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[bookmark: _Toc114269289]Abstract
The majority of weaning dietary requirements are provided by commercially made weaning food, which are created using various techniques that are either difficult or similar composition. As a result, an initiative has been taken to create a nutritionally excellent weaning product. It was attempted to create a baby food powder for babies aged six months to two years. The aim of the research was to develop and assess nutritional features of weaning food blends. Using locally accessible cereals and nourishing fruits such as green pumpkin seeds, oats, almonds, apples, and dates, three weaning foods were created. The nutritional qualities and microbiological quality of the prepared food were assessed. Among three weaning foods sample B score the highest. In sample B the moisture was 2.39%, 2.82% ash, 18.18% protein, 17.09% fat, 2.38% fiber, 57.13% CHO, and 455.07 kcal energy per 100 gm of sample. The concentrations of sodium, potassium, iron, calcium was 310.6, 580.23, 4.98, 435 mg/100g respectively. Vitamin A was found 334.74 µg RAE per 100 gm. Antioxidant capacity of sample B was 2.882 mg TE/100gm. The most accepted sample B and two imported commercial weaning foods overall bacteriological status were observed satisfactory. The produced weaning meal mixtures were highly acceptable for color, flavor, texture, taste, and overall acceptability on a nine-point hedonic scale were tasted by trained group of panels. The formulated weaning foods are healthy and nutritious, and its components are locally accessible. These foods have the potential to substitute the commercial weaning products available in Bangladesh.

Keywords: Weaning food, Proximate analysis, Nutritious, Microbiological, Sensory
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[bookmark: _Toc114269290]Chapter 1: Introduction
Weaning is a critical stage in an infant's development. Most infants start eating additional semisolid. food at the age of 5–6 months. Infant foods that have been homogenized play a big part in their nutrition. at this point (Martinez et al. 2004). Since breast milk gives infants all the nutrients they need for healthy mental and physical development, it is the healthiest diet for them. It includes all necessary minerals in an easily absorbed form, along with proteins, immunological and bioactive components, and polyunsaturated fatty acids (Ballard and Morrow, 2013). Breastfeeding, however, simply cannot meet the nutritional needs of growing newborns after 6 months of age (Hampson et al., 2019). Many women breastfeed for a full year, though some do so for up to 24 months, especially in developing countries (WHO, 2007). Weaning, also known as supplementary feeding, is a process that starts at the age of 6 months and lasts until 24 months or later in order to help babies meet their growing nutritional needs (World Health Organisation, 2019). It is the transitional phase from solely breastmilk to the infant's regular family diet. Weaning involves giving newborns mashed or nearly adult-sized meals, and it must be age- and nutritionally-appropriate (Gichero, 2016; Koletzko et al., 2019). 
Weaning meals should be high in calories and high in protein, vitamins, and minerals of high quality. These foods must be precooked or properly processed and have little undigested fiber just so newborns can swallow and digest them readily (Abeshu et al., 2016). Weaning foods are broken down into two categories: homemade complementary foods that are similar to what the family's adults consume, and processed foods that are designed to meet the infants' unique nutrient needs. Complementary meals should not contain antinutritional elements (Garca et al., 2013). Malnutrition usually starts in a child's life at weaning, which greatly contributes to the high prevalence of malnutrition in children under the age of five. The World Health Organization estimates that 40 percent of children in developing countries are malnourished (World Health Organization, 2018). 
Over 800 million children worldwide experience malnutrition complications, and each year, approximately 3.1 million people die from nutritional causes, which has a significant impact on the world's population (UNICEF, 2018; Fongar et al., 2019). According to a number of studies, weaning diets in developing countries are deficient in crucial macronutrients and micronutrients for newborns, which can result in malnutrition. For children in developing countries, protein-energy malnutrition (PEM) is still a significant issue (Wu and Xu, 2018, ljarotimi, 2013). When children are first introduced to liquid or semi-solid family meals, PEM is most prevalent during this transitional period. In this situation, especially in developing countries, weaning is the best way to prevent malnourishment and to promote optimum health and behavioral improvement (Reiher and Mohammadnezhad, 2019). However, introducing weaning meals to infants too soon or too late can significantly raise the risk of malnutrition (Nagahori et al., 2017). To meet the growing nutritional needs of children, complementary meals should be developed. Poor-quality and over-consumed weaning foods can significantly impede kids' ability to develop normally on a psychological and physical level, which raises the risk of child morbidities.
Infants in developing countries like Bangladesh experience malnutrition issues like PEM, impeding, wasting, vitamin A and iodine deficiency, and vitamin A and iodine deficiency due to improper weaning procedures or nutritionally lacking weaning meals (Tette et al., 2016). In several earlier investigations, it was found that there is a direct correlation between poor weaning practices and growth failure (Vyas et al., 2014; Arthur et al., 2015). According to WHO data, children's average weight starts to significantly decline at three months old and continues until they are nineteen months old in Bangladesh (World Health Organization, 2010). By giving them nutritious weaning meals, these dietary concerns can be allayed. The majority of traditional weaning diets in Bangladesh are low in calories or protein (Satter, 2013). A sizeable portion of the global population is fed by cereals. They constitute a significant portion of the typical consumer's daily diet. The most popular grains are wheat, rice, and corn (Bushuk 2001).
Lack of practical nutrient composition, cereal-based supplemental foods in developing countries frequently fall short of meeting children's long-term nutritional needs (Ijarotimi and Keshinro). Nearly 85% of the global grains used in the production of locally supplemental meals were sorghum, rice, and maize, which has the effect of having low protein contents (Tufa et al. 2016; Sofi et al.2009). But some middle-class individuals currently prepare supplemental dishes using cereals mixed with cooked soybeans and crayfish flour (Alamu et al. 2018). Most people with low incomes or people who live in rural areas may find this procedure to be prohibitively expensive, but they may find the readily available, underutilized almond seeds valuable for their own production. Researchers from all over the world are interested in the nutritional benefits of whole grain oats, and the food industry is increasingly interested in using whole grain gluten-free oats as an ingredient in a variety of products, including baby feeds (Del Valle et al. 1981). Additionally, pumpkin seeds have pharmacological properties that include anti-diabetic (Quanhong et al., 2003), antifungal (Wan and Ng, 2003), antibacterial and anti-inflammation (Caili et al., 2006), and antioxidant properties. They are also a good source of protein (Nkosi et al., 2006). Almonds have a variety of health advantages, such as regulating blood sugar, lowering postprandial plasma lipids, and acting as a free radical scavenger (TAlmonds an and Mattes 2013; Esquius et al. 2020; Palacios et al. 2020; Semidei et al. 2020). Apples are regarded as a fantastic source in the baby food industry. Due to the presence of carbohydrates, vitamins, and minerals, it has a high nutritional value (Mattick and Moyer,1989). Weaning meal can be made using gluten-free rolled oats, pumpkin seed flour with a high protein content, apple powder, nut powder, and all the necessary macro and micronutrients. 
Aims and objectives:
The goal of the current study is to combine highly nutritive sources like rolled oats, green pumpkin seeds, nuts, apple, and dates to create a nutritious and healthy gluten-free weaning food. At the time of weaning, this food is adequate to meet the growing children's nutritional needs. The objectives of the study include: 
1. To prepare nutritious and healthy weaning food for infants.
2. To prepare different formulation of the weaning food and to compare their nutritional value.
3. To determine organoleptic test. 
4. To determine the proximate, minerals and antioxidant capacity of formulated products.
5. To analyze nutritional composition with locally available commercial supplementary products.

[bookmark: _Toc31643183][bookmark: _Toc114269291]Chapter 2: Literature Review

[bookmark: _Toc114269292]2.1 Oats - general aspects
Oats are a common cereal crop in developing nations, named as Avena sativa L., also known as common coated white oat, being the species that is grown there the most (White 1995). One of the few grains that can grow well in arid, humid climates and poor soil is oats. For human consumption, only a small amount is grown; it is typically produced as oatmeal or rolled oats for porridge and oatcakes, as well as ready-to-eat breakfast cereals (Williams 2014). Oat flour is marketed as baby food because it is believed to be particularly nutritious for newborns (Zheng et al. 2013). 
                   [image: diet-nutrition_cooking-cookware_cooking-with-grains-oats_1440x1080_000018691646]
[bookmark: _Toc106630611]Figure 2.1: Whole grain oats
[bookmark: _Toc114269293]2.1.1 Consumption of oat as whole grain cereal 
The growing popularity of whole grains is a result of their health benefits, which opens up new opportunities for the consumption of flavorful cereal grains. The starchy endosperm, germ, and bran are present in essentially the same relative proportions as they are in the intact caryopsis, according to the American Association of Cereals Chemists (AACC) International definition of whole grains as "the intact ground, cracked, or flaked caryopsis" (AACC 1999). Whole grains like oats contain both soluble and insoluble amounts of essential nutrients like proteins, carbohydrates, unsaturated fatty acids, and dietary fiber. Oats also contain the micronutrients vitamin E, folates, iron, zinc, copper, manganese, selenium, carotenoids, betaine, choline, sulfur-containing amino acids, phytic acid, lignins, and alkyl resorcinol (Flander et al. 2007). Despite being consumed in far greater quantities than wheat and rice globally, oat has the advantage of being consumed as a whole grain cereal more frequently than its processed counterparts (Peterson 2001). Whole grain cereal consumption is currently getting more and more attention due to the preventative benefits they provide (Marquart et al. 2007).
[bookmark: _Toc114269294]2.1.2 Nutritional elements of oats 
The nutritional makeup of oats is well-balanced. It has an excellent balance of amino acids and is a solid source of quality protein and carbs. In addition to being high in vitamins, minerals, and phytochemicals, oats are also high in oat lipids, particularly unsaturated fatty acids (Head et al. 2010). Table 2.1 lists the nutritional elements of oats and their percentage availability. 
[bookmark: _Toc106630563]Table 2. 1: Nutritional elements of oats per 100gm(Source: USDA Food Data Central)

	Nutrients 
	Nutritional Value

	Energy
	379 kcal

	Carbohydrates
	67.70 g

	Protein
	13.15g

	Fat
	6.52 g

	Dietary Fiber
	10.1 g

	Calcium
	52 mg

	Iron
	4.25 mg

	Potassium
	362 mg

	Sodium
	6 mg

	Vitamin A equiv.
	0 μg


Oats are thought to be a potential inexpensive, nutrient-rich source of protein. With a high protein concentration of 11 to 15%, oats have a unique protein composition. Cereal proteins have been categorized into four groups based on how easily they can be dissolved in albumins which is water soluble, globulins as salt water soluble, prolamins which is soluble in dilute alcohol solution, and glutelin which is soluble in acids or bases.

[bookmark: _Toc114269295]2.1.3 Gluten allergy
Oats have been conclusively proven to be gluten free and are therefore suitable for celiac disease sufferers, according to European Commission Regulation (EC) No. 41/2009. Previous studies on the suitability of oats for the people with celiac disease (CD) had conflicting findings (Dissanayake et al. 1974 Baker and Read 1976). It may take place as a result of a dearth of sensitive and reliable diagnostic tests as well as pertinent clinical trials. Oats alongside other cereals may be contaminated, possibly even intentionally, while being harvested, transported, stored, ground, or processed as food (Kanerva et al. 2006). As a result, oats were generally cut out of gluten-free diets. Clinical trials conducted afterwards have shown that most adult CD patients may tolerate moderate or even considerable levels of oat ingestion. Oats may be safe to include in a gluten-free diet for kids with celiac disease, according to several publications (Holm et al. 2006; Hoffenberg et al. 2000; Hogberg et al. 2004). For people with celiac disease, oats are regarded as safe. For those with celiac disease, oat-based gluten-free pasta, biscuits, and snacks have been developed (Ballabio et al. 2011). 
[bookmark: _Toc114269296]2.1.4 Value added oat- based products
[bookmark: _Toc106630564]Oats have a good amount of dietary fiber. Its inclusion is therefore encouraged in oat-based functional food items like oatmeal, porridge, granola bars, muesli, bread, biscuits, and cookies as well as oat milk, oat-based probiotic drinks, oat-based breakfast cereals, and baby food.
Table 2. 2: Application of oats for food clinical and industrial purposes
	Uses
	Components of oats
	Reference


Food practices:
Beverage                  Whole Oat              Gupta et al. (2010)
Bread                     Oat flour               Zhang et al., (1998)
Biscuits and cookies          Oat flour              Ballabio et al. (2011)
Breakfast cereals            Whole oat              Ryan et al. (2011)
Infant food                 Whole oat              Del Valle et al. (1981)
Oat milk                   Whole oat extract       Onning et al. (1999)
[bookmark: _Toc114269297]2.2 Pumpkin seeds 
The pumpkin fruit (Cucurbita pepo), a squash-like gourd in the Cucurbitaceae family of vegetables, is indigenous to Mexico (Atuonwu and Akobundu, 2010). Pepitas, or pumpkin seeds, are the edible fruit-pumpkin kernels. Flat, dark green, and sometimes covered in a yellowish-white husk, pumpkin seeds are round. They have a chewy, pliable texture and a flavor that is delightfully nutty and mildly sweet (Campbell and Gold, 2009). The seeds are rich sources of numerous nutrients that are good for your health, including vitamins, minerals, antioxidants, and crucial necessary amino acids like glutamate and tryptophan. Zinc, iron, copper, phosphorus, magnesium, and manganese are all abundant in pumpkin seeds (Cascio, 2010). The nutrients protein and vitamin K are both abundant in pumpkin seeds (Hamed et al., 2008).
[bookmark: _Toc106630565]According to a 2013 study by Revathy and Sabitha, the beta carotene present in pumpkin seeds and flesh has anti-inflammatory and antioxidant properties It was also discovered that pumpkin seeds contain beta carotene. They also contain a lot of essential fatty acids, which have many health benefits, including the prevention of serious conditions like cancer, arthritis, and high blood pressure as well as the promotion of healthy skin and brain function (Pongjanta et al., 2006).
Table 2. 3: Proximal composition of Cucurbita maxima seeds
	Component
	
	              100(gm)  
	
	

	
	Amoo et al. 2004
	Alfawaz, 2006
	Lazos, 1986
	Rezig et al. 2012

	Moisture (%)
	3.08
	5.97
	5.40
	8.46

	Energy (kcal)
	628
	453
	676
	455

	Crude protein(g)
	14.31
	39.25
	32.3
	33.92

	Crude fat (g)
	52.13
	27.83
	45.4
	31.57

	Carbohydrate(g)
	24.45
	11.48
	5.55
	0.11

	Crude fiber (g)
	2.55
	16.84
	12.1
	21.97

	Total ash (mg)
	3.60
	4.59
	4.65
	3.97


In recent years, pumpkin seeds have become more well-known due to their distinctive nutritional value and health benefits. Incorporating pumpkin seeds into supplemental foods will provide kids with access to the benefits that will promote healthy growth and development because all of the minerals and other nutrients present in pumpkin seeds are essential for a child's growth and development.
[image: product-jpeg-500x500]Fig: 2 Pumpkin seeds



[bookmark: _Toc114269298]2.3 Almond powder- general aspects
Almond a nutritious rich food (Prunus dulcis; Gradziel 2009) have been extensively studied for their potential health benefits over the past ten years and have been linked to weight maintenance and weight control, as well as a reduced risk of chronic diseases like coronary heart disease (CHD) and type 2 diabetes. Almonds and other tree nuts have been a mainstay of the human diet since before agriculture was invented. They are still frequently consumed today as meals or snacks. Almonds can be used in a wide range of dishes and recipes, eaten whole (fresh or roasted), and blended into spreads like almond butter.
[bookmark: _Toc114269299]2.3.1 The nutritional characteristics of almonds 
2.3.1.1 The calories and macronutrients in almonds
Typically, 100 grams of almonds have 575 calories and 50 percent fat. Almonds have the best fatty acid profile of any nut, with the highest proportion of monounsaturated fatty acids (MUFA) and the lowest amount of saturated fat (3.7 g per 100 g of almonds). The nutritional makeup of almonds is shown in Table 1. MUFA make up 62% of the overall fat content, while polyunsaturated fatty acids make up 24%. (PUFA; Ros and Mataix 2006; Chen et al. 2006; Ternus et al. 2009)

[bookmark: _Toc114269300]2.4 Almonds' nutritional profile
	Nutrient                         Unit                  Per 100 g


Macronutrients 
	Energy                                                                                                                                                                                          
	Kcal
	575

	Protein
	g
	21.22

	Total fat                                                      
	g
	49.22

	Dietary fiber                                                  
	g
	12.20


 Minerals 
	Calcium                                                                                                                                                                                                                                                                
	mg
	264

	Potassium
	mg
	705

	Phosphorus
	mg
	484

	Sodium
	mg
	1

	Zinc
	mg
	3.08

	Iron
	mg
	3.72


Regular nut consumption has many positive health effects, including decreased danger of cardiovascular disease and unexpected cardiac death, lowered blood cholesterol, preserved or increased low-density lipoprotein (LDL) resistance to oxidation, and improved endothelial function. The fatty acids from almonds are a significant contributor to these benefits (Kris-Etherton 2006; Ros and Mataix 2006; Griel). Almonds are a strong source of plant protein due to their 21.2 percent total protein content and high arginine level in their proteins (Ahrens et al. 2005).
[bookmark: _Toc114269301]2.4.1 Almonds are naturally high in fiber 
According to the new European legislation, whole natural almonds can be marketed as naturally high in fiber because they have 13 g of dietary fiber per 100 g (Table 1), which is a sufficient amount. There is widespread agreement that dietary fiber from plant cell walls in foods including whole grain legumes, cereals, vegetables, nuts, and fruits is connected to a multitude of health benefits based on epidemiological and human intervention research. The structural features of almond cell walls (dietary fiber) play a significant role on the rate and degree of lipid release from plant food tissues during digestion (Ellis et al. 2004). An average serving of almonds (28–30 g) contains about 14% of the daily recommended amount of fiber.
                   [image: Secret Effects of Eating Almonds, Says Science — Eat This Not That][bookmark: _Toc106630612]Figure 2. 2 Almonds




[bookmark: _Toc114269302]2.5 Apple powder- general aspects 
[bookmark: _Toc106630566]One of the foods that people eat the most frequently is apples. Consumption of fresh or processed forms, such as juices and dried apples, is widespread. Among other nutrients and non-nutrients, apples are rich in dietary fiber, minerals, and vitamins (Table 1). Apples and apple products are prized ingredients in the infant food market. It has a great nutritional value because it contains several minerals, vitamins, and carbohydrates (Mattick and Moyer,1989).
Table 2. 4: Average nutrient content (per 100 g fresh weight) of apples (Jensen et al. 2009)
	Nutrients
	Contents

	Energy (KJ/Kcal)
	227/54

	Water (g)
	85.3

	Carbohydrates (g)
	12.9

	Fat (g)
	0.6

	Protein (g)
	0.3

	Fiber (g)
	2.7






[bookmark: _Toc114269303]2.6 Date powder
Fruits provide instant energy as well as enough levels of minerals, vitamins, and dietary fiber, all of which are necessary for a healthy digestive tract (Igah, 2008). Dates are high in fiber, vitamins, and minerals as well. Calcium, magnesium, amino acids, iron, zinc, potassium, phosphorus, and selenium are all found in date fruit. The sugar content of date fruit is over 70%, with glucose, fructose, and a tiny amount of sucrose accounting for the majority of the sugar. Cardiovascular disease, obesity, dental caries, diabetes mellitus, glucose intolerance, hypertension, and behavioral issues such as hyperactivity in children may all be increased by increased sugar intake (Johnson and Yon, 2010, Anderson, 1997). The World Health Organization (WHO) recommends that added sugar intake be limited to 10% of total energy (WHO, 2003, Kranz et al., 2005). Fruits may be used in meal preparation when a sweet taste is desired, which is a smart method for reducing additional sugar intake. The fruit dates are good for replacing extra sugar in dishes, a significant part of many people's daily diets in dry locations (Jain, 2012). A mixture of date powder with less than 10% added with oats, together with pumpkin seeds powder and nuts powder, might suit the needs of newborns in the early stages of weaning. Although date powder includes three to four percent protein, the quantity employed in the recipe wasn't enough to meet the demands of a baby. The low-protein, nutrient-dense date flesh was supplemented with high-quality proteins to create a comprehensive weaning diet. As a result, the creation of a nutritional mix for weanling children that can meet all of their protein, vital amino acid, and micronutrient needs. In their weanling stage, date powder mixed with pumpkin seeds powder, oats powder, apple powder, and nuts powder might be the finest source of nutrition. 
[bookmark: _Toc114269304]2.7 Preparation of instant weaning food for 6 months -2 years of age child
Baby food is readily eatable, lenient meal that is manufactured particularly for human babies aged four-six months to two years, other than breastmilk or baby weaning mix formula. The food can be purchased from producers already prepared in a variety of flavors and varieties, or it can be table food that has been mashed up or otherwise processed before being consumed by the family.
Breast milk is the ideal resource for nutrients for newborns in the initial six months, according to pediatricians, but formula can be a suitable option beyond that. Calcium, lipids, iron, protein, vitamin A, vitamin B, vitamin D, and vitamin K are all essential nutrients for a baby's growth and wellbeing. The baby food powder was created with all of this in mind. Oats powder, pumpkin seeds powder, nuts powder, dates powder, and apple powder were among the components. Fiber, protein, carbs, and lipids are abundant in the components. This powder can be used as a baby formula. Instead of sugar, dates were used to sweeten it.
It was attempted to create a baby meal powder for babies aged six months to two years. This formula can be used as a baby weaning mix. It may be turned into a sweet or savory porridge for babies. Protein, carbohydrate, calories, calcium, and fiber were all plentiful in the meal powder.
In the majority of developing nations, excellent commercial weaning foods are now readily accessible. However, due to sophisticated processing, extensive advertising, pricey packaging, and healthy profit margins, the price of these commercial products is typically 10 to 15 times that of common chief foods. Although these items are frequently well received and their value and utility are widely acknowledged, their cost puts most people in lower income categories out of their reach, who already spend 50 to 75 percent of their earnings on basic necessities (Wurdemann and Van de Meerendok, 1994). 
(Segura et al. 1988) developed a variety of infant food formulations made of dried rice, soybean flour, and various fruit purees that were safe to administer to kids. (Soliman et al. 2003) investigated the properties of infant food formulations using anna apple pulp as well as other components such as fruits, dry milk, and sugar. When youngsters served as panelists, some of the formulae received good marks. 
The design and evaluation of process equipment, product development, quality control, and sensory evaluation all heavily rely on the rheology of food items. Measurements of rheological parameters have been offered as an analytical technique for developing an expressive understanding of food structure (Ramaswamy Ahmed, 2006 and 2004).
As a result of these benefits, the current research aims to develop baby food formulas containing oats, pumpkin seeds, nuts, apples, and other fruits to be used as a supplement to baby food formulas. The best formulas' physicochemical and rheological properties were analyzed.

[bookmark: _Toc114269305]Chapter 3: Materials and Methods
[bookmark: _Toc114269306]3.1 Study period and study area
This research work was conducted for a period of five months from August 2021 to November 2021. Experimental procedures were carried out in the laboratory of the Department of Applied Food Science and Nutrition, Department of Food Processing and Engineering, Poultry Research and Training Centre (PRTC), Department of Physiology, Pharmacology and Biochemistry, at Chattogram Veterinary and Animal Sciences University (CVASU), Chattogram.
[bookmark: _Toc114269307]3.2 Experimental design  
Firstly, rolled oats, pumpkins, green apples, almond samples were collected. After collection of samples, the samples were processed and mixed for preparation of baby food powder. Then this powder was used for formulation of instant weaning food. After that it was used to determine proximate composition (moisture, ash, crude fat, protein, crude fiber and carbohydrate) and mineral (Sodium, Potassium, Calcium, Magnesium, Iron, and vitamin-A) contents. Nutritional composition, antioxidant activity, mineral contents were measured and consumer’s acceptability test for each products category (A=Formulation 1, B=Formulation 2, and C=Formulation 3) were conducted. Similar analysis was done for four commercial brand category D, E, F, G of instant infant cereals.  
[bookmark: _Toc106630617]Figure 3. 1 Study design

Collection of four commercial weaning foods
Statistical analysis

[bookmark: _Toc114269308]3.3 Collection of imported commercial weaning foods and raw materials 
The three imported commercial weaning foods (Cerelac 5 fruits and multi grain with milk cereal as P-1, Cerelac wheat, apple & cornflakes as P-2 and Biomil rice-milk as P-3) were selected on the basis of its popularity and market availability. P-1 and P-2 both are marketed by Nestle Bangladesh Limited. P-3 is marketed by Fasska Food Industries Limited, Bangladesh. These three commercial weaning foods are recommended for children aged 6 months and above. These weaning foods were purchased from the super markets in Chittagong, Bangladesh. 
Fresh pumpkins, apples, dates were collected from local market. Rolled oats and almonds were collected from Khulshi Mart, Chittagong. 
[bookmark: _Hlk91532072][bookmark: _Toc114269309]3.4 Preparation of green/dehulled pumpkin seed flour
Pumpkins were collected from local market of Chattogram. The seeds were dissected from the vegetable, washed thoroughly with water to remove dirt and any foreign material. After then, the seeds were placed on a tray and dried in the sunlight for seven consecutive days. After that, the dried seeds were cut along the borders of the peel with the help of cutter to obtain green pumpkin seeds. The green pumpkin seeds were then roasted in a pan for 5-10 minutes. After that, the seeds were set aside until it is cooled. The green pumpkin seeds were grounded into powder form with the help of a grinder and then sieved them. After that the seed flour was kept into zip-lock plastic bag and kept at 4°C in the refrigerator for further examinations. 
 
[bookmark: _Toc106630618]Figure 3. 2 Flow sheet for green pumpkin seed powder

[bookmark: _Toc114269310]3.5 Preparation of rolled oats flour
[bookmark: _Hlk92316176]Organic whole grain rolled oats (Cowhead) were collected from market. Then these oats were roasted on medium flame for 5 minutes. After that, oats were grounded into powder form with the help of a grinder on medium speed. After that, the oat flour was sieved and kept into zip-lock plastic bag and kept at 4°C in the refrigerator for further examinations. [bookmark: _Toc106630619]Figure 3. 3 Flow sheet for oats powder production



[bookmark: _Toc114269311]3.6 Preparation of apple powder
At first, fresh apples were bought from local market. The apples were washed thoroughly with tap water to remove dirt particles. Apples were cut into 1mm size to make easy for drying process. After that, the apples were soaked in 95% extra pure 1gm potassium metabisulphate (KMS) solution for 30 minutes to remove browning reaction. After that, the apples were placed in a tray and kept in a dryer at 60℃ for overnight to dry the apples completely. The dried apples were grinded in a grinder at a medium speed to make a smooth powder. After that, the powder sieved and kept into zip-lock plastic bag and kept at 4°C in the refrigerator for further examinations.                                                             
   [bookmark: _Toc106630620]Figure 3. 4 Flow sheet for apple powder production


[bookmark: _Toc114269312]3.7 Preparation of almond powder
[bookmark: _Hlk93351725]At first almonds were collected from supermarket. Then these almonds were roasted on a medium flame for 10 minutes. After that the almonds were kept aside to cool down. Then the almonds were grinded with a grinder in medium speed. The almond powder was sieved and kept in airtight container at refrigerator for further examination. 
          [bookmark: _Toc106630621]Figure 3. 5 Flow sheet for almond powder production



[bookmark: _Toc114269313]3.8 Preparation of date powder
At first, fresh dried dates were bought from local market. Then the waste part of the dried date was removed carefully with a knife. After that, all the dates were cleaned. Then these dried dates were cut into small pieces and the seeds were removed. After that, dates were dried under the sun for 2-3 days. After sundry they sounded like pebbles that meant the dates were completely dried. Then these dates were transferred to a grinder and grinded into fine powder. After that, the powder was sieved to obtain smooth fine dried dates powder. The powder was kept in airtight container at refrigerator for further examination. The powder is This is used as a natural sweetener. 
[bookmark: _Toc106630622]Figure 3. 6: Flow sheet for dates powder production

[bookmark: _Toc114269314]3.9. Formulation of instant weaning mix powder
Three different weaning foods were formulated according to (Jahan et al., 2021) with slightly modification as S1, S2 and S3. These trails were carried out to standardize the product. The percentage of oats powder, pumpkin seeds powder, almonds powder and apple powder were different in different formulated products. On the other side milk powder, date powder, salt were added to the food sample at same percentage. Then the ingredients were blended to obtain desirable texture, consistency, flavor and overall acceptability. The composition of three different formulated weaning foods are shown in table 3.1
[bookmark: _Toc106630574]Table 3. 1 Formulation of instant weaning powder
	Ingredients
	S1 (%)
	S2 (%)
	S3 (%)

	Oats powder
	35
	30
	45

	Pumpkin seeds powder
	27
	31
	20

	Almonds powder
	16
	20
	12

	Apple powder
	10
	8
	12

	Milk powder
	5
	5
	5

	Date powder
	5
	5
	5

	Salt
	1
	1
	1



[bookmark: _Toc114269315][bookmark: _Hlk93754080]3.10. Processing of instant weaning food powder
All ingredients were weighed according to the quantities given in Table 3.1. Oats powder, Pumpkin seed powder, Almonds powder, Apple powder, Milk flavor, date powder, Salt were added and mixing. The above mixture was grinded for uniform distribution of particles. The prepared weaning powder was carried for sensory evaluation & nutritive value.
         [bookmark: _Toc106630623]Figure 3. 7 Processing of instant weaning food powder

[bookmark: _Toc114269316]3.11 Proximate composition analysis
The moisture content of sample was determined using the standard method of AOAC. The protein, fat, fiber and ash content of sample were analyzed on dry weight basis according to Association of Official analytical Chemists (AOAC, 2012). All determinations were done in triplicate and the result was expressed as the average value.
[bookmark: _Toc114269317]3.11.1 Determination of moisture content 
The moisture content of sample was determined by the hot air oven drying method following the method described in (AOAC, 2016). An empty crucible and 3 g of sample were weighed in an analytical balance. The sample was taken in the crucible and dried in hot air oven at 105° for 12 hours. After that the crucible was removed and placed in a desiccator to cool at room temperature. The sample contained crucible was weighted and the value was recorded. This process is repeated for several times until a constant weight shows by the sample. 
Calculation: The percent of moisture was calculated as follows,
[bookmark: _Hlk89977728]
[bookmark: _Hlk89977855]W= Weight of fresh/dry sample, W1= Weight of dried sample.
[bookmark: _Toc114269318]3.11.2 Determination of ash content
The ash fraction contains all the mineral elements jumbled together. This method performs oxidization of all organic matter by incineration and determines the weight of remaining ash. At first weighted the empty crucible. About 2-5 gm of sample was taken in crucible. The crucible then put into the chamber of muffle furnace for ignition at 550° c for 6-8 hours until grey color ash was obtained. Then the crucible was taken from muffle furnace and cooled in desiccators. The final weight of sample with crucible was taken. 
Calculation: The ash content was calculated by following expression, 
[bookmark: _Hlk89984156]
W= Weight of Crucible and ash, W1= Weight of crucible, W2= Weight of sample.
[bookmark: _Toc114269319]3.11.3 Determination of protein content
Nitrogen content estimation is done by Kjeldhal method. The protein content of food stuff was obtained by estimating nitrogen content of the material and multiplying the nitrogen factor by 6.25
Digestion
Protein and other forms of nitrogen were broken down and converted to ammonia in digestion procedure. About 0.5 gm sample was weighted and taken into a digestion tube. A mixture of 63 gm potassium sulfate and 7 gm copper sulfate was prepared and 4 gm of this catalyst was added to the digestion tube. Then 10ml of conc. H2SO4 was added to the mixture. After that the digestion tube was placed in the digestion unit and digested for 30 minutes. Digestion tube was cooled at room temperature for 30 minutes.
Distillation
After cooling 50 ml of distilled water and 25 ml of 40% NaOH were added. 10 ml of 2% boric acid was taken in conical flask of distillation unit and 3 drops of green bromocresol was added. Cooled tube and receiving solution were placed in the distillation unit. 100 ml of 40% NaOH was automatically filled into the tube. The distillation process took place for 3 minutes. The receiving solution turned green at the end of the process.
Titration
The most common method of determining the amount of nitrogen is titration of ammonia with a standard solution of HCL in the presence of mixed indicator. The receiving solution was titrated with N/10 HCL solution until turn into light pink color.
Calculation: Percentage of nitrogen and protein calculated by the following formula,
[bookmark: _Hlk89990170]
A= Volume of standard N/10 HCL solution, B= Normality of standard HCL, W= Weight of the sample. 

[bookmark: _Toc114269320]3.11.4 Determination of fat content
Soxhlet apparatus was used to determine the fat content. First chiller 1 and then 2 of soxhlet apparatus were switched on. When the temperature got below 12°C then the work had been started. Weight of empty beaker was taken and marked them. 2.0 gm sample was taken into the thimble paper. Then the thimble paper was set under the magnetic holder by magnetic ring and lift it up. 80-100 ml diethyl ether was taken in marked beaker. Beakers were screwed with solvent under the condenser and the stopcock was opened in vertical position. Then the thimbles were lowered into the beaker and the extraction beaker was placed in burner by lift lever handle. The machine was switched on and heated to boiling 100°C and waited for 20 minutes for boiling. The thimbles were lifted up and waited for 20 minutes and then the reflux stopcock was closed. Again, waited about 10-15 min for evaporation of solvent. Lever was lifted up and switched off and the extraction beaker was taken. After that the extraction beaker was put in hot air oven at 105°C for 30 min and then cooled down at desiccator and weight was taken. 
Calculation: The percent of fat was expressed as follows,
[bookmark: _Hlk90037102]
A= Weight of the flask with ether extract, B= Weight of the flask, W= Weight of the sample. 
[bookmark: _Toc114269321]3.11.5 Determination of fiber content
At first the weight of the crucible was measured and a 2gm sample was taken into the crucible. Then the filter was set with the fiber analyzer. Each sample was boiled by using 150 ml sulfuric acid (1.25%) for 30 minutes and waited a few minutes for cooling. then 3-5 drops of n-octanol is added as an antifoam agent.  Each sample was washed by using 30 ml hot distilled water 3 times. Again, the sample was boiled by using 125 ml sodium hydroxide (1.25%) for 30 minute and waited a few minutes for cooling. Further each sample was washed by using 30 ml hot distilled water for 3 times. The sample was washed with 30 ml normal distilled water for one time and then washed by 1% HCL solution in the condenser chamber for 3 times. Sample was kept in a hot air oven for 1 hour at 105°C. Then the sample was cooled down in a desiccator and weight was taken. Further samples were kept in a muffle furnace at 550°C for 3 hours. The crucible was kept at the desiccator for 30 minutes and final weight was taken.

W= Weight of crucible, crude fiber and ash, W1= Weight of crucible and ash, W2= Weight of sample.
[bookmark: _Toc114269322]3.11.6 Determination of total carbohydrates
The carbohydrate content was determined by calculating the difference of Nitrogen Free Extractive (NFE). By subtracting the sum of values of moisture, ash, protein, fat from 100 (per 100 gm) carbohydrate content can be determined (AOAC, 2012). The formula below:
% CHO = 100% - % (Protein + Fat + Fiber + Ash + Moisture content)
[bookmark: _Toc114269323]3.11.7 Determination of energy content
The energy content (kcal/100g) was calculated by addition of multiplied values for crude protein, crude fat and carbohydrate respectively at Atwater factors (4 Kcal, 9 Kcal and 4 Kcal). It is expressed as: 
Energy value (Kcal/100 gm) = (Protein× 4) + (Fat× 9) + (Total CHO×4)
[bookmark: _Toc114269324]3.12 Determination of mineral content
Mineral contents were determined by using biochemical analyzer (Humalyzer 3000). Commercially available biochemical kit (Randox®) was used for biochemical assay.
[bookmark: _Toc114269325]3.12.1 Sample preparation  
1g samples were weighed into digestion vessel. Then 7 mL HNO3 and 3 mL 30% H2O2 were added. Vessels were then closed and placed in holder. Vessel holder then placed in microwave oven and exposed to defined program parameters 250 watts for 3 min, 630 watts for 5 min, 500 watts for 22 min and final 0 watts for 15 min. Then removed digestion vessels from microwave oven and cooled thoroughly before opening them.  Vessel were then opened and rinsed down lid and walls into container. It was filtered on a filter paper & taken the filtrate to a volumetric flask (as 100 ml) and made up to the mark which was used for mineral contents determination.
[bookmark: _Hlk91106086][bookmark: _Toc114269326]3.12.2 Determination of Sodium (Na+)
Colorimetric Method: Sodium is precipitated as a triple salt with magnesium and uranyl acetate.  The excess of uranyl ions is reacted with ferrocyanide in an acidic medium to develop   a brownish color. The intensity of the color produced is inversely proportional to the   concentration of sodium in the sample. 
Assay: 
	Wavelength / filter:           530 nm (Hg 546) /Green
Temperature:                Room Temperature
Light path:                  1 cm


[bookmark: _Hlk91106940]Calculations: 
[bookmark: _Hlk91107782][bookmark: _Hlk90073821]Sodium in =  × Standard conc.
[bookmark: _Toc114269327]3.12.3 Determination of Calcium (Ca+)
Calcium ions form a violet complex with O-Cresol phthalein complex one
in an alkaline medium.
Colorimetric method: O-Cresol phthalein complex one, without deproteinization
Assay:
	Wavelength / filter:                    Hg 578nm (550-590)
Spectrophotometer:                    570nm
Temperature:                         20-25℃/37℃
Light path:                           1 cm



Calculation: 
Concentration in =  × Standard conc.
[bookmark: _Toc114269328]3.12.4 Determination of Potassium (K+)
Sodium tetraphenyl boron reacts with potassium to produce a fine turbidity of potassium tetraphenyl boron. The intensity of turbidity is directly proportional to the concentration of potassium in the sample.
Assay:
	Wavelength / filter:          630 nm (Hg 623) /Green
Temperature:               Room Temperature
Light path:                 1 cm



Calculations
[bookmark: _Hlk91180043]Potassium in =  × Standard conc.
[bookmark: _Toc114269329]3.12.5 Determination of Iron (Fe)
The iron is dissociated from transferring-iron complex in weakly acid medium. Liberated iron is reduced into the bivalent form by means of ascorbic acid. Ferrous ions give with Ferrozine a colored complex. The intensity of the color formed
is proportional to the iron concentration in the sample.
Assay:
	Wavelength / filter:       562nm
Temperature:            37℃ / 15-25℃
Light path:              1 cm



Calculations:
Iron in =  × Standard conc.

[bookmark: _Toc114269330]3.13 Antioxidant capacity determination 
The antioxidant activity of prepared sample was determined on the basis of radical scavenging capacity on the DPPH (22-Diphenyl-1-picrylhydrazyl) stable free radical. Antioxidant capacity of the extracts was determined by the method described by (Azlim et al., 2010) with slight modification. 
Extract preparation 
1 gm sample was taken in falcon tube. After that 10 ml absolute methanol was added and left for 72 hours. Continuous straining was done after 4 hours interval. After 72 hours, filtrate was collected and methanoic extract was found. 
Procedure 
Stock solution (1 mg/ml) of extract was diluted to concentrations of (0.50. 1.00.1.50. 2.00. 2.50) mg/ml in methanol. DPPH solution was prepared by dissolving 6.0 mg of DPPH in 100 ml absolute methanol. The methanolic DPPH solution (2 ml) was added to 1 ml of each extract solution of different concentrations and the mixture was left for 30 minutes and the absorbance was read at wavelength 517 mm. Control was prepared by adding 1 ml of metunol to 2 ml of DPPH solution. Trolox was used as standarda Antioxidant capacity based on the DPPH free radical scavenging activity of extracts was calculated and expressed as milligrams of Trolox equivalents (TE) per gram of extracts (mg TE2)
[bookmark: _Toc114269331]3.14 Vitamin A determination
Vitamin A was measured using colorimeter. The contribution of both retinol and beta-carotene is used to determine the total Vitamin A content of a specific food. Proteins are precipitated with alcohol and retinol and carotenes extracted into light petroleum. After reading the intensity of the yellow color due to carotenes, the light petroleum is evaporated and the residue dissolved in chloroform before carrying out the color reaction. Allowance is made for the carotene contribution to the reaction (Bradley and Hornback, 1973). Retinol present in sample reacts with trifluoroacetic acid (TFA). During the reaction of sample and TFA, a blue color is observed indicating the presence of retinol in sample. The blue color is transient, so if the color develops, it must be observed within 2 seconds after adding the reagent (Guamuch et al., 2007). For each sample preparation 100 mg sample, 1 ml distilled water and 2 ml ethanol was taken in a tube and mixed with a vortex mixer. The tube was centrifuged for 15 minutes at 3000 rpm and then 1 ml supernatant was taken. First carotene was determined. For blank solution preparation 6 ml S2 reagent and for standard preparation 6 ml standard reagent were taken into cuvette by pipette. For sample solution preparation 1 ml sample extract, 2 ml S1 reagent and 3 ml S2 reagent were taken into a cuvette by pipette. All mixed well with a vortex mixer and a mechanical shaker for 10 minutes. The tubes were centrifuged for 10 minutes at 3000 RPM. Then 2 ml blank, standard and supernatant from sample were collected and the absorbance was read at 420 nm against the blank. This was done without delay to prevent solvent evaporation and destruction of carotenoids by light. Then the retinol was determined. For the preparation of sample solution 2 ml sample extract (S3) that was prepared in carotene determination, was taken and evaporated the contents of the sample cuvette to dryness in a 50°C water bath. After evaporation, 100 µl S4 reagent and 1 ml S5 reagent were added in the sample cuvette. For the blank solution preparation 100 µl S4 reagent and 1 ml S5 reagent were taken into cuvette by pipette. For standard solution preparation 100 µl standard reagent and 1.0 ml S5 reagent were taken. These were mixed well with a vortex mixer. The absorbance was recorded at 620 nm at exactly 2s after adding the reagent. Because S5 reagent is a strong acid with an irritant vapor. The carotene, retinol and total vitamin content were measured as follows,
Retinol (mg/l) = (0.0759 × Absorbance) + 0.1023
Carotene (mg/l) = (- 0.0167 × Absorbance) + 0.0091
Where, 0.0759 and 0.0167 are slope; 0.1023 and 0.0091 are intercept
Total vitamin A (RAE) = µg of retinol + (µg of beta-carotene / 6)

[bookmark: _Toc114269332]3.15 Sensory evaluation of developed product
Sensory evaluation was done by hedonic scale. The hedonic 7-point scale is a useful tool for any examiner of food preference or overall liking of food. The scale is easy for the panelist to understand and use. The scale is self-explanatory with little instructions from the moderator of the test (Lawless and Heymann, 1998). Sensory evaluation was assessed using 20 trained panelists in the CVASU premises, where the panelists were both the teacher and students of CVASU. Prepared instant weaning baby food powder (A=Formulation 1, B=Formulation 2 and C=Formulation) and commercial brand D, E were subjected to sensory evaluation. The evaluation of weaning powder was carried out using a score card developed for the purpose. Score card was prepared keeping in view the quality characteristics of the products. Descriptive terms were given to various quality attributes like appearance/ color, flavor, taste, mouthfeel and overall acceptability by using 7point hedonic scale. Evaluation was done at room temperature in the laboratory of the department of Applied Food Science & Nutrition lab, Chattogram Veterinary and Animal Sciences University (CVASU). Before the sensory test began, oral consent was taken from each panelist to confirm that they were willingly attended to the sensory analysis. At first, 25gm of weaning foods of each samples were poured in 75ml lukewarm water into a transparent glass bowl. The scale was arranged such that: Like extremely = 7, Like moderately = 6, Like slightly = 5, Neither like nor dislike = 4, Dislike slightly = 3, Dislike moderately = 2, Dislike extremely = 1. While scoring, highest score (7) was assigned to most preferred characteristic and least score (1) to the least desired characteristic. This method does not, of course, reflect actual consumer perception, but it does strongly indicate attributes which a good quality product should possess.
[bookmark: _Toc114269333]3.16 Statistical analysis
Data were recorded and entered into the MS Excel -2013 and exported to Statistical Package for Social Sciences (SPSS version 20.0). Descriptive statistics (mean and standard deviation) were performed for proximate composition, antioxidant capacity and sensory evaluation of weaning powder. Proximate composition and sensory evaluation data of weaning powder were analyzed by using One-way ANOVA procedures to assess a significant level of variation at 95% confidence level. Level of significance was shown at P<0.05.













[bookmark: _Toc114269334]Chapter 4: Results
[bookmark: _Toc114269335]4.1 Proximate analysis of instant weaning food
Table 4.1 showed (ME±SD= Mean ± Standard Deviation) of proximate composition of three formulated instant weaning food (S1, S2, S3). S3 had the maximum moisture content (3.13±0.16) % whereas S2 had the lowest value (2.39±0.05) %. The highest value of ash content (3.19±0.27) % was found in the S1 and the lowest value (2.82±0.24) % was for S2. Protein content was higher in S2 (18.18±0.65) % among these three weaning foods. As opposed to this, S3 had a greater fiber content (3.280±54) %, whereas lower in S2 and S3. The highest amount of fat was found in S2 (17.09±0.51) %. The amount of carbohydrates (CHO) was greater in the S3 (63.35±0.82) % comparatively than S2, C but its energy content is lowest (430.91±2.40) % than other two samples. In case of Energy, S2 scored the highest value (455.07±3.70) (Kcal/100g) than S1 and S3.
[bookmark: _Toc114269409]Table 4. 1 Proximate analysis of nutrient enriched weaning food
	[bookmark: _Hlk94565682]Parameters 
	S1
	S2
	S3

	Moisture (%)
	2.52±0.04b
	2.39±0.05b
	3.13±0.16a

	Ash (%)
	3.19±0.27a
	2.82±0.24c
	2.95±0.17b

	Fiber (%)
	2.89±0.23b
	2.38±0.47c
	[bookmark: _Hlk101612545]3.28±0.54a

	Protein (%) 
	15.67±0.6b
	[bookmark: _Hlk96690669]18.18±0.65a
	13.55±0.99c

	Fat (%)
	15.19±0.55b
	17.09±0.51a
	13.67±0.73c

	CHO (%)
	60.54±1.57b
	57.13±0.77c
	[bookmark: _Hlk106309330]63.35±0.82a

	Energy (%)  
	441.55±1.93b
	455.07±3.70a
	[bookmark: _Hlk101612675]430.91±2.40c


Every value displayed ME±SD of the data ME=Mean; SD= Standard Deviation, or SD. The presence of different superscript along a row indicates a significant difference and the same superscripts are not significantly different at P<0.05. 





[bookmark: _Toc114269336]4.2 Energy content of Weaning Food
From the figure 4.1 energy content in S2 was calculated in highest amount (455.07 Kcal/100 g) and lowest (430.91 Kcal/100 g) in S3. 

[bookmark: _Toc106630624][bookmark: _Hlk96085115]Figure 4. 1: Evaluation of energy content in weaning food
[bookmark: _Toc114269337]4.3 Mineral contents of instant weaning food
Table 4.2 showed the mineral contents of three formulated weaning foods. Sodium, potassium, iron and calcium were high in S2 which were (322.29±0.75) mg, (610.06±0.98) mg, (6.03±0.34) mg and (450±2.64) mg correspondingly. In case of calcium, S1 scored higher than S3 but S3scored higher than S1 in case of Sodium, Potassium and iron which are (315.07±0.9) mg, (600.02±1.14) mg and (5.36±0.30).  
[bookmark: _Toc114269410]Table 4. 2 Mineral contents of nutritionally enriched weaning food
	[bookmark: _Hlk107936113]Mineral Compositions
(mg/100g)
	S1
	S2
	S3

	Sodium
	310.6±1.52c
	322.29±0.75a
	315.07±0.9b

	Potassium
	580.23±1.74c
	610.06±0.98a
	600.02±1.14b

	Iron 
	4.98±0.73c
	6.03±0.34a
	5.36±0.30b

	Calcium  
	435.00±2.64b
	450.00±2.64a
	426.00±2.64c


** Significant differences are indicated by values with various superscript letters; comparisons are made across formulations.

[bookmark: _Toc71345]


[bookmark: _Toc114269338]4.4 Antioxidant activity of prepared weaning food 
Antioxidant capacity of prepared weaning food at different wavelength showed in Table 4.3. The mean value of antioxidant capacity of prepared weaning food was found to be (2.88 ± 0.07) mg TE/100gm.
[bookmark: _Toc114269411]Table 4. 3: Antioxidant capacity of prepared weaning food
	Sl. no
	Conc (mg/100g)
	WL 517.0

	S1
	2.882
	0.056

	S2
	2.886
	0.056

	S3
	2.901
	0.055


 This value showed ME ± SD. ME = Mean. SD = Standard Deviation
[bookmark: _Toc114269339]4.5 Vitamin A estimation of produced weaning food 
The findings for the amount of vitamin A found in produced weaning food had been presented in Table 4.4. From the table, a significant increase was observed in S2 and the lowest value was in S3.
[bookmark: _Toc93411062][bookmark: _Toc114269412]Table 4. 4 Vitamin A content in prepared weaning food
	Formulations
	Vitamin A (µg RAE/100g)

	S1
	327.98± 1.93b

	S2
	334.74 ± 1.65a

	S3
	310.92± 1.71c



All values showed ME ± SD of data. ME = Mean. SD = Standard Deviation. The presence of different superscript along a row indicates a significant difference and the same superscripts are not significantly different at P<0.05.
[bookmark: _Toc95340737][bookmark: _Toc114269340]4.6 Sensory evaluation of prepared weaning foods
In Table 4.5 highest (ME ± SD) score for odor, taste, mouthfeel was recorded 5.5 ± 0.07, 6.02 ± 0.02, 5.85 ± 0.04 respectively in the case of Sample B. Sample A scored highest in appearance (6.01 ± 0.02) than Sample B and Sample C. On the other hand, lowest score for all attributes was recorded in Sample C. Sample B had the highest acceptance rate (6.25 ± 0.04). However, Sample C scored the least acceptance (5.0± 0.10) compared to other samples.

[bookmark: _Toc93411063][bookmark: _Toc114269413]Table 4. 5: Evaluation of hedonic ratings for assessing the sensory quality of prepared weaning food
	Parameters
	    S1
	   S2
	    S3

	Appearance
	[bookmark: _Hlk101620742]6.01 ± 0.02a  
	6.00± 0.01a
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	Odor
	5.4 ± 0.30b
	5.5 ± 0.07a
	5.35 ± 0.09a

	Taste
	5.22 ± 0.10b
	6.02 ± 0.02a
	4.15 ± 0.44c

	Mouthfeel
	5.50 ± 0.16b
	5.85 ± 0.04a
	5.20 ± 0.02b

	Overall
Acceptability
	6.1 ± 0.02b
	6.25 ± 0.04a
	5.0± 0.10c



All values showed in ME ± SD of data. ME = Mean, SD = Standard Deviation. The presence of different superscript along a row indicates a significant difference and the same superscripts are not significantly different at P<0.05.
[bookmark: _Toc114269341]4.7 Bacteriological quality of weaning foods
The prepared weaning foods overall bacteriological quality was found to be good (Table 4.6).
[bookmark: _Toc114269414]Table 4. 6: Relative Bacteriological Load of Weaning Foods
	Prepared food 
sample 
	Total Viable count (CFU/g)
	Total Coliform count (CFU/g)

	S1
	Less than 10 
	Nil

	S2
	Less than 10 
	Nil

	S3
	Less than 10
	Nil



[bookmark: _Toc114269342]4.8 Formulated best one
The proximate and minerals composition, antioxidant capacity, vitamin A, sensory rating test and microbial content of three formulated weaning foods (S1, S2, S3) have been illustrated above in table (4.1- 4.6). In case of proximate composition, among these three weaning foods, moisture content was lowest than other two samples. It was were safe for long period of storage without spoilage. Generally, low moisture content is not highly susceptible to microorganism’s attack (Ajayi et al., 2006). Moisture content may vary as it depends on environmental factors. Also, protein, fat and energy content were higher than the other two samples. Low moisture content, high energy content made it the best one. For minerals composition, S2 scored highest than other two samples. Although the value of potassium for S2 and S3 was almost similar. The antioxidant capacity of S2 was higher than S1 but lower than S3. S2 scored higher in case of vitamin A content. Among all the three formulated weaning foods, the overall acceptance of S2 had the highest score which was 6.25 on a hedonic scale of 7 points. Additionally, S2 microbiological level was within acceptable limits. The other two samples total acceptance was lower than S2. Therefore, Sample 2 was chosen as the top sample due to its superiority.
[bookmark: _Toc114269343]4.9 Comparison of proximate compositions of formulated best one (S2) with locally available commercial foods
Proximate composition of the formulated best one (S2) compared with the locally accessible weaning foods were shown in Table 4.4. In commercial weaning foods, the highest amount of protein content was found in P1 whereas formulated S2 had the highest among all. The value of fat content was found in S2 and P2 was quite close but commercial food P3 had the lowest fat content. The highest value of ash content was found in formulated sample P1 which is higher than all the weaning products. It's also important to note that, the amount of fiber in formulated S2 was higher than other commercial samples. Energy content is also higher in S2 than all other samples.
[bookmark: _Toc114269415]Table 4.7: Comparison of proximate compositions (mean ± SD) of formulated best one (S2) with locally available weaning foods
	Parameters 
	Sample 2
	P1
	P2
	P3

	Moisture (%)
	2.39±0.05a
	2.00±0.03c
	1.99± 0.01d
	2.10 ± 0.02b

	Ash (%)
	2.82±0.24d
	3.68 ± 0.47a
	2.84± 0.26c
	3.18 ± 0.05b

	Fiber (%)
	2.38±0.47a
	1.21±0.35d
	2.03±0.16b
	1.55 ± 0.07c

	Protein (%) 
	18.18±0.65a
	15.39±0.44b
	13.95±1.03d
	15.03±0.07c

	Fat (%)
	17.09±0.51a
	14.87±0.03c
	15.02±0.03b
	7.01 ± 0.03d

	CHO (%)
	57.13±0.77d
	62.85±0.02c
	64.17±0.20b
	71.13±1.87a

	Energy (%)  
	455.07±3.70a
	446.79±0.73c
	447.66±0.79b
	407.73±0.46d


All values displayed the data's ME±SD. Me is Mean; SD is standard deviation. The presence of different superscript along a row indicates a significant difference and the same superscripts are not significantly different at P<0.05.








	
	
		
		
Figure 4.2: Comparison of energy content of Sample B with commercial weaning foods available in market. 



[bookmark: _Toc114269344][bookmark: _Hlk108008369]4.10 Comparison of minerals composition of formulated best one (S2) with available commercial weaning foods 
Minerals composition of the formulated best one weaning food compared with the locally available commercial weaning foods were shown in Table 4.7. 
[bookmark: _Toc114269416]Table 4. 8: Comparison of minerals composition (mean ± SD) of formulated best one (S2) with available commercial weaning foods
	Parameters 
	Sample 2
	P1
	P2
	P3

	Sodium (%)
	322.29±0.75a
	315±0.89b
	180.2±0.73d
	187.32±1.12c

	Potassium (%)
	610.06±0.98a
	561.23±1.83d
	600.39±0.45b
	593.97±0.57c

	Iron (%)
	6.03±0.34d
	7.05±0.08c
	7.09±0.18b
	7.54±0.36a

	Calcium (%) 
	450.00±2.64c
	478.2±1.64b
	435.03±1.49d
	540.87±1.36a



[bookmark: _Hlk101694108][bookmark: _Toc114269345]4.11 Comparison of vitamin A content of formulated best one (S2) with locally available weaning foods 
Vitamin A content of the formulated best one weaning food compared with the locally available commercial weaning foods were shown in Table 4.8. 
[bookmark: _Toc114269417]Table 4. 9: Comparison of vitamin A content (mean ± SD) of formulated best one (S2) with locally available weaning foods
	Products
	Vitamin A

	Sample 2
	334.74 ± 1.65b

	P1
	315.06±0.63d

	P2
	360.79±0.95a

	P3
	327.90±2.05c



[bookmark: _Toc107259643]





[bookmark: _Toc114269346]4.12Comparison of cost analysis of accepted weaning food (Sample S2) and commercial weaning foods (P1, P2, P3)
The cost of the raw materials used in food preparation, electricity costs, jar prices, and other factors were considered when determining the cost of developed weaning food. The market price of three commercial weaning meals and the cost of the prepared food were compared simultaneously as shown in Table 4.10.
[bookmark: _Toc107181254][bookmark: _Toc114269418]Table 4.10: Comparison of cost analysis of accepted weaning food (Sample S2) and commercial weaning foods (P1, P2, P3)
	Heads
	Tk.
	Quantity in S2
(g/100gm)
	Total (Tk.)

	Expenditure raw materials
	
	
	Sample 2
	P1
(400gm)
	P2
(400gm)
	P3
(400gm)

	Rolled oats (500g)
	600
	30
	30
	-
	-
	-

	Pumpkin seeds (250g)
	170
	31
	21.08
	-
	-
	-

	Almonds (250g)
	80
	20
	6.4
	-
	-
	-

	Apple (500g)
	90
	8
	1.44
	-
	-
	-

	Dry date (500g)
	80
	5
	0.8
	-
	-
	-

	Milk powder (250g)
	155
	5
	3.1
	-
	-
	-

	Salt (500g)
	18
	1
	0.036
	-
	-
	-

	Subtotal 
	100gm
	62.856
	-
	-
	-

	Processing cost @15% of raw material
	9.428
	-
	-
	-

	Total cost of 100g weaning food (Tk.)
	72.284
	-
	-
	-

	*Price per packet (400g/packet)
	289.13
	350
	385
	450



[bookmark: _Toc95340738][bookmark: _Toc114269347]Chapter 5: Discussions
5.1 [bookmark: _Toc95340739][bookmark: _Toc114269348]Proximate composition of prepared weaning foods compared with commercial weaning foods
The proximate composition of three prepared weaning foods have been described in table 4.1. This trio of these weaning foods, Sample 2 scored significantly higher in protein, fat, energy than all other samples. Table 4.4 showed the comparison of proximate composition of locally available three weaning foods P1, P2, P3 with sample 2. The amount of protein in the weaning food that has been prepared in S2 was (18.18±0.65%) which was greater than the minimum percentage (14.52%) specified in Codex Alimentarius standards. A high percentage of protein was found in sample B due to the more pumpkin seeds and almonds. In commercial weaning foods, protein levels ranged from 13.95 to 15.39%, lower than the bottom limit of the Codex Alimentarius requirements and a little lower than the prepared weaning food. The protein content should range from 14.52 to 37.70 g/100 g according to FAO/WHO Codex Alimentarius Standards for follow – up/ weaning foods (FAO/WHO, 1994). A high percentage of protein was observed in prepared sample 2 due to the high content of pumpkin seed powder and almond powder. 
The prepared Sample 2 had the highest fat content (17.09±0.51%) than other commercial weaning foods P1, P2, P3 respectively (14.87±0.03%), (15.02±0.03%), (7.01 ± 0.03%). The fat content of S2 fall in the range of Codex Alimentarius Standards (14.52- to 41.13%). Children's immune systems and brain development suffer when there is less fat in the diet. The immune system and brain development are both benefited by enough fat consumption (Michaelsen et al.,2017). According to Sajilata et al. (2002), the optimal fat percentage for weaning meal is up to 10%, making sample 2 fat content ideal.
Total ash content was obtained from sample 2 was (2.82±0.24%), which fall in the range of commercial weaning found in laboratory test (2.84-3.68%). In the Codex Alimentarius Standards, for weaning/follow-up foods, there is no established standard for ash concentration (FAO/WHO, 1994). Ash content is a crucial nutrient marker for mineral content. Additionally, contamination is a crucial quality characteristic, particularly when it comes to foreign objects like stones (Fennema, 1996).
The developed weaning food had a moisture content of (2.39±0.05%). On other hand, the range of commercial weaning found in laboratory test (1.99-2.10%). In the Codex Alimentarius Standards, no standard for moisture content has been specified for weaning/follow–up foods (FAO/WHO, 1994). To stop microbial growth, food moisture content and water activity must be kept below 10 percent and 0.60-0.65 percent, respectively (Mercer, 2008) based on the type of foods. They usually have a water activity of 0.99 or less, fresh foods are especially vulnerable to microbial development (Jay, Loessner, & Golden, 2005).
The crude fiber composition of the prepared weaning food was (2.38±0.47%). The fiber content of commercial weaning foods ranged from (1.21 – 2.03%) in table 4.7 which was lower than the prepared weaning foods. According to the USDA Food Guide Pyramid and the National Cholesterol Education Program, dietary fiber is not necessary during first year of life. Fiber is an important dietary nutrient. During the first stage of life, the production of gut microflora is very important. The growth of gut microflora can be hindered due to the low intake of dietary fiber. In a study, it is also found that, reduced-fiber diet has impact on child appendicitis and constipation (O’Keefe,2019). During the weaning stage, from 7-12 months at least 5gm/day of dietary fiber is recommended. The high fiber content in the prepared weaning food due to the presence of whole grain oats, pumpkin seeds, almonds and dates powder. They are good sources of fiber. On the other hand, in commercial weaning products, they have also used grains like cornflakes or rice. Per 100 grams, cornflakes contain only 2 grams of fiber while whole grain oats or rolled oats contain 16 grams of fiber.
The carbohydrates content found (57.13±0.77%) in the prepared sample which is shown in (Table 4.4). According to the Codex Alimentarius Standards (FAO/WHO, 1994) the optimum range of carbohydrates content of weaning foods (41.13 to 73.79%) g/100 g. In this study the carbohydrate was found in sample P3 was (71.13±1.87%) which is higher than prepared sample B. The carbohydrate content of all commercial samples including the prepared one was similar to the range of Codex Alimentarius Standards. For children, carbohydrates are essential for the energy source in their daily requirements. But excess consumption of carbohydrate may lead to obesity of child (Sartorius et al., 2018).
The energy content found in weaning food was prepared 455.07 kcal/100 g. For the infant formula sold commercially, the energy ranges from 407.73 to 447.66 kcal/100g which is low compared to the prepared weaning food. All the value from prepared and commercial weaning food found was lower than the minimum energy requirement (483.9 kcal/100 g) that are advised by the Codex General Guidelines (FAO/WHO, 1994). However lower energy consumption makes weaker than average and growing more slowly than usual (Miller et al., 2011). The energy value found in this prepared weaning food was higher than locally available weaning food that concludes that it can be recommended as a complimentary weaning food for the child.
5.2 [bookmark: _Toc95340740][bookmark: _Toc114269349]Comparison of mineral and vitamin A content of prepared sample with commercial weaning foods
The sodium content found of the prepared sample is (322.29±0.75%). In sample P1, the high amount of sodium found was (315±0.89%). In the rest of the sample, sodium content was (180.2±0.73%) and (187.32±1.12%). For the complementary feeding stage, it is recommended to intake sodium is 400mg/day for child (cribb et al., 2012; strohm et al., 2018). To maintain water balance within the body sodium is necessary. Sodium intake is additionally necessary for children for acceptable nerve and muscle operate. Inadequate or excessive sodium intake in childhood will raise blood pressure and lead to hypertension as adults. (Rommeliti et al., 2018)
Potassium is a vital dietary supplement for the child’s regular physiology. It supports to circulate the fluid stability in the body, maintaining the equilibrium between acid and water while sustaining children's proper development. 2013 (Pohl et al.) The recommended potassium intake for 6-24 months children is 750mg/day. (Turck et.al., 2016). Inadequate intake of potassium can cause abnormal heartbeat, muscle weakness, hypokalemia (Kjeldsen, 2010). The potassium found in sample B was (610.06±0.98%) in 100gm of raw sample, whereas in the commercial infant formulas include the most potassium found was (561.23-600.39) mg/100gm which is lower than the prepared weaning food.
In the prepared weaning food iron concentration was (6.03±0.34 mg/100gm) in sample B. In the commercial products iron concentration ranged between (7.05-7.54 mg/100gm). According to WHO, daily iron requirements for 6-23 months of children is (4.8 – 12 mg/100gm) (WHO, 2016). However, the iron level of the prepared sample and all the commercial products is above the minimum value of the specified range. A previous study was held on specially created supplemental food in Cameroon found higher level of iron content (24.12 mg/100gm) than the current study (Achidi et al., 2016). According to a number of studies, elevated iron levels can impair cognitive development, slow down growth, and interact with zinc and copper (Alexeev et al., 2017; Lonnerdal, 2017).
Calcium is a vital element for developing teeth and bones, proper working of the immune system, blood coagulation, nerves and muscles resistance in children. (Whitney et al., 1990). The Ca concentration of the prepared weaning food was 450.0mg/100 g. Whereas, in commercial weaning foods highest calcium concentration found was (540.87mg/100gm). Ca levels in weaning foods shouldn't be any lower than 435.51 mg/100 g of the dry food according to the Codex Alimentarius Standards. According to this criterion, the minimum Ca concentration (435.51 mg/100 g) specified in the Codex Alimentarius Standards (FAO/WHO, 1994) was exceeded in all imported items and processed weaning food.
[bookmark: _Hlk104880803]Vitamins are compounds that are requisite for the development and conservation of good health. In case of processed cereal based foods for infants and young children, the recommended level of vitamin A (µg/100 kcal) ranged from 60 to 180 µg/100 kcal according to the Codex Alimentarius Standards (FAO/WHO, 1994). The produced weaning meal had a vitamin A level of 79.7 g/100 kcal when compared to this criterion, while the purchased commercial infant foods P-1, P-2, and P-3 had a vitamin A content of 75.01, 85.90, and 78.07 g/100 kcal, respectively, all of which were higher than the minimum limit (60 g/100 kcal) set by the Codex Alimentarius standards. The produced weaning food has a considerably greater vitamin A content (p0.05) than the commercial weaning meals (Table 1).
The Food and Nutrition, Institute of Medicine recommends 743 kcal, 95 g, 11 g, 30 g, 500 g, 0.3 mg, 270 mg, and 11 mg for an infant aged seven to twelve months for calories, carbohydrate, protein, fat, vitamin A, vitamin B1, calcium, and iron, respectively (IOM, 2005). A 100gm quantity of prepared weaning food may cover the daily needs (percent of RDA) for calories (61.25%), carbohydrate (60.14%), protein (165.27%), fat (56.96%), vitamin A (77.22%), sodium (87.02%), potassium (101.66%), calcium (166.66%), and iron (54.81%) in this research. A 100gm serving of imported commercial weaning foods might cover the daily needs (percentage of RDA) for calories (54.24 to 59.80%), carbohydrate (65.03 to 73.75%), protein (126.81 to 139.63%) Fat (23.36 to 50.06%), vitamin A (63.01 to 72.15%), Na (48.64 to 85.13%), K (93.53 to 100.06%), Ca (161.11 to 200%), and Fe (64.09 to 68.54%). 
[bookmark: _Toc114269350]5.3 Antioxidant capacity of formulated weaning food
DPPH was frequently utilized as a substrate to assess antioxidant activity, particularly when examining the free radical scavenging capabilities of both biological and chemical compounds. From the result of antioxidant capacity (2.886) mg TE/100gm, weaning food is a good source of antioxidant compounds. By releasing H+ ions from their ring, tocopherols and tocotrienols are potent antioxidants that can neutralize highly aggressive radicals (Bharti et al., 2013). By delaying lipid peroxidation, pumpkin seed can extend the shelf life of food products, particularly those containing lipids and prevent deterioration of food products due to natural antioxidant properties.
[bookmark: _Toc114269351]5.4 Microbial content of weaning foods
The produced and imported commercial weaning foods' overall bacteriological status was found to be acceptable (Table 4.6). The total number of viable microorganisms and total coliform count in sample B were both less than 10 CFU/g, according to the results. It was also discovered that less than ten commercial samples are acceptable. The items analyzed had low numbers, which suggested that the thermal procedure was adequate, the raw materials were of good quality, and the food was produced under good different processing conditions.
[bookmark: _Toc107259649][bookmark: _Toc114269352]5.5 Comparison of cost analysis of best formulated weaning food (S2) with commercial weaning foods

The price of the best formulated weaning food (S2) in 100gm was 72.284 Taka. The commercial weaning foods that were taken were 400g/packet. To compare with commercial weaning products the cost of prepared food is calculated as 400g/packet.  The price of the prepared weaning food is reasonable considering Bangladesh's low national income and is less expensive than the price of commercial foods.
[bookmark: _Toc114269353]Chapter 6: Conclusion
Three highly nutritive weaning foods were prepared in processing lab of CVASU. One of the weaning foods (B) offers the potential for use both at home and commercial levels as its nutritional quality and acceptability are higher than the other formulated weaning foods and commercial foods. Most of the weaning foods use rice, wheat as cereals but in the produced weaning foods sample rolled oats are used which is gluten free and acceptable for child at their weaning stage. Pumpkin seeds and almonds used as a rich source of protein and fiber. Moreover, dates also used as a substitute of sugar because it is a natural sweetener and it contains fiber and antioxidant. The best formulated weaning food (sample B) was compared to three imported commercial weaning products (Nestle) available in Bangladesh. Four weaning diets (one produced and three commercial) were subjected to nutritional analysis, and the prepared weaning food performed the best in terms of moisture, carbohydrate, protein, fat, ash, crude fiber, and energy. The produced weaning food had the highest levels of protein (a crucial ingredient for newborns' quick growth) and energy in comparison to imported commercial weaning foods. When iron and calcium content of several weaning foods were analyzed, prepared weaning food likewise produced the greatest results. From a microbial perspective, the prepared weaning food provided satisfactory results in terms of food safety. This Weaning food (B) can be introduced as a semisolid food under the age of 6-24 months of children at their weaning stage. So, it improved with the ultimate goal of contributing the improvement of the growth and to increase the nutritional status among children in Bangladesh. 







[bookmark: _Toc95340746][bookmark: _Toc114269354]Chapter 7: Recommendations and Future Perspectives

Baby food is any soft, easily digestible food that is made specifically for human babies aged four to six months to two years, other than breastmilk or infant weaning mix formula. The food is available in a variety of flavors and varieties that can be purchased ready-made from producers, or it can be table food that has been mashed or otherwise broken down and eaten by the family. Breast milk is the best source of nutrition for babies during the first six months, according to pediatricians, but after that formula can be a good alternative. Based on the present investigation, the following suggestions and prospects are made for further research work:
· Vitamin C and fat-soluble vitamins like D, E, K should be analyzed.
· Bioactive compounds of weaning food should be observed.
· The physical characteristics test and the shelf life of weaning food should be analyzed.
· The composition may be modified with a different flavor for better taste.
· To assess the nutritional quality of weaning food, further application should be done in rat bioassay procedure.
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[bookmark: _Toc114269356]Appendix A: Antioxidant capacity of weaning food
Standard table of Trolox
	Sample ID
	Type
	Conc.
	WL517.0

	STD 1
	Standard
	0.500
	0.272

	STD 2
	Standard
	1.000
	0.221

	STD 3
	Standard
	1.500
	0.185

	STD 4
	Standard
	2.000
	0.133

	STD 5
	Standard
	2.500
	0.092


[image: ]Standard curve of Trolox

Sample graph





[bookmark: _Toc114269357]Appendix B: Hedonic test of weaning food
Date:	                                            Sample code:
Gender:	                                        Age:
Instruction: You are given four samples. Please start your evaluation from left to right. Evaluate each attribute by circling the appropriate scale which indicates your degree of liking. Rinse your mouth with plain water before testing each sample.
(1 – Dislike extremely, 2 – Dislike moderately, 3 – Dislike slightly, 4 – neither like nor dislike, 5 – Like slightly, 6 – Like moderately, 7 – Like extremely).
Appearance
Dislike extremely
Like extremely
Neither like nor dislike

 
Odor
Dislike extremely
Like extremely
Neither like nor dislike


Taste
Dislike extremely
Like extremely
Neither like nor dislike


Mouthfeel
Dislike extremely
Like extremely
Neither like nor dislike


Overall acceptability
Dislike extremely
Like extremely
Neither like nor dislike


Comment (if any):
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Collection of samples and ingredients


Ingredients: Rolled oats, pumpkin seeds, almonds, apple, dried dates


Proximate analysis


Antioxidant analysis


Minerals analysis


Formulation of instant weaning food


Processing of ingredients and preparation of weaning food


Analysis


Sensory evaluation



Collected pumpkin


Separated seeds from pumpkin


Washed and cleaned seeds


Dried in sunlight


Dehulling the seeds


Collection of green pumpkin seeds


Roasting


Ground


Seived


Storage


Cooling



Collection of rolled oats


Roasted for 5 minutes


Ground


Seived


Storage


Cooling



Collection of apples


Washing


Soaking in KMS solution


Ground


Cutting into 1mm size


Dried at 60℃ for overnight 


Seived 


Storage 



Collection of almonds


Roasted for 10 minutes


Ground


Seived


Storage


Cooling



Dried dates


Removed waste material


Removed seeds


Sun drying for 2-3 days


Grinding


Cutting into pieces


Seiving


Storage



Weighing of all ingredients


Mixing properly


Seiving


Storage


Grinding


Packing


Energy (Kcal/100gm)

Formulation	455.07

S1	S2	S3	441.55	455.09	430.91	Formulation


Kcal/100gm



Energy (Kcal/100gm)

Formulation	455.07 
442.59 
444.38 
403.57 

Sample B	P1	P2	P3	455.09	442.57	444.34	403.5	


Sample graph

Conc. (mg/L)	1	2	3	2.8860000000000001	2.8820000000000001	2.9009999999999998	Sequence no


Conc. (mg/l)
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