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AILEEN TAJI
ABSTRACT


PRODUCT DEVELOPMENT BY THE INCORPORATION OF PUMPKIN PEEL POWDER

Pumpkin a large, edible, orange-yellow fruit borne by a coarse, decumbent vine, Cucurbita pepo, of the gourd family. It is an important crop that belongs to the family Curcurbitaceae. Pumpkin is available in many shapes, sizes and colours depending on the variety and climate. Because of the presence of nutritional and health protective polysaccharides in the fruit and protein and oil in the seeds, interest in pumpkin and pumpkin-based products, by food processing, agriculture, pharmaceutical and feed industry has been increased from last few years. Pumpkin skin contains large amounts of fiber, protein, and minerals such as calcium and magnesium, but has lower amounts of carbohydrates, fats, and potassium compared to the pulp commonly consumed as part of pumpkin. Pumpkin skin is rich in carotenoids, pigments with potential health benefits and the skin is an excellent source of bioactive compounds. The study was taken for understanding the value and importance of pumpkin peel incorporated food products and their overall acceptability. The aim of the study was to develop snacks by incorporating pumpkin peel powder obtained from Cucurbita moschata variety. Pumpkin peel powder bread, pumpkin peel powder cookies, pumpkin peel powder puttu are the three different products made by incorporating pumpkin peel powder. Three variation of developed products were made. The organoleptic analysis of the variation was undertaken by trained panel who analyzed the taste, colour, texture, appearance, and overall acceptability. Based on the score of nine hedonic rating scale, the most accepted among the three variations was identified and tested. Microbial analysis and nutrient content analysis of the selected variation was conducted. The protein was estimated by Kjeldhal method, fat  estimated by Soxhlet Extraction method, dietary fibre estimated by Gravimetric method, calcium estimated by  AOAC 20TH Edition 2016. 927.02 , magnesium estimated by AOAC 20TH Edition 2016,Ch 37,931.10,  carbohydrate estimated by difference method. The microbial analysis was conducted based on fssai parameters, salmonella and listeria was absent in all the three products and there was a presence of Enterobacteriaceae <10.
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1. INTRODUCTION


Pumpkin a large, edible, orange-yellow fruit borne by a coarse, decumbent vine, Cucurbita pepo, of the gourd family. It is an important crop that belongs to the family Curcurbitaceae. Cucurbita moschata Duchesne ex Poiret, C. pepo L., C. maxima Duchesne, C. mixta pangalo, and C. micifolia are its five domesticated species.

Pumpkin (Cucurbita spp.), commonly used as a vegetable, belongs to the Cucurbitaceae family and includes about 27 species, mainly Cucurbita maxima, Cucurbita pepo, and Cucurbita moschata. (Whitaker et al. 1962;Robinson et al. 1997; Taylor et al. 2002; Zhao et al. 2004).

There are many different types of pumpkins, and even within the same species, there are many varieties with different shapes, colours, and chemical compositions due to geographical characteristics. Along with polyphenolic compounds, minerals, and other bioactive compounds such as vitamin C, pumpkin is an important antioxidant found primarily in the pulp and skin, and a precursor to vitamin A, an excellent natural colorant. Rich in carotenoids (Kulczynski et al. 2020).
Pumpkin fractions are a rich source of nutritional components such as carbohydrates, proteins, minerals. Pumpkin peel, flesh, and seeds comprise lively ingredients, appearing as powerful antioxidants & anti microbial agents. In addition to ascorbic acid and calcium, the vegetables contained a significant amount of protein and dietary fiber, in adequate concentrations compared to the commonly consumed part, the pulp. The use of pumpkin skins in your diet improves nutrient utilization (Monteiro, 2009).

[bookmark: bbib0057]Production of pumpkins, squashes and gourds in 2019 was estimated above 23 million tons cultivated all over the world comprising an area of 1.54 million hectare and in Pakistan 2.7 lac tons on 26515-hectare area (FAO, 2019).

[bookmark: bbib0126]Pumpkin is available in many shapes, sizes and colour’s depending on the variety and climate. Because of the presence of nutritional and health protective polysaccharides in the fruit and protein and oil in the seeds, interest in pumpkin and pumpkin-based products, by food processing, agriculture, pharmaceutical and feed industry has been increased from last few years (Sojak & Glowacki, 2010).

[bookmark: bbib0069][bookmark: bbib0062][bookmark: bbib0046]Pumpkin peel, flesh and seeds are good source of total phenolic, total flavonoid, total carotenoid and mineral contents (Hussain et al., 2021). Pumpkin peel flour was analyzed for proximate composition and functional properties, and utilized at different replacement levels with wheat flour, to develop biscuits with improved physical and sensory characteristics (George, 2020).Pumpkin skin contains large amounts of fiber, protein, and minerals such as calcium and magnesium, but has lower amounts of carbohydrates, fats, and potassium compared to the pulp commonly consumed as part of pumpkin (Dhiman et al. 2009). 

[bookmark: bbib0127][bookmark: bbib0042]Pumpkin skin is rich in carotenoids, pigments with potential health benefits (Song et al. 2017) pumpkin skin is an excellent source of bioactive compounds (Cuco et al. 2019).Fruit fibre have better quality due to higher total and soluble fibre content, water and oil holding capacity and colonic fermentability, as well as lower phytic acid content and caloric value (Sharoba et al., 2013).

Pumpkin flour can be used due to its yellow-orange colour (due to presence of carotenes), sweetness, and highly desirable flavour (Imran, Khan, Butt, & Muhammad, 2013; Kundu, Grewal, Goyal, Upadhyay, & Prakash, 2012; Salehi, 2019b). Certain health promoting benefits have been reported for pumpkin, that is, antioxidant, anticancer, hypoglycemic, hepatoprotective, urinary dysfunction, LDL cholesterol lowering (Chen & Huang, 2019; Jukić et al., 2019). 

A 2006 study found that alcohol insoluble polysaccharides in pumpkin skin tend to weaken bile acids and support growth of the gut microbiota. While growth retarding activity was seen for bad intestinal bacteria like E.coli and C. perfringins, the pectic polysaccharide fractions showed growth promoting activity for good intestinal bacteria including B. bifidum, B. longum, and L. brevis. They came to the conclusion that pumpkin peel’s pectic polysaccharides have growth promoting effect on beneficial gut bacteria and also posses glucose and bile acid lowering actions, making them suitable as a functional dietary element. (Jun et al., 2006).

Over the decades, several research studies have been conducted on the active ingredients in pumpkin skin, pulp, and seeds providing a miniature sketch of the health related effects such as antibacterial, anti-inflammatory, anticarcinogenic properties etc (Hussain et al., 2022).

An analysis of the nutritional composition of pumpkin trimmings showed that both the skin and flesh are excellent sources of dietary fiber and minerals such as phosphorus and iron, with nearly similar antioxidant activity likely due to the presence of polyphenolic compounds (Sathiya Mala et al., 2016). 

Pumpkin is recommended for atherosclerosis, reduction of cholesterol in people suffering from obesity (Danilchenko et al., 2000). Pumpkin can be processed in to flour (Dhiman et al., 2017a)] for their supplementation in to bakery products, soups (Dhiman et al., 2017b).

Pumpkin skin is usually discarded, although it has high levels of protein ,carbohydrate, dietary fiber, lipid, carotenoids and tocopherol  (Kim et al., 2012).Plant peels can improve nutritional aspect of the food products because they are rich in fibers (Batista et al., 2018).



SIGNIFICANCE OF STUDY : 

The study was taken for understanding the value and importance of pumpkin peel incorporated food products and their overall acceptability.

Pumpkin peel has good nutritional composition , it contain significant amount of fiber, protein, carbohydrate, minerals such as calcium, magnesium as compared to the pulp that is the commonly consumed portion of pumpkin. Pumpkin peel powder can be incorporated into various products to make it nutritionally rich. 

Pumpkin is a fruit which is used in our daily lives in the form of pumpkin pulp. Whereas pumpkin peel are not used commonly but it has various health benefits . Therefore, it was found appropriate to highlight the benefits of pumpkin peel and develop products using pumpkin peel.



OBJECTIVES :  

The study was planned based on the following objectives :

1. Analyse selected nutrient content of developed product.
2. Determine the shelf life of developed products.
3. Formulate snacks using pumpkin peel powder.
4. To conduct organoleptic analysis of developed snacks.



































REVIEW OF LITERATURE











2. REVIEW OF LITERATURE

[bookmark: _Hlk134644248]The review of literature pertaining to the study entitled “ PRODUCT DEVELOPMENT BY THE INCORPORATION OF PUMPKIN PEEL POWDER” are discussed under the following headings :

2.1  HEALTH BENEFITS OF PUMPKIN PEEL.
 
2.2  NUTRITIONAL COMPOSITION OF PUMPKIN PEEL.
2.2.1  MINERAL COMPOSITION OF PUMPKIN PEEL.

2.3  CHEMICAL COMPOSITION & PHARMACOLOGICAL PROPERTIES. 

2.4  ANTI-NUTRITIONAL PROPERTIES OF PUMPKIN. 

2.5  USING LEFTOVERS FROM THE FOOD SECTOR TO EXTRACT NUTRIENTS.

2.1  Health Benefits Of Pumpkin Peel:

Peels from fruits and vegetables, which are typically discarded during preparation and consumption, are a good source of nutrition. In the subcontinent, pumpkin is a widely farmed and consumed vegetable. Pumpkin peel, which contains substantial amounts of vital nutrients, is seen as trash and discarded. Pectin from pumpkin peels and other dietary fibres have been shown to slow down the digestion of starches, preventing disorders like diabetes that are related to diet (Bai et al., 2020).
Pumpkin peel extracts added to canola oil delayed the oxidation process (Salami et al.,2020). A sustainable method was used to create silver nanoparticles from pumpkin peel extract (Ali et al.,2020). A neglected source of starch and bioethanol is pumpkin peel (Chouaibi et al.,2020). The use of traditional medicinal herbs across the globe makes it possible to discover new medications (Farzaei et al.,2015).
In the studies of Bahramsoltani et al.,2017 it was found that a range of tropical herbal medications that are helpful in the treatment of burn wounds are described in the text books of Traditional Persian Medicine (TPM). Pumpkin peels were also mentioned in these formulations. Peptic ulcers were treated with pumpkin peel in TPM. Gastrointestinal hemorrhage, hepatic conditions, and various wounds, including burn wounds. Pumpkin fruit peel is helpful for hot and dry disorders like burn wounds because of its cool and wet nature.

According to Aghili (2009) some formulations of pumpkin fruit peel are advised for the healing of burn wounds. Wang et al.,2012 in his studies mentioned that pumpkin fruit peel has been tested for its anti-fatigue properties on mice and contains carotenoids and alpha-tocopherol. In the disc diffusion method, methanolic and ethanolic extracts of pumpkin peel have antibacterial activity with an inhibitory zone of 6–10 mm ( Chonoko & Rufai,2011).

Pumpkin peel has been found to contain a variety of amino acids, such as alanine, arginine, glutamic acid, aspartic acid, leucine, isoleucine, histidine, lysine, glycine, phenylalanine, methionine, threonine, serine, tyrosine, and valine (Bahramsoltani et al.,2017).

Pectic polysaccharides from pumpkin peel were isolated by Jun et al.,2006, and their impact on the development of human gut bacteria was examined. To healthy intestine bacteria like B. bifidium, B. longum, and L. brevis, the pectic polysaccharide fractions showed growth-promoting activity, but growth-retarding activity was seen for harmful intestinal bacteria like E. coli and C. perfringins. They came to the conclusion that pumpkin peel's pectic polysaccharides have growth-promoting effects on beneficial intestinal bacteria as well as glucose and bile acid-lowering effects, making them suitable as food additives.

2.2  Nutritional Composition Of Pumpkin Peel:

Currently, fruit and vegetable  diligence produce large amounts of by- products  enjoying huge  profitable  eventuality. Nearly 25 to 60  of the weight of fruits and vegetables are comprised of by- products including higher chance of peels. These by- products are  formulated of an  immersing chemical composition, leading their  possible use in food products(Rico et al.,2020).

[bookmark: bbib0108]Consumers are very concerned about the use of synthetic additives in the production of food, so the food business needs to integrate medicinal plants and their parts in the form of extracts and powders to develop functional foods (Peanparkdee & Iwamoto, 2019).

According to Mishra and Sharma (2019) vegetable peels and seeds have more nutrients, such as vitamins, minerals, and phytochemicals, than vegetable pulp, as per comparative research conducted in Brazil on vegetable peel, pulp, and seeds. Because of this, flour made from fruit and vegetable peels is used to make bakery goods including bread, biscuits, cakes, and cereal bars. Because fruit and vegetable peels are seen as trash, mixing them with wheat flour improves the nutritious content of bread goods while also lowering production costs.

Compared to the pulp, which is the part of the pumpkin that is usually ingested, pumpkin peels include a substantial quantity of fiber, protein, and minerals like calcium and magnesium, but less of carbs, lipids, and potassium(Dhiman et al.,2009).
Carotenoids, the pigment agents having the ability to promote health, are abundant in pumpkin skin(Song et al.,2017). A good source of physiologically active compounds is pumpkin peel (Cuco et al.,2019).
The physicochemical, sensory, and cooking qualities of beef burgers were improved by the inclusion of pumpkin peel flour, which has significant mineral and dietary fibre contents (Hartmann et al., 2020). It may be possible to use pumpkin peels as a manufacturing substrate for oxidative enzymes produced by local fungi strains(Noman et al.,2020).

During phytochemical screening of pumpkin peel, it was discovered that both methanoic and ethanolic extracts contained flavonoids and phenolic substances (Chonoko & Rufai, 2011).

Bahramsoltani et al.,2017 found that the total phenol assay of pumpkin peel extract was equal to 22.92 mg of gallic acid in 1 g of dried extract and that the IC50value for DPPH radical scavenging activity was found to be 4.015 mg/ mI while the ferric reduction capability of pumpkin Peel extract was 142.63 mmol Fe2+ /g.
In 2011, Norfezah et al., produced pumpkin flour from the peel, pulp, and seeds of crown pumpkins (Cucurbita maxima). They divided the fractional makeup of the pum into four categories: peel (10–12%), pulp (3–4%), edible flesh (79–82%), and seed (4–6%).
The nutritional makeup of pumpkin peel was analysed by Mala and Kurian (2016), who found that the amounts of B-carotene, phosphorus, iron, and ascorbic acid were 11.89, 319.13, 42.99, and 18.90 mg/100 g, respectively. Pumpkin peel has a TPC value of 5.19 mg GAE/g.
The TPC and TFC values of pumpkin peel extract at various methanolic percentages were calculated by Asif et al., 2017. TPC 1.83 mg GAE/100 g and TFC 0.41 mg CE/100 g are present in the 80% methanolic extract of pumpkin peel. 
Asif et al.,2017 found that pumpkin peel extract demonstrated good antibacterial activity against four bacterial strains when evaluated using the disc diffusion method, with inhibition zone values ranging from 10 to 15 mm. Pumpkin peel's significant antibacterial and antioxidant properties suggest that it could be used to create functional foods with a high antioxidant content.
The chemical make-up and biological significance of pumpkin (Cucurbita pepo) peel powder were analysed by Bandr et al.,2011. The readings for calcium, iron, zinc, and copper (mg/100 g dry weight) were 5571, 247.33, 42.92, and 12.91, respectively. They also analysed the mineral concentrations in pumpkin peel powder. The amount of beta-carotene in pumpkin peel powder was 751.99 ug/100 g. When the amino acid composition of powdered pumpkin peel was examined, aspartic acid (2.64%) emerged as the amino acid with the highest concentration, followed by glutamic acid (2.53%) and leucine (1.21%).
Tryptophan was found in the highest percentage among the peel, flesh, and seeds. A notable indication of the broad-spectrum antimicrobial potential of pumpkin peel extracts was the 17 mm diameter of the inhibition zone against the Gram positive bacterium Streptomyces viridochromogenes and the 15 mm diameter of the inhibition zone against the fungus Mucor meihi when antimicrobial activity of pumpkin peel extract was analysed using the agar disc method.

The following are the nutrient composition in pumpkin peel according to Maria et al.,2022.

	NUTRIENT
	PUMPKIN PEEL(Value/100g)

	Energy
	520.78 kJ

	Protein
	14.670 mg

	Lipids
	1.650 mg

	Ash
	7.317 mg

	Water
	89.527 mg



2.2.1  Mineral Composition Of Pumpkin Peel:

According to Maria et al.,2022 the mineral composition of pumpkin peel is given in the following table:


	NUTRIENT
	PUMPKIN PEEL (mg/100g)

	Calcium
	1.360

	Iron
	4.004

	Magnesium
	3.353

	Phosphorous
	1.419

	Potassium
	687.467




2.3  Chemical Composition And Pharmacological Properties:
The chemical makeup and nutritional value of the pumpkin fruit (peel, flesh, and seed) from various origins and types have been extensively studied  (Lazos, 1986; Stevenson et al.,2007; Martínez et al., 2010a,b, 2012; Ardabili et al.,2011).

According to Kim et al.,2012, Korea-grown C. moschata, C. pepo, and C. maxima were compared in terms of their chemical compositions and nutritional qualities. The findings showed that the nutritional contents of the various species and portions varied greatly, with the C. maxima having significantly higher levels of glucose, protein, fat, and fibre than the other two species.
According to investigations by Eleiwa et al.,2014  on the phyto-chemical and pharmacological qualities of C. moschata grown in Egypt, the seeds and pulp contain significant levels of sugars, saponins, and steroids. Lauric acid is the main saturated fatty acid present, while oleic and linolic acids are the main unsaturated fatty acids present, according to a preliminary examination of the seeds' lipoidal content. The petroleum ether extracts had the highest levels of vitamin E. While aqueous methanolic preparations of the seeds have the highest levels of vitamin A.
The seeds are a good source of vital chemicals and high-quality protein (zinc, magnesium, phosphorus , copper, potassium, niacin ,folic acid, riboflavin and thiamine). The seeds demonstrated impressive analgesic and antidepressant properties, whereas the pulp demonstrated considerable anti-inflammatory effects.
The scientists also pointed out that, in contrast to the Korean C. moschata, which produced excellent yields of oleic acid (31.34%) and linoleic acid (35.72%), the Egyptian C. moschata produced inferior quantities of oleic acid (5.4%) and linoleic acid (5.21%) (Eleiwa et al.,2014).


The health advantages of squash were enumerated by Jacobo-Valenzuela et al.,2011a,b as a key source of alpha and b-carotene, lutein, vitamin C, dietary fiber, minerals, and phenolic compounds.
Pumpkin seeds contain DM (94.19%), ash (4.5%), CP (30.60%), ether extract (34.5%), crude fibre (16.24%), calcium (0.51%), and total phosphorus (0.18%), according to a study on the chemical composition of C. moschata [Martmez et al.,2010a,b].
Petkova and Antova (2015) looked into how the makeup of C. moschata seeds changed as they grew and matured. The authors claim that when pumpkin seeds mature, their oil, protein, and fibre contents rise while their mineral, carbohydrate, and fibre contents fall. The seeds' oil content at 30, 60, and 90 days was 10.7, 41.1, and 47.1%, respectively. Protein content was 26.0%, 35.9%, and 38.2%, and fibre content was 4.0%, 6.9%, and 10.0%. Carbohydrate and starch content, meanwhile, was 9.5%, 1.8%, 1.3%, and 16.3%, 6.8%, 2.3%, respectively.
The study also showed that the amount of physiologically active substances in the seeds decreased with time, especially during the ripening stage, most likely as a result of a shift in the fatty acid's glyceride profile during ripening.
Fedha et al.,2010 ascribed variations in agricultural practises and harvest dates for the Mexican winter squash's comparative lower protein content.

2.4  Anti-Nutritional Properties Of Pumpkin:
Researchers have identified antinutritional qualities in addition to the nutritional bio-constituents of most plant seeds, which at certain critical levels may endanger the health and general well-being of monogastrics in particular, as well as the bioavailability and digestibility of nutrients  (Omorayi and Dil-worth, 2007).

Elinge et al., 2012 found that while phytate, oxalate, hydrocyanic acid, and nitrate are present in pumpkin (C. pepo L) seeds, they are not present in quantities that provide a short-term health risk to poultry.
The negative effects of these antinutritional phyto-compounds in seeds have also been addressed through the use of some physical and chemical techniques (Caili et al., 2006; Buba et al., 2010; Elinge et al., 2012; Medugu et al., 2012), though the expense of the treatment and the efficacy of the technique should also be taken into account.

2.5  Using Leftovers From The Food Sector To Extract Nutrients :
Industries that process food generate significant amounts of crop waste in the form of peel and seeds. Similar to other waste material products and fibre-rich components, these waste materials are a rich source of micro and macronutrients and can be used as food or added as functional ingredients to other foods.  (Brennan & Sameuyl, 2004, Tudorica et al., 2004).

Due to a lack of technology, vast amounts of agricultural waste are not used for human benefit. Scientists have focused heavily on using local biomass for the creation of sustainable economic systems in recent decades. It is imperative that agroindustrial waste be used to recover bioactive components and be processed to create useful ingredients. (Mirabella et al., 2014).
Every year, the food business generates a sizable amount of solid waste in the form of plant peel, seeds, and leaves. (Nyam et al., 2009).
Large amounts of agricultural waste are produced during the processing of pumpkins, which is a major issue. During one 6-month processing season, a food business in New Zealand by the name of Cedenco Foods Ltd produces 5500 metric tonnes of pumpkin trash. Because just the flesh portion of the pumpkin is treated, this waste represents nearly 25% of the entire amount of pumpkin processed. This waste stream can be used to create energy, as well as items for food, medicine, and skin care. (Brian, 2008).
According to Qdais et al.,2010, waste material generated by the food sector pollutes the environment and causes biomass to disappear. This food industry waste material can be used to create useful food products with useful ingredients. (El Adawy & Taha, 2001).
Pumpkin peel, flesh and seed waste stream fractions were processed into flours, and these flours were combined with grit from maize at various replacement ratios to create extruded snack products. (Norfezah et al., 2011). Pumpkin wastes, which humans cannot digest, could be fed to livestock. The bioactives in this waste material have the potential to improve the nutritional value of milk and meat (Valdez-Arjona & Ramrez-Mella, 2019).
Mala & Kurian , 2016 claim that the  processing of pumpkin produces waste in the form of peel and pulp. These waste materials were tested for proximate composition and antioxidant activity, and the results were highly encouraging.
As per the findings of Dona, 2019 from  leftover pumpkin, pectin was extracted, and its production and suitability for use in food applications were evaluated. Biogas might be produced from the organic waste left behind after processing pumpkins. (Sagagi et al.,2009).
Pumpkin seeds, which are typically thrown out as waste, include a significant amount of fatty acids and amino acids, therefore including them in culinary products could increase their value. (Lemus-Mondaca et al., 2019).
The need for environmentally friendly technology to recover phytochemicals from pumpkin waste streams is urgently needed; doing so would not only help to control pumpkin processing byproducts but also be helpful to market the introduction of pharmaceutical foods based on pumpkin.
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3. METHODOLOGY

The methodology of the present study entitled “PRODUCT DEVELOPMENT BY THE INCORPORATION OF PUMPKIN PEEL POWDER” is discussed below:

3.1 DRYING AND POWDERING OF PUMPKIN PEEL
3.1.1 PREPARATION OF PUMPKIN PEEL POWDER 

3.2 DEVELOPMENT OF THE PRODUCTS 
[bookmark: _Hlk127114972]3.2.1 PRELIMINARY CHECKING OF PUMPKIN PEEL AND INGREDIENTS OF FOOD PRODUCTS 
3.2.2 METHOD OF PREPARATION 

3.3 ORGANLEPTIC ANALYSIS OF THE DEVELOPED PRODUCTS 
3.3.1 SCORE CARD 

3.4 ANALYSIS OF NUTRIENT CONTENT IN THE DEVELOPED PRODUCTS 
3.4.1 PHYSIOCHEMICAL ANALYSIS OF CARBOHYDRATE, PROTEIN, DIETARY FIBER, FAT, CALCIUM, MAGNESIUM

[bookmark: _Hlk131685295]3.5 MICROBIAL ANALYSIS OF THE DEVELOPED PRODUCTS


3.1 DRYING AND POWDERING OF PUMPKIN PEEL

Pumpkin’s (Cucurbita moschata) taken in the study are grown in households without adding fertilizers. They are plucked, cleaned and washed under tap water to remove dirt dust and foreign materials. The peel is then removed using a knife and spread on a paper sheet. The peels are sundried completely for almost 1 week. After drying, the peels were ground in an electric mixer grinder to fine powder and stored in airtight containers. 

3.1.1 PREPARATION OF PUMPKIN PEEL POWDER 

Selection of good pumpkins
|
Wash it properly 
|
Cut the peel of pumpkin 
|
Sun dry the peels 
|
Grinding 
|
Flour
|
Stored in cool and dry containers 
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	PLATE – 1
FRESHLY SLICED PUMPKIN PEEL
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PLATE - 2
DRIED PUMPKIN PEEL
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PLATE - 3
                                                     PUMPKIN PEEL FLOUR

3.2 DEVELOPMENT OF THE PRODUCTS

In the study the products that are easy to prepare and nutritious, enhancing and  harnessing the health benefits provided by pumpkin peel were developed. Three products were made based on standardized recipes. Three variations of each product were made, and it was done by changing the proportion of pumpkin peel powder as 2.5%, 5% and 7.5% for all the product.

3.2.1 PRELIMINARY CHECKING OF PUMPKIN PEEL POWDER AND INGREDIENTS OF FOOD PRODUCTS
Before preparation, the organoleptic properties of pumpkin peel flour were checked such as  condition of powder (such as taste, odour etc), expiry date of other ingredients used. All the ingredients were measured using a weighing balance. Handling and preparation of foods were done under hygienic conditions with minimum wastage of food materials.

3.3.2 METHOD OF PREPARATION

3.3.2.1 PUMPKIN PEEL POWDER BREAD

 INGREDIENTS 
· Pumpkin Peel Flour – 30g 

· Wheat flour – 370g

· Sugar – 35g

· Butter – 50g

· Yeast – 15g

· Water – 250ml.

    


                     [image: ]

PLATE - 4

PREPARATION 
· In a bowl add 50ml lukewarm water, sugar, yeast. Stir with a spoon to help the yeast dissolve in the water. Mix well and keep it for 10-15 minutes.

· In a large bowl mix wheat flour, pumpkin peel flour, butter, sugar, fermented yeast.

· Add water as you mix.

· Then begin to knead the mixture into a soft dough, adding water at intervals as needed.

· Knead very well for 8 – 10 minutes.

· Flatten the dough to fill the bottom of the bowl. Lightly brush the top of dough with water.

· Cover the bowl and keep it for 1 hour. After 1 hour the dough should be nearly double in size.

· Use you fist to punch the dough lightly into the bowl and knead again lightly. Roll it into a ball.

· Now form the dough into a log and gently pinch the edges into a seam. Place the dough log into greased loaf pan. 

· Cover again with a clean wet towel and keep it for 45 minutes. The dough rises after 45 minutes.

· Preheat the oven and bake at 180oC for 30 minutes. 

· After baking rub butter for soft and shiny texture.

[image: ]
PLATE - 5

PUMPKIN PEEL BREAD
3.3.2.2 PUMPKIN PEEL POWDER  COOKIES

INGREDIENTS
· Pumkin peel flour – 10g

· Wheat flour – 190g

· Milk – 125g

· Sugar – 100g

· Baking powder – 0.5-1 teaspoon

· Butter – 125g       
                                    
                          [image: ]
PLATE - 6


· Add butter, powdered sugar to a bowl then beat and whisk it into a creamy texture.

· To the mixture add wheat flour, pumpkin peel flour, baking powder mix and crumble.

· Then add milk and combine the mixture, to form a dough.

· Flatten the dough and roll gently.

· Cut it into the triangular shapes.

· Take a baking tray, spread butter sheet and place the cookies on it.

· Preheat and bake at 1600C for 15 minutes. 
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PLATE - 7
PUMPKIN PEEL COOKIE

3.3.2.3 PUMPKIN PEEL POWDER PUTTU

INGREDIENTS
· Pumpkin peel flour – 8.5g

· Rice flour – 146.5g

· Coconut
                      [image: ]
PLATE – 8


PREPARATION
· In a bowl take rice flour, pumpkin peel flour, and a pinch of salt and mix well.

· Add enough water and mix. Do not knead.

· Take a puttu steamer. 

· Inside the steamer put little coconut as a layer. Then fill with the flour layer. On the top fill with second layer of coconut. 
 
· Close and ready to steam. 

· Put steamer on the stove, add water and boil. 

· Steam for 5 minutes till continuous steam comes. 
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PLATE - 9
PUMPKIN PEEL PUTTU



3.3 ORGANOLEPTIC ANALYSIS OF THE DEVELOPED PRODUCTS

· The sensory evaluation was carried out by 14 trained panel members.

· Samples prepared were arranged in row.

· After analysis they were asked to score the samples using scorecards given to them.

[image: ]                                                        [image: ] 

  
[image: ]                           [image: ]


3.3.1 SCORE CARD

A score card was given to the panel to rate and record the acceptability of food products based on 5 attributes such as appearance, colour, texture, taste and over all acceptability. Scoring was done using 9-point hedonic scale rating system.
The sensory evaluation was carried out by 14 trained panel members to evaluate the product. The panel were provided with cookies, bread and puttu of different variations along with a score card of 9-point hedonic scale to rate the products. 
The card implies the degree of liking based on the numerical choices. Score 1 to 9 implied dislike extremely, dislike very much, dislike moderately, dislike slightly, neither like nor dislike, like slightly, like moderately, like very much and like extremely respectively.
According to the Institute of Food Technologists (IFT), sensory evaluation is a scientific method used to evoke, measure, analyze and interpret those responses to products as perceived through the senses of sight, touch, smell and taste ( IFT 2007).
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PLATE - 10
COOKIES FOR ORGANOLEPTIC ANALYSIS 
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PLATE - 11
PUMPKIN PEEL PUTTU FOR ORGANOLEPTIC ANALYSIS
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PLATE - 12
BREAD FOR ORGANOLEPTIC ANALYSIS

3.4 ANALYSIS OF NUTRIENT CONTENT IN THE DEVELOPED PRODUCTS

The variation of each product selected for the analysis was the top ranked variation in its overall acceptability which was done using the hedonic score card by the panel. Physiochemical analysis was done for evaluating the nutrient content of the developed products. Carbohydrate,  Protein, Calcium, Dietary fiber, Fat, Magnesium  content was clinically assessed.

3.4.1 PHYSIOCHEMICAL ANALYSIS OF CARBOHYDRATE, PROTEIN, DIETARY FIBER, FAT, CALCIUM, MAGNESIUM
[bookmark: _Hlk131685430]The nutrient content analysis of developed products was conducted by FQ Lab and research centre located in Marine Drive of Ernakulam district. The protein content of the food items were estimated by Kjeldhal method, fat  estimated by Soxhlet Extraction method, dietary fibre estimated by Gravimetric method, calcium estimated by AOAC 20TH edition 2016. 927.02 , magnesium estimated by AOAC 20TH edition 2016,Ch 37,931.10,  carbohydrate estimated by difference method.

3.5 MICROBIAL ANALYSIS OF THE DEVELOPED PRODUCTS

The best three products were taken for  microbial analysis to detect the shelf life of the products. It was conducted by FQ Lab and research centre located in Marine Drive of Ernakulam district. The parameters that are tested are Salmonella, Listeria monocytogenes, Enterobacteriaceae for bread, puttu, cookies. From the analysis it was found that Salmonella, Listeria are absent and Enterobacteriaceae is present <10 cfu/g in all the three products.
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4. RESULT AND DISCUSSION

The result and discussion pertaining to the study entitled “ PRODUCT DEVELOPMENT BY THE INCORPARATION OF PUMPKIN PEEL POWDER” is discussed under following headings:
4.1 AVERAGE MEAN SENSORY SCORE OF THE PRODUCTS.
4.1.1 PUMPKIN PEEL POWDER BREAD.
4.1.2 PUMPKIN PEEL POWDER COOKIES.
4.1.3 PUMPKIN PEEL POWDER PUTTU.

[bookmark: _Hlk131801869]4.2 PHYSIOCHEMICAL ANALYSIS OF SELECTED NUTRIENTS OF DEVELOPED PRODUCTS.
4.2.1 PUMPKIN PEEL POWDER BREAD.
[bookmark: _Hlk131802779]4.2.2 PUMPKIN PEEL POWDER COOKIES.
[bookmark: _Hlk131803182]4.2.3 PUMPKIN PEEL POWDER PUTTU.

[bookmark: _Hlk131875165]4.3 FRIEDMAN’S TEST FOR OVERALL ACCEPTABILITY OF DEVELOPED PRODUCTS.
4.3.1 PUMPKIN PEEL POWDER BREAD.
[bookmark: _Hlk131879271]4.3.2 PUMPKIN PEEL POWDER COOKIES.
[bookmark: _Hlk131880152]4.3.3 PUMPKIN PEEL POWDER PUTTU.

4.4 MICROBIAL ANALYSIS OF DEVELOPED PRODUCTS.
4.4.1 PUMPKIN PEEL POWDER BREAD.
[bookmark: _Hlk131881991]4.4.2 PUMPKIN PEEL POWDER COOKIES.
4.4.3 PUMPKIN PEEL POWDER PUTTU.



4.1 AVERAGE MEAN SENSORY SCORE OF THE PRODUCTS


	Sensory Evaluation
	Appearance
	Colour
	Taste
	Texture
	Overall Acceptability

	Pumpkin Peel Powder Bread
	8.21
	8.21
	7.78
	7.92
	7.71

	Pumpkin Peel Powder Cookies
	8.42
	8.57
	8.07
	7.85
	8.42

	Pumpkin Peel Powder Puttu
	8.35
	8.35
	7.5
	7.85
	7.71


TABLE – 1


FIGURE – 1
Selected panel member’s organoleptic assessments are shown in table 1 along with a graphical representation in figure  1. Above mentioned details are taken based on the accepted products from the three variation of bread, cookies, puttu. Consequently, this sample ratios was given for additional research.

4.1.1 PUMPKIN PEEL POWDER BREAD
	Sensory Evaluation
	Appearance
	Colour
	Taste
	Texture
	Overall
Acceptability

	PPPB (2.5%)
	8.42
	8.2
	7.1
	7.07
	7.28

	PPPB (5%)
	8
	8.2
	7.07
	7.6
	7.5

	PPPB (7.5%)
	8.21
	8.21
	7.78
	7.92
	7.71


*PPPB – Pumpkin Peel Powder Bread
TABLE – 2

FIGURE – 2

From table – 2 and figure -2 it is clear that the PPPB (7.5%) was accepted mostly in the organoleptic evaluation among the three variations and hence this variation was given for further analysis.

4.1.2 PUMPKIN PEEL COOKIES.

	Sensory Evaluation
	Appearance
	Colour
	Taste
	Texture
	Overall Acceptability

	PPPC (2.5%)
	7.92
	7.7
	7.7
	7.5
	7.6

	PPPC (5%)
	8.42
	8.57
	8.07
	7.85
	8.42

	PPPC (7.5%)
	7.21
	7
	6.8
	6.6
	7


*PPPC – Pumpkin Peel Powder Cookies.
TABLE – 3

[bookmark: _Hlk132531285]The organoleptic evaluations by selected panel members are depicted in table-3 along with graphical representation in figure - 3. Among three samples variation kept for evaluation, pumpkin peel powder cookie with 5% was the most accepted variation. Therefore this variation is given for the further study.


FIGURE - 3

4.1.3 PUMPKIN PEEL POWDER PUTTU

	Sensory Evaluation
	Appearance
	Colour
	Taste
	Texture
	Overall Acceptability

	PPPP (2.5%)
	7.28
	7.3
	7.07
	6.8
	7.2

	PPPP (5%)
	8.35
	8.35
	7.5
	7.85
	7.71

	PPPP (7.5%)
	7.92
	8
	7.3
	7.5
	7.4


*PPPP – Pumpkin Peel Powder Puttu

TABLE – 4

The organoleptic evaluations by selected panel members are depicted in table-4 along with graphical representation in figure - 4. Among three samples variation kept for evaluation, pumpkin peel powder puttu with 5% was the most accepted variation. Therefore this variation is given for the further study.


FIGURE – 4

4.2 PHYSIOCHEMICAL ANALYSIS OF SELECTED NUTRIENTS OF DEVELOPED PRODUCTS.
4.2.1 PUMPKIN PEEL POWDER BREAD.

	Sl.No
	Nutrients
	Pumpkin Peel Powder Bread
(100g)

	1.
	Total Carbohydrate
	55

	2.
	Protein
	4.23

	3.
	Total Fat
	9.46

	4.
	Dietary Fibre
	14.30

	5.
	Calcium
	0.00158

	6.
	Magnesium
	0.001536



TABLE – 5

FIGURE – 5

The table -5 denote the amount of nutrients present in 100g pumpkin peel bread. It contain 55g of carbohydrate, 4.23g protein, 9.46g total fat, 14.30g dietary fibre, 0.00158g calcium, 0.00153g magnesium. Figure 5 is the graphical representation of those values obtained through analysis.

4.2.2 PUMPKIN PEEL POWDER COOKIES.

	Sl. No
	Nutrients
	Pumpkin Peel Powder Cookies
(100g)

	1.
	Total Carbohydrate
	53.49

	2.
	Protein
	7.76

	3.
	Total Fat
	29.24

	4.
	Dietary Fibre
	13.28

	5.
	Calcium
	0.0014827

	6.
	Magnesium
	0.00192.16



TABLE – 6

From the above table 6 , it is clear that the carbohydrate content of 100g of pumpkin peel powder cookies is 53.49, protein 7.76g, fat 29.24g, dietary fibre 13.28g, calcium 0.00148g, magnesium 0.00192g.


FIGURE – 6

The nutritional parameters of pumpkin peel powder cookies is analysed and represented above, it contain 53.49g carbohydrate, 7.76g protein, 29.24g fat, 13.28g fibre, 0.0014827g calcium, 0.0019216g magnesium.

4.2.3 PUMPKIN PEEL POWDER PUTTU.

	Sl.No
	Nutrients
	Pumpkin Peel Powder Puttu
(100g)

	1.
	Total Carbohydrate
	81.73

	2.
	Protein
	6.32

	3.
	Total Fat
	1.57

	4.
	Dietary Fibre
	13.60

	5.
	Calcium
	0.007443

	6.
	Magnesium
	0.006330



TABLE – 7

Table – 7 represent the nutrients that are present in 100g of pumpkin peel powder puttu. Figure 7 indicate the graphical representation of nutrients that are analysed in the pumpkin peel powder puttu. It contain 81.73g carbohydrate, 6.32g protein, 1.57g fat, 13.6g dietary fibre, 0.00633g magnesium, 0.007443g calcium.

FIGURE – 7

4.3 FRIEDMAN’S TEST FOR OVERALL ACCEPTABILITY OF DEVELOPED PRODUCTS.
4.3.1 PUMPKIN PEEL POWDER BREAD.
	NUMBER OF PANEL MEMBERS
	VARIATION 1
	VARIATION 2
	VARIATION 3

	1
	8
	8
	7

	2
	8
	7
	8

	3
	5
	5
	7

	4
	7
	8
	9

	5
	7
	9
	8

	6
	7
	8
	9

	7
	8
	7
	7

	8
	8
	8
	9

	9
	7
	8
	9

	10
	8
	9
	8

	11
	9
	5
	5

	12
	6
	9
	8

	13
	8
	7
	6

	14
	6
	7
	8

	TOTAL
	24.5
	28.5
	31


TABLE - 8
Looking at the statistical table for k = 3 and n=14, we have the critical value for the Friedman test at the 5% significance level is 8.39. This means that if the calculated Friedman test static is greater than 8.39, we can reject the null hypothesis and conclude that there are difference between the groups.
Calculated FM Statistic : 1.392857.
Critical value for the Friedman test : 8.39.
[bookmark: _Hlk131880733]Since the calculated statistic is less than the critical value, we do not have enough evidence to reject the null hypothesis at the chosen significance level. Therefore, we can conclude that there is no significant difference between the mean ranks of the groups being compared.

4.3.2 PUMPKIN PEEL POWDER COOKIES.

	NUMBER OF PANEL MEMBERS
	VARIATION 1
	VARIATION 2
	VARIATION 3

	1
	7
	8
	6

	2
	8
	8
	8

	3
	7
	7
	3

	4
	8
	9
	7

	5
	7
	9
	8

	6
	8
	9
	9

	7
	8
	9
	7

	8
	9
	9
	8

	9
	8
	9
	7

	10
	7
	8
	6

	11
	7
	9
	7

	12
	7
	9
	7

	13
	8
	8
	9

	14
	8
	7
	6

	TOTAL
	26.5
	37
	20.5



TABLE – 9
From the above table for k=3 and n=14, we have the critical value for the Friedman test at the 5% significance level is 8.39. This means that if the calculated Friedman test statistic is greater than 8.39, we can reject the null hypothesis and conclude that there are differences between the groups.

[bookmark: _Hlk131880637]Calculated FM Statistic : 9.96429
Critical value for the Friedman test : 8.39
Since the calculated statistic is greater than the critical value, we can reject the null hypothesis at the chosen significance level. Therefore, we can conclude that there is a significant difference between the mean ranks of the groups being compared.

4.3.3 PUMPKIN PEEL POWDER PUTTU.

	NUMBER OF PANEL MEMBERS
	VARIATION 1
	VARIATION 2
	VARIATION 3

	1
	7
	8
	8

	2
	8
	8
	7

	3
	3
	5
	3

	4
	8
	8
	9

	5
	7
	6
	8

	6
	6
	8
	8

	7
	9
	8
	8

	8
	7
	8
	9

	9
	7
	9
	8

	10
	8
	9
	7

	11
	9
	9
	9

	12
	6
	7
	9

	13
	8
	9
	6

	14
	8
	6
	7

	TOTAL
	24.5
	30.5
	29



TABLE – 10
In the statistical table for k=3 and n=14, we have the critical value for the Friedman test at the 5% significance level is 8.39. this means that if the calculated Friedman test statistic is greater than 8.39, we can reject the null hypothesis and conclude that there are differences between the groups.
Calculated FM Statistic : 1.39286
Critical value for the Friedman test : 8.39
Since the calculated statistic is less than the critical value, we do not have enough evidence to reject the null hypothesis at the chosen significance level. Therefore, we can conclude that there is no significant difference between the mean ranks of the groups being compared.

4.4 MICROBIAL ANALYSIS OF DEVELOPED PRODUCTS.
4.4.1 PUMPKIN PEEL POWDER BREAD.

	[bookmark: _Hlk131882023]Sl.No
	Parameters
	Result

	1.
	Salmonella
	Absent

	2.
	Listeria monocytogenes
	Absent

	3.
	Enterobacteriaceae
	<10


TABLE – 11
The analysis was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.

4.4.2 PUMPKIN PEEL POWDER COOKIES.

	Sl.No
	Parameters
	Result

	1.
	Salmonella
	Absent

	2.
	Listeria monocytogenes
	Absent

	3.
	Enterobacteriaceae
	<10


TABLE – 12
The analysis was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.

4.4.3 PUMPKIN PEEL POWDER PUTTU.

	Sl.No
	Parameters
	Result

	1.
	Salmonella
	Absent

	2.
	Listeria monocytogenes
	Absent

	3.
	Enterobacteriaceae
	<10


TABLE – 13
The analysis was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.
















SUMMARY AND CONCLUSION










5. SUMMARY AND CONCLUSION

Pumpkin a large, edible, orange-yellow fruit borne by a coarse, decumbent vine, Cucurbita pepo, of the gourd family. It is an important crop that belongs to the family Curcurbitaceae. Cucurbita moschata Duchesne ex Poiret, C. pepo L., C. maxima Duchesne, C. mixta pangalo, and C. micifolia are its five domesticated species. Pumpkin is available in many shapes, sizes and colour’s depending on the variety and climate. Because of the presence of nutritional and health protective polysaccharides in the fruit and protein and oil in the seeds, interest in pumpkin and pumpkin-based products, by food processing, agriculture, pharmaceutical and feed industry has been increased from last few years.

Pumpkin flour can be used due to its yellow-orange colour (due to presence of carotenes), sweetness, and highly desirable flavour (Imran, Khan, Butt, & Muhammad, 2013; Kundu, Grewal, Goyal, Upadhyay, & Prakash, 2012; Salehi, 2019b). Certain health promoting benefits have been reported for pumpkin, that is, antioxidant, anticancer, hypoglycemic, hepatoprotective, urinary dysfunction, LDL cholesterol lowering (Chen & Huang, 2019; Jukić et al., 2019).

Hence the present study entitled “PRODUCT DEVELOPMENT BY THE INCORPORATION OF PUMPKIN PEEL POWDER” has been undertaken with the following objective to analyse selected nutrient content of developed product, determine the shelf life of developed products, formulate snacks using pumpkin peel powder, to conduct organoleptic analysis of developed snacks.

Pumpkin’s (Cucurbita moschata) taken in the study are grown in households without adding fertilizers. In the study the products that are easy to prepare and nutritious, enhancing and  harnessing the health benefits provided by pumpkin peel were developed. Three products were made based on standardized recipes that are pumpkin peel powder bread, pumpkin peel powder cookies, pumpkin peel powder puttu. Three variations of each product were made, and it was done by changing the proportion of pumpkin peel powder as 2.5%, 5% and 7.5% for all the product.
A score card was given to the panel to rate and record the acceptability of food products based on 5 attributes such as appearance, colour, texture, taste and over all acceptability. Scoring was done using 9-point hedonic scale rating system. The sensory evaluation was carried out by 14 trained panel members to evaluate the product. The panel were provided with cookies, bread and puttu of different variations along with a score card of 9-point hedonic scale to rate the products.
The variation of each product selected for the analysis was the top ranked variation in its overall acceptability which was done using the hedonic score card by the panel. Physiochemical analysis was done for evaluating the nutrient content of the developed products. Carbohydrate,  Protein, Calcium, Dietary fiber, Fat, Magnesium  content was clinically assessed.
Salient findings are,
· Among the three sample variation taken for evaluation 7.5% variation of pumpkin peel powder bread was accepted and were taken for evaluating nutritional and microbial status.
· Among the three sample variation taken for evaluation 5% variation of pumpkin peel powder cookies was accepted and were taken for evaluating nutritional and microbial status.

· Among the three sample variation taken for evaluation 5% variation of pumpkin peel powder puttu was accepted and were taken for evaluating nutritional and microbial status.

· The amount of nutrients present in 100g pumpkin peel bread are 55g of carbohydrate, 4.23g protein, 9.46g total fat, 14.30g dietary fibre, 0.00158g calcium, 0.00153g magnesium.

· The nutrient content of 100g of pumpkin peel powder cookies are carbohydrate 53.49g, protein 7.76g, fat 29.24g, dietary fibre 13.28g, calcium 0.00148g, magnesium 0.00192g.

· The nutrient content of 100g pumpkin peel powder puttu is 81.73g carbohydrate, 6.32g protein, 1.57g fat, 13.6g dietary fibre, 0.00633g magnesium, 0.007443g calcium.

· Friedman’s test for pumpkin peel powder bread showed that the overall acceptability of all the samples were not different.

· Friedman’s test for pumpkin peel powder cookies showed that the overall acceptability of all the samples were different.

· Friedman’s test for pumpkin peel powder puttu showed that the overall acceptability of all the samples were not different.

· The microbial analysis of pumpkin peel  powder bread was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.

· The microbial analysis of pumpkin peel powder cookie was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.

· The microbial analysis of pumpkin peel powder puttu was conducted based on fssai parameters, salmonella and listeria was absent and there was a presence of Enterobacteriaceae <10.





CONCLUSION

In this study, a variety of sweet foods were combined with powdered pumpkin peel. It can be combined with any dishes of our choosing and was well-liked by all. There is no taste difference in cuisine when pumpkin peel powder is used. There was minimal to no food material waste during the development of all food products, which took place in hygienic conditions. Preservatives weren't added when making the food goods.
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7. APPENDIX
APPENDIX – 1
ESTIMATION OF PROTEIN

TEST METHOD: AOAC 20TH Edn 2016. 920.87
SCOPE: To determine the protein content    
APPARATUS:
· Kjeldahl apparatus 
· Beaker 

REAGENTS:
· Conc. sulphuric acid (nitrogen free)
· Mercuric oxide or Metallic Mercury
· Potassium sulphate or anhydrous sodium sulphate
· Sodium hydroxide solution-50%
· Standard sodium hydroxide solution-0.1N
· Standard  Hydrochloric or Sulphuric acid solution- 0.1 or 0.5N
· Methyl red indicator

PROCEDURE:
1.Digestion:
· Weigh accurately 0.7 to 2.2 g of the sample into the digestion flask and Add 0.7 g mercury oxide or 0.65g mercury and 15g powdered potassium sulphate or anhydrous sodium sulphate, and 25 ml sulphuric acid (ratio of salt to acid should be approximately 1:1)    
·  Each gram of fat consumes 10 ml and each gram of carbohydrate 4 ml sulphuric acid during digestion.
· Place the flask in an inclined position on a heater and heat gently until Foaming ceases. Then boil vigorously until the solution becomes clear and then continue boiling it for 1 to 2 hours
2. Distillation:  
·  Cool the digested sample and add about 200 ml distilled water into it for avoiding complex
          formation, add 25 ml of the Sulphide or Thiosulphate Solution.
· Mix to precipitate the mercury.           
· Add a few zinc granules to prevent bumping, incline flask, and add without agitation 25 g of sodium hydroxide as solid or equivalent as solution, to make solution strongly alkaline.
· Immediately connect flask to distillation bulb or trap on condenser, and, with tip of the condenser immersed in a measured quantity standard acid In the receiver, Rotate flask to mix the contents thoroughly; then heat immediately until all ammonia has distilled over (at least 150 ml distillate)
·  Lower the receiver before stopping distillation and wash tip of condenser with distilled water.
· Back- titrate excess acid with standard 0.1 N Sodium hydroxide, using.
· Methyl red as indicator. Correct for blank determination in reagents

CALCULATION

Calculation of Nitrogen content:
Nitrogen content ( N ) in g = (A – B) – (C – D) × 1.4007/g test portion
Where,
A  = volume in ml 0.1 N acid measured for main distillation,
B  = volume in ml 0.1 N alkali used for back titrating  A, 
C  = volume in ml 0.1 N acid measured for blank distillation, and 
D = volume in ml 0.1 N alkali used for back titrating C.

 Calculation of Nitrogen content:
 Protein, percent by mass  =         N × Conversion factor
 	                                                                    W
Where,
N  = mass of nitrogen content in g of original sample
W = mass of sample in g.

FACTORS USED IN CONVERTING NITROGEN TO PROTEIN

	
BAKERY
PRODUCTS
	Conversion  factor for Protein


	
	    6.25




  



































APPENDIX – 2
DETERMINATION OF CARBOHYDRATE


TEST METHOD: AOAC 20TH Edn 2016: 986.25
SCOPE: To determine the carbohydrates content(by difference method)                          
PROCEDURE:
Total carbohydrates are calculated as follows after determining the percentage of moisture, total protein, fat and total ash. 

CALCULATION

    Total carbohydrates  =   100 - (A+B+C+D) 
  
    Where   A   =   percent by mass of moisture
                    B    =   percent by mass of total protein
                    C   =   percent by mass of fat and
                         D    =   percent by mass of total ash














APPENDIX – 3
DETERMINATION OF TOTAL FAT

TEST METHOD: IS:12711:1989;R-2015
SCOPE: Method of determination of Fat content.
APPARATUS:
· Soxhlet Extraction Apparatus
· Electric oven
· Weighing balance

PROCEDURE:
1. Weigh accurately about 5g of the material in a suitable thimble and dry for 2hours at 100±2˚C.
1. Place the thimble in the Soxhlet extraction apparatus and extract with Petroleum Ether (40-60˚C) for 8 hours.
1. Dry the extract contained in the Soxhlet flask, the empty mass of which has been previously determined by taring at 95˚C -100˚C for one hour.
1. Cool in a desiccator and weigh.
1. Repeat the process of drying, cooling and weighing at half-hour intervals until the difference in mass between two successive weighing is less than two milligram
1. Record the lowest mass obtained

CALCULATION

Fat, percent by mass  =     100 (M1-M2)
	                        M
Where M1 =   mass, in g of Soxhlet flask with the extracted fat
              M2  =   mass in g of empty Soxhlet flask, and  
                            M =   mass in g of the material taken for test.





APPENDIX – 4
DETERMINATION OF DIETARY FIBER

TEST METHOD : IS 11062 – 1984,R-2015
SCOPE: This standard specifies a gravimetric method for the determination of total dietary fiber after the enzymatic digestion of starch and protein in foods.  
PRINCIPLE: The fat and moisture free sample of food is enzymatically digested to solubilize starch and protein and residue remain behind is estimated gravimetrically as insoluble fraction of food fiber. The soluble fiber complex is precipitated from the enzyme digest and separated. The total dietary fiber content of the food sample is the sum of the insoluble and soluble fractions. This value is express g / 100 gm of the dry weight of the original food stuff.   
REAGENTS
· Acetone 
· Chloroform methanol mixture – 2: 1 v/v
· Ethyl Alcohol (80 % v/v) 
· Glucoamylase – of Rhizopus mold origin, having an activity of 5000 – 10000  units per gram solid) 
· Hydrochloric acid – 5 N
· Pancreatin – of Porcine pancreas origin, having an activity of X N F specifications 
· Pepsin – of porcine Stomach Mucosa origin having an activity of 30 units per gm Solid. 
· Diethyl Ether 
· Phosphate Buffer – 0.1 M, pH 6.0
· Sodium Hydroxide – 3N
· Thymol 

PROCEDURE
· Dry the crushed sample in a hot air oven for 5 hrs at 105oC. If sample containing more than 5 % lipids, extracts the lipids by 5 hrs in a Soxhlet extraction apparatus using chloroform methanol mixture. This step will remove the lipids from the sample. 
· Take about 3g moisture and fat free sample in a glass centrifuge tube of 100 ml capacity. Add 50 ml boiling 80% ethanol. Stir and centrifuge at 2000 rpm for 5 min. Discard the supernatant. Repeat the 80% ethanol treatment two more times.   
· Pepsin Digestion: - To the above centrifuge tube containing sample residue, add 50 ml of water and autoclave at 120°C for 20 minutes to gelatinize starch. Cool the content and adjust the pH to 1.5 with 5M HCl. Add 50mg pepsin and 200ul of chloroform, incubate at 37°C for 20 hrs. Adjust pH to 6.0 with 3N NaOH.
· Pancreatin and Glucoamylase Digestion: - To the above content, add 25 ml of phosphate buffer ,100 mg of  pancreatin, 20mg of glucoamylase and a few crystals of thymol. Incubate at 37°C for 18hrs. Centrifuge at 3000 rpm for 30 min. Collect the supernatant and wash the residue three times with water. Add the washings to the supernatant. Take the residue after washings. For the estimation of insoluble fraction of the dietary fibre. Take the supernatant solution for the estimation of soluble fraction.
· Insoluble fraction of dietary fibre:- Wash the above residue three times with acetone and then with ether. Dry the residue to a constant weight in a hot air oven. This gives the insoluble fraction of the dietary fibre.
· Soluble fraction of dietary fibre: - Dilute the supernatant solution getting from pancreatin digestion step, with four volumes of ethanol. Centrifuge at 3000 rpm for 30 min. and collect the residue. Wash the residue three times with ethanol, three times with acetone and then with diethyl ether. Dry to a constant weight. This gives the soluble fraction of the dietary fibre.
 
CALCULATIONS
 Total Dietary fibre (g/100g) = (Mass of soluble fraction + Mass of insoluble fraction) × 100
                                                                             Mass of the Sample                    






























APPENDIX – 5
DETERMINATION OF MAGNESIUM

TEST METHOD: AOAC 20TH Edn 2016,Ch 37,931.10

SCOPE: Determination of magnesium in food samples.
1. Ash 5.00 g test portion in Pt, SiO2 or porcelain dish
1. Cool and weigh if percent ash is desired.
1. Continue ashing until practically C- free, To diminish ashing time, or products that do not burn practically C- free, use one of the following ash aids.
1. Moisten ash with with redistilled HNO3
1. Dry and carefully ignite in furnace, avoiding spattering. (do not add these ash aids to self-rising flour (products containing NaCl) in Pt dish because of vigorous action on dish.)
1. Cool, add 5 ml HCl, letting acid rinse upper portion of dish, and evaporate to dryness on steam bath. Dissolve residue by adding 2.0 ml HCl, accurately measured, and heat 5 min on steam bath with watch glass on dish.
1. Rinse watch glass and dilute residue solution to 100 ml with H2O.
If necessary, filter diluted residue solution through ash less paper and discard first 15 – 20 ml filtrate.

Pipette an aliquot of water sample, adjust the volume to 50ml. Add 1ml hydroxylamine hydrochloride solution. Add 1 to 2ml buffer solution so that pH is between 10-10.1. Add 2ml EBT solution. Titrate with std EDTA solution. Note the titer value as V 
Determination of Ca: Use 50ml of sample or a smaller portion diluted to 50ml so that the Ca content is about 5 to 10mg.Add 2ml NaOH solution or a volume sufficient to produce a pH 12 to 13. Stir. Add 1g of mix of Patton and Reeder reagent and NaCl or KCl may be used. Add EDTA titrant slowly. Let this volume be V1. 

CALCULATION:-
Magnesium (as Mg) mg/  = 0.2435*100*(V2-V1)×dilution×normality of EDTA/V ×  sample weight percent by mass
Where     V = Volume in ml of sample taken for the test.
                  V1=  Volume of EDTA consumed in Ca determination   and
                  V2= Volume of EDTA consumed in titration.







APPENDIX – 6
DETERMINATION OF CALCIUM

TEST METHOD: AOAC 20TH Edn 2016. 927.02
SCOPE: To determine the Calcium content 
APPARATUS:
· Porcelain dish
· Electric oven
· Weighing balance
· Volumetric flasks

PROCEDURE:
· Weigh accurately about 2g of sample in a porcelain dish 
· Ignite in furnace to carbon free ash, but avoid fusing.  
· Boil the residue in 40ml HCl(1+3) and few drops of HNO3 
· Cool and transfer to a 250ml standard flask, dilute to volume and mix.
· Pipette 25ml clear liquid into a beaker, dilute to 100ml and add 2drops of methyl red.
· Add NH4OH(1+1) drop wise to pH5.6 (brownish orange colour)
· If overstepped add HCl(1+3) with dropper to orange
· Add two more drops of HCl to pink and pH 2.5-3.0
· Dilute to 150ml and boil
· Add slowly with constant stirring 10ml of hot saturated (4.2%) solution of ammonium oxalate
· If red changes to orange or yellow, add HCl drop wise until pink
· Let stand overnight for precipitate to settle
· Filter the supernatant through Whatman no.40 and wash the precipitate
Thoroughly with NH4OH (1+50) 
· Place the paper in original beaker and add a mixture of 125ml water and 5ml H2SO4.
· Heat to 70˚C and titrate against 0.02MKMnO4(0.1N) to slight pink colour
· Correct for blank 

 CALCULATION

  Calcium (as Ca) = titre volume× normality of KMnO4×100×28×40
                                                 Sample weight×1000×56









APPENDIX – 7
DETECTION OF LISTERIA MONOCYTOGENES

1.Purpose:-
To detect the presence of Listeria monocytogenes in the given sample.
2.Scope:-
Detection of Listeria monocytogenes in food and agricultural products. 
3.Principle:-
 L. monocytogenes is commonly associated with human listeriosis.
4.Range and limit of testing:-
The limit of test is present or absent/25g sample.
5.Equipments, Materials, Media and Reagents
5.1. Equipments and materials
5.1.1. Horizontal work surface of sufficient area that is clean, well lit and ventilated and with low level of dust and draft. The microbiological air quality of the work area should be less than or equal to 15 cfu in settle plate in a time period of 15 minutes.
5.1.2. Incubator set at 300C+ 1 & 35o /37°C +  1°C
5.1.3.Refrigerator(0 to 5o C)
5.1.4. Calibrated thermometer
5.1.5. Colony counter with suitable light source and grid plate
5.1.6. pH meter
5.1.7. Sterile petri dishes
5.1.8. Sterile scissors, knife, spatula as required.
5.1.9. Inoculation loop
5.2. Media and Reagents
5.2.1. Half Fraser broth 
5.2.2.Fraser broth.
5.2.3.Oxford medium (OXA)
5.2.4.PALCAM agar 
5.2.5Tryptone soya yeast extract agar
5.2.6.Tryptone soya yeast extract broth
5.2.7.Sheep blood agar
5.2.8.Bromocresol purple broth base(Carbohydrate utilization broth base)
5.2.9.Rhamnose
5.2.10. Xylose
5.2.11. Motility agar
5.2.12.Gram stain kit
5.2.13.Hydrogen peroxide solution

5.2.3.Control Cultures
Listeria monocytogenes ,Rhodococcus equi ,Staphylococcus aureus, Listeria innocua , Listeria ivanovii 


6.Procedure
6.1. Primary Enrichment
 25 grams of the test portion is added to 225 ml of  Half Fraser broth . Incubate food samples homogenized in Half Fraser broth at 30° C for 24 h.

6.2 Selective enrichment
 Inoculate 0.1 ml of the culture from the half Fraser broth to 10 ml of Fraser broth and incubate for 48 hours at 35° C or 37 °C
6.3. Plating
6.3.1.From the primary enrichment culture incubated for 24 hrs at 30° C, take by means of an inoculating loop, a portion of the culture and inoculate onto the surface of Oxford agar and PALCAM agar and incubate at 30°C/35°C/37°C for 24-48 hrs. .
6.3.2. Oxford agar  :After 24 h incubation at 30°C/35° C/37°C, typical Listeria species colonies are small,1mm in diameter, greyish colonies surrounded by black halos. After 48hrs, colonies become darker with a  possible greenish sheen and are about 2mm in diameter with black halos and sunken centres.
6.3.3.PALCAM agar:  After 24hrs, Listeria species grow as small or very small grayish green or olive green colonies, 1.5 mm to 2mm in diameter sometimes with black centre and always with a black halo. After 48 hrs, Listeria species appear as green colonies about 1.5 to 2 mm in diameter with a central depression and surrounded by a black halo.

6.4. Confirmation of Listeria species
6.4.1.Select up to 5 typical colonies from each selective agar plate and streak for purity to Tryptone soya yeast extract agar plate and incubate plates at 35° C or 37°C for 18-24 h. Typical colonies are 1mm to 2 mm in diameter, convex , colorless and opaque with an entire edge.

6.4.2.Catalase test: An isolated colony obtained in TSYEA is suspended in a drop of hydrogen peroxide solution on a slide. The immediate formation of gas bubbles indicates a positive reaction. Listeria is catalase positive.

6.4.3.Gram’s staining: Perform Gram’s staining on a colony separated in TSYEA. Listeria are Gram positive, slim , short rods.

6.4.4.Motility test:
6.4.4.1. An isolated colony obtained in TSYEA is suspended in TSYEB and incubate at 25°C for 8 hrs to 24 hrs until a cloudy medium is observed. Deposit a drop of the above culture using a loop onto a clean glass microscope slide and place  a cover slip on top and examine it with a microscope. Listeria species appear as slim, short rods with tumbling motility.( Cultures grown above 25°C will fail to exhibit this motion). Large rods or rods with rapid swimming motility are not Listeria.
6.4.4.2.An alternative test for motility is done by stabbing the motility agar with a culture taken from a typical colony on TSYEA using an inoculating needle. Incubate it for 48hrs at 25°C. Examine for growth around the stab line. Listeria species are motile  giving a typical umbrella like growth pattern. If the growth is not sufficient, incubate it for an additional 5 days and observe the stab line again.

7.0.Confirmation of Listeria monocytogenes
7.1. Haemolysis test:
If the morphological and physiological characteristics and catalase test are indicative of Listeria species, inoculate the sheep blood agar plates to determine the haemolytic reaction. Take colony separated in the TSYEA plate and stab in one space for each culture using a wire. Simultaneously stab positive (L monocytogenes) and negative control( L innocua) and incubate at 35 °C or 37° C for 24 hrs. L monocytogenes show narrow, clear, light zone of heamolysis(β haemolysis).  L innocua show no haemolysis.

7.2. Carbohydrate utilization test:
Inoculate using  loop each of the carbohydrate utilization broth Rhamnose and Xylose  with a  culture from TSYEB and incubate at 35 or 37° C for upto 5 days. Positive reactions are indicated by a yellow colour and occur mostly within  24 h to 48 hrs. L monocytogenes is Rhamnose positive and Xylose negative.
7.3. CAMP test:
7.3.1.Streak each of the staphylococcus aureus and Rhodoccus equi cultures in single lines across the sheep blood agar plate so that the cultures are parallel and diametrically opposite using an inoculation loop or a wire held at right angles to the agar. Streak the test strain separated in TSYEA in  a similar fashion at right angles to the cultures so that the test culture and S aureus and R equi do not touch but at their closest are about 1mm to 2mm apart. Several test strains may be streaked on the same plate.
7.3.2.Simultaneously streak  control cultures of L monocytogenes, L innocua and L ivanovii and incubate at 35° C or 37° C for 18-24 hrs.
7.3.3.The positive reaction with R equi is seen as a wide (5 mm to 10 mm) arrow head of haemolysis. The reaction is considered negative if a small zone of weak haemolysis extends only about 1mm at the intersection of the test strain with the diffusion zone of the R equi culture.
7.3.4. A positive reaction with S aureus appears as a small zone of enhanced haemolysis extending only about 2mm from the test strain and within the weakly haemolytic zone due to growth of S aureus culture. Large zone of haemolysis do not occur in the area of S aureus and L monocytogenes.
8.0. Reporting of results:-
  Report as present or absent in 25 grams of the sample tested
9.0. Reference
IS14988 Part I/ISO 11290-1

























APPENDIX – 8
DETECTION OF SALMONELLA

1. Purpose:-
To detect the presence of Salmonella in food samples.

1. Scope:-
 Detection of Salmonella in food and agricultural products such as Nut and nut products, Spices and condiments, Fruit and fruit products, Milk and Milk products, Meat and meat products, Bakery and Confectionary, Processed and canned food, Tea etc.
1. Principle:-

Salmonella is a Gram-negative rod shaped bacteria that ferments glucose and is urease negative. Detection of Salmonella involves four successive stages- Pre enrichment in non selective liquid medium, Enrichment in selective liquid media, Selective plating and Confirmation..Preenrichment is necessary for cell repair. Salmonella may be present in small numbers and are often accompanied by considerably large numbers of other members of Enterobacteriaceae or other families. Therefore, selective enrichment is necessary.

4. Limit of testing:-

Limit of the test is present or absent /25g.

5.Equipment,materials,media and reagents:-

5.1. Equipments and materials
5.1.1. Horizontal work surface of sufficient area that is clean, well lit and ventilated and with low level of dust and draft.
5.1.2.Balance with a sensitivity of 0.1 g.
5.1.3.Water bath set at 42°C
5.1.4. Incubators set at 35°C
5.1.5. pH meter
5.1.6.Graduated glass pipettes
5.1.7.Micropipette(1ml,0.1 ml,5ml)
5.1.8. Sterile micropipette tips((1ml,0.1 ml, 5ml)
5.1.9. Glass slides
5.1.10. Sterile scissors,knife,spatula as required.
5.1.11. Inoculation loop

5.2. Media and reagents
5.2.1.Buffered peptone water
5.2.2.RVS Broth
5.2.3.MKTTn Broth
5.2.4. Xylose lysine deoxycholate agar.
5.2.5. Phenol red/ Brilliant green agar.
5.2.6.Nutrient agar
5.2.7. Triple sugar Iron agar
5.2.8.Urea agar 
5.2.9. L- Lysine decarboxylation medium(Lysine decarboxylase broth)
5.2.10.ONPG disc
5.2.11.MR-VP broth
5.2.12.1-Naphthol
5.2.13. Potassium hydroxide solution.
5.2.14.Tryptone broth
5.2.15.Kovacs reagent
5.2.16 Saline solution.
5.2.17 O antisera
5.2.18. H antisera

5.3.Pure culture
5.3.1. Salmonella abony NCIM 2257

6. Procedure:-

6.1. Pre – Enrichment of samples:-
6.1.1. 25 grams of the test portion is added to 225 ml of the Buffered peptone water to yield 1:10 dilution and incubated for not less than 16 h and not more than 18 h at 35°

6.2. Selective enrichment 
6.2.1. Transfer 0.1 ml of the pre enrichment culture after incubation to 10 ml of the RVS  medium and incubated for 24 hrs at 41.5°C.
6.2.2. Transfer 1 ml of the pre enrichment culture after incubation to 10 ml of MKTTn broth and incubated for 24 hrs at 35°C 

6.3. Selective Plating
6.3.1.Selective plating from RVS broth culture
6.3.1.1. A droplet from the edge of the surface of the RVS broth culture after 24 hrs of incubation is streaked on to Phenol red / Brilliant Green agar in such a way as to get well-isolated colonies and the plates are incubated in inverted position for 24 hrs at 35°C.
6.3.1.2. A droplet from the edge of the surface of the RVS broth culture after 24 hrs of incubation is quadrant streaked on to Xylose Lysine deoxycholate  agar in such a way as to get well isolated colonies and incubated for 24hrs at 35°C.
6.3.2. Selective Plating from MKTTn broth culture

6.3.2.1. A droplet from the edge of the surface of the MKTTn broth culture after 24 hrs of incubation is streaked on to Phenol red/ Brilliant green agar in such a way as to get well-isolated colonies and the plates are incubated in inverted position for 24 hrs at 35°C. 
6.3.2.2. A droplet from the edge of the surface of the MKTTn broth culture after 24 hrs of incubation is quadrant streaked on to Xylose Lysine deoxycholate  agar in such a way as to get well isolated colonies and incubated for 24hrs at 35°C.
6.3.3. After incubation for 24hrs at 35°C, observe the plates for the presence of typical Salmonella colonies.
6.3.3.1.Typical Colonies on Phenol red/Brilliant green agar will cause the color of the medium to change from pink to red.
6.3.3.2. Typical colonies on Xylose Lysine Deoxycholate agar will appear as pink colored colonies with or without black centre.
6.3.3.3. If growth is slight or if no typical colonies of Salmonella are present, reincubate for another 20-24 hrs at 35°C.  
6.3.3.4. Confirm that there is no growth in the negative control plates.
6.3.3.5. Any typical or suspected colonies should be subjected to confirmatory tests.
7. Confirmatory tests
7.1. Selection of colonies for confirmation
7.1.1. For confirmation , select five typical or suspected colonies from each dish of each selective medium.
7.1.2. If on one dish there are fewer than five typical or suspected colonies, take for confirmation  all the typical or suspected colonies.
7.1.3. Streak the suspected colonies onto the surface of pre dried nutrient agar plates in a manner which will allow well isolated colonies to develop.
7.1.4. Incubate the inoculated plates at  35°C for 18 to 24 hrs.
7.1.5. Use this pure culture for Biochemical and serological confirmation.
7.2. Biochemical confirmation
7.2.1. TSI agar :- Using an inoculating loop, inoculate the TSI agar slant by stabbing the butt and streaking the slant and incubate for 24hrs at 35°C.
Typical Salmonella colonies produce an acid butt (yellow)and an alkaline slant(red) with or without black color (hydrogen sulphide production) and gas(Bubbles or cracks in the media).
7.2.2. Urea agar:- Using an inoculating loop, streak the urea agar slope surface and incubate for 24hrs at 35°C. Positive reaction changes the color of the phenol red indicator to rose pink and later to deep cerise. Salmonella is negative for urease test.


7.2.3. L- Lysine decarboxylation medium:- Using an inoculating loop, inoculate just below the surface of the Lysine decarboxylase broth and incubate for 24hrs at 35°C.Purple color after incubation indicates a positive reaction and a yellow color indicates a negative reaction. Salmonella gives a positive reaction.
7.2.4. Detection of Beta galactosidase:- ONPG paper discs are used. Salmonella is negative for this test.
7.2.5. Voges Proskauer reaction:- Suspend a loopful of the suspected colony in a sterile tube containing 0.2 ml of the VP medium and incubate for 24 hrs at 35°C. After incubation, add two drops of the creatine solution, 3 drops of ethanolic solution of 1 – naphthol and then two drops of the potassium hydroxide solution. Shake after the addition of each reagent. The formation of a pink to bright red color within 15 minutes indicates a positive reaction.. Salmonella gives a negative reaction.
7.2.6.Indole:-  A loopful of the susupected colony is inoculated into a tube containing 5 ml of tryptone broth and incubated for 24hrs at 35°C.After incubation add 1 ml of Kovacs reagent. The formation of a red ring at the surface indicates a positive reaction. Salmonella gives a negative reaction.
7.3. Serological confirmation :- 
7.3.1. Elimination of auto agglutinable strains.
7.3.1.1. Place a drop of the saline solution on to a clean glass slide.
7.3.1.2. Disperse in this drop , part of the colony from the nutrient agar plate to be tested so as to obtain a homogenous and turbid suspension.
7.3.1.3.Rock the slide gently for  30 s to 60 s and observe the result against a dark background.
7.3.1.4.If the bacteria have clumped into more or less distinct units, the strain is considered auto agglutinable and shall not be submitted to the remaining agglutination tests as the detection of the antigens is impossible.
7.3.2. Examination for O – antigens
7.3.2.1. Place a drop of the O antisera on to a clean glass slide.
7.3.2.2. Disperse in this drop , part of the colony from the nutrient agar plate to be tested so as to obtain a homogenous and turbid suspension.
7.3.2.3.Rock the slide gently for  30 s to 60 s and observe the result against a dark background.
7.3.2.4.If the bacteria have clumped into more or less distinct units, the reaction is considered positive.
7.3.3.Examination for H antigens
7.3.2.1. Place a drop of the H antisera on to a clean glass slide.
7.3.2.2. Disperse in this drop , part of the colony from the nutrient agar plate to be tested so as to obtain a homogenous and turbid suspension.
7.3.2.3.Rock the slide gently for  30 s to 60 s and observe the result against a dark background.
7.3.2.4.If the bacteria have clumped into more or less distinct units, the reaction is considered positive
7.4. Interpretation of Biochemical and serological reactions.
Table 1 and table 2 gives the interpretation for the  biochemical and serological reactions for Salmonella.
Table 1
	Test
	Positive or Negative reaction

	 TSI glucose(acid formation)

TSI glucose(gas formation)

TSI lactose

TSI sucrose

TSI hydrogen sulphide

Urea splitting

Lysine decarboxylation

Beta Galactosidase reaction

Voges Proskauer reaction

Indole reaction
	Positive

Positive

Negative

Negative

Positive

Negative

Positive

Negative

Negative

Negative




Table 2

	Biochemical reactions
	Auto agglutination
	Serological reactions
	Interpretations

	Typical
	No
	O, H antigen positive
	Strains considered to be Salmonella

	Typical
	No
	All reactions negative
	May be Salmonellla

	Typical
	Yes
	Not tested
	May be Salmonellla

	No Typical reactions
	No
	O, H antigen positive
	May be Salmonellla

	No Typical reactions
	No
	All reactions negative
	Not considered to be Salmonella



8. Reporting of results:-
8.1. Report as Salmonella Present or Absent in 25 gms of the sample tested.
           9.Reference:-
ISO 6579:2020

APPENDIX – 9
DETECTION OF ENTEROBACTERIACEAE

1. Purpose:-
To enumerate Enterobacteriaceae in food samples.
1. Scope :- 
Enumeration of Enterobacteriaceae in food  and agricultural products such as nut and nut products, spices and condiments, milk and dairy products and fruit and fruit products  etc.
1. Principle:-
Enterobacteriaceae is a family comprising of  Gram negative, facultatively anaerobic, non spore forming,glucose fermenting organisms and is incapable of producing the enzyme oxidase. The enterobaceriaceae colonies on VRBGA medium appears red to pink in color due to the presence of neutral red and crystal violet dye in the media.
1. Range and limit of testing :-
The range of testing is 10 to 105cfu/g .
The limit of testing is 10 cfu/g.
1. Equipment, materials, reagents and media
4. Equipments and materials
0. Horizontal work surface of sufficient area that is clean, well lit and ventilated and with low level of dust and draft. Microbiological, air quality of the work areas should be less than or equal to 15 CFU in Settle plate in a time period of 15 minutes.
0. Digital Weighing Balance with a sensitivity of 0.1 g
0. Incubator set at 37ºC
0. Refrigerator (0 to 5°C)
0. Calibrated thermometer.
0. Water bath set at 45±1°C
0.  Colony counter with suitable light source and grid plate
0. pH meter
0. Sterile spatula
0. Cotton
0. Sterile petri dishes ( 100 mm in diameter).
0.  Graduated glass pipettes ( 1 ml, 5 ml, 10 ml as required, with 0.1 ml 
     graduation).
0. Sterile micropipette tips (1ml)
0. Micropipette (1ml)
4. Reagents and media
1. Violet Red Bile Glucose Agar. (VRBGA).
1. Glucose Of Medium
1. Sterile conical flasks (250 ml) containing 90 ml of sterilized Butterfield’s  
    Phosphate buffer solution.
1. Sterile test tubes containing 9ml of sterilized Butterfield’s phosphate buffer 
            solution
1. 70%  alcohol(IPA)
1. Sterile distilled water
1. Oxidase disc
4. Pure culture
2. E coli NCIM 2685

1. Procedure:-
0. Pour plate

0.  Aseptically transfer 10 grams of the sample into 90 ml of Butterfield’s phosphate buffer. This becomes the first dilution.
0. Dispense 1 ml each of sample homogenate into duplicates of appropriately labelled Petri plates, within 3 minutes of shaking it.
0. Prepare appropriate decimal dilutions of sample homogenate, using separate micropipette tips for each dilutions, by transferring 1 ml of sample homogenate to 9 ml of Butterfield’s phosphate buffer solution within 3 minutes of shaking them.
0. At each stage of selected dilution, within 3 minutes of shaking, dispense 1 ml each of dilutions into duplicates of appropriately labelled Petri plates. Re-shake the dilution tubes if 3 minutes has elapsed, before dispensing into Petri plates.
0. Add approximately 15 ml of Violet Red Bile Glucose Agar(VRBGA), which is cooled at 45±1°C, into Petri dishes, within 15 minutes of sample homogenate dilution. 
0. Immediately mix the sample homogenate/dilutions and agar thoroughly by rotating the plates clockwise and anticlockwise on a levelled surface.
0. Allow the agar to solidify. Do not stack the plates while the agar is solidifying.
0. After the agar solidifies, cover with an overlayer of 10 to 15ml of the same media to prevent spreading growth and to obtain semi anaerobic conditions.
0. Allow the agar to solidify. Do not stack the plates while the agar is solidifying
0. Incubate the solidified agar plates, in inverted position, at 37°C for 24 ± 2     
           hours.
0. Do a negative control for the session of testing samples by using sterile distilled water or Butterfield’s phosphate buffer solution in the place of sample homogenate.
0. Select pink to red or purple colonies with or without precipitation halos for confirmation from a  plate containing less than 150 typical colonies.
0. The selected colonies for confirmation are streaked onto nutrient agar slants
0. Incubate these plates at 24 ±2 hrs at 370C.
0. Confirmatory tests
0. Glucose fermentation test: Stab colonies from nutrient agar into Glucose OF medium and incubate 37°C for 24 ± 2 hours.
0. Yellow color after incubation indicates a positive reaction
0. Oxidase test: Using  a platinum wire or loop or sterile wooden stick, take a portion of the colony and streak on a filter paper moistioned with oxidase reagent
0. No change in color indicates a negative reaction.

0. Interpretation of results
6.3.1. Enterobacteriaceae colonies are pink to red or purple colonies with or without precipitation haloes, ferments glucose and is oxidase negative.
0. Calculation and report of results 
2. Select plates containing less than 150 colonies.
2. Average number of confirmed colonies on the selected plate multiplied by its dilution factor gives the count for Enterobacteriaceae per gram of the sample
2. When all the plates have no colonies on them, report as less than 1 times the lowest dilution used.
2. Confirm that that there is no growth in the negative control plates. If there are colonieson the negative control plates, deduct the count of the negative control plates from the result 
2. When reporting the count, round off the results to 2 significant digits. Round by raising the second digit to the next highest number when the third digit is 6, 7, 8, or 9 and use zeros for each successive digit toward the right from the second digit. Round down when the third digit is 1, 2, 3, or 4. When the third digit is 5, round up when the second digit is odd and round down when the second digit is even. Report Enterobacteriaceae as CFU/g. 

7.0 Reference	
IS 17112 P-2;2019




















APPENDIX – 10
SENSORY EVALUATION CARD

NAME : 
DATE : 
INSTRUCTIONS TO FOLLOW 
Please rinse your mouth with water before starting. You may rinse your mouth again at any time during testing if you need to. Please taste the three sample in order presented from left to right. You may re taste the samples, once you have tried all of them score the samples within the possible scores. 
9 hedonic score rating card: 
	SENSORY CHARACTERISTICS
	PUMPKIN PEEL BREAD
	PUMPKIN PEEL BISCUIT
	PUMPKIN PEEL PUTTU

	
	A
	B
	C
	A
	B
	C
	A
	B
	C

	APPEARANCE
	
	
	
	
	
	
	
	
	

	COLOUR
	
	
	
	
	
	
	
	
	

	TEXTURE
	
	
	
	
	
	
	
	
	

	TASTE
	
	
	
	
	
	
	
	
	

	OVERALL ACCEPTABILITY
	
	
	
	
	
	
	
	
	




9 = Like extremely                                            4 = Dislike slightly 
8 = Like very much                                           3 = Dislike moderately 
7 = Like moderately                                          2 = Dislike very much 
6 = Like slightly                                                1 = Dislike extremely 
5 = Neither like nor dislike 
 


THANK YOU FOR PARTICIPATION





AVERAGE MEAN SENSORY SCORE - PUMPKIN PEEL POWDER PRODUCTS

Pumpkin Peel Bread	
Appearance	Colour	Taste	Texture	Overall Acceptability	8.2100000000000009	8.2100000000000009	7.78	7.92	7.71	Pumpkin Peel Cookies	
Appearance	Colour	Taste	Texture	Overall Acceptability	8.42	8.57	8.07	7.85	8.42	Pumpkin Peel Puttu	
Appearance	Colour	Taste	Texture	Overall Acceptability	8.35	8.35	7.5	7.85	7.71	



PUMPKIN PEEL POWDER BREAD

appearance	
PPPB (2.5%)	PPPB (5%)	PPPB (7.5%)	8.42	8	8.2100000000000009	colour	
PPPB (2.5%)	PPPB (5%)	PPPB (7.5%)	8.1999999999999993	8.1999999999999993	8.2100000000000009	taste	
PPPB (2.5%)	PPPB (5%)	PPPB (7.5%)	7.1	7.07	7.78	texture	
PPPB (2.5%)	PPPB (5%)	PPPB (7.5%)	7.07	7.6	7.92	overall acceptability	
PPPB (2.5%)	PPPB (5%)	PPPB (7.5%)	7.28	7.5	7.71	


PUMPKIN PEEL POWDER COOKIES

Appearance	
PPPC (2.5%)	PPPC (5%)	PPPC (7.5%)	7.92	8.42	7.21	Colour	
PPPC (2.5%)	PPPC (5%)	PPPC (7.5%)	7.7	8.57	7	Taste	
PPPC (2.5%)	PPPC (5%)	PPPC (7.5%)	7.7	8.07	6.8	Texture	
PPPC (2.5%)	PPPC (5%)	PPPC (7.5%)	7.5	7.85	6.6	Overall acceptability	
PPPC (2.5%)	PPPC (5%)	PPPC (7.5%)	7.6	8.42	7	



PUMPKIN PEEL POWDER PUTTU

Appearance	
PPPP (2.5%)	PPPP (5%)	PPPP (7.5%)	7.28	8.35	7.92	Colour	
PPPP (2.5%)	PPPP (5%)	PPPP (7.5%)	7.3	8.35	8	Taste	
PPPP (2.5%)	PPPP (5%)	PPPP (7.5%)	7.05	7.5	7.3	Texture	
PPPP (2.5%)	PPPP (5%)	PPPP (7.5%)	6.8	7.85	7.5	Overall acceptability	
PPPP (2.5%)	PPPP (5%)	PPPP (7.5%)	7.2	7.71	7.4	



NUTRIENTS IN PUMPKIN PEEL POWDER BREAD

NUTRIENTS IN PUMPKIN PEEL BREAD	
CARBOHYDRATE	PROTEIN	TOTAL FAT	DIETARY FIBRE	CALCIUM	MAGNESIUM	55	4.2300000000000004	9.4600000000000009	14.3	1.58E-3	1.536E-3	







NUTRIENTS IN PUMPKIN PEEL POWDER COOKIES

NUTRIENTS IN PUMPKIN PEEL BISCUIT	
CARBOHYDRATE	PROTEIN	TOTAL FAT	DIETARY FIBRE	CALCIUM	MAGNESIUM	53.49	7.76	29.24	13.28	1.4827E-3	1.9216000000000001E-3	



NUTRIENTS IN PUMPKIN PEEL POWDER PUTTU

NUTRIENTS IN PUMPKIN PEEL PUTTU	
CARBOHYDRATE	PROTEIN	TOTAL FAT	DIETARY FIBRE	CALCIUM	MAGNESIUM	81.73	6.32	1.57	13.6	7.443E-3	6.3299999999999997E-3	
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