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Appendix - 4 

Interview Schedule for children with hyperactivity, attention difficulty,  

and behavioural problems 

A. DEMOGRAPHIC PROFILE OF THE CHILD 

1. Age of the child:    

2. Gender:   Male   Female 
 

7. Family type:  Joint  Nuclear  

8. Number of family members:  
 

2 3  4 5 >6 

9. Ordinal position of the child:  
 

1 2  3 4 5 

10. Religion:    

11. Mother tongue:    

12. No. of languages spoken at home:    

     13.Family income per month 

 

S.No. 
Name of the 

family member 

Age and 

Educational 
qualifications 

Relationshi

p with the 
child 

Working 
/ Non- 

working 

 

Occupation 

1      

2      

3      

4      

5      
 

21. Did you take any supplements during this pregnancy?   Yes      No  

22. Did you consume any special foods during this pregnancy?    Yes  No  

23. Did you have any major injuries during this pregnancy?  Yes  

No If yes, explain   

24. Describe your lifestyle during pregnancy. 

a. Sedentary  

b. Moderately active  

c. Very active  

25. Are you allergic to any foods / food supplements?   Yes   No  

26. What was the mode of delivery? 

a. Normal  

b. Instrumental delivery  
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c. C-section  

27. The child was                                      Preterm  Full term 

28. Did you breast feed the child?            Yes    No Duration of breast 

feeding?    

 

C.  FATHER’S HEALTH PROFILE 

29. Educational qualifications:    

        Age at the time of marriage:   years 

30. Any major health problems?    

31. How do you describe father’s personality? 

a. Very calm 

b. Stable  

c. Aggressive  

32. Does the father smoke?  Yes   No 

33. Does the father consume alcohol?  Yes   No 

a. Daily 

b. Once a week  

c. More than 3 times a week  

d. Bi monthly / Monthly  

 

D.  CHILD’S HEALTH PROFILE 

34. Blood group of the child?    

35. Any food allergy?  Yes   

No If yes, specify     

Symptoms    

36. Any sensitivity to certain smells like hair sprays, detergents, perfumes, 

noises? Yes                       No               If yes, please specify    

37. When the child is hungry, he/she is… ....... (Tick whichever applicable) 

a. Having headaches  

b. Dizzy  

c. Moody  

d. Tired  

e. Shaky  

f. Irritable  

g. Hyperactive  

h. Normal  
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38. Difficulty in going to bed?  Yes    No 

39. Did the child have/had any health problems?  Yes    

No If yes, specify    

      Age at the onset     

40. Did the child have any major injuries?   Yes    

No If yes, specify     

Age at that time     

41. Any surgeries in the past?    Yes    No 

If yes, specify     

Age    

42. Diagnosed of  attention deficit/hyperactivity  years 

43. Name of the comorbid conditions diagnosed along with ADHD 

 

44. Medications for ADHD/ comorbid conditions 

a.    

b.    

c.    

d.    Duration     
 

45. What are the other interventions that the child has undergone for ADHD/ADD? 

Duration 

a. Special education    

b. Occupational therapy    

c. Physiotherapy    

d. Yoga    

e. Any other therapy (Pl specify)    
 

 

62. Speech 

a. Before 2 years 

 

 b. After 2 years 

 

 

 

F. 

 

 

 

ANTHROMETRIC PROFILE 

63. Height of the child: cms 

64. Weight of the child:   kgs 
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65. BMI percentile    

 

G.  

66. 

DIETARY PATTERN 

Child is a 

 

 

 

 

 
67. 

a. Vegetarian 

b. Ova - vegetarian 

c. Non - vegetarian 

Dietary pattern (3-days recall) 

 

 
 

 
 

 

 

 Early morning Morning Mid-morning Lunch Evening Dinner Bed time 

Day 1        

Day 2        

Day 3        

 

68. Does the child frequently skip any of his meals?  Yes  No 

If yes, which of these?  Milk  Breakfast  

Lunch  Dinner 

69. Are you aware about the following diets? 

a. Sugar free / low sugar diet  

b. Feingold diet  

c. Caesin free diet  

d. Gluten free diet  

70. Food frequency questionnaire 

Food items Daily Weekly Biweekly Monthly Rarely 

Cereals like Rice, 

Bread, Ragi, Corn 

Wheat,      

Pulses like Red gram, Bengal 

gram 
     

Vegetables Beans, 

finger, Drumstick 

Lady’s      

Green leafy vegetables      

Roots and tubers like Onion, 

Potato, Carrot 
     

Fruits   like Apple, 

Papaya 

Guava,      

Non vegetarian foods like 

Egg, Chicken, Fish 
     

Milk & milk products like 

Buttermilk, Curd, Butter 

     

Sugar &Jaggery      

Oils like Palm oil, Ghee      
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Nuts like Groundnuts, 

Almonds, Coconuts 

     

Miscellaneous foods      

Mixture, murukku etc      

Fried snacks (Bhajji, Samosa)      

Sweets      

Eating out      

Tea / coffee      

Processed foods:      

- Biscuits      

- Processed chips, 

noodles 

Instant      

- Soft drinks, flavoured drinks      

- Ice creams      

- Candies, lollypops      

- Chocolates      

- Artificially coloured / 

flavoured foods (e.g. cotton 

candy, flavoured milk, 

kesari, chicken 65 etc) 

     

 

H.  MORBIDITY PATTERN OF THE CHILD 

71.  State the problems that the child has suffered in the past 6 months. 

 

Problems 
Frequency 

Frequently Rarely Not at all 

Fever and cold    

Intestinal infestation    

Abdominal pain    

Common ear, nose and throat problems    

Common eye problems    

Common skin disorders    

Respiratory diseases    

Heart diseases    

Genito urinary problems    

CNS disorders    

Others:       
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I. ACTIVITY AND LEISURE PATTERN OF THE CHILD 

72. Does your child participate in any form of physical exercise?   Yes   

No If yes, specify    

If yes, duration?    6-7 days/week    3 days/week 

1-2 days/week 1-2 days/week 

 
73. What are the child’s favourite leisure time activities? (Tick whichever is applicable) 

 

S.no. Activities Yes / No Duration 

1 Focus & Concentration skills Therapy   

2 Watching Tv   

3 Others   

4 Computer games /Mobile   

5 Indoor games   

6 Outdoor games   

7 Dancing   

8 Music   

 
J. DSM-V- Criteria 

 

I. Either A or B: 

A. Six or more of the following symptoms of inattention have been present for 

at least 6 months to a point that is inappropriate for developmental level: 

Inattention 

1. Often does not give close attention to details or makes careless mistakes 

in schoolwork, work, or other activities. 

2. Often has trouble keeping attention on tasks or play activities. 

3. Often does not seem to listen when spoken to directly. 

4. Often does not follow through on instructions and fails to finish 

schoolwork, chores, or duties in the workplace (not due to oppositional 

behavior or failure to understand instructions). 

5. Often has trouble organizing activities. 

6. Often avoids, dislikes, or doesn't want to do things that take a lot of 

mental effort for a long period of time (such as schoolwork or 

homework). 

7. Often loses things needed for tasks and activities (e.g. toys, school 

assignments, pencils, books, or tools). 
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8. Is often easily distracted. 

9. Is often forgetful in daily activities. 

B. Six or more of the following symptoms of hyperactivity-impulsivity 

have been present for at least 6 months to an extent that is 

disruptive and inappropriate for developmental level: 
 

Hyperactivity 

1. Often fidgets with hands or feet or squirms in seat when sitting still is expected. 

2. Often gets up from seat when remaining in seat is expected. 

3. Often excessively runs about or climbs when and where it is not appropriate 

(adolescents or adults may feel very restless). 

4. Often has trouble playing or doing leisure activities quietly. 

5. Is often "on the go" or often acts as if "driven by a motor". 

6. Often talks excessively. 

Impulsivity 

7. Often blurts out answers before questions have been finished. 

8. Often has trouble waiting one's turn. 

9. Often interrupts or intrudes on others (e.g., butts into conversations or games). 

 

Clinical Examination Schedule 

S.No Clinical Examination Signs 

1.  Loss of appetite  

2.  Oedema  

3.  Muscle wasting/Apathy/Irritability  

4.  Hair changes- loss of luster/discoloured/Dandruff  

5.  Skin changes dry and rough /Hyperkeratosis  

6.  Eyes-pale/dull  

7.  Angular stomatitis  

8.  Dermatitis  

9.  Bleeding gums  

10.  Night blindness/Bitot‟s spots/Conjunctival xerosis  

11.  Dental Caries/Teeth discolouration  

12.  Tongue-Red/Pigmentation/Ulceration  
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Appendix – 5 

KAP Questionnaire 

Knowledge 

1. What are the signs of ADHD? 

a. Hyperactive b. Laziness c. Stressed 

2. Do you think nutrition causes child symptoms? 

a. Yes b. No 

3. Do you think Iron and Zinc rich foods improve ADHD symptoms? 

a. Yes   b. No 

4. Do you think Omega 3 fatty acids-rich foods improve ADHD symptoms? 

b. Yes   b. No 

5. Do you think Magnesium rich foods improve ADHD symptoms? 

c. Yes   b. No 

6. Is it essential to add fish to the diet of your child? 

a. Yes   b. No 

7. What does Quinoa Contain/ 

a. Zinc b. Fat c. Protein  d. do  not know 

8. Which among the following is rich in omega -3 fatty acids? 

a. Amaranth b. Rice c. Ragi 

9. Which among the following increases the symptoms of ADHD? 

a. Green Leafy vegetable b. Refined flour c. Fruits 

10. Do you know about the Elimination diet, which is used to treat ADHD symptoms? 

a. Yes   b. No 

Attitude 

1. What do you think about using nutrition games for ADHD? 

a. Effective  b. Not effective 

2. Do you think nutrition modification can bring improvement in children with ADHD 

 symptoms? 

a. Yes   b. No 

3. Do you believe specially developed snacks will benefit children with ADHD symptoms? 

a. Yes   b. No 

4. How confident do you feed in planning food for your children with ADHD symptoms? 

a. Confident   b. Not Confident 

5. Are you willing to learn about nutrition requirement for children with ADHD symptoms? 

a. Willing  b. Unwilling 

6. What is your attitude towards including quinoa and amaranth seeds in the diet for snacks? 
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a. Willing  b. Unwilling 

7. Fish is  a rich source of  ________________________________ 

a. Omega 3 -fatty acids  b. Vitamin C   c. Vitamin B1 

8. Do you think that diet modification can be a substitute to behavioural therapy? 

a. Yes   b. No 

9. Is processed and preserved foods good for child with ADHD symptoms? 

a. Yes   b. No 

10. Do you think parent- child relationship can bring positive changes in children? 

a. Yes   b. No 

Practices 

1. How often you give Amaranth leaves and Curry leaves based food products to your child? 

a. Regularly-1 

b. Sometimes-2 

c. Rarely-3 

 

2. How often you give nuts to your child? 

a. Regularly-1 

b. Sometimes-2 

c. Rarely-3 

3. How often your child consumes Horse gram and Quinoa? 

a. Regularly-1 

b. Sometimes-2 

c. Rarely-3 

4. How many servings of vegetables your child takes in a day? 

a. Less than 1 SERVINGS-(3) 

b. 1-3- SERVINGS - (2) 

c. More than 3 SERVINGS – (1) 

5. How often your child consumes Black gram dhal? 

a. Regularly-1 

b. Sometimes-2 

c. Rarely-3 

6. How often your child consumes Omega3 rich seeds? 

a. Regularly-1 

b. Sometimes-2 

c. Rarely-3 

7. How often your child consumes Fish? 

a. Regularly-2 

b. Sometimes-1 

c. Rarely-3 

8. How often your child consumes processed foods like chips, fried snacks? 

a. Regularly-3 

b. Sometimes-2 

c. Rarely-1 
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9. How often your child consumes artificially coloured and flavoured foods like- 

toffees, snacks, flavoured milk, coloured sweets etc.? 

a. Regularly-3 

b. Sometimes-2 

c. Rarely-1 

10. How often your child consumes tea, coffee, carbonated drinks? 

a. Regularly-3 

b. Sometimes-2 

c. Rarely-1 

 

Appendix – 6 

Five point hedonic scale -  Score Card 

 

SENSORY  EVALUATION 

Name:                                                                                      Date: 

Score card based on Five point hedonic scale 

1 Like very much 

2 Like slightly 

3 Neither like nor dislike 

4 Dislike slightly 

5 Dislike very much 

 

 

 

 

Signature 

 

 

 

 

S.no 
Product 

Code 

 

Appearnance 

 

Color 

 

Flavor 

 

Taste 

 

Texture 

Overall 

acceptability 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

      



 

 
 

238 

Appendices 

Digital Technology Assisted Nutrition Support for Children with Attention Deficit Hyperactivity Disorder 

Appendix – 7 

 UDEMY COURSE CERTIFICATE 

 

 

Appendix – 8 

COURSERA COURSE CERTIFICATE 
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Appendix – 9 

 Documentation of micronutrients-based snacks recipes 

S. No Name of the 

recipe 

Ingredients used Steps for preparation 

1.  QuinoeaYam 

Cutlet 

1. Quinoa-3tbsp 

2. Gingelly Oil-50 g 

3. Finely chopped onion-30g 

4. Garam Masala-1/2 tsp 

5. Turmeric Powder-1/2 tsp 

6. Red chilli powder-1 tsp 

7. Cumin powder-1 tsp 

8. Coriander powder-1 tsp 

9. Carrot -30g 

10. Beans-20g 

11. Yam boiled and mashed-1 tbsp 

12. Salt to taste 

 

1. Rinse quinoa well in Water. Bring 2 cup 

of Water to a boil. Add one teaspoon of 

salt into quinoa. 

2. Reduce the heat to low, cover the pan 

and let it cook for 15-20 mins. 

3. Heat oil in a pan. Add chopped onion, 

garam masala, turmeric powder, red 

chilli powder, cumin and coriander 

powder, and shredded vegetables and 

salt. 

4. Add boiled yam and cooked quinoa and 

mix well until the mixture is dry. 

5. Once the mixture cools, roll a golf-sized 

ball and flatten it into a patty. Dip this 

the besan flour or egg coating and coat it 

with coconut flour. 

6. Pour oil into a pan. Shallow fry on 

medium to medium-high heat till the 

coating is golden brown colour. 

7. Coating- Mix besan flour & Water to 

form a slightly thick batter. 

2.  Rajkira Crackers 1. Amaranth seed flour-1 cup 

2. Jaggery-1/2 cup 

3. Butter-1/2 cup 

4. Cardamom powder-1/4tsp 

5. Egg-1 

6. Salt as pinch 

 

1. Sieve amaranth flour and salt together. 

2. Cream butter and Jaggery 

3. Beat egg into the creamed butter and 

Jaggery. 

4. Add sieved flour mixture and mix till it 

becomes soft and smooth into a dough 

consistency. 

5. Grease the baking sheet lightly with 

butter & make it two round shapes, and 

place in a baking sheet one inch apart. 

6. Bake in a preheated oven at 180*c for 15 

to 20 minutes. 

7. Cool and store in an airtight container. 

3.  Square Nut Bag 1. Groundnut-2 tbsp 

2. Walnut-2tbsp 

3. Pistachio nuts-2tbsp 

4. Brown Dates-2 nos 

5. Jaggery-4 tbsp 

6. Sunflower seeds-2teaspoon 

7. Butter- grease 

 

1. Chop the groundnut, walnut, pistachio 

nuts cut into even pieces and roast the 

nuts and sunflower seed. 

2. Grind the dates until they reach a paste 

consistency. 

3. Take a pan, add on Jaggery, stir first and 

add on roasted sunflower seeds and nuts, 

dates mix well all bind together leave it 

for 5 minutes 

4. Remove the pan and keep aside it cool 

for 10 minutes. 

5. Grease the bowl with butter and transfer 

the prepared mixture. 

6. Place in refrigerator for 1 hr. 
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7. Finally, cut it into square shape pieces 

and serve it. 

4.  Scopy Urdu Muffins 1. Brown dates-3 nos 

2. Butter-1/2 cup 

3. Jaggery-1/2cup 

4. Egg-1 

5. Black gram flour-1 cup 

6. Cinnamon powder -pinch 

7. Chopped walnuts-2 tbsp 

8. Cardamom powder- pinch. 

 

1. Sieve the whole black gram flour and 

salt. 

2. Cream butter with Jaggery till light. 

3. Beat egg with cinnamon & cardamom 

powder into the creamed butter and 

Jaggery. 

4. Add sieved flour mixture and chopped 

dates and walnuts. Mix and pour into 

greased cup mould two-thirds full. 

5. Bake 180* c for 15-20 minutes. 

6. Cool for 5 minutes before removing 

from muffin pan may be frozen for up 

to three months. 

5.  Amaransu Smoothie 1. Cooked Amaranth leaves-1/2 

cup 

2. Banana sliced- 1/2 nos 

3. Milk- ¼ cup 

4. Brown Dates-4 

5. Flaxseed-1/4 tsp 

6. Sunflower seed-1/4tsp 

7. Almond-5 

 

1. Take amaranth leaves and wash 

thoroughly with Water. 

2. Transfer into a cooker and cooked well 

for 10 minutes. 

3. Let it cool for some time and transfer 

into a blender and combine banana, 

milk, dates, seed, almond blend until 

completely smooth consistency. 

4. Serve into glasses 

5. Garnish with sliced almond if desired. 

6.  Nut Coated 

Little Millet Cookie 

1. Horse gram flour-3/4 cup 

2. Chopped groundnuts-3tbsp 

3. Black gram whole flour-1/4 cup 

4. Butter-1/2 cup 

5. Jaggery-1/2 cup 

6. Butter for greasing 

 

1. Sieve horse gram flour, whole black 

gram flour, and salt together. 

2. Cream butter and Jaggery 

3. Beat egg into the creamed butter and 

Jaggery. 

4. Add sieved flour mixture and mix well 

5. Add chopped groundnuts and mix till 

they become soft and smooth into a 

dough consistency. 

6. Divide the dough into ten equal portions 

and roll each portion into a small round. 

7. Grease the baking tray lightly with butter 

& bake in a preheated oven at 180*c 

(360*F) for 15 to 20 minutes. 

8. Cool and store in an airtight container 

7.  Curry Stalk Pakodi 1. Curry leaves-1/2 cup 

2. Onion stalk-1/2 cup 

3. Pepper-1/4 tsp 

4. Besan flour- 1/4 cup 

5. Red chilli powder-1/4 tsp 

6. coriander powder-1/4 tsp 

7. Cumin Powder-1/4 tsp 

8. Salt to taste 

9. Water as needed 

10. Gingelly Oil-50 g 

 

1. Wash & dry the curry leaves and onion 

stalk. 

2. Use a mixy, coarsely grind or pound the 

curry leaves & onion stalk. 

3. Mix in a bowl: Besan flour, coriander 

powder, cumin powder, red chilli 

powder, salt pinch. 

4. Add enough water to make a thick batter 

and mix thoroughly. 

5. Heat oil to smoking point. 

6. Make a curry leaves & onion stalk, 

pepper and salt small ball. 
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7. Dip the ball into a batter and drop it over 

the heating oil. 

8. Cook until it reaches the golden brown 

colour and serves it. 

8.  Energy Seed Coat 1. sunflower seeds – 2tbsp 

2. sesame seeds-2tbsp 

3. chia seeds-2tbsp 

4. flax seeds -2tbsp 

5. Brown dates-2 nos 

6. salt- generous pinch 

7. Jaggery -3tbsp 

 

1. Roast all the seeds on low flame for 2 

minutes until it turns light brown. 

2. Grind the dates until they reach a paste 

consistency. 

3. Take a pan, add on Jaggery, stir first and 

add on roasted seeds& dates; mix well all 

bind together leave it for 5 minutes 

4. Remove the pan and keep aside it cool 

for 10 minutes. 

5. Grease the bowl with butter and transfer 

the prepared mixture. 

6. Place in refrigerator for 1 hr. 

7. Finally, cut it into square shape pieces 

and serve it. 

9.  Trevally Nuggets 1. Fish parai -100g 

2. pepper -1 tbsp 

3. Salt to taste 

4. ginger-garlic paste-1 tbsp 

5. red chilli powder-2 tbsp 

6. coriander powder-1tbsp 

7. cumin powder-1tbsp 

8. lemon juice- ½ tbsp 

9. eggs -1 

10. Coconut flour -2tbsp 

11. Oil -50g 

 

. Take the fish pieces in a large bowl, add 

crushed pepper, red chilli powder, 

coriander and cumin powder salt, ginger-

garlic paste, squeeze the lemon juice into 

it, and mix well. Set aside for 15-20 

minutes. 

2. Meanwhile, break-in 1eggs in another 

bowl. Add salt, crushed pepper, and mix 

well using a fork. 

3. Spread coconut flour on a plate and set it 

aside. 

4. dip in the egg mixture and coat each fish 

piece with flour, 

5. Heat sufficient oil in a Pan. Shallow fry 

the fish pieces till golden brown and 

crisp. Drain on absorbent paper. 

10.  CheckboxNuggets 1. Beetroot-40g 

2. Green peas-20g 

3. Onion-20g 

4. cumin powder -1/2 tsp 

5. coriander powder- 1/2 tsp 

6. garam masala powder -1/2 tsp 

7. red chilli powder-1 tsp 

8. Salt to taste 

9. Pepper powder-1/2 tsp 

10. Desiccated Coconut flour-2 tbsp 

11. Gingelly Oil -50g 

12. Besan flour- 3tbsp 

13. Water- if required 

1. Add beetroot, green peas, cumin powder, 

coriander powder, garam masala powder, 

red chilli powder, salt and black pepper 

in a pan and mix well. 

2. Divide the prepared mixture into equal 

portions and shape it into nuggets. 

3. Mix besan flour and Water as required 

into a thin slurry. 

4. Heat sufficient oil in a Pan. 

5. Dip the nuggets in slurry and coat them 

with coconut flour. 

6. Shallow-fry nuggets in hot oil till golden 

brown. Drain on absorbent paper. 
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Recipes Ingredients 

(g/ml) 

Standard (S) 

 

V 1 V 2 

 

V 3 

1. QUINOEA YAM 

CUTLET 

 

Quinoa - 40 60 80 

Potato 100 - - - 

Carrot 30 35 35 35 

Beans 20 15 15 15 

Onion 30 35 35 35 

Oil 20 15 15 15 

2. Rajkira Crackers Maida 60 - - - 

Amaranth seed 

flour 

- 40 60 80 

Jaggery 30 30 30 30 

Butter 30 30 30 30 

Cardamom powder 1 1 1 1 

Egg 1 1 1 1 

3. SQUARE NUT BAG Groundnut 50 50 75 100 

Walnut 20 25 35 45 

Pistachio nuts 10 15 20 25 

Honey 7 - - - 

Brown Dates 5 5 5 5 

Jaggery - 20 20 20 

 Sunflower seeds - 7 7 7 

4. SCOPY URDU 

MUFFINS 
Brown dates - 5 5 5 

Butter 30 30 30 30 

Sugar 30 - - - 

Jaggery - 30 30 30 

Egg 1 1 1 1 

Maida 50 - - - 

Black gram flour - 40 60 80 

Chopped walnuts 5 10 10 10 

5. AMARANSU 

SMOOTHIE 
Cooked Amaranth 

leaves 

- 20 30 40 

Sugar 10 - - - 

Banana sliced 50 20 20 20 

Milk 80ml 60 60 60 

Brown Dates 5 10 10 10 

Flaxseed - 6 6 6 

Sunflower seed - 6 6 6 

Almond 5 3 3 3 

6. NUT COATED 

LITTLE MILLET 

COOKIE 

Horse gram flour - 30 40 60 

Maida 50 - - - 

Egg 1 - - - 

Sugar 25 - - - 

Milk -    

Chopped 

groundnuts 

- 10 10 10 

Black gram whole 

flour 

- 30 30 30 

Butter 25 20 20 20 

Jaggery - 20 20 20 
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7. CURRY STALK 

PAKODI 

Curry leaves - 20 25 30 

Onion stalk - 20 30 40 

Onion 30 - - - 

salt 5    

Pepper - 6 6 6 

Besan flour 15 15 15 15 

Red chilli powder 5 4 4 4 

coriander powder 5 3 3 3 

Cumin Powder - 4 4 4 

Gingelly Oil 25 25 25 25 

8. ENERGY SEED 

COAT 

sunflower seeds - 20 40 60 

Oats 30 - - - 

Almond 10 - - - 

Honey 10 - - - 

sesame seeds - 10 15 20 

chia seeds 5 5 10 15 

flax seeds 5 10 20 30 

Brown dates 5 5 5 5 

Jaggery - 15 15 15 

9. TREVALLY 

NUGGETS 

Fishparai - 40 60 80 

Chicken 60 - - - 

Pepper 5 10 10 10 

ginger-garlic 10 10 10 10 

red chilli powder 5 5 5 5 

coriander powder 5 5 5 5 

cumin powder 4 4 4 4 

lemon juice 1 1 1 1 

eggs 1 1 1 1 

Coconut flour - 20 20 20 

Breadcrumbs flour 10 - - - 

Oil 50 50 50 50 

10. CHECKBOX 

NUGGETS 

Beetroot - 10 20 30 

Green peas - 10 15 20 

Potato 50 - - - 

Onion 20 10 10 10 

Cumin powder 5 6 6 6 

Coriander powder 5 4 4 4 

Garam masala 

powder 

7 4 4 4 

Red chilli powder 5 6 6 6 

Pepper powder 5 4 4 4 

Desiccated 

Coconut flour 

- 10 10 10 

Breadcrumb 10 - - - 

Gingelly Oil 50 50 50 50 

Besan flour 15 15 15 15 
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                                                                                                                Abstract
Quinoa is a most popular health food and is gluten-free, rich in dietary fibre, high in protein and minerals, and has beneficial antioxidants. These
components  may exert beneficial effects on metabolic, cardiovascular, and gastrointestinal health. The study was undertaken to formulate cutlets, a
snack from quinoa, to evaluate their acceptability based on organoleptic parameters, and to analyse their nutrient content. The overall acceptability
and mean scores for the recipe were analysed by sensory evaluation using a five-point scale and a panel of thirty semi-trained panel members. The
best variation of  quinoa cutlet was analysed for selected nutrients using standardised methods. The study findings revealed that quinoa cutlets had
a higher content of minerals, protein, fibre, omega-3 fatty acids and present in sufficient quantities for  a balanced diet.

Key words: Quinoa, Chenopodium quinoa, cutlet, nutrient analysis, sensory evaluation.

                                             Introduction
Quinoa (Chenopodium quinoa) is a gluten and casein-free additive
with a high content of good quality protein, starch and a small
percentage of sugars 1. Quinoa has essential vitamins and minerals
such as B complex, vitamin E, and C and calcium, magnesium, iron,
phosphorus, zinc, and copper. It also has a high content  of omega-
3 fatty acids and abundant quantities of fibre 2. Furthermore, these
cereals are a good source of many bioactive compounds with
health-promoting effects such as phytosterols, polyphenols,
saponins, squalene, phytoecdysteroids, phenolics, betalains, and
glycine betaine 1

.
.

    Quinoa is an excellent example of a “functional food” and can
reduce the risk of degenerative diseases such as cancer, obesity,
and dyslipidemia. Its functional properties may be related to the
presence of fibre, minerals, vitamins, fatty acids, antioxidants, and
plant hormones that supply to human nutrition, particularly in the
protection  of cell membranes, resulting in a neuronal function.
These characteristics provide the grain with a significant advantage
over other plant food sources for human nutrition and health
improvement 3, and make quinoa an excellent dietary choice for
people following a vegan diet. Quinoa can be easily incorporated
into the diet and can be used instead of rice in any recipe. Quinoa
has an exact batty taste that makes it a very versatile ingredient
and may be used  in baked foods  or as a breakfast cereal.
   Cutlet is a commonly consumed snack due to its taste, flavour,
crispness, and eating convenience and favoured among all age
groups, especially in children. Usually, a cutlet is prepared from
maida flour, which is deficient in essential amino acids like lysine
and tryptophan. In contrast, quinoa grains are rich in lysine and
tryptophan 4. Cutlets are prepared with fortified or composite flour
to increase their nutritive value.With this in view, the current study
was carried out to formulate quinoa cutlets, evaluate their
acceptability based on the organoleptic parameters and analyse
the nutrient content.

                                  Materials and Methods
Preparation of cutlets: Quinoa, gingelly oil, onion, garam masala,
turmeric powder, red chilli powder, cumin powder, coriander
powder, carrot, beans, yam, salt, gram flour, and coconut flour
were purchased from a local market. The cutlets were prepared in
the Foods Laboratory, Avinashilingam Institute for  Home Science
and Higher Education for Women. Quinoa was soaked for ten
minutes and then pressure cooked for five minutes. Onions,
carrots, and beans were finely chopped and cooked. Added oil in
a pan, sauteed the chopped vegetables, added masala powder,
boiled yam, cooked quinoa and mixed well. A slightly thick batter
of gram flour  was prepared for dipping. Once the mixture cooled,
rolled a golf-sized ball and flattened them into a patty. The patty
was dipped in batter and coated with coconut flour. Finally, the
quinoa cutlet was shallow fried in a pan with gingelly oil till it
turned golden brown.

Formulation and standardisation of quinoa cutlet: Four
variations of the quinoa cutlet was formulated. Table 1 presents
the composition of the ingredients and Fig. 1 the standard and
formulated cutlets.  A variation of 40%, 60%, 80%, and 100%  of
quinoa were formulated, 100 g of potato and 30 g of carrot and
beans were used to prepare the standard cutlet.

Table 1. Composition of the ingredients.

Ingredients 
(g/ml) 

Standard (S) 
 

V 1   
 

V 2 V 3 V 4 

Quinoa - 40 60 80 100 
Potato 100 - - - - 
Carrot 30 50 40 35 30 
Beans 20 45 40 35 25 
Onion 30 50 45 35 30 
Oil 20 15 15 15 15 
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Sensory evaluation: Sensory evaluation is a systematic tool that
uses the human senses, smell, sight, taste, touch, and hearing, to
investigate the characteristics that impact the excellent quality of
the outcome 5.
    The formulated cutlets were subjected to sensory evaluation in
the Foods Laboratory. A thirty-member semi-trained sensory panel
were selected from the Department of Food Science and Nutrition.
Ratings were on a 5-point hedonic scale with a score ranging from
5 to 1, graded as Like very much, Like slightly, Neither like nor
dislike, Dislike slightly, and Dislike very much, respectively.
Cutlets were evaluated based on appearance, colour, flavour, taste,
texture, and overall acceptability. Sensory evaluation was
conducted at mid-morning (10.30 am -11.30 am). The portion sizes
for all three samples were kept consistent and uniform. Scores
were computed, the average of sensory parameters and the mean
scores for all these attributes were calculated.

Colour measurement: Colour was measured using the CIE L, a,
and b colour system as stated by (CIE)6. A total of three spectral
readings were taken for samples on different locations. Lightness
(L*) (dark to light) and the redness (a*) values (reddish to greenish).
The yellowness (b*) value (yellowish to bluish) were also
estimated.

 Nutrient analysis: The formulated quinoa cutlets were analysed
for selected nutrients. Proximate composition of quinoa cutlets
was analysed and expressed according to methods such as
moisture method No 44-15 of AOAC 7, ash method No 08-01 of
AOAC 7. Carbohydrate content was determined by anthrone
method,  protein was analysed by Kjeldahl method No 46-10 of
AOAC 7, fat by Soxhlet extraction method No 30-25 of AOAC 7,
crude fibre   method No 32-10 of AOAC 7, dietary fibre content
was analysed by AOAC enzymatic gravimetric method and energy
content was analysed by the percentages of protein, fat, and
carbohydrate using the Atwater conversion factors of 4,9,4,
respectively 8.
    Vitamin B6 and C were assessed by titrimetric method No 34-38
of AOAC 7, calcium and magnesium by titrimetric method, iron
and phosphorus content by colorimetric method, and zinc was

analysed by atomic absorption spectrophotometer 40-71 of
AOAC7.

Statistical analysis: Data of sensory evaluation and nutrient
analysis of quinoa cutlets were statistically analysed. Mean and
standard errors were calculated for different parameters. The
consolidated data were subjected to analysis of variance
techniques using the Statistical Package for the Social Sciences
(SPSS) version 20 program at (p<0.05).

                                    Results and Discussion
Sensory evaluation of formulated quinoa cutlets: The overall
acceptability and mean scores of the cutlets are presented in Table
2 and Fig. 2. After the formulation of quinoa cutlets with four
different variations, the appearance, colour, flavour, taste, and
texture of the quinoa cutlet were evaluated. The mean scores of
quinoa cutlets were 4.9±0.3, 4.8±0.3, 4.8±0.4, 4.7±0.5, and 4.8±0.4
for the different variations and  the least acceptable cutlets were
those of  40 and 60 g,  respectively. The overall acceptability of
quinoa cutlets at 100% level (V4)  was found to be maximum
(4.7±0.6). Results were on par with a study on quinoa flour  9.
Table 3 shows t-values of standard and quinoa cutlets, the
standard cutlet and the four variations had significant differences
(p<0.01) in the attributes, including the overall acceptability of
the product. Similar findings were observed by Li 10.

Colour characteristics: The colour characteristics of the most
acceptable quinoa cutlet are  presented in Table  4. Lightness (L*)
in food is influenced by factors like water content, surface water
availability and the concentration and typeof pigments. Quinoa
cutlet had a coordinate of 32.82. For the red-green coordinate,
redness, (a*), the quinoa cutlet showed a value of  -11.74 while
for the yellow-blue coordinate, yellowness, (b*) a value of 16.53
was exhibited.  Total colour difference, (E*) findings were 26.51.

Nutrient content of formulated snacks with quinoa cutlet: The
most acceptable (100 g) quinoa cutlet was analysed to find out
the nutrient content such as moisture, ash, energy, carbohydrates,
protein, fat, crude fibre, dietary fibre, vitamin B6, vitamin C, calcium,

Figure 1.  Formulated quinoa cutlets.

         S V1                                  V2                          V3                                     V4 

 

Table 2. Overall acceptability and mean scores of the cutlets.

Sensory attributes Standard 
Mean ±SD 

V 1 
Mean ±SD 

V 2 
Mean ±SD 

V3 
Mean ±SD 

V4 
Mean ±SD 

Appearance 3.8±0.8 3.4±1.0 3.4±1.2 4.2±0.5 4.9±0.3 
Colour 4.0±0.7 3.3±1.2 3.3±1.2 4.1±0.4 4.8±0.3 
Flavour 3.7±0.8 3.4±0.8 3.4±1.1 4.2±0.4 4.8±0.4 
Taste 3.9±0.8 3.3±1.0 3.3±0.9 4.1±0.4 4.7±0.5 
Texture 3.8±0.8 3.3±1.2 3.4±0.9 4.2±0.5 4.8±0.4 
Overall acceptability 4.0±0.6 3.1±1.1 3.4±1.0 4.3±0.5 4.7±0.6 
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iron, phosphorus, magnesium, zinc and omega-3 fatty acids. The
nutrients analysed are presented in Table 5.The amount of ash
and moisture content of quinoa cutlet was 0.4% and 45.9% per
100 g. Energy, carbohydrate, protein, and fat contents were  304.8
kcal, 26.2 g, 9.5 g and 18.0 g, respectively. Crude fibre and dietary

Table 3.  ‘t’  values of standard and  quinoa cutlets.

 Appearance Colour Flavour Taste Texture Overall 
acceptability 

P value 

Standard 24.0 27.8 24.7 26.6 24.5 32.2  
 
<0.001* 

V1 18.5 15.0 21.7 17.7 14.9 14.7 
V2 14.5 15.1 16.4 19.1 20.1 18.2 
V3 46.0 52.1 51.9 52.1 46.0 44.0 
V4 87.9 77.0 61.3 49.7 54.2 41.7 

*Significant at 1% level
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Figure 2. Overall acceptability and mean scores of the cutlets.

 Table 4. Colour characteristics of the quinoa cutlet.

Colour characteristics Value 

Lightness (L*) 32.82 
Redness, (a*) -11.74 

Yellowness, (b*) 16.53 
Total colour difference (∆E*) 26.51 

fibre were 3.6 g and 6.2 g, respectively. The contents of vitamins
B6 and C were 0.2 mg and 5.2 mg, respectively. Calcium, iron,
phosphorus, magnesium and zinc contents formulated with quinoa
cutlets were 40.1 mg, 3.1 mg, 213 mg, 86.5 mg and 5.4 mg,
respectively. Omega-3 fatty acid content was 6.5 g. The findings
were similar to Bhathal et al. 11.

                                           Conclusions
Quinoa cutlets had an overall acceptability in  appearance, taste,
colour, flavour and  texture and may be used as a snack for all age
groups. Quinoa cutlets had a good nutrient content and
appreciable amounts of dietary fibre. Consumption of nutrient-
rich quinoa  may help to improve  human health and lower the risk
of chronic degenerative diseases. Mineral content with particular
reference to zinc and magnesium and a good omega-3 fatty acid
content in the quinoa cutlet  may support children with neurological
disabilities such as autism and attention deficit hyperactivity
disorders.
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Abstract 

 Attention-deficit hyperactivity disorder (ADHD) is a disorder that involves a child’s academic, social, 

and family functioning. The prevalence of the disorder is approximately 5.3% worldwide and occurs mainly in 

boys. Research has indicated that diet or nutritional intervention may decrease the rate of conduct and personality 

disorders. The present study was carried out with the aim of formulating and evaluating gluten-free Gram based 

cookies. The formulated cookies were analysed and compared based on nutritional, sensory, physical, and textural 

indices. On the basis of sensory evaluation, the overall acceptability of gluten-free Gram cookies was found to be 

4.80±0.41, and that of control cookies was 4.13±0.76. The parameters considered for sensory evaluation were 

appearance, colour, flavour, taste and texture. Gram Cookies recorded the highest values in protein, moisture, ash, 

dietary fibre, energy and omega-3 fatty acids: 14.60g, 0.65%, 1.43%, 11.58g, 538.52Kcal, and 6.64g. A significant 

difference (p <0.05) in calcium, iron, Phosphorus, Magnesium and Zinc and Vitamin B6 and Vitamin C 

composition of Gram Cookies and control cookies was observed. Hence, it can be suggested that value-added 

cookies is beneficial for ADHD children for enhancing their cognitive functions and nutritional status. 

Index Terms: Cookies, Gram, Analysis, Gluten-free, ADHD 

I. . Introduction 

Attention Deficit Hyperactivity Disorder (ADHD) is among the most prominent behavioural disorders of children 

worldwide, occurring in 5.3% of children. ADHD manifests itself through excessive impulsivity, inattention, 

hyperactivity, and long-term emotional, mental, and academic difficulties. A high prevalence and incidence of 
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psychological disorders may be related to nutritional status, brain growth, and cognitive functioning. Children 

with ADHD must follow a healthy diet regimen. Evidence suggested that nutritional value, eating patterns, and 

other behaviour features can impact neuropsychiatric disorders, along with ADHD. Dietary combinations 

containing micronutrients such as vitamins, minerals and polyunsaturated fats are suggested as being supportive 

in treating ADHD (Lange, 2020) [1] 

Among the bakery products, cookies are essential food products used as snacks by children (Pal et al., 2018) [2]. 

The low moisture content of cookies makes them immune from microbial spoilage and ensures to retain their 

quality for more extended periods, such as bread and cakes (Kurniadi et al.,2018) [3]. It is possible to manufacture 

and distribute large quantities of cookies due to the long shelf life. Fortification and other improvements to their 

nutritional quality make them an attractive food choice, provide some nutrients to people at risk for 

nutritional insufficiency, enhance the nutritional content value of food, and provide certain technological 

functionality in food processing. (Rani et al., 2020)[4]. In the present study, wheat was replaced by horse and 

black grams flour to prepare gluten-free Gram cookies. 

Wheat contains gluten, such as in rye, wheat, and barley, which causes Gluten sensitivity (NIDDK, 2008). It is 

markedly more frequent among children presenting with ADHD. Interestingly, Celiac disease may show 

symptoms similar to those of ADHD in a significant percentage of children before collecting the start of a gluten-

free diet. Therefore, despite the different views on this topic, some scientists advised screening for this disease in 

studying children with suspected ADHD. Celiac disease manifestations of other neurological and psychiatric 

include peripheral neuropathy, ataxia, seizures, migraine, depression, autism spectrum disorders, anxiety disorders 

and schizophrenia. It is a gluten-free diet for ADHD, as it reduces the child's abnormal behaviour. (Niederhofer 

et al., 2011) [5]. A child usually recovers faster than an adult does. In addition to reducing the risk of long-term 

complications caused by untreated ADHD symptoms, having a gluten-free diet decreases the chances of suffering 

from these complications. The study is a sequence of those steps and purposeful to prepare Gram-based cookies. 

According to the current study, horse gram and black gram flour is used to replace wheat flour. Horse and black 

grams are highly nutritious and rich in fibre, protein, unsaturated fats, squalene, zinc, phenolic compounds, 

flavonoids, vitamins, and minerals. It provides many health benefits outside of its nutritional value, which allows 

it to be classified as a “functional food.” 

Gram cookies substituting wheat cookies are not available commercially. Products (cookies, biscuits, bread) 

baked with Horse gram and black gram flour for fibre or other purposes, but within specific ranges combined with 
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various kinds of flour. Therefore, this study was conducted with the following objectives: To formulate gluten-

free cookies for ADHD children and assess the horse and black grams as the major ingredients of the cookies by 

substituting wheat flour with gram flour. The purpose is to standardise the recipe for Gram cookies and evaluate 

the nutritional, sensory, and textural qualities of cookies. 

II. Materials and methods 

A.  Raw material selection  

Fresh Horse gram and black Gram were procured from the local grocery stores, cleaned, rinsed, and sundried and 

were milled into flour. Other ingredients namely butter, jaggery, salt and egg were purchased from local stores.  

B.  Baking Of Cookies 

 Control cookies 

Biscuits are commonly made from wheat, the most common cereal used in their production. Gluten is considered 

crucial in making cookies, (Omeire et al.,2010) [6]. Generally, low gluten levels and weak gluten strength are 

desirable for a superior sugar-snap cookie. The preparation of control cookies involved sieving the wheat flour 

with baking powder, then blending the fat with powdered sugar, adding milk to prepare the dough soft and 

kneading the dough if necessary. The dough was made into balls and rolled it out. After cutting the cookies, 

greased the tray with butter and placed them in it. Preheated the oven for 10 minutes. The rolls were baked between 

12 and 15 minutes at 200°C. Once baked, removed them and cooled on a cooling rack. As with the control cookies, 

the same measuring equipment, blender, and electric mixers were used to prepare the Gram cookies. The 

composition of  the cookies prepared using the standard method (control cookies ) is listed in Table 1. 

Gram cookies  

Gram cookies were made from sieved horse gram and black gram flour, rich in Zinc and Omega-3fatty acids.  

The preparation of Gram cookies involved weighing the ingredients using a weighing balance. Butter, jaggery, 

egg, horse gram and black gram flour were mixed. After resting for 20 minutes, the dough was baked. The cookies 

were shaped into small portions of equal weight, arranged on a baking tray and baked at 180*C for 15 minutes 

after baking. The cookies were cooled to room temperature before being used. The proportion between control 

cookies and Gram-formulated cookies is given in Table 1. 

 

Table 1  Proportion of Control cookies and formulated Gram cookies 
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CONTROL COOKIES FORMULATED 

GRAM COOKIES 

Raw materials Quantity Raw materials Quantity 

Wheat flour 225 g Horse gram 

&black gram flour 

200 g 

Baking powder 2.50 g Egg 50 g 

Sugar 130 g Jaggery 75 g   

Milk 60 ml Butter 100g 

Salt 2.16 g Salt  as pinch 

 

C. Sensory Evaluation of Cookies  

A  semi-trained panel of 30 members rated the cookies based on their sensory characteristics. A list of terms 

identifying sensory characteristics was provided to the panel members. Scoring procedures evaluated typical 

quality attributes selected by Chopra N et al. (2018) [7]. A score list with a 5-point hedonic scale was applied.  

D.  Determination of physical characteristics of the cookies 

Weight  

The weight of each cookie was determined using the method of (Ikuomola 2017) [8]. After the cookies had cooled, 

weighing balances were used to determine the weights. 

Diameter  

The diameter was determined by placing cookies side by side. Cookies were measured by measuring their 

diameters along the ruler. An angle of 90° was used for duplicate measurements. The diameter was repeated, and 

the average value is given in millimetres (AACC, 2000) [9] 
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Thickness 

The thickness was determined by stacking cookies on top of one another. The height of the total object was 

measured in millimetres using a ruler. Measurements were repeated three times to obtain an average value. The 

results are given in millimetres.  (AACC, 2000). [9] 

Spread ratio 

A spread ratio was determined by setting up pairs of equal-sized cookies and measuring their height. The diameters 

of each of them were measured after they were placed edge-to-edge. With the following formula, the spread ratio 

was calculated as diameter/height, SF=*10. Cf is a correction factor at constant atmospheric pressure, whereas D 

and T are diameter and thickness. It has a value of 1.0 in this case. (AACC, 2000)[9] 

E.  Texture analysis of cookies 

 A textural analysis was conducted on the cookies using a Texture Analyser (TA-XT2). Cookie hardness is 

measured by the maximum force that a cookie can withstand (gm, kg, N) before it breaks. In order to measure the 

hardness of cookies, a probe was used with an HDP/BSK blade set. In the application guide of the texture analyser, 

it was mentioned that the texture analyser was switched to ON', and then settings for hardness measurement of 

cookies were adjusted. A calibration was performed on the probe, and then the sample was placed on the texture 

analyser platform by (Li, 2020) [10]. 

F. Colour attributes of cookies 

A Hunter Lab Colorimeter (D-25, Hunter Associated Laboratory, USA) was used to determine the colour of 

baked cookies. As described, Hunter lab colourimetry was evaluated using Hunter colour standards before 

reading cookies samples (kuchtova, 2017) [11]. 

G. Nutrient Analysis 

Each cookie sample was analysed by standard methods (Association of Official Analytical Chemists) to 

determine its moisture, ash, protein, fat, and carbohydrate content within 100 grams. The samples were dried at 

105°C until they reached a constant weight, at which point the moisture content was estimated with the 

gravimetric method. Using the bomb calorimeter method, energy was measured, and carbohydrate was 

measured by the anthrone method. To calculate crude protein from total nitrogen, the Kjeldahl method was 

applied. Calculating the nitrogen to crude protein ratio involves a conversion factor of 6.25%. To measure ash 

content, weighing the samples was done in a 550°C Muffle furnace until a constant weight was obtained. Socs 
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Plus was used to extract crude fat, and Fibra Plus was used for acid and alkali washing of crude fibre. Total 

dietary fibre as measured by Method 985.29 plus low molecular weight resistant maltodextrin (AOAC). 

Vitamin B6 and C were assessed using a titrimetric method (AOAC) [12], and an atomic absorption 

spectrometer determined minerals (calcium, magnesium, phosphorus, iron, and zinc ). 

H.  Statistical analysis 

The statistical analysis was performed by Systat 14.5 software. Data are presented as Mean + Standard 

Deviation. Using One way ANOVA and ‘F’ values were calculated to determine whether the means of the two 

groups differed significantly. The Kruskal-Wallis test was used to analyse data with non-parametric distributions. 

Also, the frequency distributions of the two groups were compared by a T-test. The significance of p-values below 

0.05 was regarded as statistically significant. 

 

III. Results 

A.  Physical Analysis of cookies 

Table 2: Physical Analysis of cookies 

Variable Cookies Mean±SD t-value p-value 

Weight 

Control Cookies 13.09±0.54 

-17.323 .000* 

Gram Cookies 10.760.10 

Diameter 

Control Cookies 17.27±0.02 

-16.956 .000* 

        Gram Cookies 17.15±0.01 

Thickness 

Control Cookies 9.45±0.35 

14.659 .000* 

Gram Cookies 6.85±0.21 

Spread Ratio 

Control Cookies 5.12±0.33 

13.215 .001* 

Gram Cookies 6.09±0.09 

*= Significant at 1% level 
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As shown in the above table, the significance value for the independent t-test is 0.000, 0.000, 0.000, and 0.001. 

The difference between Control Cookies and Gram Cookies was statistically significant (p<0.05). Duncan's 

multiple range tests determined that various weights, diameters, and thicknesses were significant. Hence, the result 

showed that the two cookies differed in weight, diameter, consistency, and spread ratio (Ho et al., 2016). [13]. 

B.  Texture Analysis of cookies: 

Table 3: Texture analysis of cookies 

Variable Cookies Mean±SD t-value p-value 

Hardness 

Control Cookies 1.40±0.71 

5.645 .004* 

Gram Cookies 1.67±0.22 

*= Significant at 1% level 

 

A cookie's texture plays an essential role in comparing the cookies, as it can influence customer satisfaction of the 

product (Omran et al., 2016) [14]. Gluten-free cookies should provide consumers with a pleasant taste. It is 

determined whether a cookie is of high quality through an objective and instrumental method. The hardness of the 

sample was measured with a texture analyser as the maximum peak force (gm/cm2) required to rupture 

it. Researchers found that control cookies were less complex or softer than Gram cookies. For control cookies, the 

hardness was 1.40±0.71, but for Gram Cookies, it was 1.67±0.22. Based on the independent t-test results, the 

hardness difference between Control Cookies and Gram Cookies is statistically significant (p<0.05). Thus, the 

result shows that two cookies varies in hardness. The development of a gluten network is the cause of cookie 

hardness, where gluten attracts water molecules to promote network development, as stated by (Kulthe et al.,2017) 

[15]. In the present study, the use of horse gram and black gram flour to prepare cookies could have contributed 

to the minor development of the gluten network. 

C. Colour Attributes of cookies: 

Table 4: Colour attributes of cookies 

Variable Cookies Mean±SD F-value p-value 

L* Control Cookies 43.73±7.67 21.586 .000* 

http://xisdxjxsu.asia/


Journal of Xi’an Shiyou University, Natural Science Edition  ISSN : 1673-064X 

http://xisdxjxsu.asia                                    VOLUME 18 ISSUE 3  51-68 

Gram Cookies 28.50±4.14 

a* 

Control Cookies 4.52±0.30 

16.258 .001* 

Gram Cookies 7.43±1.09 

b* 

Control Cookies 20.65±1.89 

7.562 .006** 

Gram Cookies 41.21±0.11 

*= Significant at 1% level, **= Significant at 5% level, 

 

Table 4 shows the colour characteristics of cookies (Control cookies and Gram Cookies). The colour of each 

cookie was determined by measuring its lightness (L*), redness (a*), and yellowness (b*). The table above shows 

the output of the One-way ANOVA. There is a statistically significant difference (p< 0.05) in lightness (L*) and 

redness (a*) between Control Cookies and Gram Cookies, and there is a difference in yellowness (b*) at the 5% 

level (p< 0.05). Thus, the results indicate that the two cookies differ in their lightness (L*), redness (a*), and 

yellowness (b*). In baking at high temperatures, browning is caused by the Maillard reaction. It was found that 

the darker surface of cookies resulted from the incorporation of Horse Gram and Black Gram flour (Borrelli et 

al.,2013) [16]. 

.  D. Sensory Analysis of the cookies 

Table5: Sensory Analysis of the cookies 

Variable Cookies Mean±SD K-W Value p-value 

Appearance 

Control Cookies 3.86±0.77 

10.412 .016** 

Gram Cookies 4.60±0.50 

Colour 

Control Cookies 4.25±0.44 

20.978 .000* 

Gram Cookies 4.40±0.68 

Flavour 

Control Cookies 3.93±0.82 

8.945 .023** 

Gram Cookies 4.85±0.36 
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Taste 

Control Cookies 4.33±0.88 

7.894 .020** 

Gram Cookies 4.75±0.44 

Texture 

Control Cookies 3.46±0.77 

20.512 .000* 

Gram Cookies 4.30±0.47 

Overall acceptance 

Control Cookies 4.13±0.76 

19.926 .001* 

Gram Cookies 4.80±0.41 

 

*- Significant at 1% level, **-Significant at 5% level 

 

A panel of judges evaluated sensory parameters such as appearance, taste, colour, texture, flavor, and overall 

acceptability. The developed Gram cookies were generally well expected, and scores across all parameters were 

more significant than the minimum acceptable level of the five-point hedonic scale. A Kruskal-Wallis H test 

indicated that there was a statistically significant difference in appearance, colour, flavour, taste, texture and total 

acceptability between the two Cookies, χ2 (2) = 10.412, 20.978, 8.945, 7.894, 20.512 and 19.926, p = 0.016, 

0.000, 0.023, 0.020, 0.000 and 0.001. Thus, the result shows a difference between cookies in all these parameters. 

The results of (Pestoric et al., 2017) [17] also indicated that altered the acceptability of composite cookies by 

partially replacing wheat flour with black Gram and horse gram flour. 

E. Nutrient Analysis of Cookies 

The cookies were analysed for their nutritional content, and cookies made from refined wheat flour served as the 

control sample. Control cookies were made using standard recipes, and Gram cookies were standardised through 

trial and error. Table 6 shows the results of the nutrient analysis of cookies 

Table 6: Nutrient analysis of cookies 

Nutrients Cookies Mean SD t-value p-value 

Moisture Control Cookies 4.81 0.19 36.976 .000* 
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(%) Gram Cookies 0.65 0.06 

Ash 

(%) 

Control Cookies 0.96 0.04 

-16.734 .000* 

Gram Cookies 1.43 0.03 

Fat 

(g) 

Control Cookies 25.26 0.23 

51.962 .000* 

Gram Cookies 17.48 0.13 

Omega3Fatty 

Acids(g) 

Control Cookies 2.55 0.43 

-11.543 .000* 

Gram Cookies 6.64 0.44 

Protein 

(g) 

Control Cookies 6.67 0.40 

-23.359 .001* 

Gram Cookies 14.60 0.43 

Crude Fibre 

(g) 

Control Cookies 0.26 0.12 

-22.312 .002* 

Gram Cookies 5.30 0.35 

  Dietary Fibre  

 (g) 

Control Cookies 9.41 0.28 

-7.316 .003*. 

Gram Cookies 11.58 0.43 

Energy 

(Kcal) 

Control Cookies 514.36 0.31 

-79.164 .000* 

Gram Cookies 538.52 0.43 

Carbohydrate 

(g) 

Control Cookies 62.68 0.34 

4.091 .015** 

Gram Cookies 61.58 0.32 

*= Significant at 1% level, NS = Not Significant, **-Significant at 5% level 

 

The nutritional compositions of cookies are given in Table 6. As indicated by the moisture content, Gram 

cookies were significantly reduced (p<0.05) when Gram cookies were substituted for Control cookies above the 

5% level. Bertagnolli et al. (2014) suggest that cookies containing low moisture are more shelf-stable when 

properly packaged and stored. (e.g. packaging that protects from moisture, gases, and light). Therefore, the use of 
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horse gram and black gram flour during baking cookies will lead to longer-lasting products since horse gram and 

black gram flour contain less moisture. [18] 

Among cookies with an ash content of 5%, a significant difference was observed (p < 0.05) (Table 6). 

Ash value of 1.43±0.03 was observed in Gram cookies, while the ash content was 0.96±0.04 for Control Cookies. 

There was a high level of mineral content in the composite cookie samples based on the high ash content. It 

indicates that cookies made with horse gram and black gram flour mixes contain more minerals than those made 

with regular flour (Omeire,2010) [6].  

The protein content of Gram cookies had the highest range, 14.60±0.43, while the control cookies had 

the lowest, 6.67±0.40. A significant difference in the protein amount of the cookies was at a 5% level (p < 0.05). 

According to the results, the protein content of cookies made with Horse Gram and Black Gram flours tended to 

be increasing, almost in line with the findings of (Adebowale et al.,2012) [19]. 

The difference in fat between Control Cookies and Gram Cookies was not significant (p > 0.05). The 

Gram Cookies had the lowest fat content, 17.48±0.13, while the Control cookies had the highest fat content, 

25.26±0.23. The fat content gives the cookies a high kilocalorie value and serves as a lubricant to enhance the 

taste and texture of the product. It is also a rich source of calories. It serves as a transporter for lipid-soluble 

vitamins, such as A, D, E and K. In addition, fat content in foodstuffs should not exceed 25% because it can cause 

deterioration and the formation of unhealthy and toxic chemicals. (Ikuomola,2017) [8]. The presence of Omega3 

fatty acids in the prepared cookies can be linked to Gram cookies concentrate, which had the maximum value of  

6.64 and the lowest value of 2.55. These fatty acids can help promote genes involved in stimulating neuronal 

activity and enhancing cognitive functioning in humans. (Lange, 2020) [1 ] 

The crude fibre and dietary fibre content of cookies produced from Gram Cookies had the highest values, 

5.30±0.35 and 11.58±0.43, while the Control Cookies had the lowest values, 0.26±0.12 and 9.41±0.28. There was 

a statistically significant difference in Crude Fibre and Dietary Fibre between Control Cookies and Gram Cookies 

(p < 0.05). The results obtained for the cookie samples are justified because horse gram and black gram flour have 

a higher crude fibre and dietary fibre content than wheat flour. The high fibre content in food products is critical 

since it facilitates bowel movements (peristalsis), bulks up food, and prevents many gastrointestinal conditions in 

humans  (Ajila et al., 2008)[20] 

Carbohydrates present in Gram Cookies had the lowest carbohydrate content, 61.58±0.32, whereas 

Standard Cookies had the highest value, 62.68±0.34. It was not observed a significant difference between Control 
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Cookies and Gram Cookies (p >0.05). The low glycemic index of the composite cookies and their high fibre 

content makes them healthy. It promotes digestion and reduces constipation, often caused by foods made from 

whole pulse flours.(Kuchtova et al., 2018) [11]. 

Gram Cookies had the highest energy value, 538.52±0.43, while the Control Cookies had the lowest, 

514.36±0.31. Compared with the Control cookies, the composite cookies had no significantly different energy 

values (p >0.05). The blend’s protein, fat, and carbohydrate constituents contributed to the cookies energy value. 

Cookies are an energy-giving food that is primarily eaten between meals by children and adults alike. The 

consumption of horse and black gram flour could contribute to higher levels of protein and fibre in 

cookies  (Adeola,2018)[21]. 

F.  Vitamin and Mineral Analysis:  

Cookies can provide minerals and vitamins to ADHD children with their needs. Since 100 g of the Gram cookies 

provided from calcium (67.38mg), iron (6.44mg), phosphorus (280.51mg), magnesium (96.40mg) and zinc 

(16.08mg), respectively from daily requirement compared with the control cookies calcium (21.30mg), iron 

(2.17mg), phosphorus (178.62 mg), magnesium (31.24mg), and zinc (4.36mg). The calcium, magnesium, and zinc 

levels in Control Cookies and Gram Cookies were significantly different (p  <0.05). Kapil and Bhavna have 

reported the association between micronutrients and brain function. Pollitt suggests that iron deficiency anaemia 

is associated with low educational achievement among children. Lack of minerals is related to low absorption of 

minerals during childhood development or the poor retention of minerals from eating habits. Many nutrition 

survey data illustrated that the children do not get their minerals and vitamins to improve brain health and 

educational performance. (Swaminathan,2013) [22]. Gram cookies contain vitamin B6 and Vitamin C due to the 

presence of horse and black Gram, which includes 0.59 and 4.26, while the control cookies had the lowest values, 

0.01 and 2.00. In terms of Vitamin B6 and Vitamin C, a significant difference (p<  0.05) was observed between 

Control Cookies and Gram Cookies. Vitamin B6 & C are essential for proper brain development and function 

(Jannusch,2017) [23]. 

Table 7: Vitamins and Mineral content of cookies 

 

Constituents Cookies Mean SD t-value Sig 
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Calcium 

(mg) 

Control Cookies 21.30 0.35 

-186.338 . 000* 

Gram Cookies 67.38 0.24 

Iron 

(mg) 

Control Cookies 2.17 0.43 

-13.618 .000* 

Gram Cookies 6.44 0.33 

Phosphorus 

(mg) 

Control Cookies 178.62 0.38 

-289.228 .000* 

Gram Cookies 280.51 0.48 

Magnesium 

(mg) 

Control Cookies 31.24 0.23 

-252.545 .000* 

Gram Cookies 96.40 0.39 

Zinc 

(mg) 

Control Cookies 4.36 0.33 

-42.862 .000* 

Gram Cookies 16.08 0.34 

Vitamin B6 

(mg) 

Control Cookies 0.10 0.17 

-18.719 .001* 

Gram Cookies 2.06 0.06 

Vitamin C 

(mg) 

Control Cookies 2.05 0.17 

-57.658 .000* 

Gram Cookies 9.15 0.14 

*= Significant at 1% level, **-Significant at 5% level 

IV.  Conclusion 

This study was designed to assess the nutrient content of Gram Cookies which was formulated for ADHD children. 

The health status of ADHD children claims that the nutrient content is significantly higher in protein, fibre, and 

vitamin and mineral content. The nutrient content of these cookies is in accordance with the ICMR guidelines. 

The recommended dietary allowances per day will give one-third of nutrition to ADHD children. It will maintain 

the health status by promoting the supply of neurotransmitters. This study helps to assess ADHD children and 

their caregivers, which helps to understand the benefits of nutrition on their health. It was suggested that the 

prepared snack, in the form of baked cookies, could be safely served as a snack for ADHD children by providing 
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them with the required macro and micronutrients that reduce the symptoms and improve brain function and 

educational achievement. 

ETHICAL APPROVAL 

The research design and the protocols used in the study were approved by the Institutional Ethical Committee and 

Ethical Clearance with a certification AUW/IHEC/FSN-20-21/XPD-27. 

 

ACKNOWLEDGEMENTS 

The authors wish to record the deep sense of gratitude and profound thanks to the research supervisor and the 

management of Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore, Tamil 

Nadu, India, for their support. 

http://xisdxjxsu.asia/


                                                                                                                                                                                  
13  

 

REFERENCES 

    

1.  Lange KW. Omega-3 fatty acids and mental health, Global Health Journal Volume 4, Issue 1, (2020), 

Pages 18-30. doi.org/10.1016/j.glohj.2020.01.004. 

2. Pal Veer et al., Development and quality evaluation of multigrain cookies, The Pharma Innovation 

Journal 2018; 7(7): 1002-1007. 

3. Kurniadi et al., Formulation and Shelf Life Prediction of Cookies From Modified Cassava Flour (Mocaf) 

In Flexible Packaging, IOP Conf. Series: Earth and Environmental Science 251 (2019) 012034, 

doi:10.1088/1755-1315/251/1/012034. 

4. Varsha Rani et al., Orange Peel Powder: A Potent Source of Fiber and Antioxidants for Functional 

Biscuits.Int.J.Curr.Microbiol.App.Sci.2020.9(09):1319-1325. DOI:   

https://doi.org/10.20546/ijcmas.2020.909.167 

5. Niederhofer et al., Association of Attention-Deficit/Hyperactivity Disorder and Celiac Disease: A Brief 

Report, Prim Care Companion CNS Disorder. 2011; 13(3): PCC.10br01104. 

DOI: 10.4088/PCC.10br01104 

6. Omeire G.C, Ohambele F.I, Production and evaluation of biscuits from composite wheat defatted cashew 

nut flours, Nigerian Food Journal, 2010, Vol. 28 No. 2  DOI: 10.4314/nifoj.v28i2.62674 

7. Chopra N, Dhillon B, Rani R, Singh A. Physico-Nutritional and Sensory Properties of  Cookies 

Formulated with Quinoa,Sweet Potato and Wheat Flour Blends. Current Research NutritionFood Science 

2018;6(3). DOI:http://dx.doi.org/10.12944/CRNFSJ.6.3.22 

8. Ikuomola D.S., Otutu O.L. & Oluniran D.D., Quality assessment of cookies produced from wheat flour 

and malted barley (Hordeum vulgare) bran blends, Cogent Food & Agriculture,2017,3:1, 1293471, DOI: 

10.1080/23311932.2017.1293471 

9. AACC. (2000). Approved methods of the American Association of cereal chemists (17th ed.). St. Paul, 

MN: Author.  

10. Li et al., Digestibility, textural and sensory characteristics of cookies made from residues of enzyme-

assisted aqueous extraction of soybeans, Scientific Reports,(2020),10:4222,doi.org/10.1038/s41598-

020-61179-9 

https://www.sciencedirect.com/science/journal/24146447
https://www.sciencedirect.com/science/journal/24146447/4/1
https://doi.org/10.1016/j.glohj.2020.01.004
https://doi.org/10.20546/ijcmas.2020.909.167
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niederhofer%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21977364
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3184556/
https://dx.doi.org/10.4088%2FPCC.10br01104
https://www.ajol.info/index.php/nifoj/issue/view/7862
https://doi.org/10.4314/nifoj.v28i2.62674


                                                                                                                                                                                  
13  

 

11. Veronika Kuchtova, Zlatica Kohajdova, Jolana Karovicova, Michaela Laukova, Physical, Textural and 

Sensory Properties of Cookies Incorporated with Grape Skin and Seed Preparations, Polish  Journal of 

Food Nutrition and. Sciences., 2018, Vol. 68, No. 4, pp. 309–317 DOI: 10.2478/pjfns-2018-0004. 

12. AOAC, Official methods of analysis of the association of official analytical chemists” In: W Horowitz, 

Editor, Official methods of analysis, 18th ed. Gaithersburg, MD, USA; 2005. 

13. Ho et al., Nutritional composition, physical properties, and sensory evaluation of cookies prepared 

from wheat flour and pitaya (Hylocereus undatus) peel flour blends, Cogent Food & Agriculture 

(2016), 2: 1136369, http://dx.doi.org/10.1080/23311932.2015.1136369. 

14. Azza A Omran, Ola S Ibrahim, Zahrat El-Ola M Mohamed, QUALITY CHARACTERISTICS OF 

BISCUIT PREPARED FROM WHEAT AND FLAXSEED FLOUR, Advances in Food Sciences, 

Volume 38 -No. 4,2016, pg129-138 

15. Kulthe, A.A.; Thorat, S.S.; Lande, S.B. Evaluation of physical and textural properties of cookies prepared 

from pearl millet flour. Int. J. Curr. Microbiol. Appl. Sci. 2017, 6, 692–701. 

16. Borrelli, R.C.; Mennella, C.; Barba, F.; Russo, M.; Russo, G.L.; Krome, K.; Erbersdobler, H.F.; Faist, 

V.; Fogliano, V. Characterization of coloured compounds obtained by enzymatic extraction of bakery 

products. Food Chem. Toxicol. 2013, 41, 1367–1374. 

17. Mladenka Pestoric, Dubravka Skrobot, Uros Zigon, Olivera Simurina, Bojana Filipcev, Miona Belovic 

& Aleksandra Misan, Sensory profile and preference mapping of cookies enriched with medicinal herbs, 

International Journal of Food Properties,2017, 20:2, 350-361, DOI: 10.1080/10942912.2016.1160922 

18. Silvana Maria Michelin Bertagnolli1, Marcia Liliane Rippel Silveira, Aline De Oliveira Fogaca, Liziane 

Umann, Heidi Garcia Penna, Bioactive compounds and acceptance of cookies made with Guava peel 

flour, Food Science and Technology, 2014, ISSN 0101-2061, 34(2): 303-308, 

doi.org/10.1590/fst.2014.0046  

19. Abdul-Rasaq Adebowale,  Adegoke M.T.,  Sanni S.A., Mojisola Olanike Adegunwa, Ganiyat Olatunde, 

Functional Properties and Biscuit Making Potentials of Sorghum-wheat Flour Composite, American 

Journal of Food Technology,2012, 7(6):372-379DOI:  10.3923/ajft.2012.372.379 

20. Ajila, C.M.; Leelavathi, K.; Prasada Rao, U.J.S. Improvement of dietary fibre content and antioxidant 

properties in soft dough biscuits with the incorporation of mango peel powder. J. Cereal Sci. 2008, 48, 

319–326 

http://dx.doi.org/10.1080/23311932.2015.1136369
https://doi.org/10.1590/fst.2014.0046
https://www.researchgate.net/profile/Abdul-Rasaq-Adebowale
https://www.researchgate.net/scientific-contributions/MT-Adegoke-2072433582
https://www.researchgate.net/profile/Sa-Sanni
https://www.researchgate.net/profile/Mojisola-Adegunwa
https://www.researchgate.net/profile/Ganiyat-Olatunde
http://dx.doi.org/10.3923/ajft.2012.372.379


                                                                                                                                                                                  
13  

 

21. Abiodun A. Adeola, Ehimen R. Ohizua, Physical, chemical, and sensory properties of biscuits prepared 

from flour blends of unripe cooking banana, pigeon pea, and sweet potato, Food Science and  Nutrition. 

2018;1–9, DOI: 10.1002/fsn3.590 

22. Swaminathan S,   Edward BS &  Kurpad AV, Micronutrient deficiency and cognitive and physical 

performance in Indian children,2013, European Journal of Clinical Nutrition volume 67, pages467–474. 

23. Kai Jannusch, Christiane Jockwitz, Hans-Jurgen Bidmon, Susanne Moebus, Katrin Amunts and Svenja 

Caspers, A Complex Interplay of Vitamin B1 and B6 Metabolism with Cognition, Brain Structure, and 

Functional Connectivity in Older Adults, Frontiers in Neuroscience, Volume 11, article 596, 

doi.org/10.3389/fnins.2017.00596 

 

 

AUTHORS 

First Author – S. SOUNDARIYA, Ph.D. Food Science and Nutrition, Avinashilingam Institute for Home Science 

and Higher Education for Women, Coimbatore, India-43, and 19phfnf003@avinuty.ac.in 

Second Author – C.A.Kalpana, Professor, department of food science and nutrition, Avinashilingam Institute for 

Home Science and Higher Education for Women, Coimbatore, India-43 and Kalpana_fsn@avinuty.ac.in 

Correspondence Author – S.SOUNDARIYA, 19phfnf003@avinuty.ac.in and soundariya2314@gmail.com, 6383560148 

 

 

 

 

 

 

 

 

 

 

https://www.nature.com/articles/ejcn201314?proof=t%C2%A0#auth-S-Swaminathan
https://www.nature.com/articles/ejcn201314?proof=t%C2%A0#auth-B_S-Edward
https://www.nature.com/articles/ejcn201314?proof=t%C2%A0#auth-A_V-Kurpad
https://www.nature.com/ejcn?proof=t%C2%A0
https://www.frontiersin.org/people/u/489164
https://www.frontiersin.org/people/u/470057
https://www.frontiersin.org/people/u/475146
https://www.frontiersin.org/people/u/6448
https://www.frontiersin.org/people/u/50089
https://www.frontiersin.org/people/u/50089
https://doi.org/10.3389/fnins.2017.00596
mailto:19phfnf003@avinuty.ac.in
mailto:19phfnf003@avinuty.ac.in

