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INTRODUCTION

Green is the color of youth, vigor and energy. Nature has created plenty of green resources for us to take benefit of. As foods are key to our existence, we must be very careful and choosy about the food we take and its form. Green leafy vegetables are always good for healthy body and healthy mind.  
Everyone wants to be in vibrant health and good spirit. The key to be energized and disease-free body is green fruits and vegetables. Consumption of such foods will provide our body sufficient amount of vitamins and minerals and good amount of water content. These are all responsible for our better cellular activities, which in turn affects the metabolism in a good way and thus keep us healthy. Healthy people build healthy family and healthy society and in this way a healthy world can be formed. 
Awareness must be there for the right choice of foods. These are more important in today’s life because of the pollution and increased consumption of fast foods in our life. Along with avoiding harmful food habits and pollution causes, we must start taking green fruits and vegetables regularly to keep diseases away. 
Green Leafy Vegetables (GLVs) occupy an important place among the food crops as these provide adequate amounts of vitamins and minerals for humans. Green leafy vegetables (GLV) offer a cheap but rich source of a number of micronutrients and other phytochemicals having antioxidant properties. This booklet indicates about the efforts that has been taken towards standardizing the main recipes and also the inclusion of GLVs in the recipes which may encourage their use. 
The enormous nutritive value of GLVs has also been highlighted. Greens contain vitamin C, folic acid, riboflavin, thiamine, (-carotene, minerals like iron and calcium, a lot of fiber and antioxidants. The carotene in GLVs is converted in the body into vitamin A that prevents blindness. The nutritive value of vegetables varies with the season, type of chemical used and the variety used for cultivation. Vitamin C, B, sugar and antioxidants are comparatively less in chemically grown vegetables. There is possibility of easy and cheap cultivation of GLVs with minimal labor and management can be undertaken even at household levels. 
Green leafy vegetable is a natural product having all known and unknown antioxidants is the answer to many of our nutrition related problems. Green leafy vegetables contain chlorophyll that offers numerous advantages to user.  Hence, increased intake of inexpensive, easily available, micronutrient rich vegetables is a sustainable method of increasing micronutrient intake in all segments of the population. 
Health Benefits

Dark green leafy vegetables are, calorie for calorie, perhaps the most concentrated source of nutrition of any food. They are a rich source of minerals (including iron, calcium, potassium, and magnesium) and vitamins, including vitamins K, C, E, and many of the B vitamins. They also provide a variety of phytonutrients including beta-carotene, lutein, and zeaxanthin, which protect our cells from damage. Green vegetables fight with toxic substances in our body by providing sufficient antioxidants in digestible form. Nutrients present in the green leafy vegetables also help in protecting the eyes from disorders such as cataract and other age-related macular degeneration of the eyes. Dark green leaves even contain small amounts of Omega-3 fats. 
Perhaps the star of these nutrients is vitamin K. A cup of most cooked greens provides at least nine times the minimum recommended intake of vitamin K, and even a couple of cups of dark salad greens usually provide the minimum all on their own. Recent research has provided evidence that this vitamin may be even more important than we once thought (the current minimum may not be optimal), and many people do not get enough of it. 
Some green leafy vegetables are mentioned below along with their nutritional value:
Spinach: Spinach is regarded as the most esteemed green leafy vegetables among all. It’s cooling and nutritive content helps in eliminating cough, asthma and other toxic elements. Spinach contains iron, folic acid, vitamin A, and essential amino acids in major quantities along with potassium, sulphur, silicon, magnesium and sodium in minor quantities. Spinach helps in reducing acidity problems in people, bestowing improved heath. Spinach juice is diuretic, allaying bile disorders. Intake of spinach provides satisfactory result in case of anemia. It is highly effective in curing generic ailments. 
Fenugreek: Fenugreek is known as nature’s great boon, bearing excellent medicinal value. Regular use of this helps in keeping the body healthy and problem free. It is rich in calcium, iron, and protein and phosphorous. It also contains minerals and vitamins in high quantity. It is regarded as a great appetizer. It helps in curing dyspepsia, cough, piles, vomiting, rheumatism and intestinal worms. Paste of fenugreek applied on hair scalp lengthens the hair, preserve its natural color and keeps them silky soft. If applied on face; prevents pimples, blackheads and early appearance of wrinkles. It also improves complexion and makes one look years younger. 

Amaranth: Amaranth has a number of varieties under its species. Amaranth tender is a good source of folic acid. Folic acid is required for multiplication and maturation of red blood cells. Amaranth is a good source of calcium, but it is rich in oxalic acid too, which binds the calcium and forms insoluble calcium salts, inhibiting the absorption of calcium. Amaranth is a fair source of phosphorus.

Drumstick leaves: The drumstick leaves is very popular in South East Asia and West Africa. In addition to the young fruits, the leaves are commonly used as a vegetable. The small leaflets are easily stripped off from the petioles. This is also a rich source of calcium, beta carotene and iron. 
Coriander: coriander is considered to be appetizing, cool, digestive and better for vision. It can be used in many ways in our daily diet. It contains iron, vitamin C, vitamin A, calcium and phosphorous. Shredded coriander added to vegetables and other foodstuffs gives special flavor to food items, making them more digestible

How to Wash Greens

The easiest way to wash greens is to put them into a lot of water and swish them around. The dirt sinks to the bottom that way. Swish the greens, remove the dirt and shake, and then let dry for a few minutes before storing. 
How to Store Greens 

Ideally, the greens should be dry or almost dry, and stored in a bag with as much of the air pushed out as you easily can. Put a barely damp paper towel in for just the right amount of moisture. Then, put them in the vegetable drawer of your fridge. 
How to Cook Greens

Greens can be braised (cooked fairly slowly in a small amount of liquid, usually a flavorful stock), sautéed (cooked quickly in a small amount of oil), or a combination of the two. They can also be steamed or boiled, but most people like to add some other flavors which go well with greens, and this is easier with braising or sautéing. Greens can also be thrown into almost any soup or skillet dish. 
SIRU KEERAI KOZHAMBU

	Ingredients
	Quantity
	(1 Serving)

	Red gram dhal
	25 g
	

	Small onion
	20 g
	

	Sirukeerai*
	50 g
	

	Green chillies
	2 No.
	

	Garlic
	4 pods
	

	Turmeric powder
	A pinch
	

	Tomato 
	25 g
	

	Asafoetida 
	A pinch
	

	Oil 
	½ tsp
	

	Water
	75 ml
	

	Salt 
	To taste 
	


* Any other green leafy vegetables like drumstick leaves, palak, mulla keerai, arai keerai can also be used. 

PROCEDURE 
1. Wash dhal, sirukeerai*, add 60ml of water, 15g of onion, tomato, green chillies and cook it and mash it into a semisolid consistency. 

2. Season mustard seeds, asafoetida, curry leaves, onion, garlic, till golden brown. Add dhal mixture.

3. Slightly sprinkle chopped coriander leaves also. 

4. Serve hot with rice. 

MANATHAKKALI KEERAI KOOTU
	Ingredients
	Quantity
	(1 serving)

	Green gram dhal
	15 g
	

	Manathakkali leaves*
	25 g
	

	Big onion
	15 g
	

	Garlic
	2 Pods
	

	Grated fresh coconut
	15 g
	

	Cumin seeds
	5 g
	

	Greem chillies
	2 Nos. 
	

	Water
	75 ml
	

	Salt 
	To taste
	


* Any other green leafy vegetables like paruppu keerai, arai keerai can also be used. 

PROCEDURE 
1. Cook dhal and keerai together in 75ml of water. 

2. Mash the dhal and keerai together

3. Season onion and garlic. Add these items to the mashed keerai. 

4. Grind the coconut, cumin seeds and green chillies and mix well to the mashed keerai and add salt. 

MULLA KEERAI PORIYAL
	Ingredients
	Quantity 
	(1 Serving)

	Mullakeerai*
	50 g
	

	Big onion
	25 g
	

	Green chillies
	1 No. 
	

	Grated coconut
	1 tbsp
	

	Mustard
	¼ tsp
	

	Black gram dhal
	½ tsp
	

	Oil
	½ tsp
	

	Water
	5 ml
	

	Salt 
	To taste
	


* Green leafy vegetables like ponnangani keerai, manathakkali keerai, arai keerai, agathi keerai, drumstick leaves, fenugreek leaves can also be used to make poriyal. 

PROCEDURE 
1. Clean and cut mulla keerai. 

2. Heat the oil and season it with mustard and black gram dhal. 

3. Add chopped onion and chillies and fry on low fire. 

4. To this add the cut greens and sprinkle little water and salt. 

5. After the greens are cooked, add grated coconut and serve hot. 

 ARAI KEERAI MASIYAL
	Ingredients
	Quantity
	(1 Serving)

	Arai Keerai*
	40 g
	

	Onion 
	15 g
	

	Garlic
	2 Pods
	

	Tamarind
	5 g
	

	Oil
	½ tsp
	

	Mustard
	¼ tsp
	

	Salt 
	To taste
	


PROCEDURE 
1. Clean and cut arai keerai. 

2. Fry onions and garlic to a golden brown stage. 

3. Add arai keerai to the fried mixture. 

4. Also add tamarind and salt to it. 

5. Sprinkle water slightly over it. 

6. Cook well and mash well to masiyal consistency. 

7. Serve hot as a side dish for rice. 

THANDU KEERAI SOUP
	Ingredients
	Quantity
	(1 serving)

	Thandu keerai
	25 g
	

	Onion
	10 g
	

	Powdered pepper
	To taste
	

	Oil
	½ tsp
	

	Water
	75 ml
	

	Salt 
	To taste
	


* Kuppa keerai can also be used

PROCEDURE 
1. Clean and cut thandu keerai. 

2. Cook it in 75ml water. 

3. Mash the cooked greens. 

4. Add pepper and salt. 

5. Fry onions slightly in oil and add to the soup. 

6. Serve hot as an appetizer before meals. 

CURRY LEAVES THUVAYAL
	Ingredients
	Quantity 
	(1 serving)

	Curry leaves*
	20 g
	

	Coconut (grated)
	10 g
	

	Black gram dhal 
	10 g
	

	Ginger
	To taste
	

	Green chillies
	1 No. 
	

	Oil
	½ tsp
	

	Salt 
	To taste
	


* Also thuvayal can be tried with vallarai keerai, mint leaves, coriander leaves. 
PROCEDURE 
1. Slightly season black gram dhal and green chillies in oil. 

2. Grind fresh curry leaves, coconut, ginger, seasoned mixture and salt into a thuvayal consistency. 

3. Serve with rice, dosa, idli or any favourite dish of your choice. 

CORIANDER CHUTNEY
	Ingredients
	Quantity
	(1 serving)

	Coriander leaves*
	20 g
	

	Coconut (grated)
	10 g
	

	Tamarind
	To taste
	

	Green chillies
	1 No. 
	

	Black gram dhal
	5 g
	

	Mustard
	¼ tsp
	

	Oil
	½ tsp
	

	Salt 
	To taste
	


* Other greens like mint, raddish leaves can also be used.  
PROCEDURE 
1. Clean and cut coriander leaves. 

2. Slightly roast black gram dhal, green chillies, tamarind and grated coconut. 

3. Along with the roasted mixture, add coriander leaves, salt and grind it nicely. 

4. Season mustard and add to the chutney. 

5. Serve with idli, dosa, upma and any favourite dish of your choice. 

AGATHI KEERAI RASAM
	Ingredients
	Quantity
	(1 serving)

	Agathi leaves* 
	15 g
	

	Tamarind
	20 g
	

	Pepper
	5 g
	

	Cumin seeds
	10 g
	

	Red chillies
	2 Nos. 
	

	Garlic
	2 Pods
	

	Curry leaves
	5-6 leaves
	

	Coriander leaves 
	Little
	

	Mustard
	¼ tsp
	

	Oil
	½ tsp
	

	Asafoetida
	A pinch
	

	Water
	50
	

	Salt 
	To taste
	


* Drumstick leaves can also be used instead of agathi leaves.  
PROCEDURE 
1. Slightly extract juice from agathi leaves and stalk. 

2. Soak tamarind in water and extract the juice. 

3. Grind pepper, cumin seeds, garlic, red chillies into a fine paste. 

4. Season mustard, curry leaves, ground mixture in oil. To this added extract of agathi leaves and stalk and extract of tamarind. 

5. While slightly boiling, add asafoetida, salt and coriander leaves. 

6. Serve hot with rice. 

PALAK PANEER
	Ingredients
	Quantity
	(1 serving)

	Palak 
	40 g
	

	Paneer
	40 g
	

	Butter
	1 tsp
	

	Capsicum
	15 g
	

	Big onion
	20 g
	

	Tomato puree
	1 tsp
	

	Soya puree
	½ tsp
	

	Chillie sauce
	1 tsp
	

	Lime juice
	¼ tsp 
	

	Grated cheese
	1 tsp
	

	Water
	25 ml
	

	Salt 
	To taste
	


* Drumstick leaves can also be used instead of agathi leaves.  
PROCEDURE 
1. In a thick bottomed pan, add butter and saute sliced capsicum and onion. 

2. Add paneer cubes and fry lightly. 

3. Add tomato puree, soya sauce, chilli sauce, lime juice, palak and salt. 

4. Add water and mix well. 

5. Transfer these items in a frying pan. 

6. Spread grated cheese on top of these items and slightly heat it. 

7. Serve hot with chappathis, Naan and Barota. 

METHI LEAVES CHAPPATHI
	Ingredients
	Quantity
	(1 serving)

	Wheat flour
	100 g
	

	Methi leaves
	40 g
	

	Turmeric
	A pinch
	

	Oil
	1 tbsp
	

	Salt 
	To taste
	


PROCEDURE 
1. Blanch the cleaned and cut methi leaves along with salt and turmeric powder. 

2. Add this to the wheat flour. 

3. Knead the wheat flour, blanched methi leaves and salt into a chappathi dough consistency

4. Four medium equal size balls are rolled out into chappathis. 

5. Grease the pan and the chappathis are flipped on both the sides, also add oil in drops around sides, till it becomes golden brown in colour. 

Variation : Stuff the chappathis with methi leaves also tastes good. 

VALLARAI LEAVES UPMA
	Ingredients
	Quantity
	(1 serving)

	Vallarai leaves
	25 g
	

	Rava (Sooji)
	50 g
	

	Big onion
	25 g
	

	Green chillies
	1 No. 
	

	Mustard
	¼ tsp
	

	Black gram dhal
	¼ tsp
	

	Bengal gram dhal
	¼ tsp
	

	Ginger
	2 
	

	Coriander leaves
	1 spring
	

	Curry leaves
	1 spring
	

	Oil
	1 tbsp
	

	Water
	150 ml
	

	Salt 
	To taste
	


* Radish leaves, other greens can also be used.  
PROCEDURE 
1. Roast rava under slow fire till the raw flavour is removed. 

2. Heat oil in a kadai and season mustard, black gram dhal, Bengal gram dhal, chopped onions, green chillies, ginger, curry leaves and vallarai leaves. 

3. Add 150ml water into it and let the water boil nicely. 

4. Add roasted rava to boiling water, also add salt, mix slowly and stir, till the rava absorbs water and gelatinizes into a semisolid consistency. 

5. Leave it in the closed frying pan itself for 5 minutes. 

6. Stir to separate grain and serve hot. 

THANDU KEERAI VADAI
	Ingredients
	Quantity
	(1 serving)

	Bengal gram dhal
	100 g
	

	Thandu keerai* 
	40 g
	

	Onion (Minced)
	20 g
	

	Green chillies
	2 Nos. 
	

	Garlic
	3 Pods
	

	Poppy seeds
	5 g
	

	Curry leaves (Chopped)
	10 g
	

	Coriander leaves (Chopped)
	10 g
	

	Salt 
	To taste
	


* Arai keerai, siru keerai can also be used. 
PROCEDURE 
1. Soak Bengal gram dhal in water fro 30 minutes. 

2. Drain the water and grind coarsely with green chillies, garlic and poppy seeds. 

3. To it add, minced onion, curry leaves, coriander leaves and finely chopped keerai, added salt along with it. 

4. Mix well and take small balls of mixture and make into small balls, shape round vadai, with wet fingers. 

5. Flatten lightly and deep fry to a crisp, deep brown. 

6. Serve with tomato sauce or coconut chutney. 

MANATHAKKALI KEERAI KOZHUKATTAI
	Ingredients
	Quantity
	(1 serving)

	Rice flour 
	60 g
	

	Manathakkali keerai*
	15 g
	

	Curry leaves
	1 spring
	

	Coriander leaves
	2 springs
	

	Black gram dhal
	5 g
	

	Bengal gram dhal
	5 g
	

	Red chillies
	2 Nos. 
	

	Mustard
	¼ tsp 
	

	Oil
	1 tsp
	

	Salt 
	To taste
	


 * Any other greens like thandu keerai, siru keerai, arai keerai, vallarai keerai can also be used. 
PROCEDURE 
1. Season mustard, black gram dhal, Bengal gram dhal, red chillies, curry leaves, to golden brown. 

2. Add the mixture to rice flour, also add salt and coriander leaves and manathakkali keerai. 

3. Sprinkle little water each time and make it into a dough consistency. 

4. Make five equal sized kozhukattai’s out of it. 

5. Steam it in idli cooker for 15 minutes. 

6. Serve hot with mint or coriander chutney.

MINT AND CORIANDER RICE
	Ingredients
	Quantity
	(1 serving)

	Rice (Par boiled)
	50 g
	

	Mint leaves
	10 g
	

	Coriander leaves
	10 g
	

	Green chillies
	2 Nos. 
	

	Onion (Sliced)
	20 g
	

	Oil
	1 tsp
	

	Salt 
	To taste
	


PROCEDURE 
1. Wash rice and soak for 15 minutes. 

2. Fry mint leaves in oil till the stringent flavour is lost. 

3. Also fry onion and green chillies in oil to golden brown color. 

4. Grind mint leaves and coriander leaves into a fine paste and add to the onion and green chillies and fry well. 

5. Add water (100ml), rice, ground paste and salt into a pressure pan. 

6. Cook for 15 minutes and serve hot. 

7. Onion raita makes good combination with this rice.

PUDHINA BONDA
	Ingredients
	Quantity
	(1 serving)

	Bengal gram flour
	60 g
	

	Pudhina leaves*
	15 g
	

	Onion
	30 g
	

	Rice flour
	10 g
	

	Turmeric
	A pinch
	

	Asafoetida
	To taste 
	

	Chilly powder
	10 g
	

	Oil
	100 ml
	

	Garlic
	2 Pods
	

	Water
	As needed
	

	Salt 
	To taste
	


* Other greens like coriander leaves, thandu keerai, siru keerai, radish leaves, vallarai leaves can also be used.  
PROCEDURE 
1. Mix pudhina, Bengal gram flour, onion, chilly powder, asafoetida, garlic (minced), salt, turmeric powder and water. 

2. Then sprinkle rice flour to the mixture and mix thoroughly. 

3. Heat the oil in a frying pan and leave the batter mixture as medium sized balls into the oil. 

4. Let it become golden brown in colour. 

7. Serve hot with coriander chutney. 

SPINACH LEAF FRITTERS
	Ingredients
	Quantity
	(1 serving)

	Spinach leaves
	4 to 5 Nos. 
	

	Bengal gram flour
	40 g
	

	Chilli powder
	¼ tsp
	

	Turmeric powder
	A pinch
	

	Asafoetida
	A pinch
	

	Cooking soda
	A pinch
	

	Oil
	1 tsp
	

	Salt 
	To taste
	


PROCEDURE 
1. Make a thick batter of coating consistency with the flour, chilli powder, turmeric powder, asafoetida, cooking soda and salt. 

2. Beat the batter till light with a fork or whisk. 

3. Heat oil in a kadai, dip each spinach leaf in batter to coat on both sides and deep fry in the hot oil till crisp and golden brown. Serve hot with tomato sauce. 

KEERAI PUFF
	Ingredients
	Quantity
	(1 Serving)

	For Dough
	
	

	Maida
	2½ Cups
	

	Vanaspathy 
	4 tbsp
	

	Water 
	As needed
	

	Salt
	To taste
	

	
	
	

	For Masala
	
	

	Onions (chopped)
	2 Medium sized
	

	Potatoes
	4 Medium sized
	

	Mint leaves
	20 g
	

	Coriander leaves 
	20 g
	

	Sirukeerai
	20 g
	

	Cumin seeds
	10 g
	

	Turmeric powder
	A pinch
	

	Green chillies 
	5 g
	

	Garam masala powder
	½ tsp
	

	Oil
	10 ml
	

	Salt
	To taste 
	


 PROCEDURE 
Grind into a Paste:  * Garlic-2 flakes
  * Ginger-1/2 inch
  * Green chilies-2

Dough: Sieve Maida and salt. Add cold water and knead to a smooth dough. Cover the dough with a wet cloth and keep it aside for 30 minutes. Keep some maida for dusting. 
To Prepare the Stuffing:
Cook the potatoes, sirukeerai, mint leaves. Mash the potatoes coarsely. Heat oil in a pan and add cumin seeds and ground ginger, garlic and chili paste. Fry for few minutes. Add chopped onions and fry until, brown. Then put the boiled vegetables, turmeric powder, red chili powder, garam masala powder and salt. Mix well and fry until done. Then add the chopped coriander leaves. Remove from fire. 
Puff Preparation:

Melt vanaspathy and hip it till creamy and keep it aside. Take the dough and knead once again until it becomes smooth and elastic. Roll the dough into a large thin rectangle on a flat surface by dusting with remaining maida. Apply vanaspathy to 2/3rd of the rectangle leaving ½ an inch space all around. Fold the empty portion (without vanaspathy) first and the other side (with vanaspathy) on top of it. Roll this lightly into a rectangle and repeat the same process twice using the remaining vanaspathy. Cut this into small rectangles and keep the stuffing at the center and fold across. Seal the edges with water. Refrigerate for 30 minutes. Pre heat the oven at 300(C. Apply little water to a tray and arrange the puffs with enough space in between. Brush little milk on top of the puffs and bake for 25 minutes until golden brown. Serve hot. 
GREENS PULAO
	Ingredients
	Quantity
	(1 serving)

	Basmati rice
	50 g 
	

	Mint leaves
	10 g
	

	Coriander leaves
	15 g
	

	Big onion
	30 g
	

	Green chillies
	3 Nos. 
	

	Ginger
	2 
	

	Garlic
	3 Pods
	

	Cardamom
	1
	

	Cinnamon
	1
	

	Cloves
	1
	

	Poppy seeds
	1
	

	Ani seeds
	1
	

	Ghee
	1 tsp
	

	Water
	100 ml
	

	Salt 
	To taste
	


PROCEDURE 
1. Wash rice, drain water and keep it aside for half an hour. 

2. Grind green chillies, garlic and ginger to a fine paste and keep it aside. 

3. Grind sauted mint leaves and fresh coriander leaves and keep it aside. 

4. Season ani seeds, poppy seeds, cloves, cardamom, cinnamon in oil. 

5. Add the ground ginger garlic paste, followed by ground greens paste. 

6. Add 100ml water into a cooker, add the seasoned mixture, add rice and salt. Stir nicely. 

7. Cook for 15 minutes. Serve hot with seasoned curd and pickle or raita. 

MIXED GREENS RAITA
	Ingredients
	Quantity
	(1 serving)

	Crud 
	150 g
	

	Mint leaves
	10 g
	

	Coriander leaves
	20 g
	

	Green chillies
	2 Nos. 
	

	Onion
	15 g
	

	Tomato
	15
	

	Salt
	To taste
	


PROCEDURE 
1. Clean greens and chop them finely. 

2. Chop green chillies, onion and tomato finely. 

3. Add the chopped mixture to a cup of curd. 

4. Add salt and serve with any food of your choice. 

CAULIFLOWER SALAD WITH SPINACH CREAM
	Spinach cream
	
	Cauliflower salad

	Ingredients 
	Quantity
	
	Ingredients 

(spinach cream)
	Quantity

	Spinach 
	10 g
	
	Cauliflower 
	25 g

	Mustard
	2 g
	
	Salt
	To taste

	Pepper powder
	¼ tsp
	
	Turmeric powder
	A pinch

	Sugar
	¼ tsp
	
	Spinach cream dressing
	

	Cream (top of milk)
	½ tsp
	
	
	

	Oil
	½ tsp
	
	
	

	Salt 
	To taste
	
	
	


PROCEDURE 

SPINACH CREAM
1. Cook the spinach by adding just a tablespoon of water and a little salt. Set aside to cool. 

2. Mashed the cooked spinach with a wooden spoon and put it through a coarse sieve to ensure a smooth paste. 

3. In a small bowl, put pepper powder and sugar

4. Slowly stir in the blended cream and mix well. 

5. Lastly, stir in the spinach paste. 

CAULIFLOWER SALAD
1. The cauliflower florets are washed and drained. 

2. Put cauliflower in a pan. Sprinkle with salt to taste. Add two tablespoons of water and cook covered till cauliflower is lightly cooked but still crisp. Set aside to cool. 

3. Place the cauliflorets in a salad bowl, pour spinach cream dressing over it, toss well using two forks and serve. 

AMARANTH IN COCONUT GRAVY
	Ingredients
	Quantity
	(1 Serving)

	Amaranth tender  (chopped)
	40 g
	

	Jaggery
	5 g
	

	Grated coconut
	15 g
	

	Raw rice
	½ tbsp
	

	Tamarind 
	10 g
	

	Green chillies
	2 No. 
	

	Salt
	To taste
	


PROCEDURE 
1. Put amaranth with tender stalk in a pan. Add water, salt and jaggery. Cook covered over low heat. 

2. Grind coconut, raw rice (soaked in water for 10 minutes), tamarind and green chillies. 

3. Add the ground masala to the cooked amaranth and bring it to boil. 

4. Heat oil in a small frying pan and lightly season mustard and curry leaves and cover pan to retain flavour. Serve with rice. 

SPINACH SANDWICHES
	Ingredients
	Quantity
	(1 serving)

	For spinach spread
	
	

	Spinach (Chopped)
	40 g
	

	Onion
	20 g
	

	Coriander leaves 

(Chopped)
	20 g
	

	Mint leaves (chopped)
	10 g
	

	Green chillies
	3 Nos
	

	Lime juice
	½ Tsps
	


PROCEDURE 
1. To make spinach spread, put chopped onion and finely cut spinach in a pan. No need to add water. Add salt and cook covered over a very low heat for five minutes and cool. 

2. Add coriander leaves, mint leaves and green chillies. Grind all these together in a blender to a smooth thick paste. 

3. Transfer to a bowl, stir in lime juice and add more salt if required. 

4. Apply spinach spread to bread slices and cut diagonally. 

DRUMSTICK LEAVES ROTI
	Ingredients
	Quantity
	(1 serving)

	Rice flour 
	100 g
	

	Drumstick leaves
	25 g
	

	Coriander leaves
	2 springs
	

	Black gram dhal
	5 g
	

	Bengal gram dhal
	5 g
	

	Red chillies
	2 Nos. 
	

	Mustard
	¼ tsp 
	

	Oil
	1 tsp
	

	Salt 
	To taste
	


PROCEDURE 
1. Season mustard, red chillies, black gram dhal, Bengal gram dhal, drumstick leaves. 

2. Boil water. 

3. Add the seasoned mixture and salt to rice flour, pour the boiled water and make a dough

4. Make four equal balls and knead it, roll out the ball with fingers by slightly greasing with oil each time. 

5. Heat the tava and cook both the sides by slightly adding  oil around the sides. 

6. Serve hot with coconut chutney or mint chutney or  tomato sauce. 

MUDAKKATHAN KEERAI DOSAI
	Ingredients
	Quantity
	(1 serving)

	Mudakkathan keerai*
	15 g
	

	Green chillies
	3 No. 
	

	Bengal gram dhal
	5 g
	

	Green gram dhal
	5 g
	

	Black gram dhal
	20 g
	

	Raw rice
	100 g
	

	Onion
	30 g
	

	Asafoetida
	A pinch
	

	Oil
	1 tsp
	

	Mustard seeds
	¼ tsp
	

	Water
	As per need
	

	Salt 
	To taste
	


* Radish leaves, vallarai leaves can also be used instead.  
PROCEDURE 
1. Grind soaked raw rice, black gram and prepare batter out of it. 

2. Grind Mudakkathan keerai and add to the batter. 

3. Season mustard, Bengal gram dhal, green gram dhal, asafoetida, green chillies, chopped onions and add to the batter. 

4. Grease and heat a tava. Pour on a ladleful of batter and spread it quickly to make a round dosa. 

5. When cooked flip it to other side, till dosai is “golden green” and crisp. 

6. This dosa makes good combination with curry leaves chutney. 

CAULIFLOWER STEM PAKODA
	Ingredients
	Quantity
	(1 serving)

	Cauliflower stem*
	15 g
	

	Gram flour
	60 g
	

	Chilli powder
	8 g
	

	Turmeric powder
	A pinch
	

	Asafoetida
	A pinch
	

	Coriander leaves (Chopped)
	5 g
	

	Grated coconut
	10 g
	

	Salt 
	To taste
	


* Raddish stalks can also be replaced with cauliflower stem.  
PROCEDURE 
1. Mix all the ingredients together adding little water to make thick pakoda batter. 

2. Beat well with a fork or with a mechanical beater, so that though thick it becomes light. 

3. In a kadai, heat the oil. Take a small ball of batter with wet finger, lightly flatten and drop into a medium hot oil. Put in, 5 to 6 at a time and fry till crisp and golden brown. 

4. Serve hot with sweet and sour chutney. 

II REVIEW OF LITERATURE


The review of literature pertaining to the present study entitled “Development and evaluation of recipes with green leafy vegetables”, is presented under the following headings:

A. Prevalence of micronutrient malnutrition 

B. Role of micronutrients on health

C. Strategies to combat micronutrient malnutrition

D. Dietary diversification to combat micronutrient malnutrition
E. Green leafy vegetables and micronutrients

A. PREVALENCE OF MICRONUTRIENT MALNUTRITION


Micronutrient malnutrition is a universal problem, which presently affects over two billion people world wide, resulting in poor health, low work productivity, high rates of mortality and morbidity (Flyman and Afolayan, 2005). 


Micronutrient malnutrition is widespread throughout the world, with important health and economic consequences (Fletcher et al., 2004). In most of the Third World countries, families manage with food that may not have enough micronutrients, and are unable to afford fruits, vegetables and animal foods needed to provide balanced diets. Whether mildest or in most severe form, the consequences of poor nutrition and health result in a reduction in overall well-being and quality of life and in the levels of development of the human potential (Rao, 2006; WHO, 2006). 

In India, large parts of the population do not have access to adequate food, despite the surplus food-grain production in the country. It is noted that almost half of the children of pre-school age suffer from moderate to severe malnutrition and more than half of pregnant women and newborn babies are anemic. In this regard, the 88th ‘session of the Indian Science Congress called for urgent steps to eradicate the so-called “hidden hunger” among poor Indians, caused by a lack of proper nutrition (Sharma, 2001). 

Diet deficient in micronutrients are characterized by high intakes of staple food crops (such as rice, wheat etc. ), but low consumption of foods rich in bioavailable micronutrients such as fruits, vegetables, animal and fish products (www. harvestplus. org). 

There are an estimated 800 million undernourished people in the developing world. Yet, the problem of hidden hunger or micronutrient malnutrition is even larger: four to 5 billion people are affected by iron deficiency (ID), 2. 7 billion are zinc deficient, two billion suffer from iodine deficiency, and 140 million children are deficient in vitamin A (ACC/SCN 2004,WHO 2002a #). 

According to the WHO (2001), iron deficiency is the most common nutritional disorder in the world. Iron deficiency anaemia affects >3. 5 billion people in the developing world, well over two persons out of every three (ACC/SCN, 2000). 

 Micronutrients are required in small quantities and responsible for vital functions of the human body. Logically, they should be addressed easily and on a priority basis. The facts are, however, contrary. As a result, micronutrient malnutrition has been a persistent problem in India, and as the recent data suggest, some forms of micronutrient malnutrition are reaching their peak in the present century (Kotecha, 2008). 
 
The intake of micronutrients in daily diet is far from satisfactory and largely less than 50 per cent RDA is consumed by over 70 per cent of Indian population. The loss due to micronutrient deficiency costs India one per cent of its GDP. This amounts to a loss of Rs. 27,720 crore per annum in terms of productivity, illness, increased health care costs and death (NNMB, 2002). Subba Rao, (2006) has stated that micronutrient deficiency is a drain on economy. Beyond such a situation demands that ways and means be found for transforming the said “burden of population” into “basket of asset of resources” (Chetna News, 2002). 

B. ROLE OF MICRONUTRIENTS IN HEALTH


Nutrients such as vitamins and minerals are called micronutrients since they are needed only in minuscule amounts, these substances are the “magic wands” that enables the body to produce enzymes, hormones and other substances essential for proper growth and development. As tiny as the amounts are, however, the consequences of their absence are severe (http://www. who. int/nutrition). Rosengran et al. (2002) reported that micronutrient deficiencies affects over two billion individuals world wide and the worst affected are women and young children. 

Over two billion people suffer from malnutrition in their diets (Gardner and Halwell, 2000) including protein calorie deficiencies and micronutrient malnutrition. Such malnutrition prevents much of the world’s population from reaching their full potential-mentally, physically and financially. It also contributes to higher death rates from heart disease, stroke and cancer (Khaw et al., 2001). 

Deficiency of protein, energy, vitamin A, iron and zinc has been shown to have significant immunosuppressive effects in children. Supplementation of iron, folate and other micronutrients like vitamin A and zinc in pregnancy appear to influence birth weight. Supplementation of vitamin C increases haemoglobin levels (Reddy, 2006). 

The consequence of micronutrient malnutrition includes increased risk of childhood and maternal mortality and morbidity, nutritional blindness, physical disability, mental retardation and lowered physical work capacity, leading to lowered productivity. In India, varying degree of malnutrition namely, Protein Energy Malnutrition, iron, vitamin A and iodine deficiencies which are preventable and within control are affecting human resources making them ineffective (Gopalan, 1996). 

Humans require atleast 49 nutrients to meet their metabolic needs. Inadequate consumption of even one of these nutrients will result in adverse metabolic disturbances leading to sickness, poor health, impaired development in children and large economic costs to society (Branca and Ferrari, 2002. )


A balanced diet of nutritious foods meets the vitamins requirements of an individual. Vitamins especially vitamin A is required for proper vision, maintenance of the integrity of epithelial tissues and wide variety of metabolic functions (Sri Lakshmi, 2006; Caulfield et al., 2004). 

Single micronutrient deficiencies are very uncommon except in well-nourished individuals with specific genetic disorders. Vitamin A, zinc, iron and other micronutrient deficiencies usually coexist in poor populations, since all are related to the poor diet and high incidence of infections associated with poverty. 

The relation between health and poverty is bi-directional. Just as low income is a contributing factor to ill-health and malnutrition, so are poor health, malnutrition and large family size as key determinants of poverty (Clarson and Waldman, 2000). 

The micronutrient deficiencies continue to have adverse consequences, such as retarded physical and mental development, impaired resistance to infection and reduced work capacity. When the disease burden is calculated according to disability-adjusted life years (DALYs), which can be thought of as lost years of healthy life, micronutrient deficiencies account for 33 million DALYs per year world wide, half of which are in Asia (Wasantwisut, 2005). 
C. STRATEGIES TO COMBAT MICRONUTRIENT MALNUTRITION


The three main strategies to combat micronutrient malnutrition include supplementation, food fortification and dietary diversification (Reddy 2000). A durable and sustainable solution to the problem of micronutrient malnutrition obviously lies in the improvement and diversification of household diets. 

According to Planning Commission (2002) in the 10th Five Year Plan (2002-2007), the Government of India had set the following goals”

1. Eliminate vitamin A deficiency as a public health problem. 
2. Reduce the prevalence of anemia by 25 per cent, and moderate and severe anemia by 50 per cent in children, adolescents, pregnant and lactating women. 
3. Achieve universal access to iodized salt. 
4. Reduce the prevalence of IDD in the country to less than 10per cent by 2010. 

The main strategies reviewed were food-based interventions that aimed at (1) increasing the production, availability and access to vitamin A and iron rich foods through the promotion of home production; (2) increasing the intake of vitamin A and iron-rich foods through nutrition education, communication, social marketing and behavior change programs to improve dietary quality among vulnerable groups; and (3) increasing the bioavailability of vitamin A and iron in the diet either through home processing techniques or food-to-food fortification strategies. Plant breeding strategies are also discussed because of their potential to increase the content of vitamin A and iron in the diet as well as their bioavailability (Ruel and Levin 2000). In addition to these, local practices adopted for cooking, preservation and storage of foods are also strategies for combating micronutrient malnutrition (Chary, 2000). 

Less than one per cent of food in India is fortified, although the Government through various ministries and NGOs has been trying to increase the amount as another way to boost consumption of vitamin A, iron and other nutrients (Micronutrient Initiative, 2007). 

Dietary diversification is difficult to achieve on a mass scale. Fortification of essential foods such as oil, wheat flour and milk will make an enormous difference to the health of both child and mother. 

Community based strategies to improve micronutrient status includes encouraging exclusive breast feeding up to six months of age and continued breast feeding for older infants, identifying and promoting use of culturally appropriate weaning foods rich in micronutrients, identifying and promoting use of traditional green leafy vegetables and fruits toad diversity to the diet, preserving micronutrients in fruits and vegetables by using solar drying and canning technologies, promoting small scale community gardens, rearing small livestock and improving year-round supply of micronutrient rich foods (FAO/ILSI, 1997). 

Supplementary approach is only a short-term measure and dietary modification is preferred and sustainable approach for control of VAD (Vijayaraghavan et al., 1997). 

An underlying cause and fundamental constraint to solving the micronutrient malnutrition problem is that non staple foods particularly animal products tend to be the foods richest in bioavailable micronutrients, which the poor in many developing countries desire to eat but cannot afford (Bouis, et al., 1999; Ali and Tson, 1997). 

India is fortunately blessed with a wide variety of inexpensive foods rich in provitamin A carotenoids. Though India is world’s second largest producer of fruits and vegetables, hardly two per cent of the produce is processed and utilized. Thirty to forty per cent of the annual produce is wasted due to lack of preservation infrastructure (Adfule, 2002). 

Kowsalya and Chandrasekhar (2003) reported that fruit preserves could retain appreciable amount of carotene up to15 days storage and retention rate decreased with the duration of storage. 

A study of Kowsalya and Vidhya (2004) proved that incorporation of rehydrated greens to traditional recipes is a feasible strategy to combat micronutrient malnutrition. 

Kowsalya and Mohandas (1999) reported that in order to combat the problem of micronutrient malnutrition, increased use of cheap and easily available foods with good nutritive potentials such as cauliflower leaves can be utilized in the dietaries of the population and also drumstick leaves which in its raw form had maximum total and β-carotene which can be incorporated in the daily diets (Kowsalya and Chandrasekhar, 1999). 

Studies suggest that vitamin A supplementation alone may not be enough to reduce mortality or morbidity, but must be combined with other measures to reduce poverty, improve sanitation and increase dietary intake of multiple micronutrients. Intake of other micronutrients may increase the absorption potential of vitamin A (Dijkhuizen and Wieringa, 2004). 

Supplementation of red palm oil in school meals has shown a positive impact on the vitamin A status in Burkina Faso (Augustin et al., 2006). 

As rice is a leading staple food of south India, fortification with iron is also tried. Although biofortification and genetic engineering are promising approaches, extruded iron fortified rice grains would offer greater flexibility in fixing the level of iron fortification and would avoid concerns about the genetic modification of rice (DiegoMoretti et al., 2006). 

Although double fortified salts are used as a tool for iron and iodine deficiency, microencapsulation of iodine in double fortified salts is essential to protect potassium iodide from harsh effects of iron. Then only it can be used as an effective strategy to combat micronutrient malnutrition in developing countries (Vinodh kumar et al., 2007). 

A study conducted by Rob Baltussen et al. (2004) found out that iron fortification and supplementation are cost effective intervention to reduce iron deficiency in four sub regions of the World, which include southern Asia too. 

Home gardening has been the most popular food-based strategy for the control of vitamin A deficiency, and various reviews have been published over the past 10 to 20 years (Ruel and Levin, 200). 

Nutrition education is the most effective rational and sustainable of all the interventions as it aims at expanding knowledge, creating awareness, modifying attitudes changing behaviour and improving nutritional status. Vanitha and Jeyaselvi (2006) conducted a study among selected tribal women in Kodai Hills reported that nutrition education imparted through lecture method along with cooking demonstration and kitchen gardening showed significant effect. 

Chandrasekar (2000) conducted nutrition education and counseling to a group of 75 women and observed positive changes in cooking practices, gain in knowledge, attitude and practice score of 50 to 60 per cent of the experimental group than the control group. Devadas (2001) opined that there is an urgent need to create awareness among the adolescents about the magnitude and consequences of anaemia since anaemia is the major cause of poor concentration in sports activities, maternal deaths low birth weights and neonatal mortality. 

Oken and Duggan (2002) viewed that micronutrient research had generally come from population in developing countries and children in industrialized countries also benefit from such increasing knowledge about nutritional requirements and interventions. 

Survey conducted by NNMB (2003) among 8 states revealed that the nutrition education component was satisfactory, covering a mere 14 per cent of the target beneficiaries. There result points out that there is an urgent for improving the implementation of the national nutrition programmes and strengthening of nutrition education component. 

Westenhoefer (2002) stress that education strategies should focus on consumption of a balanced diet and provide orientation and reassurance regarding the range of healthy and acceptable body weight. They also should encourage flexible control of eating behaviour to enable children to maintain their weight within the healthy range. 

The fruits and vegetables contribute to a balanced diet by providing not only energy-rich food but also supply of vital protective nutrients like vitamins and minerals. Comparatively vegetables are the cheapest source of nutritious food. However, the quality and bioutilization of animal protein is higher that plant protein and contains essential amino acids, so we need animal protein along with plant protein, in our daily diet. Fish and dairy products, from home gardens, are good sources of proteins. Mushroom production and bee keeping needs less area but produce nutritious foods. Fresh fruits and vegetables provide us carbohydrate, protein, vitamins, mineral, fats which are essential to our body. Hence, home garden can provide nutritious and balanced diet to the family that makes the farm families healthy and strong. This is the reason that home garden is also called a Primary Health Centre (Thapa, 2004)


Underwood (2003) reported that horticulture and home gardening served man well to enhance the nutrient quality of diets particularly by providing micronutrients. In addition to contribute to household nutrition security, homestead productions also contribute to household income and promote self-reliance. 
D. 
DIETARY DIVERSIFICATION TO COMBAT 
MICRONUTRIENT 
MALNUTRITION


This review focuses on dietary diversification/modification, an approach that aims to enhance the availability, access, and utilization of foods with a high content and bioavailability of micronutrients throughout the year. It involves changes in food consumption practices and traditional household methods for preparing indigenous foods. To implement these strategies effectively, knowledge of the local dietary patterns, and food beliefs, references and taboos is required, as well as the ability to change attitudes and practices. Dietary diversification/modification may be more sustainable, economically feasible, and culturally acceptable than supplementation or fortification and can be used to alleviate several micronutrient deficiencies simultaneously without risk of antagonistic interactions (Gibson and Ferguson, 1998). 

There is a general consensus that food based approaches are viable and sustainable for addressing micronutrient malnutrition Benade (2004). National Nutrition Strategy, (2001-2010) also recommends food based strategies as long term interventions to address the malnutrition problem in India. 

Food-based strategies meet the challenges of micronutrient malnutrition in the developing world. Increasing dietary diversification is the most important factor in providing a wide range of micronutrients, and to achieve this objective in a development context requires an adequate supply, access and consumption of a variety of foods. The adoption of 'desirable' dietary patterns for nutrition improvement, e. g. appropriately formulated to meet micronutrient needs, could be used in the formulation of agricultural policies and programmes. This process could be achieved through support for integrated farming systems oriented to assuring household food security, but also based on a variety of foods that will meet total dietary (including micronutrient). 

Leafy vegetables are the least expensive sources of a number of protective nutrients. They are readily available throughout the year and are grown in sufficient quantities throughout India (Khader and Rama 2003). The cultivation and frequent consumption of edible indigenous plants as additional sources of micronutrients must be emphasized. Its is one of the best strategy for improving micronutrient malnutrition sustainably (Kraisid Tontisirin, 2002)


The underlying cause of this inadequate consumption is what needs to be appropriately addressed. For years FAO has been actively facilitating the process for increasing supply, access and consumption of an adequate quantity, quality and variety of foods for all population groups. This initiative is being undertaken as part of FAO's catalytic role in assisting nations, communities and households towards achieving their overall 'right to food'. FAO promotes and supports food-based programmes and strategies to improve nutrition so that all people can obtain a variety of foods, and meet requirements for energy and macro- and micronutrients to achieve a healthy and productive life. In using food-based approaches FAO primarily advocates dietary diversification and fortification (Food and Agriculture Organization and International Life Sciences Institute, 1997). 



The diet must contain sufficient fat, protein, energy and other key nutrients for dietary vitamin A to be properly utilized in the body. A good daily dietary mixture can be made up of a staple + pulse + an animal food + green leafy vegetables or an orange-coloured vegetable or fruit. 

Families should be encouraged to use all these foods to make a meal; some examples are: staple + pulse + green leafy vegetables or an orange; vegetable or fruit at one meal; staple + animal food + green leafy vegetable or an orange vegetable or fruit at another meal; addition of a small amount of fat or oil to give extra energy if none of the other foods in the meal is energy-rich (Tontisirin et al., 2002)


The use of 40 g green leafy vegetables daily in weaning foods of infants in Bangladesh has shown positive results even when used in a single meal (Rahman et al., 1993). Of importance for infants, however, is not only the type of foods that are introduced, but also at what period they are introduced. 

Enriching diets in β-carotene has recently been shown to enhance the bio-availability of non-haem iron in the staple plant food diets fed to human (Mwanri et al., 2000 and Ncube et al., 2001). 

E.
GREEN LEAFY VEGETABLES AND MICRONUTRIENTS 

Green leafy vegetable could well be a repository of important microconstituents that can provide nutritional support and optimize health and wellbeing with a potential for world agriculture (DeepakAcharya, 2007). As green leafy vegetables are the most common source of micronutrients (Steyn et al., 2001) and are also cost effective, hence can also be included in the daily diet of the low income population. Dark green leafy vegetables are, calorie for calorie, perhaps the most concentrated source of nutrition of any food. They are a rich source of minerals (including iron, calcium, potassium, and magnesium) and vitamins, including vitamins K, C, E, and many of the B vitamins. They also provide a variety of phytonutrients including beta-carotene, lutein, and zeaxanthin, which protect our cells from damage. Green vegetables fight with toxic substances in our body by providing sufficient antioxidants in digestible form. Nutrients present in the green leafy vegetables also help in protecting the eyes from disorders such as cataract and other age-related macular degeneration of the eyes. Dark green leaves even contain small amounts of Omega-3 fats.  

Perhaps the star of these nutrients is vitamin K. A cup of most cooked greens provides at least nine times the minimum recommended intake of vitamin K, and even a couple of cups of dark salad greens usually provide the minimum all on their own. Recent research has provided evidence that this vitamin may be even more important than we once thought (the current minimum may not be optimal), and many people do not get enough of it. 
GREEN LEAFY VEGETABLES SELECTED FOR THE  STUDY
	[image: image2.jpg]



Thandu Keerai

(Amaranthus gangeticus
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Drumstick leaves

(Moringa oleifera)

	[image: image4.jpg]



Arai Keerai

(Amaranthus tristis)
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Manathakkali keerai

(Solanum nigrum)
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Agathi keerai

(Sesbania grandiflora)


Some green leafy vegetables are mentioned below along with their nutritional value:
Spinach: Spinach is regarded as the most esteemed green leafy vegetables among all. It’s cooling and nutritive content helps in eliminating cough, asthma and other toxic elements. Spinach contains iron, folic acid, vitamin A, and essential amino acids in major quantities along with potassium, sulphur, silicon, magnesium and sodium in minor quantities. Spinach helps in reducing acidity problems in people, bestowing improved heath. Spinach juice is diuretic, allaying bile disorders. Intake of spinach provides satisfactory result in case of anemia. It is highly effective in curing generic ailments. 

Fenugreek: Fenugreek is known as nature’s great boon, bearing excellent medicinal value. Regular use of this helps in keeping the body healthy and problem free. It is rich in calcium, iron, and protein and phosphorous. It also contains minerals and vitamins in high quantity. It is regarded as a great appetizer. It helps in curing dyspepsia, cough, piles, vomiting, rheumatism and intestinal worms. Paste of fenugreek applied on hair scalp lengthens the hair, preserve its natural color and keeps them silky soft. If applied on face; prevents pimples, blackheads and early appearance of wrinkles. It also improves complexion and makes one look years younger. 

Amaranth: Amaranth has a number of varieties under its species. Amaranth tender is a good source of folic acid. Folic acid is required for multiplication and maturation of red blood cells. Amaranth is a good source of calcium, but it is rich in oxalic acid too, which binds the calcium and forms insoluble calcium salts, inhibiting the absorption of calcium. Amaranth is a fair source of phosphorus.

Drumstick leaves: The drumstick leaves is very popular in South East Asia and West Africa. In addition to the young fruits, the leaves are commonly used as a vegetable. The small leaflets are easily stripped off from the petioles. This is also a rich source of calcium, beta carotene and iron. 

Coriander: coriander is considered to be appetizing, cool, digestive and better for vision. It can be used in many ways in our daily diet. It contains iron, vitamin C, vitamin A, calcium and phosphorous. Shredded coriander added to vegetables and other foodstuffs gives special flavour to food items, making them more digestible.

Extensive efforts were made by NFI to improve nutritional quality of mid day meals served in all government schools. Activities included sensitization of students and teachers about vegetables including the greens and slight modification of already served recipes by including greens and vegetables. This has helped in students realizing the importance of vegetables and greens in their development and also appreciate the taste, Rajeshwari Ramana, Nutrition Foundation of India (NFI). In a study carried out in Pannimadai village school where the students were given daily 25 g of drumstick leaves on two days and amaranthus on three days mixed with the local dish 'kootu' to supplement the school lunch, whereas Thaliyur village school children were not given any green leafy vegetables. After six months evaluation showed a considerable increase mean blood haemoglobin levels of the students receiving the green leafy vegetables. 

The recommended dietary allowance of green leafy vegetables for an adult women is 100g/day, adult man 40g/day, preschool children (4-6 yrs) and for boys and girls beyond 10 yrs of age it is 50g/day. (http://www.indg.in/health/ nutrition/the-goodness-of-greens/)  Prajakta nande et al. (2007) had carried out a study on the evaluation of nutritive value and acceptability of recipes prepared from spinach and betel leaves. BOSTON, 2009, has suggested to include ½ a cup of dark green leafy vegetables in a day for a tasty way to get lots of vitamins and minerals.
III. METHODOLOGY


The methodology adopted for the study, “Development and evaluation of recipes with green leafy vegetables” are presented under the following headings. 
A. Selection of greens through household survey

B. Selection and standardization of recipes with green leafy vegetables

C. Sensory evaluation of the developed recipes

D. Evaluation of micronutrient potentials of recipes with green leafy vegetables 

E. Development of a booklet comprising of recipes with green leafy vegetables.
A. SELECTION OF GREENS THROUGH HOUSEHOLD SURVEY

Study on the consumption pattern of greens in Coimbatore district

A survey was carried out among 50 families in Coimbatore district using a simple schedule(Appendix-I) to elicit information regarding the consumption of greens, the greens most liked by them, commonly used greens, source of these greens, frequency of consumption, expenditure involved on them, storage and cooking methods used. 
Selection of sample


The results of the survey on consumption pattern revealed that 15 greens were commonly consumed by the people in Coimbatore district. The commonly consumed green leafy vegetables as stated by the respondents are given in Table I. 
TABLE I

GREEN LEAFY VEGETABLES COMMONLY CONSUMED IN COIMBATORE DISTRICT

	Common name
	Scientific name

	Amaranthus tender

Drumstick leaves

Arai keerai

Manathakkali leaves
Mulla keerai

Agathi

Spinach

Pudhina

Ponnanganni

Fenugreek leaves

Vallarai

Paruppukeerai

Siru keerai

Pulicha keerai

Kuppa keerai
	Amaranthus gangeticus

Moringa oleifera

Amaranthus tristis

Solanum nigrum

Amaranthus spinosus

Sesbania grandiflora

Spinacia oleracea

Mentha spicata

Alternanthera sessilis

Trigonella foenum gracecum

Hydrocotyl asiatica

Portulaca oleracea

Amaranthus polygonoides

Hibiscus cannabinus

Amaranthus viridis



Apart from these, certain greens which always find its way into the Indian cuisine namely curry leaves (Murraya koenigii) and coriander leaves (coriandrum sativum) were also selected and studied. The greens selected for the study are shown in Plates 1 to 3.
Plate 1

PLATE I

GREEN LEAFY VEGETABLES SELECTED FOR THE  STUDY
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Green spinach

(Spinacia oleracea)
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Mint leaves

(Mentha spicata)
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Ponnanganni keerai

(Alternanthera sessilis)
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Methi leaves

(Trigonella foenum 

gracecum)
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Vallarai keerai

(Hydrocotyl asiatica)



Plate 2

PLATE II
 GREEN LEAFY VEGETABLES SELECTED FOR THE  STUDY
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Paruppu keerai

(Portulaca oleracea)
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Siru keerai

(Amaranthus polygonoides)
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Pulicha Keerai 

(Hibiscus cannabinus)
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Coriander Leaves

(Coriandrum sativum)
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Curry leaves

(Murraya koenigii)




Plate 3
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Paruppu keerai

(Portulaca oleracea)
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Siru keerai

(Amaranthus polygonoides)
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Pulicha Keerai 

(Hibiscus cannabinus)
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Coriander Leaves

(Coriandrum sativum)
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Curry leaves

(Murraya koenigii)




B. SELECTION AND STANDARDIZATION OF RECIPES WITH GREEN LEAFY VEGETABLES
1. Selection of recipes


The recipes using green leafy vegetables were selected for the study based on the common preparations as stated by the households. The recipes were then classified as main recipes (nine) and incorporated recipes (sixteen) and are listed in Table II. 
TABLE II

RECIPES PREPARED USING GREEN LEAFY VEGETABLES

	Main Recipe
	Incorporated Recipe

	Siru keerai kozhambu

Manathakkali/ paruppu keerai kootu

Mulla / ponnanganni keerai poriyal

Arai keerai masiyal

Thandu / kuppa keerai soup

Curry leaves thuvayal

Coriander leaves / pulicha keerai chutney

Palak paneer

Agathi keerai rasam


	Methi leaves chappathi

Vallarai leaves upma

Thandu keerai vadai

Manathakkli keerai kozhukattai

Mint and coriander rice

Pudina bonda

Spinach leaf fritters
Keerai puffs

Greens pulao

Mixed greens raita

Cauliflower salad with spinach cream dressing

Amaranthus in coconut gravy

Spinach sandwich

Drumstick leaves roti

Mudakkathan keerai dosai

Cauliflower stem pakoda


2. Standardization of recipes

The ingredient composition of the recipes was obtained from the households and recipes were then standardized with reference to quantity of ingredients, water, method of cooking, time and doneness. 
C. SENSORY EVALUATION OF THE DEVELOPED RECIPES

Sensory evaluation is a scientific tool that uses the human senses, smell, sight, taste, touch and hearing to examine the properties which influence the quality of the product (McDermoth and Murray, 1996). 

Sensory quality is a combination of different senses of perception coming into play in choosing and eating a food. Appearance, flavour and mouth feel decide the acceptance of the food (Srilakshmi, 2001). The developed recipes were finally evaluated by a panel of 25 trained members of the Food Science and Nutrition Department. The evaluation was done using a three point scale score card with criteria of appearance, colour, flavour, texture and taste with total score of fifteen (Appendix - I). 
D. EVALUATION OF MICRONUTRIENT POTENTIALS OF RECIPES WITH GREEN LEAFY VEGETABLES 


Among the developed recipes, 15 of them (nine main recipes and six incorporated recipes) were then analysed for their micronutrient content (Plate IV). The recipes selected for analyzing the nutrient content are given in Table III. 
Plate IV

ANALYZING THE MICRONUTRIENT POTENTIALS OF THE DEVELOPED RECIPES 
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PLATE IV

TABLE III

RECIPES SELECTED FOR NUTRIENT ANALYSIS

	Main Recipes
	Incorporated Recipes

	Siru keerai kozhambu

Manathakkali keerai kootu

Mulla keerai poriyal

Arai keerai masiyal

Thandu keerai soup

Curry leaves thuvayal

Coriander leaves chutney

Palak paneer

Agathi keerai rasam
	Methi leaves chappathi

Vallarai leaves upma

Thandu keerai vadai
Manathakkli keerai kozhukattai

Mint and coriander rice

Drumstick leaves roti





Nutrient content of the selected 15 recipes were analysed before and after cooking for its proximate principles (protein), vitamins (Total carotene, β- carotene and vitamin C) minerals (iron, phosphorus, calcium) and anti nutritional factors (oxalic acid and phytic acid). All these analysis were done using standard procedures. Thiamine and riboflavin values alone were calculated based on the nutritive value of individual ingredients.

The protein content of the samples were estimated using Kjeltec nitrogen analyzer (tecator) (Raghuramalu et al., 1983), whereas the total carotenoid was analysed using spectrophotometer and β carotene by High Performance Liquid Chromatography(HPLC) (Zakaria et al., 1979 ). The ascorbic acid present in the samples was determined by 2, 6, dichloro phenol indophenol dye method (Ranganna, 1986). Analysis of phosphorus, calcium and iron was done colorimetrically and titrimetrically (Raghuramalu et al., 1983). The samples were also analysed for anti nutritional factors like oxalic and phytic acid by the method suggested by Sadasivam and Manickam (1996). 

E. DEVELOPMENT OF A BOOKLET COMPRISING OF RECIPES WITH GREEN LEAFY VEGETABLES

Since the recipes were developed for the purpose of demonstration and nutrition education, a booklet was developed. This consisted of an introduction on green leafy vegetables, its importance in daily diet, recipes and micronutrient content. This would serve the purpose of not only being a ready reckoner but also a propagator of benefits of including green leafy vegetables in our daily diet. 
F. STATISTICAL ANALYSIS


The collected data was tabulated, analysed and interpreted with appropriate evidences. Rao (2005), points out that the data analysis can be compared to detective work. It is a numerical detective work or counting detective work or graphical detective work. The analyst needs both tools and understanding. Analysis of Variance and Student’s ‘t’ test was done to compare the significance between the overall acceptability of the main and incorporated recipes. 

IV. RESULTS AND DISCUSSION


The results of the present study on “Development and evaluation of recipes with green leafy vegetables” is discussed under the following headings. 
A. Consumption pattern of green leafy vegetables among the selected households 
B. Standardization and sensory evaluation of the recipes developed with green leafy vegetables
C. Micronutrient potentials of recipes developed with green leafy vegetables 
D. Development of a booklet comprising of recipes with green leafy vegetables  
A. 
CONSUMPTION PATTERN OF GREEN LEAFY VEGETABLES AMONG THE SELECTED HOUSEHOLDS 

Results of the household survey conducted among the 50 families of Coimbatore district to elicit information on consumption pattern of greens are discussed below. 

1.  Types of greens used 

The types of greens used by the households are given in Table IV. 
TABLE IV

TYPES OF GREENS USED IN HOUSEHOLDS (N=50)

	Name of the Greens
	Number 
	Percentage

	Amaranthus tender

(Amaranthus gangeticus)
	45


	90



	Drumstick leaves

(Moringa oleifera)
	43


	86



	Arai keerai

(Amaranthus tristis)
	43


	86



	Manathakkali

(Solanum nigrum)
	40


	80



	Mullakeerai

(Amaranthus spinosus)
	38


	76



	Agathi

(Sesbania grandiflora)
	35


	70



	Spinach

(Spinacia oleracea)
	35


	70



	Pudhina

(Mentha spicata)
	34


	68



	Ponnanganni

(Alternanthera sessilis)
	33


	66



	Fenugreek leaves

(Trigonella foenum graecum)
	31


	62



	Vallarai

(Hydrocotyl asiatica)
	28
	56

	Paruppu keerai

(Portulaca oleracea)
	27
	54

	Siru keerai

(Amaranthus polygonoides)
	25
	50

	Pulichakeerai

(Hibiscus cannabinus)
	14
	28

	Kuppakeerai

(Amaranthus viridis)
	10
	20



Amaranth tender, drumstick leaves, arai keerai, manathakkali, mullakeerai, agathi and spinach were the commonly consumed greens by 90, 86, 80, 76, 70, 70 per cent of the families respectively. This was followed by pudhina, ponnanganni, fenugreek leaves which were consumed by 68, 66, 62 per cent of families respectively. Further vallarai, paruppukeerai and sirukeerai were consumed by 56, 54, 50 per cent of the families respectively. The less commonly consumed greens namely pulichakeerai and kuppakeerai were consumed by 28 and 20 per cent of the families respectively. NFI (1996) reported that drumstick leaves, amaranth tender and agathi are the commonly consumed greens in Coimbatore district (Chandrasekhar et al., 1999; Bhaskarachary et al., 2002).
2. 
Frequency of consumption of green leafy vegetables

The results of the frequency of consumption of greens among the selected 50 families surveyed are given Table V.
TABLE V

FREQUENCY OF CONSUMPTION OF GREEN LEAFY VEGETABLES
	Frequency of Consumption
	Number
	Percentage

	1-2 times
	28
	56

	3-4 times
	10
	20

	Rarely
	7
	14

	Daily
	5
	10



Half of the families surveyed, consumed greens once or twice a week and 20 per cent of the families consumed greens thrice or four times a week. Only 14 per cent of the families consumed greens rarely and 10 per cent daily. NFI (1996) reported that about 50 per cent of the household surveyed included greens in their diets once to thrice a week (Devadas et al., 1995). Vineetha (1997), reported that in Ernakulam district of Kerala, 59 per cent of families consumed greens once to thrice a week. Similar observations were reported by Chandrasekar et al. (1999). Therefore a programme to encourage the consumption of greens must be coupled with appropriate public education. 
3.  Sources of obtaining green leafy vegetables
The data regarding the procurement of greens by the families surveyed is presented in Table VI. 
TABLE VI

SOURCES OF OBTAINING GREEN LEAFY VEGETABLES (PERCENTAGE)

	Greens
	Purchasing from market/

vendor
	Growing at home
	Receiving from Neighbours

	Amaranthus tender

Drumstick leaves

Arai keerai

Manathakkali leaves
Mullakeerai

Agathi

Spinach

Pudhina

Ponnanganni

Fenugreek leaves

Vallarai

Paruppukeerai

Siru keerai

Pulicha keerai

Kuppa keerai 
	80

26

66

60

70

60

62

62

62

46

56

50

42

28

-
	-

48

4

10

-

6

-

-

10

-

-

-

-

14

-
	10

12

16

10

6

4

8

6

4

6

-

4

8

-

6



Twenty to eighty per cent of the families surveyed purchased different greens from market or vendor. Drumstick leaves was found to be grown widely at home (48 per cent). Few of the families obtained greens from neighbours (4 to 16 per cent). The source of obtaining less commonly consumed greens like vallarai, paruppukeerai, sirukeerai and pulichakeerai was from market. Kuppakeerai was grown only at home. It can be said that in Coimbatore district, very few families used kitchen garden as a source of green leafy vegetables. Devadas et al. (1996), reported that only less that 10 per cent of the homes had kitchen garden in Coimbatore district. 
4.   Greens liked best by the families


Data regarding the greens liked best by the families along with the reasons for the preference is given in the Table VII.
TABLE VII

GREENS LIKED BEST BY THE FAMILIES

	Greens
	Percentage of

families
	Reason 

(Percentage of Families)

	
	
	Tasty
	Nutritious
	Tasty and Nutritious

	Amaranthus tender

Arai keerai

Manathakkali leaves
Drumstick leaves

Mullakeerai

Agathi

Spinach

Paruppukeerai

Sirukeerai

Fenugreek leaves

Ponnanganni

Vallarai
	70

65

63

61

58

55

52

24

21

16

13

10
	30

28

25

20

15

15

20

15

10

4

5

2
	15

10

25

25

17

15

14

5

5

8

5

5
	25

27

13

16

26

25

18

4

6

4

3

3



The greens most liked by the families were amanthus tender, araikeerai, manathakkali leaves, drumstick leaves, mullaikeerai, agathi and spinach by 70, 65, 63, 61, 58, 55, 52 per cent respectively. Most of the families preferred greens because of its taste. Preference ranged from two to 30 per cent. Very few of them were aware of the nutritional aspects of greens, the percentage ranging between five to 25 per cent. Three to 27 per cent of the people liked greens because of its taste as well as its nutritional aspects. 
5.   Cooking methods used for greens. 

Data regarding the cooking methods used for greens are given in            Table VIII. 
TABLE VIII

COOKING METHODS USED FOR GREENS
	Cooking Method
	Number 
	Percentage

	Shallow fat cooking with seasoning
	39
	78

	Boiling and seasoning
	26
	52

	Steaming and seasoning
	10
	20

	Pressure cooking and seasoning
	7
	14

	Boiling and deep fat frying
	3
	6



Majority (78 per cent) of the families used shallow fat cooking with seasoning method followed by boiling and seasoning by 52 per cent of the families. Steaming and seasoning was adopted by 20 per cent of the families. Fourteen per cent of the families followed pressure cooking and seasoning and only six per cent of the families followed boiling and deep fat frying method. 
6. 
OILS USED FOR COOKING GREENS


The type of oils used for cooking greens by the 50 families surveyed is given in Table IX.
TABLE IX

OILS USED FOR COOKING GREENS 
	Oil
	Number
	Percentage 
	Amount of oil 

used / 250g of greens

	Sunflower oil
	30
	60
	2-3 tbsp

	Refined groundnut oil
	10
	20
	2-3 tbsp

	Coconut oil
	5
	10
	2-3 tbsp

	Palm oil
	5
	10
	2-3 tbsp



Sixty per cent of the families used sunflower oil and 20 per cent of the families used refined groundnut oil. Almost equal percentage used coconut oil and palm oil (10 per cent). All the families surveyed used 2-3 tablespoons of oil per 250 g of greens. 
7.   Storage methods used for greens 

Details regarding the storage methods used for greens are given in Table X. 

TABLE X

STORAGE METHODS USED FOR GREENS

	Storage Methods
	Number 
	Percentage
	Duration Of Storage

	Refrigerator kept in plastic cover
	20
	40
	2 days

	Stored by wrapping it in wet cloth
	10
	20
	1 day

	Stored in any vessel in a cool place
	5
	10
	Over night



Most people preferred refrigerator (40 per cent) method for storage of greens and they could cover it in plastic cover and store for a duration of one to two days. Twenty per cent of the families stored greens by wrapping greens in a wet cloth for a period of one day. Ten per cent of the families stored greens in any vessel in a cool place for overnight use. Only 10 per cent of the families preferred to use greens freshly without adopting any storage practices. 
B. STANDARDIZATION AND SENSORY EVALUATION OF THE RECIPES DEVELOPED WITH GREEN LEAFY VEGETABLES
1.  Sensory evaluation of main recipes

Recipes developed with greens as the main ingredient are referred to as main recipes. Recipes developed using varying proportions of greens as incorporations are referred to as incorporated recipes. The nine main recipes and 16 incorporated recipes, were subjected to sensory evaluation. The mean values for the sensory characteristics of main recipes are presented in Table XI.

TABLE XI

MEAN SCORES FOR SENSORY EVALUATION OF MAIN RECIPES 

	S.

No
	Recipes
	Criteria

	
	
	Acceptability
	Colour
	Flavour
	Texture
	Taste

	1
	Siru keerai kozhambu
	3.0
	3.0
	3.0
	3.0
	2.68

	2
	Manathakkali keerai kootu
	3.0
	3.0
	3.0
	3.0
	2.88

	3
	Mulla keerai poriyal
	3.0
	3.0
	3.0
	2.88
	3.0

	4
	Araikeerai masiyal
	3.0
	3.0
	3.0
	3.0
	2.92

	5
	Thandu keerai soup
	3.0
	3.0
	2.88
	3.0
	2.84

	6
	Curry leaves thuvayal
	3.0
	3.0
	2.92
	3.0
	2.88

	7
	Corriander leaves chutney
	3.0
	3.0
	3.0
	2.92
	2.92

	8
	Palak paneer
	3.0
	3.0
	2.84
	3.0
	2.88

	9
	Agathikeerai rasam
	3.0
	3.0
	2.88
	2.92
	2.84


All the main recipes obtained a mean score of 3.0 for their acceptability and colour which indicates that they have good appeal for colour and sense and are well accepted. The mean score for the criteria flavour for the recipes viz siru keerai kozhambu, manathakkali keerai kootu, mulla keerai poriyal, arai keerai masiyal and coriander leaves chutney was 3.0, except for only a meagre difference in the values for other recipes. The texture of siru keerai kozhambu, manathakkali keerai kootu, arai keerai masiyal, thandu keerai soup, curry leaves thuvayal and palak paneer were very good. The texture of keerai poriyal, coriander leaves chutney and keerai rasam scored 2.88, 2.92 and 2.92 respectively. The mean score for the criteria, taste, obtained by all the recipes were also more or less the same. All the recipes were tasty and accepted. 

The overall acceptability scores for the main recipes are presented in the Table XII and Figure I.
TABLE XII

OVERALL ACCEPTABILITY SCORES FOR MAIN RECIPES (N=25)
	Recipes
	Mean ± S.D
	F
	Significance

	Sirukeerai kozhambu
	14.68 ± 0.63
	0.948

Between
groups
	NS (Not Significant)

	Manathakkali keerai kootu
	14.88 ± 0.33
	
	

	Mulla keerai poriyal
	14.88 ± 0.33
	
	

	Arai keerai masiyal
	14.92 ± 0.28
	
	

	Thandu keerai soup
	14.72 ± 0.61
	
	

	Curry leaves thuvayal
	14.80 ± 0.41
	
	

	Corriander leaves chutney
	14.76 ± 0.52
	
	

	Palak paneer
	14.72 ± 0.61
	
	

	Agathikeerai rasam
	14.64 ±0.64
	
	

	Total
	14.78 ± 0.50
	
	



The mean scores obtained for the overall acceptability of all the main recipes showed difference in meagre amounts only. This indicates that all the recipes were equally accepted by the panel members. The F value between the mean scores obtained for acceptability for the different recipes was found to be 0.948. There was also no significant difference among the acceptability of main recipes. This proves that no difference in acceptability was observed among the recipes developed and all the recipes were found to be equally acceptable. Hence, this result helps to promote, the inclusion of these recipes in our daily diet in combating micronutrient malnutrition. 
2.  Sensory evaluation of incorporated recipes

The mean scores obtained for the acceptability of the incorporated recipes are presented in Table XIII.

Figure I

TABLE XIII

MEAN SCORES FOR INDIVIDUAL CRITERIA OF INCORPORATED RECIPES AND STANDARD RECIPES
	Recipe
	Criteria

	
	Acceptability
	Colour
	Flavour
	Texture
	Taste

	Standard
	3.0
	3.0
	3.0
	3.0
	3.0

	Methi leaves chappathi
	3.0
	3.0
	3.0
	2.92
	2.92

	Standard
	3.0
	3.0
	3.0
	2.98
	2.96

	Vallarai leaves upma
	3.0
	3.0
	2.92
	2.92
	2.88

	Standard
	3.0
	3.0
	3.0
	3.0
	3.0

	Thandu keerai vadai
	3.0
	3.0
	2.96
	2.96
	2.92

	Standard
	3.0
	3.0
	3.0
	2.92
	2.98

	Manathakkali leaves kozhukattai
	3.0
	3.0
	3.0
	2.88
	2.92

	Standard
	3.0
	3.0
	3.0
	2.96
	2.96

	Mint and coriander rice
	3.0
	3.0
	2.92
	2.92
	2.92

	Standard
	3.0
	3.0
	3.0
	2.96
	2.96

	Pudhina bonda
	3.0
	3.0
	3.0
	2.84
	2.88

	Standard
	3.0
	3.0
	3.0
	2.96
	3.0

	Spinach leaf fritters 
	3.0
	3.0
	2.96
	2.84
	2.92

	Standard
	3.0
	3.0
	3.0
	3.0
	3.0

	Keerai puffs
	3.0
	3.0
	3.0
	2.84
	2.88

	Standard
	3.0
	3.0
	3.0
	2.96
	2.96

	Greens pulao
	3.0
	3.0
	3.0
	2.92
	2.92

	Standard
	3.0
	3.0
	3.0
	3.0
	3.0

	Mixed greens raita
	3.0
	3.0
	3.0
	2.92
	2.96

	Standard
	3.0
	3.0
	3.0
	3.0
	3.0

	Cauliflower salad with spinach cream dressing
	3.0
	3.0
	2.84
	2.92
	2.80

	Standard
	3.0
	3.0
	2.92
	2.96
	2.92

	Amaranth in coconut gravy
	3.0
	3.0
	2.84
	2.88
	2.84

	Standard
	3.0
	3.0
	2.92
	2.92
	2.92

	Spinach sandwich
	3.0
	3.0
	2.88
	3.0
	2.88

	Standard
	3.0
	3.0
	2.92
	2.92
	2.92

	Drumstick leaves roti
	3.0
	3.0
	3.0
	2.84
	2.80

	Standard
	3.0
	3.0
	2.96
	2.96
	2.96

	Mudakkathan keerai dosai
	3.0
	3.0
	2.92
	2.92
	2.92

	Standard
	3.0
	3.0
	3.0
	2.92
	2.96

	Cauliflower stem pakoda
	3.0
	3.0
	3.0
	2.88
	2.92


 
Both the standard recipes and the incorporated recipes obtained a mean score of 3.0 both for its appearance and colour. This shows that the incorporated recipes also had a good appeal to eyes and sense. The mean score obtained by methi leaves chappathi, manathakkali keerai kozhukattai, pudina bonda, keerai puffs, mixed greens raita, greens pulao, drumstick leaves roti and cauliflower stem pakoda and the standard recipes for these obtained a score of 3.0 for the criteria ‘flavour. ’ Other recipes showed only a meagre difference. Only spinach sandwich and mudakkathan keerai dosai scored 3.0 for its texture, remaining recipes scored between 2.88 to 2.96. The highest score was obtained by mixed greens raita (2.96) followed by methi leaves chappathi, thandu keerai vadai, manathakkali leaves kozhukattai, mint and coriander rice, spinach leaf fritters, greens pulao, mudakkathan keerai dosai, and cauliflower stem pakoda with score of 2.92. The least score was obtained by cauliflower salad and drumstick leaves roti. 


The scores for overall acceptability for standard and incorporated recipes are given in Table XIV and Figure II and III.
TABLE XIV

OVERALL ACCEPTABILITY SCORES FOR STANDARD AND INCORPORATED RECIPES

	Recipes
	Mean ± S.D
	‘F’

Value
	Significance

	Standard
	15.00 ± 0
	0.916

(between

groups)
	No
significance

	Methi leaves chappathi
	14.84 ± 0.37
	
	

	Standard 
	14.94 ± 0.24
	
	

	Vallarai leaves upma
	14.72 ± 0.61
	
	

	Standard
	15.00 ± 0
	
	

	Thandu keerai vadai
	14.84 ± 0.37
	
	

	Standard
	14.80 ± 0.41
	
	

	Manathakkali leaves kozhukattai
	14.80 ± 0.41
	
	

	Standard
	14.92 ± 0.28
	
	

	Coriander and mint rice
	14.76 ± 0.44
	
	

	Standard
	14.92 ± 0.28
	
	

	Pudhina bonda
	14.72 ± 0.46
	
	

	Standard
	14.96 ± 0.24
	
	

	Spinach leaf fritters 
	14.72 ± 0.54
	
	

	Standard
	15.00  ± 0
	
	

	Keerai puffs
	14.72 ± 0.46
	
	

	Standard
	14.92 ± 0.28
	
	

	Greens pulao
	14.84 ± 0.37
	
	

	standard
	15.00 ± 0
	
	

	Mixed greens raita
	14.88 ± 0.33
	
	

	Standard
	15.00 ± 0
	
	

	Cauliflower salad with spinach cream dressing
	14.56 ± 0.71
	
	

	Standard
	14.80 ± 0.41
	
	

	Amaranth in coconut gravy
	14.56 ± 0.71
	
	

	Standard
	14.76 ± 0.52
	
	

	Spinach sandwich
	14.76 ± 0.52
	
	

	Standard
	14.76 ± 0.52
	
	

	Drumstick leaves roti
	14.64 ± 0.70
	
	

	Standard
	14.88 ± 0.33
	
	

	Mudakkathan keerai dosai
	14.84 ± 0.37
	
	

	Standard
	14.88 ± 0.33
	
	

	Keerai pakoda
	14.80 ± 0.41
	
	


Figure II

Figure III


The mean scores for the overall acceptability of the incorporated recipes ranged from 14.56 to 14.88. The difference was only in meager amounts. The ‘F’ value between the groups was found to be 0.916. There was no significant difference between the recipes. This indicates that the overall acceptability of the incorporated recipes seems to be good. As a result, the inclusion of the incorporated recipes in our daily diet can also be recommended into order to combat micronutrient deficiencies. 
COMPARISON BETWEEN THE MAIN AND INCORPORATED RECIPES


Paired sample ‘t’ test was carried out for the overall acceptability of the main and incorporated recipes. The values are given in Table XV and Figure IV. 
TABLE XV

PAIRED DIFFERENCE
	
	Mean ± S.D
	‘t’

Value
	Significance

	Overall acceptability score of main recipe Vs Overall acceptability score of incorporated recipe
	0.2775 ± 0.2723
	0.510
	NO SIGNIFICANCE


 
The mean value for the overall acceptability of main recipes and the incorporated recipes were found to be 0.02778 ± 0.2723 and ‘t’ values was 0.510. There was also no significant different between the main and the incorporated recipes. This gives us a clear picture about the high acceptability of both the main and incorporated recipes. From the data, it is evident that the recipes developed using green leafy vegetables can be prepared either as a main recipe or as an incorporated recipe as both are highly acceptable in all its attributes. 

Fig 4

C.
 MICRONUTRIENT POTENTIALS OF RECIPES DEVELOPED WITH GREEN LEAFY VEGETABLES 

1.
Micronutrient potentials of the selected main recipes


The protein and mineral content of the main recipes are given in                 Table XVI and Figure V.

TABLE XVI

 PROTEIN AND MINERAL CONTENT OF THE MAIN RECIPES 

(PER SERVING)
	Recipes
	Weight

(g)
	Protein

(g)
	Calcium

(mg)
	Phosphorus

(mg)
	Iron

(mg)

	Sirukeerai kozhambu
	75
	5.89
	130
	67
	13.24

	Manathakkali keerai kootu
	50
	2.57
	190
	48
	8.00

	Mulla keerai poriyal
	40
	1.23
	123
	53
	12.85

	Arai keerai masiyal
	40
	1.02
	158
	38
	1.70

	Thandu keerai soup
	60
	0.05
	99
	20
	1.10

	Curry leaves thuvayal
	35
	2.10
	166
	114
	0.50

	Coriander leaves chutney
	35
	1.98
	36
	72
	0.95

	Agathi keerai rasam
	60
	2.86
	239
	47
	1.56

	Palak paneer
	75
	3.80
	319
	114
	1.23



Table XVI shows the protein and mineral content of the main recipes. Among the main recipes, protein content was maximum in sirukeerai kozhambu and minimum in thandu keerai soup. The inclusion of dhal in kozhumbu would have contributed to more protein content. 

Figure V

Among the mineral contents studied, almost all the main recipes showed to be rich sources of calcium, iron and phosphorus. Calcium content was more in palak paneer and phosphorus content was maximum and almost similar in both palak paneer and curry leaves thuvayal (114 mg/serving). Sirukeerai kozhumbu was a rich source of iron (13.24 mg/serving) followed by mulla keerai poriyal (12.85 mg/serving). Though the mineral content of the recipes varied due to the ingredient composition, these recipes were found to be rich sources of micronutrients. 


The vitamin content of the main recipes are given in Table XVII and  Figure VI.

TABLE XVII
VITAMIN CONTENT OF THE MAIN RECIPES 

(PER SERVING)
	Recipes
	Weight

(g)
	Thiamine 

(mg)
	Riboflavin

(mg)
	Vitamin C (mg)
	Total carotene (mg)
	Beta carotene (mg)

	Sirukeerai kozhambu
	75
	0.19
	0.083
	3.45
	5.370
	3.120

	Manathakkali keerai kootu
	50
	0.10
	0.19
	8.75
	7.470
	4.343

	Mulla keerai poriyal
	40
	0.09
	0.05
	8.4
	6.930
	4.492

	Arai keerai masiyal
	40
	0.12
	0.01
	24.1
	11.11
	8.47

	Thandu keerai soup
	60
	0.008
	0.007
	26.4
	8.01
	6.471

	Curry leaves thuvayal
	35
	0.02
	0.05
	1.18
	4.10
	1.472

	Coriander leaves chutney
	35
	0.02
	0.03
	28
	3.131
	0.937

	Agathi keerai rasam
	60
	0.09
	0.43
	26
	4.870
	1.637

	Palak paneer
	75
	0.15
	0.72
	16.2
	1.430
	0.841


Fig 6


Vitamins are needed for maintenance of health and to combat the oxidative stress observed in cells. Among the main recipes studied, sirukeerai kozhumbu showed maximum thiamine content and riboflavin was higher in palak paneer. Vitamin C and beta carotene and potent antioxidants and these vitamins are recommended in large amounts for non-communicable diseases. Coriander leaves chutney (28 mg) and agathi keerai rasam (26 mg) showed maximum vitamin C content. Both total carotenoid and beta carotene were retained in higher amounts in arai keerai masiyal followed by thandu keerai soup. Thus, the vitamin content of the selected main recipes revealed that inspite of the losses observed in cooking, appreciable amount of vitamins were retained. 

2.
Micronutrient potentials of the selected greens incorporated recipes 


The protein and mineral content of the greens incorporated recipes are given in Table XVIII and Figure VII.

TABLE XVIII
 PROTEIN AND MINERAL CONTENT OF THE GREENS INCORPORATED RECIPES (PER SERVING)
	Recipes
	Weight

(g)
	Protein

(g)
	Calcium

(mg)
	Phosphorus

(mg)
	Iron

(mg)

	Methi leaves chappathi
	200
	12.12
	112
	72.3
	2.89

	Vallarai leaves upma
	86
	10.87
	78.2
	83.12
	2.12

	Thandu keerai vadai
	180
	22.53
	163.4
	359.1
	6.82

	Manathakkali leaves 

kozhukattai
	85
	5.5
	22.5
	165.1
	3.19

	Coriander and mint rice
	110
	3.3
	12.09
	88.42
	1.72

	Drumstick leaves roti
	130
	12.1
	69.8
	219.7
	1.58


Fig 7


Among the greens incorporated recipes , protein content was maximum in thandu keerai vadai (22.53g) and methi leaves chapathi and drumstick leaves roti showed similar protein content (12.1g). The calcium content was also maximum in thandu keerai vadai followed by methi leaves chapathi and vallarai leaves upma. The phosphorus content was maximum in thandu keerai vadai followed by drumstick leaves roti and manathakkali leaves kozhukattai. Iron content was also maximum in thandu keerai vadai followed by manathakkali leaves kozhukattai and methi leaves chapathi. In general, thandu keerai ranked higher in retaining protein and mineral contents compared to other recipes. The results prove that appreciable amounts of micronutrients are retained even in greens incorporated recipes. 


The vitamin content of the greens incorporated recipes are given in          Table XIX and Figure VIII.
TABLE XIX
 VITAMIN CONTENT OF THE INCORPORATED RECIPES 

(PER SERVING)
	Recipes
	Weight

(g)
	Thiamine 

(mg)
	Riboflavin

(mg)
	Vitamin C (mg)
	Total carotene (mg)
	Beta carotene (mg)

	Methi leaves chappathi
	200
	0.12
	0.14
	16.3
	5.347
	2.13

	Vallarai leaves upma
	86
	1.17
	0.09
	17.9
	2.34
	1.13

	Thandu keerai vadai
	45
	0.4
	0.18
	26.9
	2.31
	1.10

	Manathakkali leaves 

kozhukattai
	85
	0.11
	0.08
	0.86
	2.8
	2.12

	Coriander and mint rice
	110
	0.12
	0.03
	15.08
	3.12
	1.82

	Drumstick leaves roti
	130
	0.15
	0.06
	37.9
	2.8
	2.20


Fig 8


Table XIX shows vitamin content of greens incorporated recipes. Thiamine content was more in vallarai leaves upma and riboflavin was retained in higher amounts in thandu keerai vadai. Vitamin C was maximum in drumstick leaves roti (37.9mg), followed by thandu keerai vadai and vallarai leaves upma. Total carotenoids was maximum in methi leaves chapathi and beta corotene was maximum in drumstick leaves roti. Greens incorporated recipes showed appreciable retention of total carotenoids and beta carotene inspite of the losses observed due to heat in cooking and isomerization. 

3.
Antinutritional factors like phytic and oxalic acids


Antinutritional factors like phytates and oxalates for the main recipes are given in Table XX.

TABLE XX
 ANTINUTRITIONAL FACTORS OF MAIN RECIPES 

(PER SERVING)
	Recipes
	Oxalic acid 

(mg)
	Phytic acid 

(mg)

	Sirukeerai kozhambu
	3.2
	41.69

	Manathakkali keerai kootu
	1.92
	30.5

	Mulla keerai poriyal
	2.7
	16.1

	Arai keerai masiyal
	153
	0.15

	Thandu keerai soup
	96.5
	0.02

	Curry leaves thuvayal
	15.82
	4.2

	Coriander leaves chutney
	7.2
	-

	Agathi keerai rasam
	-
	-

	Palak paneer
	130.7
	-




Level of greens used – 15g to 50 g


The amount of greens used in the main recipes ranged from 15g to 50g. The oxalic acid and phytic acid content were analyzed in the nine main recipes prepared. The oxalic acid and phytic acid content of the cooked recipes were compared with the amount of oxalate and phytate present in the raw green leafy vegetables. The amount of oxalic acid present in raw green leafy vegetables selected varied from 9.4 to 308mg. Cooking in the form of recipes reduced the oxalic acid content. The oxalic acid content of the recipes ranged from 1.7 to 153mg the least being in manathakkali keerai kootu and maximum in arai keerai masiyal. The phytate content of the selected greens in its raw form ranged from 0.1 to 3.5mg. In the cooked recipes, phytate content ranged from 0.15 to 41.69mg. Sirukeerai kozhambu, manathakkali keerai kootu showed maximum phytates. The higher level of phytates may be attributed to other ingredients like dhal.

Antinutritional factors for greens incorporated recipes are given in               Table XXI.
TABLE XXI
ANTINUTRITIONAL FACTORS OF GREENS INCORPORATED RECIPES (PER SERVING)
	Recipes
	Oxalic acid

(mg)
	Phytic acid

(mg)

	Methi leaves chappathi
	26.3
	2.7

	Vallarai leaves upma
	19.3
	4.3

	Thandu keerai vadai
	133.3
	57.67

	Manathakkali leaves 

kozhukattai
	78.2
	2

	Coriander and mint rice
	40.12
	4.4

	Drumstick leaves roti
	122.9
	15.35



The amount of greens used in the incorporated recipes ranged from 15 to 40g. The oxalic acid and the phytic acid content were analzyed in the incorporated recipes and compared to the amount present in the selected raw green leafy vegetables. The oxalic acid of the greens incorporated recipes ranged from 19.3 to 133.3mg minimum in vallarai leaves upma and maximum in thandukeerai vadai. Cooking brought about significant reduction in oxalic acid level. The phytic acid content of raw green leafy vegetables ranged from 0.5 to 14.5. The phytic acid content of the cooked recipes ranged from 2.0 to 57.67mg, maximum in thandu keerai vadai. The increase in phytic acid content in thandu kerai vadai may be attributed to the phytate present in dhal and other ingredients. In general, cooking brought about reduction in antinutritional factors. 

D.
DEVELOPMENT OF A BOOKLET COMPRISING OF RECIPES WITH GREEN LEAFY VEGETABLES.


A booklet was prepared with the developed 25 recipes using the selected green leafy vegetables. This booklet comprised of an introduction and actual preparation of the main recipes using green leafy vegetables and incorporated recipes. The booklet includes the photographs of raw green leafy vegetables selected, nine main recipes and 16 greens incorporated recipes. The booklet gives the step by step procedure of preparation of all the 25 recipes developed. The booklet developed will be a ready reckoner for use in demonstration and education programme. An attempt will be made in the future to translate the recipes in Tamil for usage in the community. The booklet thus developed entitled, “Recipes with green leafy vegetables” is enclosed in Appendix.


From the foregoing results, it is revealed that the commonly consumed green leafy vegetables were amaranthus tender, drumstick leaves, arai keerai, manathakkali, mullakeerai, agathi, spinach, pudhina, ponnaganni, fenugreek leaves, vallarai, paruppu keerai, sirukeerai, pulichakeerai and kuppakeerai. Nine main recipes and 16 incorporated recipes were developed using commonly consumed green leafy vegetables. The sensory evaluation of the main and incorporated recipes showed that these recipes were acceptable and the acceptability scores were comparable to the scores obtained for the standard recipes. No significant difference was observed between the scores obtained for overall acceptability for standard and incorporated recipes. Micronutrient analysis of the recipes showed that the developed recipes were found to be good sources of iron, vitamin C and beta carotene. Further, oxalic acid content was reduced on cooking. A booklet was developed, which contained the preparation of nine main and 16 incorporated recipes. Long term sustainable strategy like nutrition education coupled with dietary diversification of daily consumption of greens in the form of these recipes would combat micronutrient malnutrition.
V. 
SUMMARY AND CONCLUSION

Micronutrient malnutrition is widely prevalent among the Indian population, especially vulnerable segments. The important micronutrient deficiencies are iron, vitamin A and iodine. Apart from these, other deficiencies in relatively less magnitude are zinc, folic acid, vitamin B12 and other B complex vitamins. Multicentric studies carried out by ICMR, NNMB and NFHS-3 also showed that prevalence of anaemia, vitamin A deficiency and iodine deficiency disorders continues to be high though there is a small decline in the prevalence of iodine deficiency disorders in India. Since dietary diversification is the potential long term strategy to combat micronutrient malnutrition and data on micronutrient content of recipes using green leafy vegetables are scarce in India, the need for the present study. The major objective of the study was to develop recipes using green leafy vegetables and evaluate the sensory characteristics and micronutrient potentials of the developed recipes. In the methodology, a pilot study was conducted to assess the consumption pattern of green leafy vegetables among 50 households in Coimbatore district. Based on the results, 15 commonly consumed green leafy vegetables were selected and 25 recipes were developed and standardized. Nine main recipes and 16 incorporated recipes were developed. The developed recipes were subjected to sensory evaluation using a three point scale score card for the characteristics namely appearance, colour, flavour, texture and taste with a total acceptability score of 15. Further 15 recipes were analysed for their micronutrient potentials namely protein, total carotenoid, beta carotene, iron, vitamin C, calcium and phosphorus by standard procedures. Antinutritional factors like oxalic acid and phytic acid were also analysed. Further a booklet was developed comprising of an introduction and method of preparation of 25 recipes. 
 The salient findings of the study are : 

1. The consumption pattern reveals that amaranthus, drumstick leaves, arai keerai, manathakkali keerai, mullakeerai, agathi and spinach were commonly consumed greens by 90, 86, 76, 70 and 70 per cent of the families respectively. 
2. Among the surveyed families only 10 per cent of the families consumed greens daily and 20 per cent three to four times a week. Fifty six per cent of the families consumed greens only once or twice a week. 
3. Twenty to eighty per cent of the families surveyed purchased different greens either from the market or the vendor. Drumstick leaves alone was grown by 48 per cent of the families at home. 
4. The greens most liked by the families were amaranthus tender, drumstick leaves, arai keerai, manathakkali keerai, mullakeerai, agathi and spinach by 70, 65, 63, 61, 58, 55 and 52 per cent respectively. Vallarai was liked only by ten per cent of the families. 
5. Sixty per cent of the families used sunflower oil for cooking greens. The amount of all the oils used for cooking greens was found to be two to three tablespoons per 250 g of greens. 
6. Most people (40 per cent) preferred refrigerator for storage of greens. Only ten per cent of the families preferred to use greens freshly without adopting any storage practices. 
7. From the choice of the recipe and the consumption pattern of the community, nine main recipes and 16 incorporated recipes were selected and developed. 
8. The sensory evaluation revealed that all the main recipes obtained a score of 3.0 for their acceptability and colour which indicates that they have a good appeal for colour and sense and are well accepted. 
9. Mullakeerai poriyal alone scored 3.0 for its taste and rest of the recipes showed only a meager difference in their values. 
10. The mean scores obtained for the overall acceptability of all the main recipes showed difference in meagre amounts only. There was no significant difference in the scores obtained 
11. The sensory evaluation of the standard and incorporated recipes showed only a meagre difference in their scores. The scores obtained for acceptability and colour was 3.0 for both standard and incorporated recipes. 
12. Mixed greens raita scored maximum 3.0 for its taste. No significant difference was found between the recipes. 
13. Paired comparison tests for main and the incorporated recipes showed no significant difference. This indicated that both the main and the incorporated recipes were equally accepted. 
14. From nutrient analysis, sirukeerai kozhambu was found to have maximum protein content (5.89). Arai keerai masiyal had a lower protein content for 1.02 g per serving. The calcium content of all recipes were high except for thandu keerai soup and coriander leaves chutney (99 and 36 respectively). Sirukeerai kozhambu had a higher iron content of 13.24 mg per serving. 
15. Among the main recipes, sirukeerai kozhambu showed maximum thiamine content, (0.19 mg). Palak paneer had a higher content of rilboflavin (0.72mg per serving). The vitamin C content of coriander chutney (28mg) was found to be higher among all the main recipes. Curry leaves showed a least values of 1.18mg per serving. 
16. Both total carotenoid and beta carotene were retained in higher amounts in arai keerai masiyal (11.11and 8.47mg respectively). Palak paneer showed a least total carotene value of 1.430mg per serving. Coriander leaves chutney showed a least beta carotene value of 0.937 mg per serving. 
17. Thandu keerai vadai ranked higher in retaining protein and mineral contents compared to other greens incorporated recipes. It was found to contain 22.53g of protein, 163.4mg of calcium and 359.1mg of phosphorus and 6.82mg of iron. 
18. The thiamine content was more in vallarai leaves upma and riboflavin was retained in higher amounts in thandu keerai vadai (1.17 and 0.18mg respectively). Drumstick leaves roti had a higher vitamin C content (37.9mg per serving). Vitamin C was minimum in manathakkali leaves kozhukattai (0.86mg per serving). 
19. Total carotenoid was maximum in methi leaves chapathi and drumstick leaves roti had a maximum beta carotene value (5.347mg and 2.20mg respectively). 
20. Antinutritional factors like oxalic acid was found to be reduced in the cooked recipes. The amount of oxalic acid present in raw green leafy vegetables selected varied from 9.4 to 308mg. Cooking in the form of recipes reduced the oxalic acid content. The oxalic acid content of the recipes ranged from 1.7 to 153mg the least being in manathakkali keerai kootu and maximum in arai keerai masiyal.

From the foregoing results, it is revealed that the commonly consumed green leafy vegetables were amaranthus tender, drumstick leaves, arai keerai, manathakkali, mullakeerai, agathi, spinach, pudhina, ponnaganni, fenugreek leaves, vallarai, paruppu keerai, sirukeerai, pulichakeerai and kuppakeerai. Nine main recipes and 16 incorporated recipes were developed using commonly consumed green leafy vegetables. The sensory evaluation of the main and incorporated recipes showed that these recipes were acceptable and the acceptability scores were comparable to the scores obtained for the standard recipes. No significant difference was observed between the scores obtained for overall acceptability for standard and incorporated recipes. Micronutrient analysis of the recipes showed that the developed recipes were found to be good sources of iron, vitamin C and beta carotene. Further, oxalic acid content was reduced on cooking. A booklet was developed, which contained the preparation of nine main and 16 incorporated recipes. Long term sustainable strategy like nutrition education coupled with dietary diversification of daily consumption of greens in the form of these recipes would combat micronutrient malnutrition.
Further studies on the following lines are recommended.
· Long term studies on supplementation of greens to vitamin A or iron deficient target groups  
· Development and standardization of recipes with dehydrated greens or vegetables. 
· Development of booklets in Tamil and standardization of more traditional recipes with greens. 
· Popularization programme and method demonstration programmes to enhance consumption of green leaves in daily diets. 
· Nutrition education and mass media coverage to enhance the daily intake of micronutrients. 
· Studies exploring the nutraceutical potentials of fresh and dried green leafy vegetables.
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APPENDIX I

SCHEDULE FOR THE SURVEY

Date :



Place :



1.
a.
Name of the Interviewee

b. Age

c. Occupation

d. Income

e. Family size

f. Address

2. Do you use greens in the house ?

3. From where do you obtain greens ?

Source

	Name of 

the green
	Purchased 

from market
	Plucked from 

near by fields
	Received free 

of cost

	
	
	
	


4. Daily expenditure on greens

5. Frequency of use of greens

6. Commonly consumed greens in the household

7. Uncommon / essential greens used

8. a.  Which greens do you like the best


b.  Reason

9. a.  Methods of cooking employed

b. Type of oil used

c. Amount of oil used

10. Method of storage of greens

	Name of the greens
	Type of storage
	Period of storage

	
	
	


11. Do you have a kitchen garden ?

12. Which greens are grown in the house ?

13. Common fruits and vegetables used in the house

	Name of the

fruit/vegetable
	Mode of procurement

(Vendor/Market/House)
	Type of 

storage
	Duration of 

storage

	
	
	
	


14. Month expenditure on

a. Fruits

b. Vegetables

15. Frequency of use of

16. a.  Which fruit do you like best


b.  Reason

17. a.  Which vegetable do you like best

b. Type of oil used

c. Amount of oil used

18. Common recipes used for greens 

APPENDIX II

II. SCORE CARD FOR MAIN RECIPES

	Recipes
	Score
	Criteria

	
	
	Acceptability
	Colour
	Flavour
	Texture
	Taste

	Siru keerai kozhambu
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Manathakkali keerai kootu
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Siru keerai porriyal
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Arai keerai masiyal
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Amaranth soup
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Curry leaves thuvayal
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Coriander leaves chutney
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Agathi keerai rasam
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Palak paneer
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	


Good – 3; Fair – 2; Poor -1

II.
SCORE CARD FOR STANDARD AND INCORPORATED RECIPES

	Recipes
	Score
	Criteria

	
	
	Acceptability
	Colour
	Flavour
	Texture
	Taste

	Methi leaves chappathi
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Methi leaves upma
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Amaranth vadai
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Manathakkali leaves kozhukattai
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Greens rice
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Keerai bonda
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Spinach bajji
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Keerai puffs
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Mixed greens pulao
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Greens raita
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Amaranth in coconut gravy
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Cauliflower salad with spinach cream dressing
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Spinach sandwich
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Drumstick leaves roti
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Mudakkathan keerai dosai
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	

	Keerai pakkoda
	3
	
	
	
	
	

	
	2
	
	
	
	
	

	
	1
	
	
	
	
	


Good – 3; Fair – 2; Poor -1

APPENDIX III

ESTIMATION PROCEDURES FOR NUTRIENT ANALYSIS
ESTIMATION OF CALCIUM

Aim


To estimate the amount of calcium present in the given sample.

Principle


Calcium is determined by precipitating it as calcium oxalate and titrating the oxalate solution in dilute sulphuric acid against standard potassium permanganate.

Apparatus


Beaker, burette, pipette, flash and standard flash.

Reagents

1. Ammonium oxalate : 4% ammonium oxalate was dissolved in 200ml of water till it was saturated

2. 0.01N oxalic acid : 0.063g oxalic acid crystals were weighed and dissolved in 100ml of distilled water.

3. 0.01N potassium permanganate : 0.316 g of potassium permanaganete was dissolved in 1000ml of distilled water.

4. Strong ammonia

5. Glacial acetic acid

6. 2N sulphuric acid: 5.5ml of sulphuric acid was dissolved in 94.5ml of distilled water

Procedure

Ash from the ignited sample was dissolved in hydrochloric acid and made upto 100ml. 10ml of the ash solution was pipetted out in a conical flash and 90 ml of distilled water was added to it. Added 2 drops of methyl red indicator. It was made strongly alkaline by adding ammonia and kept for boiling. 20ml of saturated ammonium oxalate was added to the solution, 10ml each time to ensure complete precipitation directly. When it was hot, a few drops of acetic acid were added to render the medium acidic. The precipitate was allowed to settle overnight. The next morning the solution was filtered with Whatman No. 40 filter paper. The precipitate was washed first with ammoniacal water and then with hot water several times until it was free from chloride. To test it 5ml of the washing was collected, in a test tube and a drop of silver nitrate solution was added. The  washing was continued till there was no precipitate with silver nitrate or calcium chloride solution. The filter paper was collected in a flask by making a hole int eh filter paper. To this, 20 ml of warm 2N sulphuric acid was added. This solution was heated to 60-80(C and when still hot was titrated against N/100 potassium permanganate solution. From the volume of potassium permanganate solution used up the milligrams of calcium present in 100g of the sample was calculated.

ESTIMATION OF PHOSPHORUS

Aim 


To estimate the amount of phosphorus present in the given sample.

Principle


When the ash solution is treated with ammonium molybdate, phosphomolybdic acid is formed. Phosphomolybdic acid is reduced by the addition of 1, 2, 4 amino naphthol sulphonic acid reagent to produce a blue colour which is apparently a mixture of oxides of molybdenum. The intensity of the colour developed is the measure of phosphorus present.

Apparatus


Measuring cylinder, Klett, Test tubes, Pipette

Reagents

1. Molybdate solution No. I: Dissolved 25g of reagent grade ammonium molybdate in about 200ml of water. In one litre volumetric flask 500ml of 10N sulphuric acid was added. The molybdate solution was added and was diluted with water to one litre. This solution is stable indefinitely.

2. Molybdate solution No. II: Dissolved 25g of reagent grade ammonium molybdate in about 200ml of water. In one liter volumetric flask, 300ml of 10N sulphuric acid was added and was diluted with water to one liter. This solution is stable indefinitely.

3. ANSA: 195ml of 15% sodium bisulphate solution was placed in a glass stoppered cylinder. 0.5g of 1, 2, 4 ANSA (amino naphthol sulphonic acid) was added followed by 5ml of 20% sodium sulphite. Put the stopper and shook until the powder was dissolved. If the solution was not complete, added more sulphite, 1 ml at a time with shaking but avoided excess. This solution was transferred to a brown glass bottle and stored in the refrigerator.

4. Stock standard phosphorus solution:35.1mg  of pure potassium diabetics-hydrogen phosphate is weighed and dissolved in water. Added 10ml of 10N sulphuric acid and made upto 100ml with water. 5ml of the solution contains 0.4mg of phosphorus. Prepared a working standard containing 8 gamma of phosphorus in 1ml of the solution by making up 5ml of the standard solution to 50ml with water.

Procedure


2ml of the ash solution was taken in two test tubes. 1ml of molybdate II and 0.4ml of 1, 2, 4 amino naphthol sulphonic acid were added and the volume was made upto 10ml with distilled water. To 1ml, 2ml, 3ml, 4ml and 5ml of standard solution, 1ml of molybdate 1 solution and 0.4ml of ANSA were added and made upto 10ml. All the tubes containing 10ml of the solution were mixed well and allowed to stand for 15 minutes. Simultaneously, a blank was prepared by mixing 8.6ml of water, 1ml of molybdate II and 0.4ml of ANSA. The colour developed was read in the colorimeter using red filter of wavelength 660 millimicrons.

ESTIMATION OF IRON

Aim


To estimate the amount of iron present in 100g of the given food sample.
Principle


The food sample is oxidized with ignition of oxidation. Iron as ferric iron reacts with ammonium thiocyanate or with potassium thiocyanate to give ferric thiocyanate which is red in colour. The colour which is a measure of the concentration is measured colorimetrically.
Apparatus


Volumetric flask, test tubes, klett, pipette.
Reagents
1. Stock iron solution: Dissolved 0.0702gm (70.2mg) of reagent grade crystalline ferrous ammonium sulphate (Mohr’s salt) in 100ml of water.

2. Working standard: Prepared a working standard solution in a 100ml of volumetric flask by adding 10ml of the stock solution and diluted to the mark with distilled water.

3. Saturated potassium persulphate solution: Shook 7 to 8g reagent grade potassium per sulphate in 100ml of water in a glass stoppered flask. The undissolved crystals settled to the bottom and compensates the loss by decomposition. 

4. 3N potassium thiocyanate : Dissolved 146g of reagent grade potassium thiocyanate in water and diluted to 500ml with water. Filtered if turbid. Added 20ml of pure acetone to improve the keeping quality. Deterioration will be evident from the rapid fermentation of a yellow colour in the blank. Stored in brown bottles.

Procedure


2g of the sample was ashed by ignition. When ashing had been completed 5ml of hydrochloric acid was added and made upto 100ml in a volumetric flask.


Took different aliquots of the standard solution (1ml-5ml) corresponding to 10-50 gamma in a series of test tubes. 2ml of the unknown solution was taken in the test tube. Added 1ml of 30% H​2SO4, 1ml of potassium per sulphate and 1.5ml of potassium thiocyanate to all the test tubes. This was made upto 10ml with water. A blank was prepared by adding the reagents except the standard or the unknown solution. Allowed the colour to develop for 20 minutes and the intensity was read at 530-540( filter in the colorimeter.

ESTIMATION OF VITAMIN C BY DYE METHOD

Aim

To estimate the amount of vitamin C present in the given sample.
Principle

Vitamin C is a good reducing agent and it reduces the dye 2, 6 dichlorophenol indophenol. In this reaction, the ascorbic acid itself is oxidized to dehydro ascorbic acid. In the absence of interfereing substances, the capacity of an extract of the sample to reduce a standard solution of the dye as determined by titration is directly proportional to the vitamin C content. Oxalic acid is not only used to reduce the pH of the extracting medium, thereby establishing vitamin C but also form complexes with metals, eg., copper thereby preventing the catalytic oxidation of vitamin.
Apparatus


Centrifuge, centrifuge tubes, mortar and pestle, beakers, pipette, 100ml standard flask, burette and funnel.
Reagents

1. 2, 6 dichlorophenol indophenol dye : Dissolved 42mg of sodium bicarbonate and 52mg of 2, 6 dichloro indophenol in about 50ml of water. This was diluted to 200ml, filtered and stored in the refrigerator.

2. 4% oxalic acid : Dissolved 4g of oxalic acid in 100ml distilled water.

3. Standard ascorbic acid : Dissolved 100mg of pure ascorbic acid crystals in 100ml of 4% oxalic acid.
Standardization of the dye


Pipetted out 10ml of the standard ascorbic acid solution into a beaker and then added 25ml of 4% oxalic acid. From this solution pipetted out 5ml into a conical flask and placed in an ice container and the contents were titrated against the dye in the burette. The end point was the appearance of pink colour which persisted for 30 seconds. The amount of dye consumed is equivalent to the amount of ascorbic acid present.
Procedure


5g of the sample was weighed and soaked in 4% oxalic acid for 10mts. This was taken ground in a mortar and transferred to centrifuge tubes adding more oxalic acid. The solution was centrifuged and the supernatant clear liquid was transferred to a 100ml standard flask. Repeated the extraction with oxalic acid for three to four times. All the supernatants were collected in the same standard flask and this was finally made upto the mark with acid. The dye was taken in a microburette and titrated against 5ml of the extract in the beaker. The end point was the appearance of pink colour which persisted for 30 seconds. The titration was repeated till concordant values were obtained.
ESTIMATION OF NITROGEN

Aim


To determine the amount of nitrogen present in the given sample.
Principle


The given sample is digested with concentrated sulpphuric acid in a macrokjeldahl flask when nitrogen gets converted to ammonium sulphate. Ammonia is liberated by the action of strong alkali in a macrokjeldahl steam distillation apparatus. This nitrogenous substance is converted to ammonium borate by absorbing 2% boric acid and is titrated against N/70 H2SO4. The volume of acid required to bring the test sample to the colour of the blank gives the acid equivalent to the ammonia.
Reagents

1. N/70 sulphuric acid

2. 40% sodium hydroxide

3. 2% boric acid (in warm water)

4. Digestion mixture : A mixture of copper sulphate and potassium sulphate in the ratio of 2:98

5. Concentrated sulphuric acid

6. Mozazaga indicator : A mixture of bromocresol green and methyl red indicator in 95% alcohol in the rtio of 4:1 (80mg and 20mg in 100ml alcohol).

Procedure

1. 0.5g of the sample was taken into the digestion flask. To this added 15ml of concentrated sulphuric acid and a pinch of digestion mixture as a catalyst. Kept at boiling gently over a heating mantle.

2. After digestion, the flask was cooled and the contents were transferred to a 100ml standard flask and made upto the mark with distilled water.

3. The whole apparatus was washed with distilled water and allowed to back suck.

4. 10ml of boric acid was taken  in a conical flask. A drop of indicator was added to it and kept under the condenser.

5. The tip of the condenser was well below the liquid.

6. 5ml of the digested blank was added into the distillation chamber through the funner.

7. Then added 10ml of 40% NaOH. Washed the funnel with 2 to 3ml of distilled water.

8. Closed the tap and steam was generated.

9. Steam entered the distillation chamber and drove all the ammonia which is in turn absorbed by boric acid.

10. Solution was pinkish white in color, turned blue.

11. Steam was passed for 5 minutes and then the conical flask was lowered and the tip of the condenser washed.

12. The boric acid solution containing the liberated ammonia was titrated against N/70 H2SO4.

13. The end point was the appearance of pale permanent pink colour.

14. Between each estimation, the apparatus was washed.

15. The experiment was repeated to get concordant values.

ESTIMATION OF PHYTIN PHOSPHORUS

Aim 


To estimate the amount of phytin phosphorus in Bengal gram flour.
Principle


Ferric chloride forms a complex of phytic acid Fe++ when added to the sample which is insoluble. The excess Fe++ in the solution is estimated by thiocyanate method.
Procedure


Added 100ml of N/2 hydrochloric acid to 5gm of Bengal gram flour. The mixture was shaken well in a mechanical shaker for two hours. It was then centrifuged and filtered. 60ml of each of the filtrate were taken and added to 100ml standard flask. 4 drops of phenolphthaline were then added and then followed by 50% sodium hydroxide drop by drop until the mixture turned pink.  N/6 hydrochloric acid was then added till the pink colour just disappeared. 10 drops of N/6 hydrochloric acid was added in excess followed by 2 drops of octyl alcohol to prevent frothing. The volume was then made upto 100ml with distilled water and filtered. 20ml of the filtrate was taken in the boiling tube and 4ml of standard ferric chloride reagent (1.0ml of the solution contains 0.5mg of Fe++) was added and the mixture heated in a boiling water bath for 15-30 minutes. After cooling the solution was made upto 50ml in a standard flask and then allowed to stand overnight. Filtered and this was used as the experimental solution.


Pipetted out working standing iron solution ranging from 1 to 5ml with their values ranging fro 10 to 50. Took 2ml of each of the test solution made up the volumes to 7.7ml with water. Then added 0.4ml of saturated sulphuric acid and 1.6ml of 3N potassium thiocyanate solution. The colour developed was read at 540m( within 20 minutes. 1.09mg of Fe++ precipitated was equivalent to 1.0mg of phytic acid phosphorus.


A reagent blank was also conducted by adding 4.0ml of ferric chloride reagent to 20ml of the filtrate obtained using only 100ml of N/2 hydrochloric acid without the substance. Made upto 50ml and then filtered and 2.0ml of the filtrate was treated as above.

ESTIMATION OF OXALATE

Aim


To estimate the amount of oxalate in wheat flour and in Bengal gram flour.
Procedure


To 5g of well ground sample of Bengal gram flour and wheat flour are added 100ml of 2N sulphuric acid and the mixture was shaken for 2 hours in a mechanical shaker. It was then centrifuged and filtered.


To 25ml of the filtrate of each were added 5.0ml of phosphor tungstate reagent, shook well and the mixture was kept overnight.


To 20ml of the filtrate, were added 2 or 3 drops of methyl red, neutralized with ammonia, 5ml of calcium chloride buffer was then added and stirred well. The mixture was allowed to stand overnight. At the end of this period it was filtered through filter paper and the precipitate was washed free from chloride using distilled water. The precipitate along with the filter paper was transferred to another beaker and some distilled water was added to it followed by 5ml of 2N sulphuric acid. The mixture was heated to 80(C and then titrated against N/100 potassium permanganate. The end point was the appearance of pale pink colour.

ESTIMATION OF BETA CAROTENE

AIM

To determine the amount of beta carotene present in the given sample.

PROCEDURE

NIN METHOD

1. Weighed 15g of KOH and then taken in a conical flask.

2. Added 250ml of distilled water to the conical flask. 20ml of 60 % KOH is taken and added 80ml of distilled alcohol. Weighed, dried or fresh drumstick leaves to both the original and duplicate and transfer into a mortar and pertle and weighed amount is noted. Small amount is taken to minimize the time. Add small amount of glass powder to the mortar and pestle then added small amount of 12 % KOH and macerated thoroughly.

3. Transfer into the conical flask and wash the remaining content in a mortar and pestle by 12 % alcoholic potassium hydroxide.

4. Mixed well be a vortex mixture

5. Placed in a shaking watr bath for 37(C for ½ and hour.

6. Remove the conical flask and transfer it into a separating funnel, CaCO3 is added previously into a separating funnel. Shake well and the upper layer is collected, discarding the lower layer and the process is continued till there is no colour. A small amount of glass wool in a funnel and added anhydrous solution sulphide to the funnel and the extract is poured down in the funnel and the clear yellow solution is collected in the conical flask.

 
Once again the above process is repeated and collected in a measuring cylinder. One ml of the solution is taken in a cuvette and the optical density is determined from which the total carotene is calculated. One ml of the solution is filtered by 0.45ml filter and 20ml is injected into HPLC which carotene content is calculated.

