four per cent did not have any idea. After nutrition education, ninety                          five per cent came to know about importance of hydration and five per cent still did not understand the importance.
	Before nutrition education, 52 per cent of athletes knew about hazards of dehydration and 48 per cent did not know. After nutrition education, all of them came to know about the hazards of dehydration.
	Before nutrition education, 57 per cent of athletes knew about pregame meals and forty three per cent did not know about pregame meals. After education, eighty four per cent came to know about pregame meals and sixteen per cent did not have any idea.
	Before nutrition education, eighty seven per cent believed that good nutrition is as important as skill training and knowledge, thirteen per cent did not know about this. After education all of them came to know about this aspect.
	Before education, only four per cent were aware of the female athletes triad while 96 per cent did not. After education, ninety three per cent came to know about it and seven per cent did not.
	Before nutrition education, eight two per cent knew that deficiency of vitamin C caused scurvy, while eight per cent felt that the deficiency caused rickets and ten per cent opined that it caused beri beri. After education 95 per cent gave the correct answer while five per cent still gave the wrong answer.
	Before education, only 13 per cent answered that oral glucose solution is used to compensate dehydration, nine per cent gave the answer as milk and seventy eight per cent answered water. After education 68 per cent answered oral glucose solution and thirty two per cent answered water, while none of them gave the answer as milk.
	Before education 13 per cent felt that three liters of fluid should be taken per day while 25 per cent felt that 10 liters should be consumed and 54 per cent knew that eight liters of fluids should be taken daily. After education, 92 per cent came to know that eight liters of fluids should be consumed daily while eight per cent still answered 10 liters.
	Before education, 21 per cent of athletes answered that vegetables and fruits contains ‘vitamins’, twenty per cent answered ‘iron’, Sixteen per cent answered ‘fiber’ and only twelve per cent answered ‘all of them’. After education, nine per cent still same the answer as Vitamin, four per cent answered Iron and 87 per cent answered all.
	Before education, 69 per cent answered energy is essential, four per cent answered fat, twenty per cent answered protein and six per cent answered that all the nutrients are essential for life. After education five per cent answered energy while ninety five per cent answered that all the proximate principles are necessary for life.
           Thus it was observed that female athletes though ambitious, were in a state of marginal nutrition. Several major and minor nutrients were inadequate in their diet. They showed symptoms of anaemia and chronic energy deficiency. Short term interventions, as provided in this study could effect statistically significant improvements in their nutritional status and physical performance. The pointers of this study could be used to sensitize policy makers and administrators to gear up programmes for the upliftment of sports women in the country.
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V  SUMMARY AND CONCLUSION
	The present study titled ‘Effect of Spirulina Supplementation on Nutritional Status and Physical Performance of Female Athletes’ was conducted on 50 female athletes with the objective of assessing effect of spirulina  (blue green algae) on dietary intake, hemoglobin level, protein level and physical performance of athletes.
      Interview schedule was formulated for 100 female athletes to collect details regarding the socioeconomic background, dietary pattern, liquid intake and health status of athletes. A sub sample of only 50 athletes (age group 19 to 21) with low BMI, blood hemoglobin level and physical performance were selected for further anthropometric, biochemical, and dietary investigations.  These athletes were also included for supplementation study by dividing into 25 each forming the experimental (E) and control (C) groups respectively.
The salient findings of the study were:
 	Two percent of the families had three members, seventy two percent consisted of four members, fifteen percent consisted of five members and eleven percent consisted of six members. Seventy five percent of students were in age group 19 to 21, eight percent were in age group 22 to 24 and seventeen percent of students were in age group 25-27 years. 
	Twenty four percent of athletes suffered from anemia, ten percent  had malaria, two percent  had jaundice, thirty-four percent  had fracture, four percent  athletes had undergone surgery of hand and nose. Seventy percent of athletes were non vegetarian, twenty two percent   were vegetarian and eight percent were ovo vegetarian. Majority of athletes (64%) took three meals per day and thirty six percent of athletes took two meals per day. Cereal and pulses formed the main daily diet for all the athletes. while eighty six percent of athletes took green leafy vegetables rarely, fourteen percent of athletes did not consume green leafy vegetables at all. Seventy eight percent of athletes consumed other vegetables thrice weekly, four percent consumed them once in a week and only eighteen percent of athletes consumed these food daily. All the athletes consumed roots and tubers daily. Fifty four percent of athletes consumed milk daily, thirty two percent of athletes had milk thrice weekly and seven percent of athletes did not take milk at all. Only ten percent of athletes took fruits daily and ninety percent of athletes had them rarely. Twenty two percent did not take flesh foods while seventy eight percent of athletes ate them rarely. All the athletes took sugar daily, while all the athletes took butter and ghee rarely.
	All the athletes took water during competition. Among them fifty two percent athletes took glucose, eighteen percent athletes took boost and thirty percent of athletes took juice. Ten percent of athletes took 800ml of fluid, per day, eighteen percent of athletes took 1200ml of fluid per day, twenty six percent of athletes took 2000ml of fluid per day and forty six percent of athletes took 2500ml of fluid per day.
 All the athletes had dehydration and injury during event. Twenty percent of athletes had   sprain, twenty two percent of athletes had strain, six percent of athletes had fracture, thirty six percent of students had dislocation of joint, ten percent of students had stretchability of ligament and all the students had small wounds. The female athlete triad according to NIN (2007) comprises of eating disorders, menstrual problems and stress fractures. Forty, 31 and 15 per cent of the athletes faced each of these problems respectively.	
             The average height of athletes was 161cm, which was significantly less (p<0.01) than the height given for female athletes by Prajacta (2009). Average weight of athletes was 48.7 kg, which was significantly lighter than the standard weight (of 55kg) given by ICMR (2010). Average waist circumference was 70.2cm which was significantly (p<0.01) lower than the reference waist circumference of (76.5 cm). Average hip circumference of athletes was(86.1cm), which was significantly lower than the reference hip circumference (91cm). Average wrist circumference of athletes was 5.4 inches, which was approximately similar to the reference wrist circumference (5.5inch). Average fore arm circumference was 22.16cm approximately similar to reference fore arm circumference(22.5cm). Average mid upper arm circumference was (19.1cm), which was significantly lower than the reference value (23.8cm). Average triceps of athletes was 12.6mm and average biceps value was 23.7mm which were significantly less than reference reference values of 15.6 and 24.6mm respectively. Average Body Mass Index was 17.5  lower than the normal BMI range given by ICMR (2010). 
	Athletes were categorized according to criteria of BMI given by NNMB (2010). Forty two percent of athletes were under weight (chronic energy deficient), forty per cent maintained the normal category and eighteen percent were overweight. None of the athletes were obese. Mean fat percent of athletes were 14.5 and mean lean body mass was 45.2. Clover (2007) reported that average body fat percentage of female athletes (age group 19 to 24) was 21 percent. Mean hemoglobin level of athletes was 10.24g/dl, which was significantly (p<0.01) lower than the standard hemoglobin level. Mean protein level was 6.8 which was within the normal level of protein and mean glucose level was 109 which was within the normal level. (NIN, 2007) reports that except for higher RDA for proximate principles, athletes should consume other nutrients according to the RDA for non sports persons. Hence mean energy intake of athletes was 2085.3 k cal per day, 30.5 percent deficient from the RDA for athletes given by NIN (2007). Mean protein intake was 36g per day and mean intake of fat was 21.2 g per day. All  macronutrients were found to be deficient as compared to normal intake given by NIN and ICMR respectively. The percentage deficit of other nutrients was iron (18.8), calcium (16.4), thiamine(14.2), pyridoxine (1.0), ascorbic acid (15.0), folic acid (10.45), and vitamin B12 (2.0) percent. Nutrients that were found excess was retinol (5.1), beta carotene (4.1), riboflavin (11.76) and niacin (5.0).
	Nutrient intake was deficient for energy (27 %), protein (26 %), fat  (12%), iron (5.2 %), calcium(15.08 %), thiamin (7.1 %), pyridoxine (1.5 %), ascorbic acid (10 %), folic acid (10.05 %), and vitamin B12 (9 %). Excess intake was found for retinol (6.86 %), beta carotene (4.01 %), riboflavin                  (47.05 %), and niacin (2.5 %).
	The mean estimated energy expenditure of athletes was 2597 kcal per day (NIN, 2007). The actual total energy expenditure energy expenditure was 2862.7 kcal /day among the athletes of which showed that the athletes spent more ten percent energy.
	The mean energy intake of athletes was 2078kcal/day which showed deficit of 30.7 per cent compared to the net energy requirement (NIN, 2007). Twenty percent of athletes had very poor VO2 max, 28 percent athletes had poor, twenty two percent had fair, twenty per cent had good, eight per cent had excellent and two per cent were in superior category. Ten percent athletes came under very good category, forty eight percent came under good category and forty one per cent came under fair category. Drawer (1997) reported that women basket ball players of US national basket ball team were very good in pushups performance test.
	Sixteen percent athletes were in good category, thirty four percent were in average category, twenty percent were in fair category and thirty percent were in poor category
	Six per cent were in excellent category, thirty per cent were in good category, twenty six per cent were in average category, eighteen per cent were  fair and twenty four per cent were in poor category.
	Before supplementation, the mean weight of athletes in the group (E) was 48.7kg, after supplementation it increased significantly (p<0.05) to 52.3kg.  Before supplementation period the mean weight of group (C) was 50.1kg, after supplementation it came to 51.2kg which was not statistically significant.
	After supplementation the final mean weight of group (E) athletes was 52.3kg which was statistically not significant when compared final weight (51.2kg) of group (C).
	Before supplementation the mean hemoglobin level of group E athletes was 10.24g/dl. After supplementation it increased drastically to 14.64g/dl, (p<0.01) which showed statistically increase of . At the beginning of the study, the group C had mean hemoglobin level of 11.78g/dl. After three months the mean hemoglobin level was 11.79g/dl. There was no statistically significant difference. Before supplementation the mean protein level of group E athletes was 6.8 after supplementation it increased significantly (p<0.05) to 8.9g/dl. In the group (C) the initial protein level was 6.98g/dl before the supplementation period, which reduced to 6.90g/dl after three months.  In the group E before supplementation, mean glucose level was 102nmg/dl. After supplementation it was only 102.3mg/dl with no significant difference. Before supplementation mean glucose level of group c was 116 after it was 116.1mg/dl.
	 It was observed that spirulina supplementation increased the appetite of the athletes and consequently their food intake. Before supplementation, the mean cereal intake was 210g/dl, after supplementation, intake increased by 61.9 percent. Before supplementation the mean daily pulse intake was 42 g/dl. After supplementation intake increased by 21.4 percent. Before supplementation mean green leafy vegetable intake of athletes were 41g/dl and after supplementation it increased by 9.7 percent. Other vegetables, fruits and milk and milk product intake were found to be increased by13.1, 3.8, and 28.2 percent respectively. Fish and flesh foods intake was same before and after supplementation due to limited availability of theses food.  Before supplementation per cent of energy intake deficit was 30.7 after  supplementation intake deficit narrowed to 20 per cent. Nutrients intake such as pyridoxine (mg) and vitamin B12 were found to be same before and after supplementation. Similarly before supplementation the deficit in protein (44.6%), fat (11.2%), iron (18.85%), calcium (16.6%), thiamine (14.2%), riboflavin (5.8), pyridoxine (4.5), ascorbic acid (17.5), folic acid (10.9%), and vitamin B12 (3%) respectively.
       	Before supplementation, forty per cent of the group (E) athletes were in very poor category, forty per cent were in poor category, eight per cent in fair category and twelve per cent were in good category. After supplementation only twelve per cent remained in fair category, thirty six per cent moved to good category, forty four per cent performed excellently and eight per cent came to superior category.
	Before supplementation period, sixteen percent of group C athletes were in poor category, thirty six per cent were in fair category, twenty eight per cent were in good category, sixteen per cent were in excellent category and four per cent were in superior category. After supplementation period twenty per cent were in poor category, forty per cent were in fair category, twenty eight per cent were in good category and four per cent were in superior category.
      	Before supplementation, none of the group (E) athletes were in excellent category. After supplementation four per cent athletes came to excellent category. Before supplementation eight per cent, twenty eight per cent, sixteen per cent and forty eight per cent were in good, average, fair and poor category respectively. After supplementation four per cent were in excellent. Sixteen per cent were in good, thirty six per cent were in average and forty four per cent were in fair category.
	Before supplementation duration twenty four per cent group (C) of athletes were in good category, forty per cent were in average category, twenty four per cent were in fair category and twelve per cent were in poor category. None of the athletes were in excellent category. After supplementation period twenty four per cent were remained same in good category, forty eight per cent were in average category, twenty per cent were in fair category and eight per cent were in poor category.
     	Before supplementation twenty four per cent of group (E) athletes were in good category, twenty per cent were in average category, sixteen per cent were in fair category and forty per cent were in poor category. After supplementation thirty six per cent were in good category sixteen per cent were in average category twenty per cent were in fair category and twenty eight per cent were in poor category.
	Before supplementation period thirty six per cent of athletes in control group (c) were in good category, thirty two per cent were in average category, twenty per cent were in fair category and eight per cent were in poor category. After supplementation period thirty six per cent were in good category, twenty eight per cent were in average category, sixteen per cent were in fair category and eight per cent were same (poor category). None of the group (C) athletes were in excellent category.
	Before nutrition education 42 per cent of athletes knew about role of protein in muscle building while 58 per cent did not know. After education 82 per cent of athletes came to know about role of protein in muscle building while 18 per cent still did not have any idea. Before education, 36 per cent knew importance of hydration while sixty four per cent did not have any idea. After nutrition education, ninety five per cent came to know about importance of hydration and five per cent still did not understand the importance. Before nutrition education, 52 per cent of athletes knew about hazards of dehydration and 48 per cent did not know. After nutrition education, all of them came to know about the hazards of dehydration.
	Before nutrition education, eighty seven per cent believed that good nutrition is as important as skill training and knowledge, thirteen per cent did not know about this. After education all of them came to know about this aspect. Before education, only four per cent were aware of the female athletes triad while 96 per cent did not. After education, ninety three per cent came to know about it and seven per cent did not.
	Before education 13 per cent felt that three liters of fluid should be taken per day while 25 per cent felt that 10 liters should be consumed and 54 per cent knew that eight liters of fluids should be taken daily. After education, 92 per cent came to know that eight liters of fluids should be consumed daily while eight per cent still answered 10 liters.
	Thus it was observed that all the athletes were talented, had won several medals and were fully devoted to the cause of sports and career. Seventy eight percent were non and ova vegetarians. Yet their food and nutrition consumption showed gross deficit of 16 to 72 % in terms of food and one to 36 percent in terms of nutrients. Except for wrist and forearm circumference and biceps skin fold, all other anthropometric parameters and indices of the athletes were significantly lower (p<0.01) than the respective standard values. More than 42 percent were underweight. All of them were anemic (10.98 g/dl), and were in gross negative energy balance. Only 2 to 16 percent of the athletes were in the excellent state of physical performance.
      	Supplementation with Spirulina increased the appetite and consequently the food and nutrient intake. Hence body weight of the athletes increased from 48.7 Kg to normal 52.3 Kg blood haemoglobin increase from anemic 10.24 g/dl to 14.64 g/dl serum protein from 6.8 to 8.9 g/dl. Eight to forty percent of the athlete moved into excellent category of physical performance.
       	Before nutrition education, four to 87 percent of athletes had good nutrition knowledge while after education 82 to 100 percent developed correct nutrition knowledge. From the above findings it is evident that the nutritional, health, physical performance and nutritional knowledge status of the athletes which was substandard could be significantly  (P < 0.01 ) raised to normal levels by spirulina supplementation and nutrition education administered through for a very short duration (three months). If such antinutrients (coupled with the regions, bring that they already undergo) are carried out throughout the sports career of athletes, their sports abilities can be catapulated to scale the skies.
	Based on the findings of the study, the following recommendation are made
· Assess the effect of spirulina on male athletes, traditional and rural athletes.
· Test the efficacy of other region specific, indegenious and natural sports foods on nutritional status and performance of athletes.
· Assessment of the effect of spirulina on anaemic children. 
· Assess the prevalence of female athlete triad in India and impact of spirulina.
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APPENDIX- I
QUESTIONNAIRE TO ELICIT INFORMATION ON SOCIO ECONOMIC BACKGROUND, DIETARY PATTERN AND ACHIEVEMENTS OF                        SPORTS PERSONS
SOCIO-ECONOMIC BACKGROUND
1. Name 				:
2. Name of the college/University	:
3. Age					:
4. Name of the father			:
5. Name of the mother		:
6. Address				:


7. Type of family			:  Nuclear 		            Joint
8. Number of family members		:
9. Birth order				:  1 		2  		3    
10. Birth weight (kg)      		:  < 2.5     	2.5-3.0   	3-3.5   	> 4.0   
11. Number of Brothers/sisters	:
12. Religion				: Hindu		Muslim	
					  Christian	 	others 		
13. Background Information of the family
	Name of the family member
	Age (Yrs)
	Relationship with the student
	Education
	Occupation
	Income

	






	
	
	
	
	



14. Total monthly Income of the family		:
15. Money spent by the family per month on food	:
 II. DIETARY HABITS
 1. Are you a 
 	(a) Vegetarian      	(b) Non - Vegetarian    	(c) Ovo - Vegetarian        
2. How many meals do you eat in a day?
(a) 2      		(b) 3    	(c) 4        		(d) 5       
3. Do you have the habit of skipping meals?
(a) Yes      		(b) No    
If yes, Indicate the meal that you skip
a) Break fast     	(b) Lunch     	(c) Dinner    
4. Do you eat snack food items?
(a) Yes      		(b) No    
If yes answer the following
	Type of snack food consumed
	Frequency of consumption

	
	Daily
	Once in a week
	Monthly
	Rarely

	1. Cake
2. Chocolate
3. Puffs
4. Ice – cream
5. Pizza
6.   Burger
7.  Samosa
	
	
	
	


5. Frequency of consumption of food
   
	S.NO.
	Food consumed
	Daily 
	Twice 
	Thrice 
	Once a  week
	Rarely 
	Not at all

	1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

	Cereals
Pulses
Green leafy vegetables
Other vegetables
Roots and tubers
Fruits
Milk and milk products
Fish and flesh foods
Sugar and jaggery
Butter and ghee
	
	
	
	
	
	


6. Do you consume soft drink?
(a) Yes      		(b) No    
If yes, please tick
(a) Daily 	   	(b) Weekly    (c) Occasionally    	
7. Do you have the habit of eating any meal outside your home?
 (a) Yes      		(b) No    
If yes, Answer the following
	Name of the Meal
	Frequency of consumption

	
	Daily
	Once in a week
	Monthly
	Rarely

	Break fast
Lunch
Dinner
	
	
	
	


7. How many hours do you watch television?
(a) 1 hour   	 (b) 2 hours     	(c) More than 2 hours       	
8. Do you eat while watching television?
(a) Yes      		(b) No    
9. List the foods that you like the most?
1
2
3
4
10. List the food that you dislike the most?
1
2
3
4
11. Daily meal pattern
	Days
	Early morning
	Break fast
	Lunch
	Evening
	Dinner

	First day

Second day

Third day
	
	
	
	
	


12. Do you take any supplements?
(a) Yes      		(b) No    
If yes, please mention………………………………………………………….
13. How do you spend your free time?
· 
· 

1. How many hours do you sleep in a day?
a) 4-6 hours  		(b) 6-8 hours       		(c) 8-10 Hours       
2. Do you play any game?
a) Yes   			(b) No       
If yes answer the following.
3. What do you get out of your sports?
(i) Socialization 		
(ii) Becoming fit & healthy	
(iii) Personal satisfaction 	
		
4. Do you exercise regularly?
(a) Yes 	 	(b) 	No	
If yes answer the following
	Types of exercise
	Duration of exercise per day

	
	½ an hour
	1 hour
	> 1 hour

	1. Cycling
2. Walking
3. Running
4. Swimming
5. Yoga
6. Skipping.
	
	
	


5. Mention the level of participation.
	(a) College	   		(b) University	  		(c) District	      	
(d) State	   		(e) National	  		(f) International    
6. Have you got any medals? 
(a) Yes 	 	(b) 	No	
7. If yes, mention the number of medals

8. What type of  injury do you get often.
	(a) Sprain			(b) Strain    		(c) Contusion	  	(d) Fracture   
	(e) Dislocation of joint  (f) Stretchability of ligament  	    (g) Small wound   
9. Do you suffer from any of the following illness?
	S.No
	Illness
	Yes
	No
	Treatment

	1.
2.
3.
4.
5.
6.
7.
8.
	Cold
Fever
Diarrhea
Asthma
Sleep disorders
Menstrual problem
Leg pain
Tiredness 
	
	
	


10. Past history
Anaemia 		  	Malaria		Jaundice   	T.B	   	Typhoid 
Frequent headache  	Head Injury		Fracture   	Surgery  	

APPENDIX – II
3 DAYS DIET RECORD
	DAY 1
	DAY 2
	DAY 3

	Early morning
Breakfast
Mid morning
Lunch
Evening
Dinner
Bed time
	Early morning
Breakfast
Mid morning
Lunch
Evening
Dinner
Bed time
	Early morning
Breakfast
Mid morning
Lunch
Evening
Dinner
Bed time
















East	100%
52%
18%
30%

Water (ml)	Glucose (ml)	Boost (ml)	Juice (ml)	100	52	18	30	

800	1200	2000	2500	10	18	26	46	800	1200	2000	2500	800	1200	2000	2500	800	1200	2000	2500	b. Quantity of fluid consumed (ml / day)

Percentage (%)


Sprain	A	B	C	D	E	F	20	22	6	36	10	100	Type of injury

Percentage (%)


U	N	O	42	40	18	U	N	O	U	N	O	
Percentage (%)


East	A	B	C	D	2597	2862.7	3000	2078	
 (Kcal/day)


Before	Group (E)	Group (C )	10.24	11.78	After	Group (E)	Group (C )	14.64	11.79	Hemoglobin (g/dl)

Average



Before	Group (E)	Group (C )	6.8	6.98	After	Group (E)	Group (C )	8.9	6.9	Protein (g/dl)

Average



Before	Group (E)	Group (C )	102	116	After	Group (E)	Group (C )	102.3	116.1	Glucose (mg/dl)

Average



Before	A	B	C	D	E	F	G	H	I	J	210	42	41	60	61	52	460	20	21	15	After	A	B	C	D	E	F	G	H	I	J	340	51	45	66	69	54	590	20	23	25	
Food intake



Before	A	B	C	D	E	F	G	H	I	J	K	L	M	N	-30.7	-44.6	-11.2	-4.8000000000000001E-2	-16.600000000000001	3.5	3.7	-14.2	5.8	3.7	-4.5	-17.5	-10.9	-3	After	A	B	C	D	E	F	G	H	I	J	K	L	M	N	-20	-27.6	-7.6	-13.8	-1.4	4	-0.30000000000000032	-13.5	7.05	3.7	-4.5	-7.5	-10.5	-3	
% of deficit and excess



Before	Very poor	Poor	Fair	Good	Excellent	Superior	40	40	8	12	0	0	After	Very poor	Poor	Fair	Good	Excellent	Superior	0	0	12	36	44	8	
Percentage (%)


Before	A	B	C	D	E	F	72	42	36	52	57	87	After	A	B	C	D	E	F	100	82	95	100	84	100	Aspects of Knowledge

Percentage (%)
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