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ABSTRACT

Traditional milk products are a part of India. Khoa is a base for the preparation of many indigenous sweets. Peda is value added milk product prepared by mixing khoa and an appropriate amount of sugar followed by desiccation in kettle or karahi, which dries out the moisture, giving it a long shelf life and making it an ideal food product. Traditional dairy products in India are manufactured using age old methods .Such methods vary from place to place. For industrial production of such products a standardized process is needed. Present study was development of green gram pumpkin peda using 2-4% green gram flour, 6 –10% pumpkin pulps and 6-12% sugar was studied and optimum values determined using Response Surface Methodology (RSM) with central composite rotatable design (CCRD). The green gram pumpkin peda obtained from trials were analyzed for sensory evaluation and the highest desirability of 93 per cent was obtained by preparing peda with the levels 2.537 %  green gram flour, 10.319 %  pumpkin pulp and 8.512 % sugar. The standardized green gram pumpkin Peda was found to contain on average 13.2% fat, 26.8% moisture, 14.01 % protein, 73.19 % total solids, 1.72 % crude fiber,0.5% acidity and 2.1 % ash respectively Crude fiber and protein was increased due to the addition of green gram flour and pumpkin pulp. The color of green gram pumpkin peda was slightly yellowish green due to addition of pumpkin pulp and green gram flour. 













1. INTRODUCTION
 
In India, the total milk production during the year 2021-22 was 221.06 million tonnes as per the statistics of Ministry of Fisheries, Animal Husbandry& Dairying. About 50 % of the total milk produced in the country is converted into traditional milk products (https://niftem.ac.in/pmfme/peda). Traditional dairy products are indigenous milk products native of India and which were evolved over ages. The conversion of milk to traditional dairy products leads to value addition of dairy products besides improving their shelf life at room temperature.
 
 	Khoa is an important traditional milk product prepared conventionally by continuous boiling of milk in an open kettle until desired desiccation and texture is achieved. It is used as a base material for the preparation of a wide range of sweets such as Burfi, Peda, Gulab jamun, Milk-cake, Kalakand and Kunda. Peda, is a highly popular Indian sweet made from Pindi variety of khoa by adding sugar. It has got higher shelf life because of lower moisture content and sugar in it. Due to its popularity and demand there is a great opportunity for innovation and product diversification of peda.

Green gram (Vigna radiata L.) alternatively known as mung bean, maash, mung is an ancient and well known third most important legume crop of India, on account of its nutritional quality, early maturing and the suitability in cropping systems. They are rich source of proteins, dietary fiber, fat, vitamins and minerals. Besides nutritional benefits they also provide functional and health benefits like antioxidant activity, antimicrobial activity and anti inflammatory activity. It is mostly used in Indian cuisine as savory and in sweet dishes. The protein content in peda can be enhanced by addition of green gram and thereby the nutritive and health benefits of green gram can be utilized.
 
Pumpkin (Cucurbita moschata or Cucurbita spp.)  It is vegetable , Among cucurbitaceous vegetables, pumpkin has been appreciated for high yields; long storage life and high nutritive value consider a good source of both carotenes and dietary fibers. It is excellent source of beta and alpha carotenes .It is rich source of functional components like vitamins, minerals and dietary fibre and also it have natural Important antioxidant. Pumpkin also had role in reducing the risk of developing certain types of cancer. Pumpkin fruits are sweet when ripe with yellow or orange flesh rich in β-carotene, a precursor of vitamin. Pumpkin can profitably be converted into a variety of value added products such as jam, jelly, marmalade, candy, puree, sauce, chutney, pickle and halwa. Pumpkin is converted in to pulp, pumpkin powder pumpkin seed powder etc. flour and seed could be used to supplement cereal flours in bakery products, soups, instant noodles and natural colouring agent in pasta and flour mixes. Pumpkin seeds, generally thrown away are otherwise rich source of oil and nutrients and could be consumed as food. The seed flour is used as a protein supplement in bread and cookies. Pumpkin seeds have many health benefits due to lower cholesterol and antidepressant qualities.
 	

Green gram pumpkin peda is manufactured by addition of green gram flour, pumkin pulp and sugar to khoa. The addition of Green gram flour will improve the protein content of peda and it will also impart many health benefits. The addition of pumpkin pulp will provide the dietary fibre and also improve the colour and appearance of the product. Hence, in the present study, an attempt has been made for value addition by improving the nutritional status of peda by incorporation with Green gram flour and pumpkin pulp.  

The objectives of the study are as follows:

1. To optimize the levels of Green gram flour and Pumpkin pulp in Peda.  

2. To analyze the physico –chemical properties of the optimized Green gram pumpkin Peda. 






2. REVIEW OF LITERATURE	

2.1. PEDA
In India around 50 per cent of total milk produced is converted into traditional dairy products such as Ghee/ Makhan (clarified butter), Dahi (Yoghurt-like), Khoa (Partially desiccated milk product) and Chhana and Paneer (unprocessed cottage cheese). Out of these 7 per cent of milk is converted in to khoa based sweets as peda, burfi, kalakand, milk cake etc. (Aneja et al., 2002). Bandyopadhyay et al. (2006) reported that the annual growth rate consumption of traditional dairy products is more than 20 per cent, which is higher when compared with Western dairy products varying from 5-10 per cent. Thus, the expanding business prospects provide a good opportunity for the traditional dairy products in Indian markets (Gavhane et al., 2014).
Peda is an indigenous, khoa based, heat desiccated milk sweet prepared from either cow milk, buffalo milk or the combination of both. Peda has been known by different synonyms like peda, penda, pera etc. Peda can be classified on the basis of colour, flavour, regions (place of origin) etc.  There are different types of peda like white peda, yellow peda, brown peda, thabdi peda, kesar peda, Mathura peda, Dharwad peda, Lal peda and Bal mithai etc. In Indian society Peda is offered as “Prasad “at religious places and as an item of menu at ceremonial functions (Rasane and Jha, 2012). Peda is highly nutritious sweet product as it contains almost all milk solids and sugar and other additives (Gavhane et al., 2014).
The base material used in Peda preparation is khoa and sugar is added and additionally cardamom, pistachio etc may also be added. Peda is prepared by heating a mixture of Khoa and sugar until the desired granular and firm texture and flavour develops. Peda has low shelf life because of its unhygienic handling which results in heavy microbial load. The shelf life of Peda at ambient temperature is hardly more than two days or seven days (Yadav and Beniwal, 2009). Biradar et al. (1985) suggested that Modified Atmosphere Packaging (MAP) and vacuum packaging coupled with low temperature storage can enhance the shelf life of Peda. Buffalo milk is preferred over cow and goat for preparation of milk products such as paneer, basundi, khoa and khoa based sweets (Peda, burfi, kalakand, Gulab jamun etc.) because it gives soft and uniform body with smooth, compact and homogenous texture to finished products.
 Sejani et al. (2022) found that the peanut flour can be added at 17.04% per kg of buffalo milk to prepare thabdi peda which is a milk-based sweet with light to dark red color having firm body and granular texture. The addition of peanut flour increased the true protein content by 42.86 percentage.
Sharma et al. (2019) suggested that the flaxseed and sesame seed can be incorporated in khoa to prepare nutritionally enriched peda by complete replacement of sugar with honey. The control sample of peda was prepared with 70 per cent khoa and 30 per cent honey. The flax seed powder was incorporated at 2, 2.5 and 3 per cent and and sesame seed was added at 0.5 percentage. It was observed that the flaxseed incorporation decreased the moisture content (18.44 to 17.49 per cent), and increased the fat (14.57 to 15.67 per cent), protein (13.33 to 15.43 per cent) ash (2.76 to 3.42 per cent), fiber (0.00 to 3.42 per cent) content and antioxidant activity (0.00 to 40.6 mg/g) significantly. Peda made with flaxseed @ 2.5% was best in sensory evaluation and received highest score (7.7) in sensory evaluation (color & appearance, body & texture, flavor& taste, overall acceptability).
[bookmark: _Hlk124966552]Gavhane et al. (2014) reported Peda can be prepared from 95% buffalo milk with fixed level of sugar 30 per cent by weight of Khoa and 2% ginger powder by weight of Khoa.  It was observed that the overall acceptability, chemical composition. Peda with ginger powder can be very well utilized for preparation of nutritious, palatable and low cost Peda by blending 2 percent ginger powder with 95 per cent buffalo milk Khoa on weight basis.

 Gotarne et al. (2015) enhanced the nutritive value of peda by addition of date’s powder. The brown dates-peda prepared with 10% date powder and 27% sugar had highly desirable sensory qualities viz., flavor (9),body& texture (8.5), color &appearance (4.5), and overall acceptability (22).The optimized brown dates peda contained higher percentage of fat (20.5%),protein (17.6%), and sugar (46%)compared to the control peda. In total, thirteen formulations with different levels of dried date powder flesh (3-17%) and sugar(13-27%) were prepared as per CCRD design for sensory evaluation. Out of this, three levels of each of the two variables, viz., date powder (5%, 10%, and 15%) and sugar (15%, 20%, and 25%), were used for optimization by RSM. The input variables were coded as -1, 0, and 1. The study revealed that response model coefficients (RMCs) for flavor were significant (P ≤ 0.01) and positive in linear form (0.515), and negative (- 0.178) in quadratic form for sugar (R2 = 0.88). The RMCs for body & texture (B&T) was significant (P ≤ 0.01) and positive in linear form (0.515) as well as in quadratic form (0.117) for sugar (R2 = 0.78). The RMCs for color & appearance (C&A) were significant (P ≤ 0.05), positive, and linear for date powder (0.29) as well as sugar (0.22), and the value of R 2 was 0.74. The RMCs for overall acceptance (OA) were significant (P ≤ 0.01) and positive in linear form (1.254) for sugar, and significant (P ≤0.05) and negative (-0.685) in quadratic form for date powder (R2 = 0.86). 
Puri & Geevarghese (2015) reported that Caesalpiniasappan Linn. Heartwood extract can be used as natural colorant for peda. Caesalpiniasappanalso known as Brazil wood or ‘Pathimukham’ contains water soluble dyes such as brazilin. It was found that 0.09 per-cent of extract added during preparation at a concentration of 65 per-cent total solids gave highest sensory scores. The product was appealing and possessed good anti-oxidant activity.  
Shinde et al. (2015)  suggested that wheat bran can be successfully incorporated in peda up to 0.4 per cent by weight of milk without adversely affecting the sensory, textural and nutritional quality of finished product. The optimized product had moisture 14.20%, fat 21.46%, protein 16.58%, ash 2.35%, fiber 1.81% and total solids 45.4%. 
[bookmark: _Hlk125019213] Modha et.al. (2015) did process standardization of Thabdi Peda. It is a heat desiccated milk sweet, popular in Saurashtra region of Gujarat. He optimized the fat%, sugar % and duration of heating of Thabdi Peda and found that the product prepared from milk standardized at 6 % fat, 8.33 % sugar and 34 min duration of heating was the most acceptable. The standardized Thabdi peda had 16.80 % fat, 17.48 %moisture, 11.25 % protein, 20.95 % lactose, 29.99 %sucrose, 3.53 % ash and it gave 28.75 % yield.
Turmeric and black pepper powder can be used as natural preservative to increase the shelf life of the peda. Herbal peda prepared with 30% sugar, 1%black pepper and 1% turmeric increased the shelf life to 12 days at 300C  (Panday et al., 2018).

2.2.Green Gram
Green gram (Vigna radiata) is a member of the Fabaceae family and is also known as golden gram, mung bean, moong etc. Green gram is a well-known third most important pulse crop in India, on account of its nutritional quality, early maturing and the suitability in cropping systems (Math, 2017).
 Green gram is rich in proteins, essential minerals, vitamins and dietary fiber. It is mainly cultivated in East Asia, Southeast Asia and the Indian subcontinent. It is used as an ingredient in both savory and sweet dishes. Whole cooked mung beans are generally prepared from dried beans by boiling until they are soft. Green gram is light yellow in color when their skins are removed (Mishra et.al., 2020). 
The green gram is a protein rich staple food which contains 25 percent protein, which is almost three times that of cereals. It supplies protein requirement of vegetarian population of the country. Green gram is a very nutritious food rich in high grade vitamin B1 and B2, iron and proteins (Shukla et al., 2016).
The macromolecules, minerals and protein quality of green gram are analogous to or higher than alternative legumes (Samant, 2014). The macromolecule and carbohydrates from mung bean are simply light and build less flatulence than proteins derived from alternative legumes Nair et al., (2013). Sprouted beans have lower fat content compared to whole bean preparations. Therefore, salads prepared from sprouted beans are generally preferred over the whole bean ones, as far as weight loss is concerned (Mesallam, 2014). 
Sprouted green gram was higher in inhibitor capability over moth beans and chick peas. Sprouting increases the health benefits by increasing its free radical scavenging abilities which otherwise if reduced causes oxidative stress leading to provide base for many diseases (Sanjay, 2016).
Latha and Joseph,( 2021) formulated and standardized a new product using value addition of green gram flour incorporated in Madhuraseva. Green gram flour was added to Madhuraseva in four different variations 25%, 50%, 75% and 100%.The green gram flour incorporated Madhuraseva with 50% of the green gram flour was accepted with high in calcium and phosphorus content and also in sensory analysis. The nutrient analysis showed that the sample contains a good source of calcium 135.92mg and phosphorus 32.2mg when compared to that of the standard which had only 133mg of calcium and 30.4mg of phosphorus respectively. 
Rajiv et.al. (2012) reported that green gram flour can be used to prepare cookies.  The wheat flour was substituted by green gram flour at 10, 20, 30, 40 and 50% levels to enrich nutritional quality of cookies. The Green gram flour added at 40% to cookies increased the protein content by 1.25 times, iron by 1.6 times, calcium and zinc by 2 times and total dietary fibre by 2.3 times than the control. The ash and protein content was increased, while gluten content and SDS-sedimentation value decreased as GGF increased in blend. Peak viscosity, hot paste viscosity, dough elasticity and extensibility decreased with the increasing level of GGF. The spread ratio of the cookies decreased as the level of GGF increased in the blend.
 Jadhavar et.al. (2020) prepares energy-rich weaning food from soaked rice and germinated & roasted green gram and Finger millet flours in the ratio of 25:37.5:37.5 and jaggery was added for sweetness. The analysis revealed that the infant food contain  proximate composition of protein, fat, fiber, carbohydrate and energy value of 16.05, 1.42, 3.0, 65.20 and 337.78 respectively, mineral concentration Ca, Fe, K, Mg, P, Na, is 207, 9.36, 990, 126.28, 293 and 38.5 is mg/100 g. The sensory scores for attributes color, flavor, taste, aroma, texture (mouth feel), sweetness, overall acceptability was 9, 8, 9, 8, 7, 8, and 9 respectively. 

2.3. Pumpkin
Pumpkin belongs to the family Cucurbitaceae and is a widely grown vegetable all over the world. The name pumpkin was originated from a Greek word Pepon which means large melon. Cucurbita pepo, Cucurbita maxima and Cucurbita moschata are the worldwide commonly grown species of pumpkin. Cucurbita moschata is a leading crop cultivated since pre-historic time and currently most common variety of pumpkin in Asia and the United States of America. It is grown in almost all the regions of India (Nath et al 1979) while  Cucurbita maxima mostly grown in the hills and subtropical regions. The main growing season is summer and rainy seasons in most parts of India. Winter pumpkins are also grown in some parts of Southern and Western India (Seshadri 1989).The color of flesh ranges from pale yellow to crimson and flesh thickness often varies widely. Pawar et al (1985) has reported that the pumpkin fruits contain 77.5% edible portion. 
Pumpkin fruits are rich in carotenoids, vitamins, minerals and dietary fibers (Djutin 1991). The β carotene content of pumpkin fruits varies from 1.6 to 45.6 mg/100 g (Danilchenko et al 2000) and 2.8 to 3.4 mg/100 g upon the variety, pumpkin contains 85- 90% water, 70-86% edible portion, 2.0-2.1% protein, 0.3-0.6% fat, 1.4-3.5% starch, 1.1-2.7% dietary fiber, 179-190 kJ of energy and 8-27 mg vitamin C/100 g of edible portion (Wills 1987). Fresh pumpkin contains 92.2% moisture, 0.15% fat, 0.98% protein, 0.76% ash, 0.56% crude fiber and 5.3% carbohydrates (See et al 2007). The proximate analysis of pumpkin flesh (Sharma and Kumar 1995) revealed that it contains protein (1.4%), fat (0.1%), carbohydrate (4.6%), Ca (10 mg/100 g), P (30 mg/100 g) and Fe (0.7mg/100 g). Pulp of pumpkin is rich in Na, K, Fe, Mn, P and pectin but low in proteins (Egbekun et al 1998) (dhiman et.al., 2009 )
Pumpkin is a valuable source of functional components mainly carotenoids, lutein, zeaxanthin, vitamin E, ascorbic acid, phytosterols, selenium, and linoleic acid, which act as antioxidants in human nutrition. Pumpkin fruits are sweet when fully mature with yellow or orange flesh rich in carotene (Sirohi et al 1991). Pumpkin flesh is rich in fibre, vitamin C, vitamin E, Mg, K and a variety of carotenoids being the important sources of these amazing phyto nutrients. β-Carotene is one of the plant carotenoids converted to vitamin A in the body. In the conversion of vitamin A, β-carotene performs many functions in overall health. It works most efficiently in combination with other carotenoids and has been found to reduce the risk of lung and colon cancer. Pumpkin has no cholesterol, low in fat and sodium and rich in vitamins. Carotenoids are the primary source of vitamin A for most of the people living in the developing countries (Boileau et al 1999) where vitamin A deficiency is still common (Chakravarty 2000). Carotenoids are important for the prophylactic treatment of xeropthalmia (Simpson 1983). The presence of Mg, K and folate in pumpkin highlights its heart friendly attributes. 

 	According to Dhiman et.al (2009) Pumpkin can be converted into a variety of value added products such as jam, jelly, marmalade, candy, puree, sauce, chutney, pickle and halwa. Pumpkin flour could be used to supplement cereal flours in bakery products, soups, instant noodles and natural colouring agent in pasta and flour mixes. Pumpkin seeds, are considered to be rich source of oil and nutrients and could be consumed as food. The seed flour is used as a protein supplement in bread and cookies. Pumpkin seeds have many health benefits due to lower cholesterol and antidepressant qualities.
 Barakat & Hassan (2017). prepared stirred pumpkin-yoghurt by fortifying yoghurt with 15% pumpkin pulp and stored at 5˚C ± 1˚C for 14 days. Addition of pumpkin pulps decreased the pH and increased the acidity of stirred pumpkin-yoghurt significantly (P < 0.05). Total phenolic compounds (TPC), total flavonoid (TF), total flavonols (TFL), carotenoids contents, and antioxidant capacity of pumpkin-yoghurts were significantly increased.  The addition had significant effect on sensory parameters such as flavor, color, and overall acceptability. Thus, it is recommended that adding pumpkin pulps increases yoghurt health benefits and could be scaled up further. 
[bookmark: _Hlk125196557] 	El-Kholy & Abbas,(2015). recommended that replacing fat content with pumpkin up to 80% and 100% gave ice milk of good quality accompany with retaining fat – like mouthfeel and healthy product. Low fat ice milk with high nutritional value and good physical and organoleptic properties can be successfully prepared by replacing up to 100% of fat in the mix with pumpkin.
Abbas et.al (2019) prepared sweet pumpkin processed cheese spreads using 10 % (w/w) pumpkin. The product gained the desirable acceptability with favorite orange color during storage of samples for 3 months at 7±1EC. Their quality were improved through lowing the pH values and decreasing the soluble nitrogen content rather than control ones
Development of pumpkin wheat composite bread was studied using different levels of pumpkin flour. Increasing the level of pumpkin flour incorporation into wheat flour led to increased contents of total fiber, β-carotene, calcium, iron and zinc, and it led to decrease in carbohydrate and caloric contents which is a good approach for health promotion. Incorporation of 5 and 10% pumpkin flour were found to have good dough and bread physical characteristics and the best sensory evaluation of pumpkin wheat composite bread.( El Khatib,& Muhieddine 2020).



3. MATERIALS AND METHODS
	This chapter deals with the study of materials and methodologies employed during the present investigation. The methodologies related to physical, chemical, technological and statistical aspects are covered here. The study was carried out in the Department of Dairy Technology, Verghese Kurien Institute of Dairy and Food Technology, Kerala Veterinary and Animal Science University, Mannuthy, Kerala.
3. 1.  RAW MATERIALS
3.1.1. Milk: The buffalo milk was purchased from University Dairy Plant, Mannuthy and used for product development.
3.1.2. Green Gram: Good quality green gram was purchased from local market.
3.1.3. Pumpkin: Good quality pumpkin was purchased from local market.
3.1.4. Sugar: Sugar was purchased from local market.
3.1.5. Utensils: Vessels such as iron karahi, stainless-steel ladle, peda mould and fryingpan  was used. 
3.1.6. Chemicals: Analytical grade chemicals were used for the work.

3.2. EQUIPMENTS
3.2.1. Microkjeldal unit: PELICAN make.
3.2.2. Hot air oven: LABTOP make
3.2.3. Hunter Colorimeter
3.2.4. Muffle Furnace: HINDUSTHAN make 
3.2.5. Weighing balance 
3.2.6. Dessicator
3.2.7. Mixer grinder



3.3 METHODS OF PREPARATION
3.3.1. Preparation of Green Gram Flour
 	The green gram flour was prepared as per the method suggested by Pragya Mishra et.al. 2020 The green gram seeds were cleaned and it was soaked in water for 8 – 12 hours or overnight steeping was done. The sprouted green gram was then roasted in frying pan for 15 minutes. Later, it was cooled and grounded into powder using mixer grinder.                                   
                        
GREEN GRAM
↓
CLEANING
↓
OVER NIGHT STEEPING
↓
SPROUTED GREEN GRAM
↓
ROASTING (15 MIN)
↓
COOLING
↓
GRINDING
↓
GREEN GRAM FLOUR
						(Pragya Mishra et.al. 2020)

			Fig.1: Flowchart for preparation of green gram flour     

		[image: ][image: ] 
        Fig.2: (a) Roasted Green Gram            (b) Green gram flour

3.3.2. Preparation of Pumpkin pulp
 	The fully ripened Pumpkin was cleaned, manually peeled and cut into cubes. Then the Pumpkin cubes were blanched in boiling water for 10 minutes. The water was drained out and cubes were transferred to mixer grinder to obtain pumpkin pulp.
[image: ]                   [image: ]
Fig.3: (a) Pumpkin cubes                  (b) Pumpkin pulp
[image: ]     ( Barakat and Mohamed 2017) 
Fig.4: Flowchart for preparation of Pumpkin pulp
3.3.4. Preparation of Greengram Pumpkin Peda 
	Peda was prepared according to process mentioned by Aneja et al. (2002). Buffalo milk was boiled in iron karahi and it was continuously stirred and scrapped using ladle. The desiccation continued till khoa pat was obtained. Then the obtained khoa was mixed thoroughly with green gram flour, pumpkin pulp and powdered sugar. It was further desiccated to obtain relatively firm dough. The whole mass was transferred to greased tray and allowed to cool. After cooling, the dough was portioned and molded into round shapes using peda mould. Then it was packed and stored in LDPE pouches.
Buffalo Milk
↓
Boiling of milk in karahi (stirring and scrapping)
↓
Khoa leaving sides of pan
↓
Pat formation stage (stop heating)
↓
Khoa
↓
Addition of green gram flour and pumpkin pulp
↓
Addition of powdered sugar
↓
Desiccation
[bookmark: _Hlk129958766]↓
[bookmark: _Hlk129964804]Cooling
↓
Storage
                        Fig.5: Flowchart for preparation of Green gram pumpkin Peda                                                 
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Fig.6: Green gram pumpkin peda

3.4. OPTIMIZATION TRIALS
3.4.1. Optimization of Levels of Green gram Pumpkin Peda
	The optimum combination of green gram flour, pumpkin pulp and sugar was determined by the Central Composite Rotatable Design (CCRD) of Response Surface Methodology using sensory scores as responses and the factors optimized at the maximum level of the sensory attributes.
3.4.1.1. Experimental Design
	The Central Composite Rotatable Design (CCRD) of Response Surface Methodology (Design-Expert software Version 9) was used for the optimization of Green gram pumpkin peda. The ranges for experimental parameters were selected based on preliminary trials. The process variables considered for optimization were levels of Green gram flour, Pumpkin pulp and Sugar. The response to variation in process parameter was measured in terms of flavor, color and appearance, body and texture, sweetness and overall acceptability.
	Experimental design was applied after selection of ranges. Twenty experiments were performed according to a second order Central Composite Rotatable Design (CCRD) with three independent variables and five levels of each variable to examine response pattern. The responses obtained were fed to the software and the levels of the variables were optimized. The model adequacy was evaluated by the coefficients of determination (R2), lack of fit test, PRESS, Adequate Precision Value (APV) and the F value (at 5% level significance). The predicted sensory scores responses corresponding to the optimum levels of the factors were statistically analyzed using actual responses in a one sample t test of SPSS 24 software. The data obtained from physicochemical analysis of green gram pumpkin peda and control peda were compared using independent t test at 5% level significance. Each experiment was conducted in three replications. 
3.5. PHYSICO-CHEMICAL ANALYSIS
	The physico-chemical methods employed are described below:
3.5.1. MOISTURE
	The Moisture content of product was determined according to AOAC, 2000. 
Apparatus required
1. Flat bottom dish
2. Hot air oven
	Procedure 
1. Dry an empty dish in the oven for 105°C for 3 hours and cool it in the desiccator. 
Then take the empty weight of the dish.
2. Weigh about 3g sample into the dish and spread the sample uniformly.  
3. Place the dish with sample into the hot air oven for about 3 hours at 105°C. 
4. Take the dish, cool it in the desiccator and take the weight.  
5. Repeat the process till similar readings are obtained.
[bookmark: _Hlk95472097]Calculation

Moisture (%) = (W1 – W2) ×100
		W1

	where,  
       W1 = Weight (g) of sample before drying.  
       W2 = Weight (g) of sample after drying. 
[bookmark: _Hlk96365379]3.5.2. TOTAL SOLIDS
The total solid content includes both the suspended and dissolved salts. The total solid content also used to determine a sludge dry weight expressed as a percentage. The total solid content is expressed as a ratio of weights obtained before and after drying process.
Calculation

Total solids% = 100 – moisture %

3.5.3. FAT
	The Fat percentage in prepared green gram pumpkin peda was estimated according to ISI, 1983 by Mojonnier method. 
Apparatus 
1. Mojonnier flask with lid. 
2. Beakers
Reagents 
1.	Ammonia solution: approximately 25%. 
2.	Ethyl alcohol.  
3.	Diethyl ether.  
4.	Light petroleum ether.  

	Procedure 
1. Weigh 1g of sample into a beaker. 
2. Add 8 ml of hot distilled water and 3 ml of ammonia solution and shake well. 
3. Add 10 ml ethyl alcohol and mix well and transfer the contents into the Mojonnier fat
extraction flask. 
4. Add 25 ml diethyl ether and shake well. 
5. Add 25 ml light petroleum and shake well. 
6. Allow the apparatus to stand for a while until the upper layer has become clear and is 
distinctly separated from the aqueous layer.  
7. Decant the solution and repeat the steps for 4 times by using 15 ml diethyl ether and light petroleum instead of 25 ml. 
8. Evaporate the solvent. 
9. Dry in a pre-dried dish in hot air oven at 100°C for 1 hour. 
10. Cool in desiccator and measure the value. 
Calculation
Fat (%) = [(weight of dish + fat) – (weight of dish)] – average weight of blank residue
Weight of sample
3.5.4. PROTEIN
	The total protein content in green gram pumpkin peda was determined by Kjeldhal method AOAC, 1999. 
Apparatus 
1. Kjeldhal apparatus.  
2. Beakers.  
3. Standard flask.  
Reagents 
1. Kjeldhal catalyst: Mix 9 part of potassium sulphate (K2SO3) with 1 part of copper sulphate  (CuSO4)   
2. Sulphuric acid (H2SO4).  
3. 40% NaOH  
4. 0.2 N HCl  
5. 4% Boric acid 
6. Indicator solution: Mix 100 ml of 0.1% methyl red (in 95% ethanol) with 200 ml of 
a. 0.2% bromocresol green (in 95% ethanol).
Procedure 
1. Place sample (0.5 - 1.0 g) in digestion flask.  
2. Add 5g Kjeldhal catalyst and 200 ml of con. H2SO4.  Prepare a tube containing the above chemical except sample as blank.
3. Place the flasks in an inclined position and heat gently unit frothing ceases. Boil it until solution clears.  
4. Cool the solution and add 60 ml of distilled water carefully.  
5. Then immediately connect the flask to digestion bulb on condenser and condenser tip 
immersed in standard acid and 5 - 7 drops of mix indicator in receiver. Then rotate the flask to mix the content thoroughly and heat the content until all ammonia NH3 is distilled.  
6. Remove the receiver, wash tip of condenser and titrate excess standard acid distilled with standard NaOH solution.

Calculation

                  Protein (%) = (A-B) × N ×14.007 × volume made up of digest ×100 × 6.38
                                                       Aliquot of digest taken × W × 100

where,  
A= volume (ml) of 0.2 N HCl used sample titration.  
B= volume (ml) of 0.2 N HCl used blank titration. 
N  = Normality of HCl.  
W = weight (g) of sample.  
14.007 = atomic weight of Nitrogen.

3.5.5. ASH
Principle 
	Heating the green gram pumpkin peda at higher temperature decomposes organic matter and soluble inorganic salts are left behind in the form of ash.  
Apparatus 
1. Silica crucible.  
2. Desiccator.  
3. Muffle furnace.  
4. Bunsen burner.  
[bookmark: _Hlk95474834]Procedure
1. Weigh 3g of sample in a silica crucible.  
2. Heat it in Bunsen burner until the smoke coming out is getting stopped.  
3. Transfer the dish into a muffle furnace and gradually increase the temperature of 
furnace until 550°C. 
4. Heating is continued for about 4 - 5 hours until the residue in dish is free from black 
carbon particles.  
5. Cool it in the desiccators and weigh accurately.  
6. Repeat heating for 1 hour, cool in desiccators and weigh again. 
Calculation
Ash (%) = Weight of ash × 100
                    Weight of sample taken



3.5.6. TITRATABLE ACIDITY
Apparatus 
1. Burette 
2. Beaker
Reagents 
1. Phenolphthalein indicator 
2. 0.1N NaOH 
Procedure
1.	Weigh about 10g of well mixed sample into a 100 ml beaker. 
2.	Add 10 ml of hot distilled water and mix well. 
3.	Add few drops of phenolphthalein indicator. 
4.	Titrate against 0.1N NaOH with continuous stirring till a faint pink colour persisting 
for 30 seconds. 
Calculation
	Acidity was expressed as lactic acid per 100 grams of product.

                     Acidity as percent lactic acid = (V/W) × 0.9 

where,  
V= Volume of 0.1 N NaOH required for titration. 
W= Weight of the sample (grams).

3.5.7. CRUDE FIBRE
	The crude fiber content of green gram pumpkin peda was determined by method given in AOAC, 2016(978.10).
1. Weigh accurately about 2 g of sample and transfer to a hard filter paper supported on a filter cone in a 60 ° funnel.
2. Extract with three 25 ml portions of ether and apply vacuum until sample is dried.
3. Transfer extracted sample quantitatively by brushing into a 600 ml beaker of the fiber digestion apparatus. Add 20 ml of well-mixed ceramic fiber suspension with 200 ml of boiling 1.25% sulfuric acid solution, and 1 drop of diluted antifoam.
4. Place beaker on digestion apparatus with pre adjusted heater and boil exactly 30 minutes, rotating beaker periodically to keep solids from adhering to sides.
5. Remove beaker and filter contents through California Buchner funnel precoated with about 0.75 g of ceramic fiber - dry weight; rinse beaker with 50-75 ml of boiling water, and wash through funnel. 
6. Repeat with three 50 ml portions of water, and suck dry. Return fiber mat with residue to beaker by blowing back through funnel.
7. Add 200 ml of boiling 1.25% sodium hydroxide solution, return to heater and boil exactly 30 minutes.
8. Remove beaker and filter as before. Wash with 25 ml of boiling 1.25% sulfuric acid solution, three 50 ml portions of water, and 25 ml of alcohol.
9. Remove mat and residue, and transfer to silica dish.
10. Dry fiber mat and residue at 130 ± 2 °C for 2 hours. Cool in a desiccators and weigh. 
11. Ignite in muffle furnace at 550 ± 15 °C to constant weight (30 minutes usually sufficient). Cool in desiccators and weigh the dish.
CALCULATION
    
                   CRUDE FIBER =  ×
                                                    

	Where,
     Ws= weight of sample
     W1= weight of crucible with fiber
      W2= weight of crucible with ash

3.5.8. Color. 
Color of green gram pumpkin peda samples was measured by reflectance spectroscopy technique employing reflectance meter, color flex (Hunter lab Miniscan XE plus Spectrocolorimeter, Virginia, USA) with geometry of diffuse/8° (sphere-8mm view) and an illuminant of D65/10°. Before the test, the instrument was calibrated with standard black glass and white tile as specified by the manufacturer. The light source was dual beam xenon flash lamp. Data were received from the software in terms of L* [Lightness, ranges 0 (black) to 100 (White)], a* [Redness, ranges from +60 (red) to 60 ( green) and b* ( yellowness range from +60 ( yellow) to -60 (blue) in value of the international color system.

3.6 SENSORY EVALUATION
	The sample was evaluated on a 9 point hedonic scale, for their sensory attributes of flavor, color and appearance, body and texture, sweetness and overall acceptability.
Liked extremely               - 9
Liked very much              -8
Liked moderately             -7
Liked slightly                  - 6
Neither liked nor dislikes - 5
Disliked slightly                -4
Disliked moderately          -3
Disliked very much           -2
Disliked extremely            -1

SCORECARD FOR SENSORY EVALUATION OF GREEN GRAM PUMPKIN PEDA
	Name of Judge:                                                                                                    Date:
	
           ATTRIBUTES
	                         SAMPLE NUMBERS 

	
	1
	2
	3
	4
	5

	Flavour
	
	
	
	
	

	Color
	
	
	
	
	

	Body and Texture
	
	
	
	
	

	Sweetness
	
	
	
	
	

	Overall acceptability
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4. RESULT
The present study was carried out for development of peda incorporated with green gram flour and pumpkin pulp. Optimization of levels of ingredients such as green gram flour, pumpkin pulp and sugar was done based on the sensory attributes by using Central Composite Rotatable Design (CCRD) of Response Surface Methodology software. In the second phase physico-chemical analysis of optimized product was analysed.
 4.1. SELECTION OF MAXIMUM AND MINIMUM LEVELS OF GREEN GRAM, PUMPKIN, AND SUGAR IN THE PREPARATION OF PEDA.
In the preliminary trials, the ingredients such as green gram, pumpkin pulp and sugar used for the preparation of peda were analyzed at different levels. The product was optimized on the basis of sensory evaluation viz., colour and appearance, flavour, body and texture, colour and appearance, sweetness and overall acceptability by judging panel consisting of five trained judges. 
4.1.1. Selection of levels of green gram flour in peda.
The preliminary trials were conducted by preparing peda with addition of green gram flour to khoa at levels of 1%, 2%, 3%, 4% and 5% of milk weight basis. The resultant products were subjected to sensory evaluation by a panel of 5 expert judges.  Based on pretrial sensory scores, it was noted as the percentage of green gram increased above 4% the product was not acceptable and 1% addition didn’t provide any distinguishable sensory effect on the product. Hence, the levels of green gram flour fixed as 2 percent (as lower limit) and 4 percent (as upper limit).The sensory scores were subjected to statistical analysis. 
4.1.2. Selection of levels pumpkin pulp in the peda.
The preliminary trials were conducted by preparing peda with addition of green gram flour 3 percent on milk basis and pumpkin pulp to khoa at levels of 5%, 6%, 8%, 12% and 14% of milk weight basis. The resultant products were subjected to sensory evaluation by a panel of 5 expert judges.  Based on pretrial sensory scores, it was noted as the percentage of pumpkin pulp increased above 12% the body and texture of the product was too soft and not firm and the pulp added at less than 5 % didn’t provide any distinguishable sensory effect on the product. Hence, the levels of pumpkin pulp fixed as 6 percent (as lower limit) and 12 percent (as upper limit).The sensory scores were subjected to statistical analysis. 
4.1.3. Selection of levels of sugar in the peda. 
The preliminary trials were conducted by preparing peda with addition of green gram flour 3 percent, pumpkin pulp 8 percent on milk basis and sugar to khoa at levels of 5%, 6%, 8%, 10% and 12% of milk weight basis. The resultant products were subjected to sensory evaluation by a panel of 5 expert judges.  Based on pretrial sensory scores, it was noted as the percentage of sugar increased above 10% the product was too sweet. Hence, the levels of pumpkin pulp fixed as 6 percent (as lower limit) and 10 percent (as upper limit).The sensory scores were subjected to statistical analysis
4.2. OPTIMIZATION OF LEVELS OF GREEN GRAM, PUMPKIN PULP, SUGAR BY RESPONSE SURFACE METHODOLOGY
 	The optimization of the green gram pumpkin peda was done by CCRD of RSM. The factors considered were the levels of “green gram flour”, “pumpkin pulp” and “sugar” percentage on milk weight basis. These three independent factors were selected and set to their levels coded as -1, 0 and +1 as depicted in Table 1. The experimental design had 20 experiments. The design matrix representing different combinations of the three factors are presented in the Table 2. The peda was prepared using the above combination of different levels of green gram flour, pumpkin pulp and sugar as per the procedure in Fig.5.
Table 1: Coded levels of the independent factors for optimization of Green gram 
                 pumpkin peda

	Independent factors
	Coded levels

	
	-α
	-1
	0
	+1
	+α

	A:Green gram flour %
	1.32
	2
	3
	4
	4.68

	B: Pumpkin pulp%
	3.98
	6
	9
	12
	14.04

	C:Sugar%
	4.64
	6
	8
	10
	11.36






Table 2. Response surface methodology design for three factors for optimization of Green gram pumpkin peda

	Run order
	Space Type
	Factor 1
A: green gram  (%)
	Factor 2
B: pumpkin (%)
	Factor 3
C: sugar (%)

	1
	Center
	3
	9
	8

	2
	Factorial
	4
	12
	6

	3
	Factorial
	2
	6
	10

	4
	Center
	3
	9
	8

	5
	Center
	3
	9
	8

	6
	Factorial
	2
	12
	10

	7
	Axial
	3
	9
	4.64

	8
	Axial
	3
	14.05
	8

	9
	Factorial
	4
	6
	6

	10
	Factorial
	2
	6
	6

	11
	Axial
	1.32
	9
	8

	12
	Axial
	3
	3.96
	8

	13
	Factorial
	4
	6
	10

	14
	Factorial
	2
	12
	6

	15
	Factorial
	4
	12
	10

	16
	Center
	3
	9
	8

	17
	Axial
	4.68
	9
	8

	18
	Center
	3
	9
	8

	19
	Axial
	3
	9
	11.36

	20
	Center
	3
	9
	8



The table illustrates the various treatment combinations for the three independent factors to be done by sensory evaluation. The trials are listed in run order.
4.2.1. Effect of different levels of green gram, pumpkin, and sugar on sensory attributes of peda
4.2.1.1Diagnostic check of the Quadratic model
The sensory responses viz., flavour, colour and appearance, body and texture, sweetness and overall acceptability scores obtained as a result of proposed experimental design are shown in Table 3. A quadratic regression model was fitted to the experimental data in order to assess the effect of levels of green gram flour, pumpkin pulp and sugar on the sensory attributes of peda. A second order polynomial regression model for the dependent variables was established to fifth experimental data for each response. Regression models developed from the experimental data were found to be significant with the observed p-values. The partial regression coefficients of linear, quadratic and interaction terms for each model and their R2 values, F values, lack of fit,  APV and PRESS values with their significance are shown in the Table 4.
Table 3: Sensory score of Peda prepared with different levels of green gram flour, pumpkin pulp and sugar.
	Run No.
	Response1

Flavour
	Response2

Colour
	Response3

Body &Texture
	Response4

Sweetness
	Response 5

Overall Acceptability

	1
	8
	7.5
	7.9
	7.9
	7.5

	2
	6.7
	7.4
	6.9
	7
	6.9

	3
	7.5
	7.3
	7.4
	7.2
	7.4

	4
	7.9
	7.8
	7.7
	7.4
	7.5

	5
	7.9
	7.8
	7.9
	7.7
	7.4

	6
	7.8
	7.7
	7.7
	7.8
	7.4

	7
	7
	7.4
	7.2
	7.3
	7.4

	8
	7.6
	7.7
	7.3
	7.5
	7.5

	9
	7
	7.3
	7.3
	6.7
	6.7

	10
	7.7
	7.5
	7.8
	7.6
	7.6

	11
	7.5
	7.7
	7.7
	7.1
	7.1

	12
	7.2
	7.2
	7.3
	7.2
	7.3

	13
	7
	6.9
	6.9
	6.7
	7

	14
	7.6
	7.5
	7.3
	7.6
	7.4

	15
	7.5
	7.2
	7.4
	7.6
	7.3

	16
	8
	7.8
	7.9
	7.9
	7.6

	17
	6.8
	6.9
	7
	6.5
	6.6

	18
	7.8
	7.5
	7.8
	7.4
	7.6

	19
	7.7
	7.2
	7.1
	7.8
	7.5

	20
	7.8
	7.5
	7.8
	7.7
	7.7



The sensory scores obtained for the individual standard trials suggested by RSM software are depicted in the above table. The evaluation was made by observing the scores on 9 point hedonic scales.

Table4: Estimated parameters of quadratic model and their statistical significance for sensory attributes of Peda influenced with different levels of green gram flour, pumpkin pulp and sugar.
	
Partial coefficient

	
	Flavour
	Colour& appearance
	Body& Texture
	Sweetness
	Overall acceptability

	Intercept
	7.90
	7.65
	7.83
	7.66
	7.55

	A-green gram
	-0.2619**
	-0.1864**
	-0.2107**
	-0.2350**
	-0.2007**

	B-pumpkin
	0.0785*
	0.1202**
	-0.0073ns
	0.1687**
	0.0466ns

	C-sugar
	0.1448**
	-0.0686ns
	-0.0050ns
	0.0909ns
	0.0489ns

	AB 
	0.0000ns
	0.0000ns
	0.0375ns
	0.0750ns
	0.0875*

	AC 
	0.1000ns
	-0.0750ns
	0.0125ns
	0.1000ns
	0.1125**

	BC
	0.1500**
	0.0750ns
	0.2125**
	0.1500ns
	0.0375ns

	A²
	-0.2469**
	-0.1199**
	-0.1487**
	-0.2921**
	-0.2478**

	B²
	-0.1585**
	-0.0669ns
	-0.1664**
	-0.0976ns
	-0.0534ns

	C²
	-0.1762**
	-0.1199**
	-0.2194**
	-0.0269ns
	-0.0357ns

	Lack of fit F value
	3.16ns
	0.30ns
	1.29ns
	0.55ns
	0.59ns

	Model F value
	20.00**
	7.81**
	31.54**
	8.10**
	21.37**

	R²
	0.9474
	0.8755
	0.9660
	0.8793
	0.9506

	Press
	1.05
	0.5080
	0.3755
	1.42
	0.3286

	Adeq. Press
	12.7202
	9.7536
	15.8581
	9.2669
	15.7812


**- Highly significant (p<0.01), *- significant p (<0.05), ns – non significant (p≥0.05)

The non significant lack of fit, significant F-test value, R2 value of more than 0.8 and adequate precision value of more than four for all the sensory attributes indicate that the model is fit and can give a good prediction of the parameters under study.
4.2.2.1. Effect on Flavor
The sensory scores for flavor and partial regression coefficients are shown in Table 4. Figures 4.2.1 illustrate the 3D response surface graphs obtained for flavor. The model showed a significant F- value of 20.00 whereas lack of fit was found to be non-significant. A coefficient of determination (R2) of 95 percent was obtained which indicated 95 percent variations in the response shown by the variables in the model. Adequate precision ratio of 12.7202 was obtained which indicates and equate signal.
        The following response surface equation was generated to forecast the variation in color and appearance with various amounts of factors:
Flavour = 7.90-0.2619*A+0.0785*B+0.1448*C+0.00*AB+0.10*AC+0.15*BC-0.2469*A²-0.1585*B²-0.1762*C²
4.2.2.2. Effect on Colour and Appearance

[bookmark: The_sensory_scores_for_colour_and_appear][bookmark: The_following_response_surface_equation_]The sensory scores for color and appearance and partial regression coefficients are shown in Table 4. Figures 4.2.2 illustrate the 3D response surface graphs obtained for color and appearance. The model showed a significant F- value of 7.81 whereas lack of fit was found to be non-significant. A coefficient of determination (R2) of 88 percent was obtained which indicated 98 percent variations in the response shown by the variables in the model. Adequate precision ratio of 9.7536 was obtained which indicates an adequate signal.
The following response surface equation was generated to fore cast the variation in color and appearance with various amounts of factors.

[bookmark: Colour_and_Appearance=_8.67_-0.249*A_-0.]Colour and Appearance =7.65-0.1864*A+0.12028*B-0.0686*C+0.00*AB-0.0750*AC +0.0750*BC-0.1199*A²-0.0669*B²-0.1199*C²
  4.2.2.3. Effect on body and texture 
The sensory scores for body and texture and partial regression coefficients are shown in Table 4. Figures 4.2.3 illustrate the 3D response surface graphs obtained for body and texture. The model showed a significant F- value of 31.54 whereas lack of fit was found to be non-significant. A coefficient of determination (R2) of 97 percent was obtained which indicated 97 percent variations in the response shown by the variables in the model. Adequate precision ratio of 15.8581was obtained which indicates an adequate signal.
The following response surface equation was generated to forecast the variation in body and texture with various amounts of factors: 
Body and texture = 7.83-0.2107*A-0.0073*B-0.0050*C+0.0375*AB+ 0.0125*  AC+0.2125*BC-0.1487*A² -0.1664*B² -0.2194*C²

  4.2.2.4. Effect on sweetness
The sensory scores for sweetness and partial regression coefficients are shown in Table.4. Figure 4.2.4 illustrate the 3D response surface graphs obtained for sweetness. The model showed a significant F- value of 8.10 whereas lack of fit was found to be non-significant. A coefficient of determination (R2) of 88 percent was obtained which indicated 88 percent variations in the response shown by the variables in the model. Adequate precision ratio of 9.2669 was obtained which indicates an adequate signal.
The following response surface equation was generated to forecast the variation inconsistency with various amounts of factors:
Sweetness=7.66-.02350*A+0.1687*B+0.0909*+0.0750*AB +0.01000*AC +0.15008 BC -0.2921*A2 -0.0976*B2 -0.0269 8C2.
     4.2.2.5. Effect on Overall acceptability
The sensory scores for overall acceptability and partial regression coefficients are shown in Table.4 Figure 4.2.5 illustrate the 3D response surface graphs obtained for over acceptability. The model showed a significant F- value of 21.37 whereas lack of fit was found to be non-significant. A coefficient of determination (R2) of 95 percent was obtained which indicated 95 percent variations in the response shown by the variables in the model. Adequate precision ratio of 15.78 was obtained which indicates an adequate signal.
The following response surface equation was generated to forecast the variation in over all acceptability with various amounts of factors:

 Overall acceptability =7.55-0.2007*A+0.0466*B+0.0489*C+0.0875*AB+0.1125*AC +0.0375*BC -0.2478*A² -0.0534*B²-0.0357*C²
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Fig.4.2.1: Three dimensional response surface plots showing the effect of various treatments on flavour of the peda made from green gram flour, pumpkin pulp and sugar
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Fig.4.2.2 Three dimensional response surface plots showing the effect of various treatments on colour &appearance of the peda made from green gram flour, pumpkin pulp and sugar
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Fig.4.2.3 Three dimensional response surface plots showing the effect of various treatments on body & texture of the peda made from green gram flour, pumpkin pulp and sugar.
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Fig.4.2.4 Three dimensional response surface plots showing the effect of various treatments on sweetness of the peda made from green gram flour, pumpkin pulp and sugar.
[image: ]
[image: ]
[image: ]


Fig.4.2.5 Three dimensional response surface plots showing the effect of various treatments on 0verall acceptability of the peda made from green gram flour, pumpkin pulp and sugar
4.3. Optimized Solutions and their Validation

[bookmark: Numerical_optimization_was_carried_out_w]Numerical optimization was carried out with the goal to obtain best feasible formulation of green gram flour, pumpkin pulp, and sugar in the preparation of peda. The goal set for optimization of the good quality product is depicted in Table 5.  The required objectives for all factors as well as responses were selected and different weights were designated to each goal to alter the shape of its specific function of desirability. Other factors were placed in range and responses were kept at maximum during the process of optimization. Solution obtained from RSM software is shown in Table 6.

Table5. Constraints and criteria for optimization of peda with different levels of green gram flour, pumpkin pulp and sugar.
	Constraints
	Goal
	Lower limit
	Upper limit

	A:Green gram
	Is in range
	2

	4

	B: pumpkin
	Is in range
	6
	12

	C: sugar
	Is in range
	6
	10

	Flavour
	Maximize
	6.7
	8

	Colour & appearance

	Maximize
	6.9
	7.8

	Body texture
	Maximize
	6.9
	7.9

	Sweetness
	Maximize
	6.5
	7.9

	Overall acceptably
	Maximize
	6.6
	7.7






Table 6. Solution obtained after response surface analysis

	Sl.no
	Green gram flour (%)
	Pumpkin pulp (%)
	Sugar (%)

	1
	2.537
	10.319
	8.512



	
4.3.1. Verification of the optimum formulations
Peda was prepared by using optimized combination recommended by RSM and evaluated on the basis of sensory attributes. The result obtained were statistically analyzed using t-test with the corresponding predicted value. Closeness between the observed and predicted values is depicted in Table. It was noted that the difference between the observed values and predicted values were not significant in term so fall attributes.

Table7. Verification of the Optimum Formulations
	
	Attributes

	Predicted value
	Observed value
	t-value

	              Flavor
	8
	7.93
	0.756ns

	Color & appearance
	7.74
	7.73
	-0.189ns

	Body and texture
	7.86
	7.67
	      0.918ns

	Sweetness
	7.78
	7.43
	   
2.00ns  

	Overall acceptability
	7.58
	7.47
	0.19ns


             **- Highly significant (p<0.01), *- significant p (<0.05), ns – non significant (p≥0.05)
 	



4.3. Physico Chemical analysis of peda
After optimization the optimized product is subjected to physico chemical analysis. Estimation of moisture, ash, total solids, fat, protein acidity and crude fiber were included in the analysis part. The green gram pumpkin peda was analysed to obtain the proximate composition along with the control. The data was analysed statistically using student’s t test and results are combines in table 8.


Table 8. Physico Chemical analysis of peda
	Parameters
	Control peda
	Green gram pumpkin peda
	t value

	Moisture (%)
	14.67±0.20
	26.81±1.01
	-11.80**

	Total Solids (%)
	85.32±0.19
	73.19±1.01
	11.80**

	Ash (%)
	2.76±0.05
	2.11±0.05
	8.77**

	Fat (%)
	20.63±0.95
	13.20±0.17
	7.69**

	Protein (%)
	15.41±0.15
	14.01±0.03
	8.813**

	Acidity (%)
	0.40±0.006
	0.50±0.003
	-14.50**

	Crude fibre (%)
	0.065±0.003
	1.75±0.006
	-256.39**

	Colour L*
	81.29±0.19
	 58.00±0.02
	119.80**

	a*
	-0.71±0.04
	3.66±0.02
	-103.72**

	b*
	16.05±0.08
	37.32±0.18
	-108.25**


                        **- Highly significant (p<0.01),









5. DISCUSSION
Traditional dairy products are inevitable in our festivals and rituals, these days consumer is more concerned about the calories they carry. The acceptance of traditional Indian dairy products especially peda  can be expanded and made healthier by incorporation of green gram flour and pumpkin pulp to increase the protein and crude fiber content. In the current study, attempts were taken to develop a standardized process for the preparation of peda with addition green gram powder, pumpkin pulp and sugar.  The data obtained during the course of study was statistically analyzed and results are discussed in this chapter.
5.1. OPTIMIZATION OF QUALITY OF GREEN GRAM FLOUR PUMPKIN PULP AND SUGAR BY RESPONSE SURFACE METHODOLOGY.
5.1.1. Diagnostic Check of the quadratic models
In the quadratic model by RSM, F value of the sensory characteristics was greater than tabled F value showing the developed model is significant (Table 4). The coefficient of determination (R2) for flavor, color, and appearance, body and texture sweetness and over all acceptibity were found to be 0.9474,0.8755,0.9660,0.8793,0.9506, respectively (Table4) revealed that the quadratic model indicated more than 93% of the deviation in the data. The test often lack of fit F value was found to be non significant in all the cases and it was obvious that the model is valid for forecasting the sensory properties of green pumpkin peda. The satisfactory precision that evaluates the ratio, signal: noise is greater than four with regards to all sensory responses that is sufficiently acceptable, hence supporting the model suitability to guide the design.
 5.1.2. Effect of different levels of green gram flour and pumpkin pulp and sugar on the sensory attributes of peda.

5.1.2.1. Effect on Flavor
 	The sensory scores obtained for the flavor of green gram pumpkin peda ranged from 6.7 to 8. Trial no 1 and 16 have got the maximum score while minimum score was obtained for the trial 2. By successive regression analysis, quadratic model for flavor was obtained. The effect of three factors (green gram pumpkin and sugar) on flavor is detailed in the Table 4. The F- value for the flavor in the table was more than the tabled value at 5% level of significance (p<0.01). Acceptance of the response, flavor to guide the design is indicated by the value obtained for the determination coefficient (R2) 0.9474 with satisfactory precision 12.7202. Since the value for Lack of Fit test was non significant, it was clear that the model is authentic enough for forecasting the green gram pumpkin peda. The p values for the factors indicated that there is significant impact of green gram flour, pumpkin pulp and sugar on the flavor score of green gram pumpkin peda.
	In linear effect, as quantity of green gram flour increases the flavor score decrease significantly. The pumpkin pulp and sugar showed positive towards the flavor. The interaction effect of pumpkin pulp and sugar showed significant positive effect towards flavor scores. Quadratic effect the quantity of green gram flour pumpkin pulp and sugar showed significant negative effect on flavor scores.  The result of effect of sugar on flavor was found similar to work done by Gotarne et al. (2015)  who optimized date powder and sugar in brown dates peda by RSM and found that coefficients (RMCs) for flavor were significant (P ≤ 0.01) and negative (- 0.178) in quadratic form for sugar (R2 = 0.88). 

5.1.2.2. Effect on Color and Appearance
For the sensory attribute color and appearance, the scores obtained varied from 6.9 to 7.8 with maximum score for the treatment 4,5,16 and minimum for treatment 13 and17. By consecutive regression analysis, quadratic model for color and appearance was obtained. The effect of ingredients on color and appearance is showed in the Table4. The F-value for color was more than the tabled F-value at five per cent level of significance (p<0.01). The determination coefficient (R2) of 0.8755 with adequate precision of   clearly 9.7536 suggests the adoption of this response viz., color and appearance to guide this design. Since the F value for the lack of fit test is non significant, it was evident that the model is valid enough to forecast the color and appearance of the green gram pumpkin peda. The p value of the color and appearance indicated that green gram flour, pumpkin pulp, and sugar had significant impact on the color and appearance scores of green gram pumpkin peda. 
In linear effect, as quantity of green gram flour increased the color and appearance score decreased significantly. But the addition of pumpkin pulp significantly improved the color and appearance score. In quadratic effect, the quantity of green gram flour and sugar showed significant negative effect on color and appearance scores. Shukla et al (2016) observed that when the green gram flour was used to fortify protein content in biscuits it significantly decreased the color score during storage. Patel et al. (2020) revealed that score of color and appearance of pumpkin flavored buffalo milk improve significantly the concentration of pumpkin pulp increased this may be due to increased in concentration of beta carotene.
 
5.1.2.3. Effect on Body and Texture
A higher score of for body and texture 7.9 was obtained for trial numbers 1, 5, and 16 while the lower score of 6.9 for trial number 2 and 13. By successive regression analysis, quadratic model for body and texture was obtained. The effect of three factors on body and texture is showed in the Table 4. The F-value for body and texture was more than the tabled F-value at five per cent level of significance (p<0.01). The coefficient of determination (R2) of 0.9660 with adequate precision of 15.8581 firmly suggests the adoption of this response viz. body and texture to guide this design. Since the lack of fit test resulted in a non-significant F value, it was evident that the model is accurate enough for forecasting the body and texture of green gram pumpkin peda the p-value of the body and texture model showed that factors green gram powder, pumpkin pulp and sugar had a significant impact on body and texture.
In linear effect, as quantity of green gram flour increases the body and texture score decrease significantly. The interaction effect of pumpkin pulp and sugar showed significant positive effect towards body and texture scores. In quadratic effect the quantity of green gram flour pumpkin pulp and sugar showed significant negative effect on body and texture scores. Mishra et al (2020) revealed that as the percentage of green gram flour increased the body and texture scores decreased from 8 to 7 in cookies fortified with green gram flour of 50 to 75 percentage.
  

5.1.2.4. Effect on Sweetness.
Trial numbers 1 and 16 obtained the highest score of 7.9 while the minimum score of 6.5 was obtained for treatment 17. By successive regression analysis, quadratic model for sweetness was obtained. The effect of three factors on sweetness is showed in the table F-value for sweetness was more than the tabled F- value at five per cent level of significance (p< 0.01). The coefficient of determination (R2) of 0.879 with adequate precision of 9.26 firmly suggests the use of this response viz. sweetness to guide the design. Since the lack of fit test resulted in a highly significant F value, it was clear that the model is authentic enough for forecasting the sweetness of green gram pumpkin peda.
In linear effect, as quantity of green gram flour increased the sweetness of the product decrease significantly. But addition of the pumpkin pulp significantly improved the sweetness of product. Quadratic effect the quantity of green gram flour showed significant negative effect on sweetness scores.  

5.1.2.5. Effect on Overall Acceptability
The sensory scores for overall acceptability ranged from 7.7 to 6.6 with highest score for the treatment 20 and lowest for treatment 17. By successive regression analysis, quadratic model for overall acceptability was obtained. The effect of three factors on overall acceptability is showed in the table 4.The F-value for overall acceptability was more than the tabled F-value at five per cent level of significance (p<0.01). The coefficient of determination (R2) of 0.9506 with adequate precision of 15.78 firmly suggests the use of this response viz. overall acceptability to guide the design. For the reason that lack of fit test resulted in a non- significant F value, it was evident that the model is accurate enough for predicting the overall acceptability of green gram pumpkin peda. The p-value of the overall acceptability model indicated that all the three factors had significant (p<0.05) effect on the overall acceptability score of green gram pumpkin peda.
 In linear and quadratic effect, as the quantity of green gram flour increased the overall acceptability score decreased significantly. The interaction effect of green gram flour and pumpkin pulp showed positive effect towards overall acceptability scores. The effect of green gram flour and sugar also showed positive effect towards overall acceptability of the product. The result of effect of sugar and pumpkin on flavor was found similar to work done by Patel et al. (2020) over all acceptability score increased with increasing level of pumpkin pulp and sugar in pumpkin flavored buffalo milk. Mishra et al (2020) revealed that as the percentage of green gram flour increased the overall acceptability scores decreased from 7.8 to 6.1 in cookies fortified with green gram flour of 50 to 75 percentages.

5.2. Optimized Solutions and their Validation
The constraints and criteria that had been generated by RSM for the development of peda incorporated with green gram and pumpkin pulp is given in the Table 5. During the optimization process all the factors were kept in range and the sensory scores were kept at maximum. The suggested solution for the development of peda incorporated with green gram four and pumpkin is given in Table 6. The optimum values selected were 2.537 % green gram flour, 10.3195% pumpkin pulp and 8.512 % sugar with desirability of 93%. The predicted values for sensory score responses, flavor, color and appearance, body and texture, sweetness and overall acceptability of development of peda incorporated with green gram flour and pumpkin pulp were 8.0, 7.74, 7.8.6, 7.8 and 7.58 respectively.

5.3. Verification of Optimum Formulations
Green gram pumpkin peda was prepared by the addition of the ingredients at the level recommended by RSM. The obtained scores were subjected to statistical analysis and the result is shown in the Table 7. It is observed that there is no significant difference between the predicted and observed value with regard to all sensory attributes.



5.4. PROXIMATE COMPOSITION
The proximate composition of green gram pumpkin peda and control peda are presented in Table8.The moisture, total solids, ash, fat, protein, acidity, and crude fiber content of the green gram pumpkin peda was significantly different from control. Protein content in green gram pumpkin peda is 14.01% on wet matter basis and control peda 15.41%.Protein content in green gram pumpkin peda is 19.14% on dry matter basis and control peda 18.06%. It was found that there has been increase protein content on dry matter basis, this may be due to the protein which present in higher amounts in green gram. The percentage total solid content of green gram pumpkin peda (73.19%) and that of control (85.32%).This was due to the higher moisture content in the green gram pumpkin peda which may be contributed by pumpkin pulp. The fat content of control peda (20.63%) was higher than green gram peda (13.20%) Najgebauer-Lejko et al (2014) confirmed that the yoghurts supplemented with pumpkin were characterized by a lower concentration of TS, fat and protein compared to control yoghurt. The values of control peda were similar to findings reported by Banjare et al. (2015 ) who concluded chemical composition of different peda samples had moisture, fat, total solid and titratable acidity content  in range from 12.22 to 23.34%, 12.26 to 22.58%, 76.67 to 87.78% and 0.37 to 0.63% respectively.
 The acidity of the green gram pumpkin peda was (0.5% LA) than the control (0.4% LA) which may be due to the acidity of the pumpkin added to the product. The ash content was more in green gram pumpkin peda (2.76%) than in control (2.11%). This may be due to minerals present in green gram flour and pumpkin pulp. Due to the addition of the pumpkin pulp and green gram flour the crude fiber content of green gram pumpkin peda (1.75%) increased compared to that of control peda (0.065%). This increase may be contributed by pumpkin pulp and green gram flour. The results are in harmony with Hassan & Barakat (2017) who reported increase in acidity, ash and crude fiber value in stirred pumpkin yoghurt than in control sample.

5.5. COLOUR CHARACTERISTICS
The color characteristics of green gram pumpkin peda was color parameters expressed in terms of L*, a*, b* values and their test static obtained by comparing with the control is given in the Table 8. When the color characteristics of the green gram pumpkin peda was considered, "L" value, which indicates lightness intensity was (58.00 ) lesser than the control ( 81.29). When compared to green gram pumpkin peda the a* value which is the measure of redness for green gram pumpkin peda was (3.66) where as for control (-0.71). The optimized green gram pumpkin peda had a "b*" value of (37.32) when compared to control (16.05). The reduced L. value in the green gram pumpkin peda may be due to the presence of green gram and pumpkin. The findings were similar to Hassan & Barakat (2017) who reported that control yoghurt had highest L* value (91.7) than pumpkin added yoghurt (88.67). The a* values, indicating redness, ranged from −0.33 to 2.94 in yoghurt samples. The b* values, indicating yellowness, ranged from 23.39 to 28.90 pumpkin-yoghurts.













 SUMMARY


The major portion of milk procured in India is utilized for the manufacturing of various traditional dairy products. The importance of traditional dairy sweets is underlined by the fact that about 50 per cent of India's milk production is utilized for making these products such as, khoa based sweets, concentrated dairy products, Paneer, ghee, and Malai, Dahi, Chhana and Chhana based sweets.  Peda, traditional khoa based sweet which is liked by everyone is used as a sweet for functions, celebrations and also served as Prasad in temple. The project aimed to enhance the nutritious content of peda by addition of green gram flour and pumpkin pulp. Green gram is rich in proteins, essential minerals, vitamins, and dietary fiber and pumpkin is rich in carotenoids, vitamins, minerals and dietary fibers.
Central Composite Rotatable Design of RSM was used to optimize the various levels of  green gram flour, pumpkin pulp and sugar on the sensory characteristics such as flavor, color and appearance, body and texture, sweetness and overall acceptability. The  coefficients of determination (R2) of   Flavor, Color and appearance, Body and Texture, sweetness and Overall acceptability were 0.9474, 0.8755, 0.9660, 0.8793 and 0.9506 respectively, indicating that the fitted quadratic model explained more than 80 per cent of the variation in the experimental data. The model is satisfactorily accurate for forecasting the sensory properties of development of peda made with any combination of the variables green gram flour, pumpkin pulp and sugar within the range estimated, according to the non-significant lack of fit test. The highest desirability of 93 per cent was obtained with the levels 2.537 per cent for green gram flour, 10.319 per cent for pumpkin pulp and 8.512 per cent for sugar. 
Peda was prepared by incorporation of green gram flour, pumpkin pulp and sugar to milk at the above optimized levels during pat formation stage of khoa. The optimized green gram pumpkin peda was statistically evaluated for its physico-chemical, sensorial and colorimetric attributes and were compared with control peda. The optimized peda was found to have 13.2 % fat, 14.01 % protein, 73.19 % total solids, 0.496 % LA titratable acidity, The optimized product had 1.72 % crude fiber and 2.1 % ash. On sensory evaluation, the optimized product had scores similar to control and was in the acceptable range. Green gram flour and Pumpkin pulp increased the crude fiber and protein content of peda. Protein content in green gram pumpkin peda is 19.14% on dry matter basis and control peda 18.06%. It was found that there has been increase protein content on dry matter basis, this may be due to the protein which present in higher amounts in green gram. The pumpkin pulp enhanced color and appearance and also contributes to soft body and texture of peda. Hence green gram flour and pumpkin pulp can be used to improve the nutritional value of peda.
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