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DEVELOPMENT OF GLUTEN-FREE RICE BREAD ENRICHED WITH SOY FLOUR.	Comment by frank: Quality evaluation of gluten free rice Bread enrich with soy floor


[bookmark: _Toc77601373][bookmark: _Toc78021558]
ABSTRACT

The aim of this study was to assess the effect of soy flour on sensory characteristics of gluten‐free rice bread. In this study, rice flour was replaced with soy flour at different levels 5% and 10% to produce more nutritionally balanced gluten‐free rice bread. Sensory evaluation of the bread samples was carried out by panelists. Breads were developed at the laboratory of Sokoine University of Agriculture whereby rice flour was blended with soy flour into varying proportions rice flour: soy flour (100:00, 95:5, 90:10) by mass(grams) before baking the bread and wheat bread as a control. Sensory evaluation was carried out to determine the degree of liking and intensity of attributes by using hedonic and quantitative descriptive analysis respectively. The results obtained show that wheat bread and rice bread were liked by the majority of the panelists due to color, chewability and texture. Rice bread with 5% of soy flour and rice bread with 10% of soy flour were not liked due to aroma and texture. Therefore in order to develop gluten-free rice bread to be liked by the majority of consumers the bread must contains color, chewability and texture resembling to wheat bread .
KEYWORD	Comment by frank: Keyword?

[bookmark: _Toc66000769][bookmark: _Toc77601380][bookmark: _Toc78021566]

[bookmark: _Toc66000770][bookmark: _Toc77601381][bookmark: _Toc78021568]1.0 BACKGROUND
Bread is a staple food prepared from a dough of flour and water, usually by baking. Throughout recorded history, it has been a prominent food in large parts of the world. It is one of the oldest man-made foods, having been of significant importance since the dawn of agriculture, and plays an essential role in both religious rituals and secular culture. Bread is mainly used for breakfast by most people. Bread can be made up using wheat, rye, or barley. These cereals grains contain a protein known as gluten. This protein is associated with an autoimmune disorder which is the result of an immune system response to the ingestion of gluten in susceptible persons known as celiac disease. When a person with celiac disease consumes gluten, his/her immune system perceives gluten to be a harmful substance and reacts negatively (Catassiet al., 2015). This immune response to gluten damages the small intestine and leads to malabsorption of nutrients and related health issues (Lionetti et al., 2015). The most common activators are stress, trauma, and viral infections. Roughly 10-20% of first-degree relatives of those with celiac disease have the condition triggered in their lifetime (Cosneset al., 2008). This disease is permanent and damage to the small intestine occurs always when gluten is consumed, regardless of whether or not symptoms are present. Celiac disease affects about 1 in 100 individuals worldwide. Although most patients remain undiagnosed as a result of variation in the severity and range of symptoms that a patient experience (Catassiet al., 2015). 	Comment by frank: Citation needed	Comment by frank: Citation needed	Comment by frank: Citation needed

The signs and symptoms of celiac disease can include: diarrhea, fatigue, weight loss, bloating and gas, abdominal pain, nausea and vomiting, constipation. Anemia, usually from iron deficiency, loss of bone density (osteoporosis) or softening of the bone (osteomalacia), itchy, blistery skin rash (dermatitis herpetiformis), mouth ulcers, headaches and fatigue, nervous system injury, including numbness and tingling in the feet and hands, possible problems with balance, and cognitive impairment, joint pain, reduced functioning of the spleen (hyposplenism) (Cosneset al., 2008).
Gluten-free food staffs, which have not been fortified, are poor sources of fiber, iron, folate, thiamine, riboflavin, niacin, and protein. Enriched or fortified gluten-free products improve the quality of a gluten-free diet (Storck et al., 2009). Soy flour could be an essential part of functional foods, as well as it could be used for the enhancement of product quality (Ahmad et al., 2014). Soy flour also contains up to 45% protein (Taghdiret al., 2017) with a digestibility value of 91.41% (Zhao et al., 2014) and is a good source of vitamins and mineral supplies adequate amount of different amino acids required for repairing the damaged body tissues. Soy consumption is associated with a decrease in certain diseases including diabetes, atherosclerosis, and cancer (Ahmad et al., 2014). Soy flour proteins include all the essential amino acids that are important for health. Soy flour protein is about four times wheat, six times rice grain and it is also rich in Ca, P, and Vitamins A, B, C, and D. Soy flour has been used to improve the protein quality of bread (Taghdiret al., 2017).	Comment by frank: Seprate co-join word	Comment by frank: separate

To overcome these problems bread can be made using rice flour enriched with gluten-free soy flour. This will enable people with and without celiac disease to consume this bread. Despite rice being gluten-free, also rice flour contains iron, fat, cholesterol, sodium, potassium, protein, carbohydrates, potassium, Vitamin B-6, choline, and fiber. Therefore the aim of the study was to develop gluten-free rice bread enriched with soy flour.	Comment by frank: take to significance of the study

[bookmark: _Toc78021569][bookmark: _Toc77601382]1.1 Problem statement and justification
Consumption of gluten-containing foods such as cereals, bread, and pasta is associated with allergic reactions in some individuals (13.5%) in Tanzania (Gonzalez-Galarza et al., 2011). These allergic reactions are due to the presence of a protein known as gluten. People with an allergic reaction to gluten-containing products are termed to have celiac disease. Celiac disease is an autoimmune condition in which gluten damages the small intestine, and no celiac gluten sensitivity is a food intolerance that leads to discomfort after eating gluten (Hossein et al., 2018). When people with celiac disease consume gluten, their immune system attacks and damages the lining of their small intestine. With repeated exposure to gluten, it can lead to nutrient deficiencies, anemia, weight loss, osteoporosis, infertility, multiple sclerosis neurological conditions. Also, symptoms of gluten sensitivity often arise outside the digestive system and can include: headaches, brain fog, joint pain, and numbness in the extremities (Naqashet al., 2017).

A strict gluten-free diet can effectively help to eliminate this problem. People with celiac disease need to consume a gluten-free diet to overcome this problem. Rice flour is gluten-free hence can be used to make gluten-free rice bread. Rice flour has a very low amount of protein hence it can be enriched with soy flour to increase protein content in the gluten-free rice bread (Taghdiret al., 2017). Soy flour is also gluten-free hence it will not cause any problem to people suffering from celiac disease (Naqashet al., 2017).	Comment by frank: This is not problem statement	Comment by frank: separate	Comment by frank: separate

Hence the use of gluten-free rice bread enriched with soy flour can effectively help to reduce and eliminate this problem. Soy flour is gluten-free and has essential amino acids, vitamins and minerals hence help to improve the nutritional quality and sensory acceptability of gluten-free rice bread (Taghdiret al., 2017). Hence the purpose of this study was to develop gluten-free rice bread enriched with soy flour.	Comment by frank: separate

[bookmark: _Toc66000772][bookmark: _Toc78021570][bookmark: _Toc77601383]
1.2 Objectives of the study	Comment by frank: aim of the study
[bookmark: _Toc66000773][bookmark: _Toc77601384][bookmark: _Toc78021571]1.2.1 General objective
To develop gluten-free rice bread enriched with soy flour.	Comment by frank: presentation does not in line with journal format

[bookmark: _Toc66000774][bookmark: _Toc77601385][bookmark: _Toc78021572]1.2.2 Specific objectives
i. To develop gluten-free rice bread enriched with soy flour with a varied composition of soy flour.
ii. To determine the sensory acceptability of the gluten-free rice bread enriched with soy flour.
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[bookmark: _Toc66000776][bookmark: _Toc77601387][bookmark: _Toc78021574]2.0 LITERATURE REVIEW	Comment by frank: not needed here
[bookmark: _Toc66000777][bookmark: _Toc78021575][bookmark: _Toc77601388]2.1 Rice flour composition
Rice flour is rich in fiber, vitamins, minerals, and antioxidants. The content of insoluble fiber stimulates metabolism, speeds up digestion, and helps contributes to lowering cholesterol, the content of antioxidants prevents premature aging, and the content of complex carbohydrates helps to stabilize blood sugar. Several significant properties of rice such as it lack gluten, has a bland taste, is colorless and hypoallergenic, has low levels of protein, sodium, fat, and fiber, and contains high amounts of easily digested carbohydrates hence make it suitable for making flour that can be used to prepare gluten-free products. As rice contains a relatively small amount of prolamin, it is necessary to combine it with some sort of protein-rich component such as soy flour to increase its protein content (Qian and Zhang, 2013). 

[bookmark: _Toc66000778][bookmark: _Toc77601389][bookmark: _Toc78021576]2.2 Baking process of gluten-free rice bread
Baking is a method of preparing food that uses dry heat, typically in an oven, but can also be done in hot ashes, or on hot stones. The most common baked item is bread but many other types of foods are baked. Heat is gradually transferred from the surface of bread to its center. As heat travels through, it transforms batters and doughs into baked goods and more with a firm dry crust and a softer center. Baking can be combined with grilling to produce a hybrid barbecue variant by using both methods simultaneously, or one after the other (Naqashet al., 2017).
[bookmark: _Toc66000779][bookmark: _Toc77601390][bookmark: _Toc78021577]2.3 Why gluten-free diet
Gluten causes allergic reactions in sensitive individuals. This autoimmune response is known as celiac disease whereby the body senses gluten as a toxin. Celiac disease can be treated by a gluten-free diet. The benefits of a gluten-free diet include (Xhakollaret al., 2021):
· Improves energy levels
Consumption of gluten products damages their intestines which in turn impairs the absorption of several nutrients including iron for people suffering from celiac disease. Switching to a gluten-free diet will give intestines a chance to heal and this will restore nutrient absorption and improve energy levels.
· Promotes healthy weight gain
 Celiac disease causes nutritional deficiencies and in many cases, severe and uncontrolled weight loss. A gluten-free diet will help to regain the lost weight as well as eliminate these nutritional deficiencies. 
· Reduces joint pain 
Celiac disease causes an abnormal immune reaction, it increases the risk of inflammation-causing joint pains. A gluten-free diet will help to prevent this type of joint pain. 
· Reduces lactose tolerance
People with gluten intolerance suffer from damage to the gut which impairs lactase production. However, this effect is temporary, and a gluten-free diet will promote gut health and reduce or even eliminate the symptoms of lactose intolerance.
· Improves bone health 
Celiac disease patients often suffer from severe calcium deficiencies due to the malabsorption of nutrients. For celiac patients who follow a gluten-free diet will experience significant improvement in bone mineral density.
[bookmark: _Toc66000780][bookmark: _Toc78021578][bookmark: _Toc77601391]2.4 Composition and benefits of soy flour
Soy flour is derived from roasted soy flours finely grounded into a powder. It is a rich source of proteins, as well as iron, B Vitamins, and calcium. The nutritional compositions of soy flour are moisture 1.4%, protein 49.3%, fat 24.9%, ash 2.8%, fiber 3.0%, and total carbohydrate 18.6% in dry weight. It adds a pleasant texture and flavor to a variety of products. soy flour is gluten-free; this makes it an excellent substitute for individuals who are sensitive to gluten (Houben et al., 2012).

The benefit of soy flour includes (Ahmad et al.,2014):
· Soy flour may help manage diabetes
Soy flour can increase the insulin receptors in the body, soy isoflavones help improve insulin sensitivity. Also carbohydrate content in soy flour is incredibly low, which makes it an excellent anti-diabetic food.
· Help improve blood circulation 
Iron and copper are two essential minerals that are found in abundance in soy flour. Both components are vital for the production of red blood cells (RBCs). 
· Soy flour is essential for a healthy pregnancy 
Soy flour is rich in folic acid and Vitamin B complex that is very essential for pregnant women. Folic acid helps in the prevention of neural tube defects in infants.
· Soy flour for healthy bones 
The impressive levels of zinc, selenium, copper, magnesium, and calcium in soy flour help in keeping the bones stronger and healthy.
· Aids healthy digestion 
Soy flour contains a large amount of fiber hence prevents constipation. Also, soy flour contains oligosaccharides, which help to stimulate the growth of healthy gut bacteria, acting as a prebiotic. 


· Soy flour helps relieve menopausal symptoms 
Soy isoflavones bind the estrogen receptors in a way that the body doesn’t feel the change. Including soy flour in a daily diet can help in relieving menopausal symptoms. 
· Improves heart health
Soy isoflavones and soy flour omega -3 fatty acids called linolenic acid and linoleic acid. These help to reduce cardiovascular disease risk via several distinct mechanisms. 
· Possesses anti-cancer  
Soy flour contains isoflavones and high levels of antioxidants which helps in cancer prevention. 


[bookmark: _Toc77601393][bookmark: _Toc78021580]3.0 MATERIALS AND METHODS
[bookmark: _Toc66000783][bookmark: _Toc77601394][bookmark: _Toc78021581]3.1 Study location and duration
The study was conducted at the Sokoine University of Agriculture. The sample was collected at Sokoine University Graduate Entrepreneurs Cooperative (SUGECO) and the analysis was done in the Department of Food Science, Nutrition, and Consumer Science laboratory of Sokoine University of Agriculture (SUA), Morogoro for 4 months starting in April 2021 to July 2021.
[bookmark: _Toc66000784]
[bookmark: _Toc78021582][bookmark: _Toc77601395]3.2 Materials
Rice flour and soy flour were purchased from Sokoine University Graduate Entrepreneurs Cooperative (SUGECO) at Morogoro municipality. Other ingredients such as salt to taste, sugar, baking powder, bicarbonate of soda (baking soda), yeast, cooking oil, and wheat flour were purchased from Morogoro commercial market.
[bookmark: _Toc66000785]
[bookmark: _Toc77601396][bookmark: _Toc78021583]3.3 Methods
[bookmark: _Toc77601397][bookmark: _Toc78021584]3.3.1 Blending of rice flour with soy flour.
Rice flour was blended with soy flour into varying proportions rice flour: soy flour (95:5, 90:10) by mass(grams) before baking the bread. We had a bread sample having rice flour only and bread made up of wheat for comparison because it has a content of gluten compared to bread made up of rice.
[bookmark: _Toc77601398][bookmark: _Toc78021585]3.3.2 Preparation of the bread
The preparation will start by weighing all ingredients. The following step was the preparation of the mixture according to the specified sequence, the dry ingredients were added first, then water was added. After homogenization, 420g of bread dough was transferred to a greased baking pan. Dough rising was observed every 10 minutes to define the fermentation stage. The baking process was carried out in an electric oven having a temperature of 180 degrees celsius for around 40 minutes. The baked bread was cooled down at room temperature for two hours and will then be sliced and wrapped up in polystyrene bags (Naqashet al., 2017).	Comment by frank: separate
[bookmark: _Toc66000786][bookmark: _Toc77601399]
[bookmark: _Toc78021586]3.4 Bread sensorial evaluation using a hedonic scale	Comment by frank: Sensory evaluation of gluten free rice bread
Sensory evaluation of the gluten-free rice bread enriched with soy flour based on the formulated ratio was done at the laboratory of food science whereby four coded samples were provided whereby two was gluten-free rice bread enriched with soy flour varying ratio rice flour to soy flour including, 95:5 and 90:10. And the remaining two bread samples one having rice flour only and the other as a control sample (wheat bread), was served to 70 panelists. Panelists were assessing color, aroma, taste, texture, chewability, and overall acceptability. The order of presentation of the sample to panelist was randomized coded samples with three digit number. Portable water (Uhai drinking water) was provided to rinse the mouth during evaluation. The degree of liking to the samples was under a hedonic scale of 7 points where 1 = strongly disliked, 2 =moderately disliked, 3= slightly disliked, 4= neither like nor dislike, 5 = slightly liked, 6 =moderately liked, and 7 =strongly liked as explained by Tadesse et al., (2019). Panelists were provided with a list of questionnaires to fill in as shown in Appendix 1.

[bookmark: _Toc77601400][bookmark: _Toc78021587]3.5 Sensory evaluation using Quantitative descriptive analysis (QDA)
Sensory evaluation of these bread samples was done at the laboratory of food science whereby four coded bread samples with random three digits numbers were provided. The terms for sensory evaluation of bread samples were developed by 14 panelists. Panelists were carefully selected before analysis. Panelists were trained before sensory evaluation. Major sensory attributes to be assessed were color, aroma, taste, texture, chewability, and overall acceptability. The overall quality rating was measured with a scale of 1 to 7, where 1 =Very low, 2 =moderately low, 3 = slightly low, 4= neither low nor high, 5 = slightly high, 6 =moderately high, and 7=very high (Stone et al., 2012). Panelists were provided with a list of questionnaires to fill in as shown in Appendix 2.

[bookmark: _Toc78021588]3.5 1Training of panelists for sensory evaluation using Quantitative descriptive analysis
Fourteen panelists were exposed to 1hour training sessions on 2 consecutive days inorder to develop a clear deﬁnition for each attribute identiﬁed for the different sample. Panelists each received a representative sample of the bread and were trained to increase their sensitivity and ability to discriminate between the sensory attributes of the different bread samples. Descriptors and lexicon of the characteristics of four different bread samples were developed by the panelists (Stone et al., 2012). 	Comment by frank: chech

[bookmark: _Toc78021606]Table 1. Lexicon for descriptive sensory analysis of four different bread samples	Comment by frank: not needed here please
	Attribute
	Description

	Color
Faint
Very concentrated
	
Fried cassava
Brown colored doughnut

	Taste
Not tasty
Very tasty
	
Maize porridge without sugar
Cake

	Aroma
Not aromatic
Very aromatic
	
Water
Vanilla flavoured cake

	Texture
Bad texture
Very good texture
	
Cookies Doughnuts
Sponge

	Chewability
Softness
Hardness
	
Cake
Cookie


[bookmark: _Toc66000787][bookmark: _Toc77601401][bookmark: _Toc78021589]3.6 Data analysis
The qualitative and quantitative data were carried out. In combination with excel software for windows, data were statistically analyzed using the Analysis of variance (ANOVA) procedure in the SPSS and R command to determine the degree of preference.
[bookmark: _Toc66000792]

[bookmark: _Toc77601403][bookmark: _Toc78021591]4.0 RESULTS AND DISCUSSION	Comment by frank: followmm	Comment by frank: follow journal formal wayof writting
[bookmark: _Toc78021592][bookmark: _Toc77601404]4.1 CHARACTERISTICS OF PANELISTS
[bookmark: _Toc78021607]Table 2. Shows age, gender and consumption frequency of panelists.
	AGE
	Frequency
	Percent(%)

	15-20
	6
	8.6

	21-25
	47
	67.1

	26-30
	11
	15.7

	31-40
	6
	8.6

	GENDER
	
	

	Male
	31
	44.3

	Female
	39
	55.7

	CONSUMPTION FREQUENCY
	
	

	3 or more/week
	17
	24.3

	1-2 times/week
	27
	38.6

	1-3 times/month
	20
	28.6

	Seldom
	6
	8.6



Results shows that largest percentage of the panelists were at the age of 21-25 years old since the study was conducted at university campus and majority of them were female. The consumption frequency of the panelists was 1-2 times a week for the majority of the panelists as shown in Table 2.  

[bookmark: _Toc78021593][bookmark: _Toc77601406]4.2. SENSORY EVALUATION
[bookmark: _Toc78021594][bookmark: _Toc77601407]4.2.1 QUANTITATIVE DISCRIPTIVE ANALYSIS
[bookmark: _Toc78021608]Table 3: Shows sensory evaluation data for quantitative discriptive analysis
	SAMPLES
	COLOUR
	TASTE
	AROMA
	TEXTURE
	CHEWABILITY

	A
	6.64±0.74
	6.07±1.07
	6.29±0.91ab
	6.71±0.47a
	6.64±0.63a

	B
	5.86±0.77
	6.00±0.68
	6.29±0.47b
	4.29±2.28b
	5.00±1.57bc

	C
	5.79±1.12
	6.07±1.21
	5.64±1.50bc
	5.07±1.49bc
	4.79 ±1.42bc

	D
	5.86±1.03
	5.36±0.93
	4.36±2.06c
	4.21±1.31bc
	4.71±0.91bc



[bookmark: _Toc77601408][bookmark: _Toc78021595]4.2.1.1 DISCUSSION OF QUANTITATIVE DISCRIPTIVE ANALYSIS
In this study, with regard to taste, texture, aroma, color and chewability the sensory characteristics score of bread containing 0% soy flour, compared to 5,10, percentage of soy flour and wheat bread, was found to be the high. Sample A, sample B, sample C and sample D indicate rice bread with 0% soy flour, rice bread with 5% soy flour, rice bread with 10% soy flour and wheat bread as a control sample respectively as shown in Table 03.

The taste is the most important factor which affects the acceptability of an edible product (Banureka and Mahendran, 2011; Farzana and Mohajan, 2015). Taste intensity of gluten-free bread samples increased from 6.00 to 6.07 with increasing in the substitution of soybean flour. This may be due to the beany taste of soy flour (Akubor and Ukwuru, 2003). The score for taste was very high for bread made up of rice bread only compared to the ones with substitution of soybean flour. Wheat bread score for taste was found to be lowest compared to the two breads substitution of soybean flour. 

The score for color intensity of Gluten-free bread samples decreased from 5.86 to 5.79 with increasing in the substitution of soybean flour. The score for color was very high for bread made up of rice bread only compared to the ones with substitution of soybean flour. Wheat bread score was found to be between the two breads substitution of soybean flour. The highest score (6.64) was found for bread containing rice bread. However, there was no significant difference in colour among the bread samples.
With the increase in substitution of soy flour to the gluten-free bread samples, the texture increased from 4.29 to 5.07. The bread containing 10% soy flour had the highest score (5.07) and the bread containing 5% soy flour had the least score (4.29). The score of texture improved with the increase in the level of soy flour which was statistically significant (p =0 .00005713). It has been shown that appearance of bread is an important sensory parameter. The score for texture was very high for bread made up of rice bread only compared to the ones with substitution of soybean flour. Wheat bread score for texture was found to be lowest compared to the two breads substitution of soybean flour.

Aroma of gluten-free bread samples decreased from 6.29 to 5.64 with increasing in the substitution of soybean flour. The gluten-free bread containing 5% soy flour had the high score (6.29) and the gluten-free bread containing 10% soy flour had the low score (5.64). This may be due to the beany flavor of soy flour (Akubor and Ukwuru, 2003). The score for aroma was very high for bread made up of rice bread only compared to the ones with substitution of soybean flour. Wheat bread score for aroma was found to be lowest compared to the two breads substitution of soybean flour.

Chewability of gluten-free bread samples decreased from 5.00 to 4.78 with increasing in the substitution of soybean flour. The gluten-free bread containing 5% soy flour had the high score (5.00) and the gluten-free bread containing 10% soy flour had the low score (4.78). This may be due to the beany flavor of soy flour (Akubor and Ukwuru, 2003). The score for chewability was very high for bread made up of rice bread only compared to the ones with substitution of soybean flour. Wheat bread score for chewability was found to be lowest compared to the two breads substitution of soybean flour.

At the 10% level of soy flour substitution, the bread had higher scores for all the sensory characteristics except flavor. Some studies have shown that addition of 5% or 10% soy flour to other flour produce acceptable products (bread or biscuit) (Awasthi et al., 2012; Banureka and Mahendran, 2011; Farzana and Mohajan, 2015; Jimoh and Olatidoye, 2009). Thus, incorporation of soy flour more than 10% did not produce acceptable products.

Color together with texture and aroma, contributes to consumer preference. It is influenced by physicochemical parameter of dough (Ahmad et al., 2014). gluten-free breads often have low quality, undesired taste and aroma and poor texture and chewability (Awasthi et al., 2012). 

Farzana and Mohajan, (2015) have reported that despite of increasing availability of gluten-free foods in recent years, there is a difficulty in finding good‐quality gluten-free foods for most of celiac disease  patients. Soybean flour has been used in bread in previous studies (Abioye et al., 2011). Some authors have found that soy could improve the crumb, bread volume, and absorption properties of the bread (Jimoh and Olatidoye, 2009).
[image: ]
[bookmark: _Toc78021633]Figure 1: Show that Biplot which represents the distribution of attributes of the bread samples

The first two principal components explained 97% of the total variance. The first principal component (PC1) accounted for 74% of the total variance.  Rice bread and wheat bread as indicated in figure 1 by number 1 and 2 respectively in were similar, in terms of texture, chewability and color although there was a slight a difference among them. At the same time rice bread with 5% soy flour and rice bread with 10% soy flour as represented by 3 and 4 respectively were similar in terms of aroma and taste despite having different concentration as indicated by figure 1(Lawless and Heymann H, 2010).




[bookmark: _Toc77601409][bookmark: _Toc78021596]4.2.2 HEDONIC SENSORY EVALUTION
[bookmark: _Toc78021609]Table 4: Shows the degree of liking of the bread samples
	Sample
	  Color
	
	Taste
	Aroma
	Texture
	Chewability
	Overall acceptability

	A
	 5.27±1.44a
	
	4.96±1.80a
	4.67±1.93a
	4.37±2.15a
	4.47±2.08a
	5.11±1.61a

	B
	4.94±1.39ab
	
	5.00±1.52ab
	4.74±1.71ab
	4.31±1.64ab
	4.50±1.67ab
	4.93±1.43ab

	C
	5.31±1.38ab
	
	5.41±1.50ab
	4.84±1.68ab
	4.71±1.81ab
	4.89±1.64ab
	5.30±1.39ab

	D
	6.66±0.63c
	
	5.87±1.53c
	6.21±0.81c
	6.54±0.74c
	6.41±0.91c
	6.44±0.77c



The table 04 above shows the mean hedonic score for four samples which were sample A, sample B, sample C and sample D, which were rice bread with 0% soy flour, rice bread with 5% soy flour, rice bread with 10% soy flour and wheat bread as a control sample respectively.
The mean values having similar superscript letter in a certain category of attribute indicate that there was no significance difference in acceptability of the identified attributes whereas samples with the different superscript letter indicates that there was significance different in acceptability of the identified attribute. The significance difference in acceptability of the identified attributes can be detected if only p-value < 0.05.



[bookmark: _Toc77601410][bookmark: _Toc78021597]
4.2.2.1 DISCUSSION ON HEDONIC SENSORY EVALUATION
The descriptive analysis identified specific attributes; color, taste, aroma, texture, chewability and overall acceptability as relevant sensory attributes of food, which lead consumers preference and choice. Also, the quality and specificity of each are associated in most cases with a specific attribute (Meiselman and Carr 2013).

The results show that there was significance difference in mean hedonic values of sample Wheat bread, Soy five and Soy ten in all identified attributes which were color, taste, aroma, texture, chewability and overall acceptability thereby the mean hedonic score for overall ameicceptability of wheat bread was 6.44which was very large and significant as compared to that of Soy ten which was 5.3. 

The significance difference in all attributes exists between Sample Wheat bread, Soy five and Soy ten , this were due to the presence of soybean flour in Soy ten and Soy five that adds value, edibility and increases the consumer appeal especially in color ,taste and aroma of the bread. Therefore, the significance difference between samples is highly explained by the presence of soybean flour which contains lipids that may exclude more flavor as lipids acts as flavor carrier (Muoki et al., 2015). 

[bookmark: _Toc78021598]
4.3 PREFERENCE MAPPING

[image: ]
[bookmark: _Toc78021634]Figure 2: Shows preference mapping of bread samples


[bookmark: _Toc78021599]4.3.1 Discussion on preference mapping
The extent of liking was explained by this model at 83% as shown by principal component 1(PC1). Rice bread and wheat bread were liked more than rice bread with 5% soy flour and rice bread with 10% soy flour as indicated by figure 2. Rice bread and wheat bread were more liked due to chewability, color and texture. Rice bread with 5% soy flour and rice bread were not liked due to aroma and taste as shown in figure 2. Lawless and Heymann (2010);Bonanyet al., (2014) explained that preference mapping helps to determine the degree of liking among the samples based on the attributes.


[bookmark: _Toc77601412][bookmark: _Toc78021601]5.0 CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc78021602][bookmark: _Toc77601413]5.1 Conclusion
Drawing from the summary of major findings, the studied case have shown that wheat bread and rice bread were liked by the majority of the panelists due to color, chewability and texture. Rice bread with 5% of soy flour and rice bread with 10% of soy flour were not liked due to aroma and taste. The results from the use of gluten-free rice bread lead to a conclusion that wheat bread and rice bread were liked more by the panelists.	Comment by frank: recast your conclusion

[bookmark: _Toc77601414][bookmark: _Toc78021603]5.2 Recommendations
This study recommends, further improvement of gluten free rice bread by;
i. Developing of gluten free rice bread enriched with soy flour with chewability, color and texture resembling those of wheat bread.	Comment by frank: ?
ii. Performance of microbiological developed gluten-free bread test to assess the microbiological qualities of the developed gluten-free Rice bread enriched with soy flour to check the safe level of the product.
iii. Further studies to be done, to determine the component that can be added to increase rise of bread. This is necessary since it was observed that during baking of gluten free rice bread enriched with soy flour there was no significant rise of the bread dough.
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Appendix 1
Questionnaire for the consumer acceptability test for gluten-free rice bread enriched with soy  flour
Date__________________ P no__________________ 
You were provided with four (4) different coded pieces of bread gluten-free rice bread, please observe and assess them for color, aroma, taste, texture, chewability, and overall acceptability. Indicate how much you like or dislike each sample by checking the appropriate sample attribute and indicate your reference based on a scale (1-7) in the column against each attribute. Put the appropriate number against each attribute.
1 = strongly disliked
2 =moderately disliked
3 =  slightly disliked
4 =  neither like nor dislike
5 =  slightly liked
6 =moderately liked 
7 =strongly liked
	
Attribute 
	                                         Sample

	
	159
	589
	678
	459

	Color     
	
	
	
	

	Taste
	
	
	
	

	Aroma
	
	
	
	

	Texture 
	
	
	
	

	Chewability
	
	
	
	

	Overall acceptability 
	
	
	
	




 Lastly, I was happy if the consumer will answer some additional questions as follows. 
1. Age   
15-20  
21-25   
26-30  
31-40 

2. Gender   
Male
Female

3.How often do you eat/consumer product/s?   
3 or more/week  
1-2 times /week 
1-3 times /month  
Seldom 
Never taken the product before 





Appendix 2. Quantitative Descriptive Sensory Evaluation form
Quantitative Descriptive Analysis (QDA) of bread samples
Sex...................                  Age...................                    Time...................  
Please evaluate each coded sample in the order they are listed. Choose appropriate number in a scale intensity from 1 to 7where 1 =Very low, 2 =moderately low, 3 =  slightly low, 4  =  neither low nor high, 5 =  slightly high, 6 =moderately high and 7=very high.  How do you find the following characters for different bread samples? Put appropriate numbers against each characteristic.
Colour
Faint                        1    2     3    4    5    6     7 Very concentrated 
Taste
Not tasty                1    2     3    4    5    6     7  Very  tasty
Aroma
Not aromatic          1    2     3    4    5    6     7   Very aromatic
Texture 
Bad texture              1    2     3    4    5    6    7   Very good texture 
Chewability
Softness                   1    2     3    4    5    6     7 Hardness 

	
Attribute 
	                                         Sample

	
	159
	589
	678
	459

	Color     
	
	
	
	

	Taste
	
	
	
	

	Aroma
	
	
	
	

	Texture 
	
	
	
	

	Chewability
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