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1. INTRODUCTION 

 

1.1. Gluten Free Bread 

Nowadays, the consumption pattern is referring to practical food product, like bread, 

snacks, and noodles. This pattern leads to the increasing demand of flour based food 

product (Subagio, 2006). The most popular yeast leavened product is bread. Bread has 

the various size, shape, texture, taste, color, and flavor (Bennion & Hughes, 1975). A 

number of reports have appeared that bread can be produced in the absence of gluten 

(Ćuric et al., 2007; Selomulyo & Zhou, 2007; López et al., 2004; Hoseney, 1986). 

Clearly, gluten free bread has different texture from what we expected from wheat flour. 

The common problem is that they slow the diffusion of gas (Hoseney, 1986). 

 

Gluten free bread is the bread that free from gluten protein. The bread is made based on 

naturally gluten free flours from rice, maize, soya, cassava, guar or amaranth (Olexová 

et al., 2006). In recent years the demand of gluten free product has been on the rise and 

so interest in gluten free bread production. Gluten free bread was produced as the diet 

alternative for gluten enteropathy patient (coeliac disease patient). Most toxic for 

coeliacs are wheat proteins: α-, β-, and γ- gliadin, low molecular weight and high 

molecular weight glutenins. Coeliac disease is a condition in which the mucous 

membrane of the small intestine of gluten intolerance person is damaged by gluten. The 

villi, which line the inside of the bowel, are flattened and their normal function to break 

down and absorb nutrients is depleted. This leads to deficiencies in vitamins, minerals, 

and sometime protein, carbohydrates, and fats; then results weight loss, diarrhea, 

anemia, fatigue, flatulence, deficiency of folate and osteopenia. The only treatment for 

this coeliac disease patient is lifelong gluten free diet (Ćuric et al., 2007; Olexová et al., 

2006; López et al., 2004).  

 

Currently, starch dairy proteins and hydrocolloids are added to naturally gluten free 

flour to mimic viscoelastics properties of gluten and to improve structure, sensory 

attributes, and shelf life (Ćuric et al., 2007). Due to the lack of gluten network in rice 

flour, hydrocolloids such as xanthan gum, guar gum, and 

Hydroxypropylmethylcellulose (HPMC) have been applied to increase the dough’s 
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water absorption, induce dough strengthening and increase the dough’s ability to retain 

gas (Therdthai et al., 2006). Addition of hydrocolloids affects the swelling of granules, 

suggesting that swelling is enhanced in their presence (Babić et al., 2006).  

 

1.2. Bread Making Process 

The most popular yeast leavened product is bread (Bennion & Hughes, 1975). The 

minimum formula for bread is flour, yeast, salt, and water. The flour is the main 

component and it is responsible for the structure of the bread. It allows the formation of 

viscoelastics dough that able to retain gas. Yeast is one of the fundamental ingredients 

that play the roles on the fermentation process of carbohydrates into carbon dioxide and 

ethanol. The gases that result from that conversion provide the lift that produces 

leavened loaf of bread, then effect on the rheological properties of dough. Salt is 

generally used at the level of 1-2% based on the flour weight (Hoseney, 1986). Yeast is 

the monocellular microscopic organism. Commonly, there are two kinds of instant yeast 

products: compressed yeast and dry yeast. Compressed yeast has to be stored in freezer. 

The liquid yeast product usually made from potato liquid, sugar, and yeast (Bennion & 

Hughes, 1975).  

 

There are two functions in salt addition. Firstly, salt gives taste and the secondly, salt 

affects the dough’s rheological properties too. Salt makes dough stronger, presumably 

by shielding charges on the dough protein. The last fundamental ingredient is water, that 

acts as plasticizer and solvent. Water result the viscous flow properties of dough. As a 

solvent, water supports many reactions that take place during fermentation process 

(Hoseney, 1986).  

 

Bread has the various size, shape, texture, taste, color, and flavor. Actually, formulation 

on bread making process affects the characteristics of bread. By product of fermentation 

process like organic acids or amino acids results the specific flavors of the product 

(Bennion & Hughes, 1975). Good characteristics of bread typically present an appealing 

golden brown crust; pleasant roasted aromas, fine slicing characteristics, a soft and 

elastic crumb texture and a moist mouth feel (Selomulyo & Zhou, 2004). 
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Fermentation process is the most important part in the bread making process. Bread 

volume is affected by CO2 during the dough formation and protein characteristics to 

retain gas in the fermentation process. This process is affected by three factors; they are 

yeast’s substrate, humidity, and temperature that suitable for yeast growing. 

Temperature for the optimal yeast fermentation process is 35 – 380C. Flour and sugar 

are the source of fermentable carbohydrate for the yeast (Matz, 1992; Hoseney, 1986). 

Sugar also provides a sweet taste of bread. The humidity can be achieved from the 

addition of water (Hoseney, 1986).  

 

An egg is constructing by the albumin and yolk part. The protein of white egg, albumin 

plays in improving dough’s volume, and then the yellow one, the yolk, plays as 

emulsifier (Matz, 1992; Bennion & Hughes, 1975). Fat or shortening also acts as a 

plasticizer in dough. In the bakery industry, improver usually added to improve the 

dough structure to retain gas during fermentation process. Improver usually adds in 

fewer amounts than yeast and salt. Improver can be formed from mixing starch, 

amylase, salt and ascorbic acid. Ascorbic acid affects the raising of dough ability to 

retain CO2 gas and to produce small porosity of bread crumb that affect to the crumb 

texture. Amylase content in improver affects the bread volume improvement. During 

dough making process amylase degrades the carbohydrates to the simply form that used 

as yeast’s substrate in the fermentation process that contribute to dough volume 

improvement (Cauvain & Young, 2000).  

 

The processing of bread can be divided into three basics operations: mixing or dough 

formation, fermentation and baking (Hoseney, 1986). During baking process the gas 

production by yeast is still continuous and affects expandable volume rapidly with the 

increasing temperature until 430C. Later the gas production decreases and stops when 

the temperature 550C is reached (Cauvain & Young, 2000). 

 

Matz (1992) said that there were three categories of bread making procedures:  

1. Regular or full straight dough 

The dough is being fermented for two to four hours before baking 
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2. Short time straight dough 

The dough is being fermented for half to an hour before baking 

3. No time dough 

The dough is being fermented less than fifteen minutes before baking 

 

According to Hoseney (1986), the simplest bread making procedure is a straight dough 

system.  In such a system, all the formula ingredients are mixed into developed dough 

that is then allowed to ferment. During its fermentation, the dough is usually punched 

one or more times. After fermentation, it is divided into loaf sized pieces, rounded, 

molded into the loaf shape, and placed into baking pan. The dough is then given an 

additional fermentation (proofing process) to increase its size. After reaching the desired 

size, it is placed in the oven and baked. In the straight dough methods, the fermentation 

time is quite widely from no time processing bread methods. Dough is more than flour-

water systems. Dough is formed by mixing the flour, water, and other ingredients. 

When the flour and water are mixed in various proportions, they form everything from 

slurry when water is in large excess, and a dry but slightly cohesive powder when flour 

is in large excess. At an intermediate level, they are more likely to produce sticky mass. 

Dough’s characteristics are cohesive, partially elastic, and resistant to extension. 

 

1.3. Cassava  

Cassava is a member of the Euphorbiaceae family and is in the genus and species 

Manihot esculenta. Cassava is a dicotyledonous perennial shrub, which grows three to 

six feet tall. It has large palmate leaves. The edible portions are leaves and the root. The 

roots store fairly well under refrigeration. At 5.5 to 7°C and 85 to 90% relative humidity 

(RH), the crop will last one to two weeks. Above 20°C, and with high humidity, loses 

are large. Root deterioration begins soon after harvest, and internal discoloration of the 

vascular tissue is followed by microbial invasion and decay. Because of its perishable 

nature, most cassava is consumed where it is grown (Stephens, 1994). To avoid bio 

deterioration of cassava root which start within 2-3 days after harvest, the roots should 

be dried immediately after harvest to maintain their quality (Bokanga, 1995). 
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In Asia, over 40 percent of the cassava product is for direct human consumption. 

Nowadays, the carbohydrates need in Indonesia mostly supplies from wheat and rice. 

Indonesia has many sources of carbohydrates, and most popular carbohydrate’s source 

is cassava. Commonly the application cassava in food products is still limited. In 

Indonesia, 57 percent of production is for human consumption. Cassava is a cheap 

source of calories and often supplements insufficient rice supplies. Many people in 

Indonesia process the cassava traditionally to produce snack, such as: fried cassava, 

steamed cassava, kolak, cassava chips, getuk, combro; that commonly consumed by the 

intermediate-low economic class (FAO, 1999).  

 

In Lampung, the production of cassava reached 5.7 tons from 288,640 hectares of field 

in 2007 (Anonymous, 2008). Cassava has been cultivated in agro business scale. Most 

of it transformed into half-finished products like tapioca flour, cassava flour, and 

gaplek. This cassava flour hopefully can be mixed as the ingredients in many kinds of 

food; furthermore it can decrease the dependency in wheat flour. The production of 

cassava is 19.4 million tons, but only 59 percent is used to be converted in industry. 

Considering the abundant availability of cassava flour in the country, there are wide 

open opportunities to develop it as the substitution of wheat and rice in flour making. 

Therefore, it can be an alternative in order to diversify food products (Sawega, 2007). 

 

Many studies have proclaimed that cassava has the low glisemic index and potential as 

the prebiotic and dietary fiber that can reduce the risks of disease, especially 

constipation and heart disease. Cassava roots are high in starch, making it a good energy 

source, and vitamin C, but are low in vitamin A and protein (Stephens, 1994). 

According to Prof. Dr. Made Astawan in Sawega (2007), the expert of food and nutrient 

technology from Institut Pertanian Bogor (IPB) said that the content of carbohydrate in 

cassava flour is high enough: 84 grams; compared to rice flour (80 grams), corn flour ( 

73.7 grams), and wheat flour (77.3 grams). The energy contained in cassava flour is 

reaching 363 kkal per 100 grams; not much different from wheat flour (365) and rice 

flour (364).  Only the content of protein that relatively low: 1.1 grams; in wheat flour 

8.9 grams, and rice flour 7.0 grams (Sawega, 2007). 
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In areas of high cassava consumption, there is concern that the people may accumulate 

toxic levels of cyanogenic glucoside, especially when the leaching process is not 

complete. The presence of cyanide in the roots is a natural form of protection for the 

plant. Soil and climatic conditions determine the amount of this compound found in the 

roots. Cyanide is released upon crushing the roots, as one would do in chewing. This 

substance caused the bitterness of the root. Because of the presence of cyanogenic 

glucoside, cassava roots must be processed before they can be eaten (Stephens, 1994). 

 

The constraint of wheat flour application in bread making process is due to the high 

level of the price of this product and the limited availability in market (Eddy et al., 

2007; Damanik, 2006; Balagopalan, 2002; Bokanga, 1995). Food processing 

engineering was done to decrease market demand of specific source of food and 

actually giving new alternatives of product needed (Syah, 2006). Far away before 

increasing price of wheat flour, Agricultural Research and Development Agency has 

been improving the process technology to produce cassava flour, that applicable for 

wheat flour substitution. The cassava flour’s texture, color, and aromas are most like the 

wheat flour. Cassava flour can be used as composite flour with wheat flour or as the 

main ingredient in cake, bread, and other snack food (FAO, 1999).  

 

The idea to substitute part partially wheat flour portion with starchy crops is not new, 

for example it had been done by the Eduardo Mondlane University (UEM), the 

education institution in Mozambique, that had successfully conducted a study on using a 

mixture of wheat and cassava flours to produce bread for seeking solutions of increases 

in the price of wheat flour by the milling companies, which subsequently increases the 

price of bread (Agencia de Informacao de Mocambique, 2007).  

 

The method of flour preparation is important in determining the quality of cassava flour 

in bread making. The chipping machine reduces the tuberous root to about 2 mm thin 

chips thus increasing the surface area exposed air and resulting in a faster drying rate. 

The production of small size cassava chips results in greater physical damage impact 

and reduction in the cyanogenic potential of the flour (Bokanga, 1995). 
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Composition of amylose and amylopectin in cassava starch has the functionality to form 

gels. The best bread making ability can be reached by using the cassava flours with less 

alpha amylase (a component of the diastatic activity) and maximum paste viscosity. 

With these characteristics, cassava flour can be used to partially substitute wheat flour 

with other sources of flour or replace wheat altogether (Bokanga, 1995). The application 

of cassava flour in bread making process results the lack of volume and texture of 

bread; compared by wheat bread (FAO, 1999). 

 

1.4. Hydrocolloids 

Substances that called hydrocolloids or vegetable gum are polysaccharides and are 

performing increasingly important function in food processing. Gums are classified by 

source according to the following principal groupings: 

• Seaweed extracts, such as agar, alginate, furcellaran and carrageenan. 

• Plants seed gum, such as guar gum, locust been gum, tamarind, psyllium, quince 

• Plants exudates, such as Arabic Gum, gum tragacanth, and gum karaya, ghatti. 

• Plants extract, such as pectin and arabinogalactan. 

• Fermentation gum, such as xanthan gum and dextran 

• Synthetic materials, such as methyl cellulose and sodium carboxyl methyl 

cellulose.  

(Igoe, 1989). 

 

These gums are used in processed foods for such purposes as the retention of water, 

reduction evaporation rates, and modification of ice crystal formation. The production 

of dietetic foods often requires the potency of hydrocolloids (Bennion & Hughes, 1975). 

The comparative properties of the gums can be seen in table 1. 

Table 1. Comparative Properties of Gums 

Gum Cold Water 
Solubility 

Hot Water 
Solubility 

Gel Former Acid Stability 

Arabic (acacia) yes yes no pH 4-10 
Guar yes yes no Between pH 3,5 – 

10,5, gradual 
decline with 
acidification 

Xanthan yes yes no Between pH 2-12 
( Igoe, 1989) 



8 
 

 

A hydrocolloid can simply be defined as a substance that forms a gel in contact with 

water. Substances include both polysaccharides and proteins which are capable of one 

or more of the following: thickening and gelling aqueous solutions, stabilizing foams, 

emulsions and dispersions and preventing crystallization of saturated water or sugar 

solutions. In the baking industries, hydrocolloids used as baking improvers as they can 

induce structural changes in the main components of flour system along bread making 

steps and bread storage (Lersch, 2007; Selomulyo & Zhou, 2007). Hydrocolloids may 

contribute sliminess to a product which changes their viscosity. The presence of 

hydrocolloids influences melting, gelatinization, fragmentation, and retrogradation 

process of starch. Addition hydrocolloids affect the pasting properties and rheological 

behavior of dough (Selomulyo & Zhou, 2007).  

 

Arabic gum is exudates of acacia trees. It is a heterogeneous material containing two 

fractions; 70% polysaccharide chains with little or no nitrogenous material and 30% 

protein structures. It has high solubility, low viscosity and high compatibility with high 

concentration of sugar. The highly branched structure of the gum gives rise to compact 

molecules with relatively small hydrodynamic volume and as a consequence gum 

solutions become viscous only at high concentration (Selomulyo & Zhou, 2007). 

Characteristics of arabic gum are very high solubility in water, cold water soluble, milk 

reactivity, excellent emulsifier, foam stabilizer, adhesive, film-foaming, emulsifying 

property. Whereas most gum forms highly viscous solutions at low concentration of 

about 1-5%, arabic gum is unique in that it is extremely soluble and is not very viscous 

at the low concentration (Glicksman, 1983). 

 

Guar gum is a vegetable gum made of Cyamopsis tetragonoloba endosperm seed. Guar 

gum is classified in galactomannan cluster. Its molecule formula has main chain that 

consists of 1-4-β-D-manosa and 1-6-α-galactose chain (Edwards, 2000). It is dispersible 

in cold water to form viscous sols which upon heating will develop additional viscosity. 

Guar gum can dissolve well in cold water because it contains high galactose and 

mannose. This is the cause why guar gum is suitable to be used in industry scale. Guar 

gum is an economic thickener and stabilizer. Guar gum can also prevent the growth of 

ice crystal by decreasing mass transfer between solid/liquid surfaces (Anonymous, 
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2004). It is a versatile thickener and stabilizer used in ice cream, baked goods, sauces, 

and beverages at use levels ranging from 0.1 to 1.0 percent based on the flour weight 

(Igoe, 1989). The use of guar gum is better less than 1% for aqueous solution. Guar gum 

solutions are highly viscous at low concentration and useful in thickening, stabilization 

and water binding applications. The maximum viscosity reached at 25-400 C 

temperature. Guar gum is very stable to the variation of pH. Besides, guar gum has also 

synergic effect with other gum or starch (Imeson, 1999). In bakery product, guar gum is 

used to improve mixing and recipe tolerance to extend shelf life of product through 

moisture retention (Selomulyo & Zhou, 2007).  

 

Xanthan gum is extra cellular polysaccharides secreted by bacterium Xanthomonas 

campestris. Clarified xanthan gives visibly clear solutions even at high xanthan 

concentrations, while unclarified xanthan solutions are opaque xanthan gum is anionic 

polysaccharides with monomer 1,4 β-D-glucose, 1,2 D-mannose, and 1,4 D-glucuronic 

acid. The viscosity of xanthan gum solutions is stable over a wide range of pH, salt 

concentration and temperature conditions and the polysaccharide is resistant to 

enzymatic degradation (Selomulyo & Zhou, 2007). It is also very pseudo plastic which 

results in a decrease in viscosity with increasing shear. It reacts synergistically with guar 

gum to provide an increase in viscosity or gel formation. It is used in salad dressing, 

sauces, desserts, baked goods, and beverages at 0.005 to 0.5 percent based on the flour 

weight (Igoe, 1989). It is listed as emulsion stabilizer; holds water; enhances freeze-

thaw stability; inhibits starch retro gradation; improves shelf life and serves to bring 

about stabilization of dispersions, suspensions, and emulsions, thickener (Smith, 1991).  

 

1.5. Rheological and Physical Properties 

Rheology is the study of how materials deform, flow, or fail when force is applied. The 

rheological properties of some materials can be described by a single value. However, 

most materials, like dough are not that simple in their properties or behaviors but show a 

more complex rheological behaviors. Usually, the dough’s characteristic is viscoelastic; 

it exhibits both viscous flow and elastic recovery. Viscous flow means that the material 

will flow under stress and not recover immediately when the stress is released. Flour-

water dough has a bigger elastic modulus than gluten-water dough. This appears show 
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that starch is not an inert ingredient in flour water doughs. Filled polymers generally are 

known to have a larger modulus than their unfilled counterparts (Hoseney, 1986). 

 

The bread quality is affected by some parameters. The bread shape is influenced by 

bread making process; the loaf volume is influenced by time and condition during 

fermentation process. The yellowish brown crust color is influenced by ingredients and 

baking process. The other quality parameters are crumb stability, crumb firmness, 

crumb resilience, crumb structure, and flavors (Matz, 1992). 

 

Texture is an important determinant in food quality. Texture describes the attribute of a 

food materials resulting from combination of physical and chemical properties, 

perceived largely by senses of touch, sight, and hearing (Lewis, 1987). The importance 

of texture in affecting the quality of food materials as a whole has wide variations, 

depends on the type of food, which can be divided into three groups: 

1. Critical: foods which the textures are very dominant, like meat, corned beef, 

chips, cornflake 

2. Important: foods which the textures are important, but do not have dominant 

role for the quality as a whole, like most of fruits, vegetables, cheese, cereal, 

bread, and candies are concluded in this category. 

3. Minor: foods which the textures are ignored as a whole, like most of beverages 

and gooey/liquid/runny/watery soup. 

(Bourne, 2002).  

 

An attribute texture is a combination of physical and chemical properties; these include 

the shape, size, and arrangement of the constituent structural elements. Table 2 shows 

the classification of textural characteristics according to their likely origins. 
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Table 2. Classification of textural characteristics according to their likely origins 

Mechanical 
characteristics 

Geometric 
characteristics 

 Other characteristics 

Hardness Powder  Moistness 
Cohesiveness Chalky  Oiliness 
Viscosity Grainy relating to  
  particle  
Sponginess (elasticity) Gritty size and shape  
Adhesiveness Coarse   
Fracturability Lumpy   
    
 Chewiness Bready   
Gumminess Flaky   
 Fibrous relating to  
 Pulpy shape  
 Cellular and orientation  
 Aerated   
 Puffy   

 Crystalline   
(Lewis, 1987). 

 

The texture testing can be done in two methods, objective (using tools) and subjective 

(using human). Objective test can be divided into direct test (measuring authentic/ 

factual physical texture properties from basic materials) and indirect test (measuring 

physical  properties which have related connection with one or more textural 

properties). Subjective test can be divided into oral test (using mouth) and nonoral test 

(parts of body instead of mouth that can be used to measure texture). Table 3 shows the  

methods for texture testing. 

 

Table 3. Texture Testing Methods 

Objective Subjective 
Direct   Indirect Oral                                                Nonoral 
Fundamental                                      visual 
Empirical                                       chemical 
Imitative                              voice/ accoustic 

mechanic                                           finger 
geometric                                           hand  
chemical                                                etc 

(Bourne, 2002).   

 

Hardness, fracturability, springiness, cohesiveness, gumminess, chewiness, 

adhesiveness are some profiles of texture profile analysis (TPA). TPA imitate/ 
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impersonate chewing system of a food sample with texture analyzer. A slice of food that 

has been measured pressed twice with an added tool or an equipment suitable with the 

sample characteristic. Seven texture characteristic types (5 measured and 2 calculated 

from measured parameters) showed in a TPA curve: fracturability, hardness, 

cohesiveness, adhesiveness, springiness, gumminess, chewiness (Anonymous, 2003). 

 

The objective definition of hardness is the highest energy that happened in the first 

sample compressive test. For more information, the testing process will produce graphs. 

A graph with the highest peak is the score of a sample hardness level.  Hardness testing 

is the primary parameter in texture and tested by using TPA criteria (Bourne, 2002). 

Hardness can also be used to define the power needed to break or destroy samples 

between molar teeth (Bourne, 2002; Rosenthal, 1999). 

  

Adhesiveness is the power needed to pull sample, the bigger the power, the higher the 

adhesiveness. Cohesiveness is the sample internal strength that constructs sample’s 

structure. Chewiness is the power needed to chew solid sample until it is ready to be 

swallowed. Elasticity is the length extension produced, from the sample pressed until it 

back to its original shape. Brittleness is the power used to make the main material easily 

crushed. The easily crushed food is not always adhesive. Gumminess is the energy 

needed to separate a semi-solid food material until it is ready to be swallowed 

(Rosenthal, 1999). 

 

1.6. Sensory Analysis 

Sensory analysis is very important because not all of quality attributes can be analyzed 

by using tools. The objective of sensory analysis is to analyze product’s quality and 

interpreting the sensation received by five senses. This analysis can also be identifying 

the consumer acceptance (Ressureccion, 1998). 

 

The types of sensory testing used depend on the objective of testing. While the amount 

of panelists used depends on the expertise level and training of the panelist. Panelist 

divided into three, which are: Untrained, trained, and expert (Rosenthal, 1999). 

Untrained panelist used to test the preference in a product or the willingness to use a 
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product. Because it includes the level of preference, it will make more panelists 

producing better data (Kartika et al., 1988). 

 

In order to get trained panelist, training and selection process is needed (Meilgaard et 

al., 1999). There are three steps of selection process that should be done in the panelist 

selection process:  

1. Matching Test 

Matching test used to determine the selection participant ability in distinguishing 

(and describing, if asked as addition) between several sample types (stimulation) 

provided at recognized intensity. Panelist candidates are given a set of sample 

(consist of 4-6 samples coded), then given the second sample (identical with first 

sample but randomized). Candidates asked to identified the matched samples 

between those two sets and if it needed, describing them. Candidates are rejected if 

they answered less than 75% matching correctly and less than 60% describing 

correctly. 

 
2. Discrimination Test / Detection Test 

The objective of discrimination test is to see the ability of the selection participant to 

distinguish the most different products, among two products which are exactly the 

same. This discrimination test can be done in two testing types: triangle test and 

duo-trio test. The panelists are given 3 or more sets of triangle test/ duo-trio test, 

with the difference range from easy to hard. When we use the triangle test, the 

candidates will be rejected if they answered less than 60% correct in easy test or less 

than 40% in hard. When we use duo-trio test, the candidates rejected if they 

answered less than 75% correct in easy test or less than 60% correct in hard.   

 
3. Intensity Ranking Test 

This test is used to identify the candidate’s ability to distinguish the different 

intensity level in a specific attribute and then arrange it in the right order. When we 

use the ranking test, the candidates accepted if they can arrange the sample in the 

right order correctly or only reversed at the close order. 
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Meilgard et al., (1999) stated that there are several things should be done in order to 

make training process runs well. 

• Panelists have to be taught to follow the procedure correctly, before or after the 

evaluation. 

• Emphasizing the panelists to check on the instruction first before doing the test. 

• Giving the way to reduce or even eliminate adaptation, like giving time, several 

seconds in the test. 

• Emphasizing not to test individually, but concentrating more to identify the 

differences in each samples.  

• For the testing of each attributes differences, the panelists have to be introduced to 

every attributes tested first.  

 

1.7. The Objective of Research 

The objective of the research is to evaluate the effects of hydrocolloids addition in 

gluten free bread with cassava flour formulation to rheological properties of dough, 

physicochemical, and sensory properties of bread. Moreover, the objective of this study 

is to determine the formulation that results the most acceptable product as well as 

consumer likely perception.   
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2. MATERIALS AND METHODS 
 

This research has been held from April to October 2008 and took place in the Food 

Processing and Engineering Laboratory, Unika Baking School, Food Science 

Laboratory, and Quality and Sensory Laboratory, Department of Food Technology, 

Soegijapranata Catholic University.  

 

2.1. Materials 

Cassava (Manihot esculenta Crantz) from Sampangan traditional market was peeled, 

washed, sliced, dried, milled, and sieved to obtain flour with maximum 10% moisture 

content. Sugar “Gulaku”, salt “Refina”, egg, shortening “Filma” were purchased from 

“ADA” Supermarket, Semarang. Instant dry yeast “fermipan” and “baker bonus” bread 

improver were purchased from “Sumber Wangi Store”, Semarang. Food grade 

hydrocolloids: arabic gum, guar gum, and xanthan gum were purchased from chemistry 

shop “Multi Kimia Raya”, Semarang. The equipments that were used include: slicer, 

dehumidifier, caliper, texture analyzer, oven, porcelain dish, desiccators, destruction 

equipment, distillation equipment, titration equipment, soxhlet gourd, and extraction 

equipment. 

 

2.2. Methods 

2.2.1. Cassava Flour Preparation 

The cassava flour was produced in order to be used as the main ingredient of gluten free 

bread making. Its production process took place in the Food Processing and Engineering 

Laboratory, Department of Food Technology, Soegijapranata Catholic University. Fresh 

cassavas were sorted and peeled to obtain fresh cassavas with good physical condition. 

Figure 1 shows the fresh peeled cassava. Then, their sap were removed, dust and soil 

were cleaned with flow water. After that, they were sliced and continued with steam 

blanched for 3 minutes. The sliced cassavas then are placed inside the dehumidifier to 

be dried at 70 0C for 48 hours. The dried cassavas were ground and sieved at 625 mesh. 

The cassava flours then packed into polypropylene plastic in the plastic containers, and 
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stored in dry areas. The cassava flour making process flow chart can be seen in Figure 2 

while the cassava flour can be seen in Figure 3.  

 

 
Figure 1. Fresh peeled cassava (Manihot esculenta Crantz)  
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Figure 2. Flowchart of cassava flour production  
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Figure 3. Cassava Flour 
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2.2.2. Bread Preparation 

Gluten free bread production process took place in the Unika Baking School, 

Department of Food Technology, Soegijapranata Catholic University. Gluten free bread 

was produced by straight dough-bread making process (Matz, 1992). The dough’s 

composition was based on gluten free bread with rice flour (Therdthai et al., 2006) with 

some modifications. The gluten free bread formulation with the addition the different 

kind and different level concentration of hydrocolloids that was used in this experiment 

presented in Table 4 and Table 5. The preparation started by weighing the entire 

ingredient. The following step was the mixture of 92 g cassava flour; 2.76 g bread 

improver; 32.2 g sugar; 2 g instant dry yeast (Saccharomyces cerevisiae, Fermipan), and 

hydrocolloids  for about 30 seconds; then continued with addition of 31 grams whole 

eggs; 8.9 g  palm oil; 1.8 g salt; and 50 g water until form the homogenous dough. The 

dough was rested for 10 minutes then it was divided into pieces (20 g), put in the bread 

pan and rested of 10 minutes at room temperature (Figure 4). After that, doughs were 

proofed for 60 min at 40oC with 95% relative humidity inside the proofing chamber. 

They were baked for 15 min at an oven temperature 250oC.  

 

 

 

 

 
 

 

Figure 4. A 20 gram per each of dough at room temperature 
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Table 4. Standard Formulation used for Gluten free Bread Preparation 

Ingredients Grams 
Cassava flour 92 
Sugar 32.2 
Whole egg 31 
Yeast 2 
Bread improver 2.76 
Salt 1.8 
Hydrocolloids*  
Palm oil 8.9 
Water 50 
* Three different kinds of hydrocolloids, which are: arabic gum, guar gum, and xanthan gum 

were added based on the flour weight in bread formulation with four different levels based on 
the range of maximum limit usage of hydrocolloids in bakery product. 

 

Table 5. The Application of Different Kinds and Different Concentration of 
Hydrocolloids in Gluten Free Bread Formulation  

Hydrocolloids Concentration* 

Arabic Gum 

0.8% 
1.2% 
1.6% 
2.0% 

Guar Gum 

0.2% 
0.3% 
0.4% 
0.5% 

Xanthan Gum 

0.15% 
0.25% 
0.35% 
0.45% 

* The concentration of hydrocolloid are based on the cassava flour weight in bread formulation 
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The sequence of experiment in this study can be seen in Figure 5.  
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Figure 5. Flowchart of Experimental
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2.2.3. Trained Panelist Selection 

This research used two types of panelists: trained panelists and untrained panelists. In 

this experiment are used 9 persons of trained panelist that gained from selection process 

of trained panelist. The untrained panelists used were 50 persons. Untrained panelists 

were used to test the consumer’s preference level to gluten free bread sample. Trained 

panelists were used to test the quality of the sample in several parameters which 

determine the product’s quality, like color, porosity uniformity, aroma, texture, and 

taste. In order to acquire trained panelists, selection process had been done. Its selection 

process took place in the Quality and Sensory Laboratory, Department of Food 

Technology, Soegijapranata Catholic University. It was conformed with Meilgaard., et 

al (1999) Through 3 steps: ability to match with matching test, ability to distinguish 

with triangle test, and ability to arrange in correct order with ranking test. Trained 

panelists were decided by choosing 9 panelists that had passed the selection steps to test 

gluten free bread with the application of different hydrocolloids types and 

concentrations in the main research. The worksheet and score sheet in every step of 

trained panelist selection test can be seen in Appendix 1. Below are the details of trained 

panelist’s selection steps:    

 

2.2.3.1. Matching Test 

Matching test was done by matching the taste of sample’s solution. The preparation was 

done by weighing sucrose, salt, citrate acid, and caffeine (20 g; 2.0 g; 0.5 g; and 1.0 g). 

Afterward, those were dissolved with mineral water until 1:1. Then, each sample was 

given codes and served in glass. Every panelist was given small spoon to take the given 

solution and questioner sheets. The panelists had been given explanation first about the 

instruction to perform matching organoleptic test before doing the test. Then, the 

questioner sheets that have been filled in were checked to get the result. The panelists 

were considered passed minimally if they succeed answering 75% correct (Meilgaard et 

al., 1999). The worksheet and scoresheet of matching test can be seen in Appendix 1 

while the matching test process can be seen in Figure 6. 

 

 

 



22 
 

 

 

 

 

 

 

 
 

Figure 6. Matching Test Process 

 

2.2.3.2. Triangle Test 

In this triangle test, 2 samples of gluten free bread made with different hydrocolloid 

types and concentrations. Those are arabic gum 2% and xanthan gum 0.5%. Codes were 

given to each of them. Each panelist received 3 sets of samples together with mineral 

water to clean their mouth and also questioner sheets. Then, the questioner sheets that 

have been filled in were checked to get the result. The panelists were considered passed 

if minimally they answered 60% of the test correctly. The worksheet and scoresheet of 

triangle test can be seen in Appendix 1 while the sample set of triangle test can be seen 

in Figure 7. 

 

 

 

 

 

 

Figure 7. Sample Set of Triangle Test 

 

2.2.3.3. Ranking Test 

In this test, the gluten free bread samples were formulated with addition of arabic gum 

hydrocolloids with 4 levels of concentrations: 0.5%, 1.5%, 2.5%, and 3.5%. The 

samples were given codes and served to the panelists together with mineral water and 

questioner. After had given the questioner sheets, the panelists were explained about the 

instruction of organoleptic ranking test (before they filled in the questioner). Then, the 

questioner sheets that have been filled in were checked to get the result. The panelists 
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were considered passed if they answered correctly or with minimum mistakes. The 

worksheet and scoresheet of ranking test can be seen in Appendix 1 while the sample 

set of ranking test can be seen in Figure 8. 

 

 

 

 

 

 

Figure 8. Sample Set of Ranking Test 

 

2.2.4. Focus Group Discussion and Training Panelist 

Focus Group Discussion (FGD) was done to all trained panelists that had been chosen 

to discuss the tests of bread quality attributes, appropriate with the characteristic of the 

product. FGD was done approximately 1 hour lead by a moderator. The FGD process 

was started by giving introduction about the description and product characteristic 

continued with questions to motivate the panelists to be involved actively in the 

discussion. In this FGD the gluten free bread samples were also distributed to simplify 

the interpretation of product characteristic and product testing method discussion. With 

the panelist’s active role, the discussion process ran well. This FGD process was 

recorded with an electronic recorder. With this FGD process hopefully the test 

parameters and product testing method can be identified. The process explanation of 

FGD can be seen in Appendix 2 while the process condition during FGD can be seen in 

Figure 9. 

 

 

 

 

 

 

 

Figure 9. Situation during Focus Group Discussion 
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2.2.5. Sensory Analysis 

2.2.5.1. Intensity Rating Test 

Before the rating test was done, trained panelists were given an explanation about 

attributes that will be tested. This rating test was using 9 trained panelists and 6 

intensity scales for appraisal of each color, uniformity crumb porosity, aroma, and 

texture (hardness and springiness) attribute. The questioner sheets that have been filled 

in were checked, calculated, and summarized to get the result of this rating test 

(Meilgaard et al., 1999). The worksheet and scoresheet of intensity rating test can be 

seen in Appendix 3, while the sample set of intensity rating test can be seen in Figure 

10. 

 

 

 

 

 

Figure 10. Sample Set of Intensity Rating Test 

 

2.2.5.2. Hedonic Ranking Test 

The gluten free bread samples that were chosen to be used in this analysis were depend 

on the best two level concentration of each hydrocolloids from intensity rating sensory 

test by trained panelist. This ranking hedonic test was performed by presenting the 

products to 50 panelists by asking their preference on color, uniformity of crumb 

porosity, aroma, texture (hardness, springiness, adhesiveness, and overall texture), and 

taste. The worksheet, score sheet, and the panelist of hedonic ranking test can be seen in 

Appendix 4, while the sample set of hedonic ranking test can be seen in Figure 11. 

 

 

 

 

 

 

Figure 11. Sample Set of Hedonic Ranking Test 
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2.2.6. Measurement of Physical Characteristics of Gluten Free Bread 

The experiment was conducted with physical analysis for all samples of gluten free 

bread. Physical analysis includes the measurements of dough and bread volume and 

texture of bread. The experiments were repeated three times for every treatment. 

 

2.2.6.1. Dough Volume Analysis 

Dough volume was determined before proofing step and at the end of proofing process 

using the formula: specific volume (cm3) = ¼ π r2 t. After weighing, the volume of the 

sample was measured on its diameter by caliper (López et al., 2004). The diameter 

measurement process can be seen in Figure 12. 

 

 

 

 

 

 

 

Figure 12. Dough Diameter Measurement using Caliper  

 

2.2.6.2. Bread Volume Analysis 

Bread volume was determined an hour after the end of the baking process using the 

millet seed displacement method (Ćuric et al., 2007).  

 

2.2.6.3. Baking Lost Measurement 

Baking loss or bread mass reduction because of baking process is the value in 

percentage of mass reduction sample during the baking divided by mass of initial 

sample. Baking loss measurement was done three times for each treatment, using this 

formula: 

Baking loss= 100% - (bread mass : dough mass) x 100% 

( Subagio et al., 2003) 



26 
 

 

2.2.6.4. Texture Measurement 

After an hour cooling in the room temperature, bread was proceeded to instrumental 

measurements. Texture Profile Analysis including hardness, cohesiveness, 

adhesiveness, chewiness, and springiness was carried out on the central of bread by 

texture analyzer ‘LLOYD Instrument’ type ‘TA Plus’ with specific ball probe 15 mm, 

test speed 5 mm/s, and 0.05 kgf trigger (Bourne, 2002). Every sample of gluten free 

breads was punched on the central part. This texture measurement was done in three 

repetitions for each sample.  

 

2.2.7. Measurement of Chemical Characteristics of Gluten Free Bread 

Chemical analysis was conducted with the measurement of moisture content for all 

samples. Measurement of ash, protein, fat, carbohydrates, and fiber was done for the 

best consumer acceptance from hedonic ranking test result. The experiments were 

repeated three times for every treatment.  

 

2.2.7.1. Moisture Content Determination 

Moisture content of the dough and final product were determined following the 

Thermogravimetri Standart methods (Sudarmadji et al., 1989). Firstly, sample was 

weighed as much as 5 g on the porcelain dish that its constant mass had been known 

before. Both sample and porcelain dish were dried for 6 hours in oven chamber at 100-

1050C. After that they were put in the desiccators for 15 min, later the sample was 

weighed and continued by the mass determination until it got the constant weight.  

 

The moisture content of the sample can be calculated by using following formula: 

Sample weight (g) = W1 

Dried sample weight (g) = W2 

Evaporated water weight (g) = W1 - W2 = W3 

Moisture content = %100
1
3 x

W
W  (wet basis) 
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2.2.7.2. Ash Determination 

Two grams of sample delicate was put on the porcelain dish that its constant mass had 

been known before. After that it was dusted at 550o C for 3-5 hours. And then sample 

was cooled in the oven chamber for 24 hours. Sample was put in the desiccators for 15 

min; later the sample was weighed and continued by the mass determination until it got 

the constant weight. Ash content was determined by this formula: 

x100%
(g)masssamplewet

(g)leftdustmassbasist)(wetcontentAsh % =  

(Sudarmadji et al., 1989)  

 
2.2.7.3. Protein Content Determination 

Protein content was determined by Kjeldahl procedure with three basic steps, 

destruction, distillation, and titration. For destruction steps 0.25 sample was added into 

gourd and it was added with 7.5 g sodium sulfate; 0.35 g HgO, and 15 ml strong H2SO4 

and then continued by heating process for 3 to 4 hours. After cooling, solution was 

placed into distillation gourd with 100 ml aquadest rinsing. After that 0.2 g Zn, 15 ml 

Na2S2O3 4%; 50 ml NaOH 50% were added consecutively. Distillation process 

continued with preparation of distillate solution reception by adding 50 ml HCl 0.1N 

into erlenmeyer. Distillation process was stopped when 75 ml distillate solutions 

reached. For the titration, distillate solutions was added with Methyl Red indicator and 

then It was titrated by NaOH 0.1 N until reached yellow solution.  

 

%N= x100%
1000x(g)masssample

14.008xNaOHNxsamples)-(blankNaOHvol
 

 
% Protein = % N x conversion factor 

The conversion factor of nitrogen to protein was 6.25.  

(Sudarmadji et al., 1989) 
 

2.2.7.4. Fat Content Determination 

Fat content was determined by soxhlet procedure. Firstly a 2 grams sample which has 

been dried was weighted, and then the sample was wrapped with filter paper that its 
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constant mass had been known before. Later, samples were placed in soxhlet gourd. 

Eter as the solvent was added fulfill 1/3 part of gourd and then continued with 

extraction process for 4 hours. After that sample was dried in oven chamber and sample 

was weighed at the constant weight. The fat content was determined based on this 

formula:  

Residual fat (g) = (filter paper + dried sample) (g) – (empty filter paper) (g)  

100%x
sampleswetofmassthe

fatextractedofmassthebasist)(wetcontentFat =  

 
 (Sudarmadji et al., 1989).  

 

2.2.7.5. Carbohydrates Content Determination 

Carbohydrates content was counted with by difference principle, with formula:  

% carbohydrates = 100 % - (% moisture content + % protein + % fat + % ash).  

(Sudarmadji et al., 1989) 
 

2.2.7.6. Fiber Content Determination 

Sample that it’s fat had been extracted, antifoam and 200 ml H2SO4 0.25 N were added 

into Erlenmeyer. After that it was boiled for 30 min. The residual component formed 

was filtered and rinsed with hot aquadest. Residual component formed back was put 

into Erlenmeyer and it was added with 200 ml NaOH 0.25 N and continued with boiling 

process for 30 min. After that the residual component was filtered with filter paper that 

its mass had been known before. The residual component on the filter paper was washed 

with K2SO4 10% and alcohol 95%. Filter paper was dried in the oven chamber and then 

it was put in the desiccators for 15 min, later it was weighed. Fiber content was 

determined by this formula: 

Residual mass = fiber mass 

x100%
(g)masssamplebeginning

(g)fiberofmassfiber% =  

 

2.2.8. Statistical Data Analysis 

The effect of hydrocolloids on dough rheology and physical properties in gluten free 

bread formulation by cassava flour was investigated based on the analysis with General 
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Linear Mode (One Way) ANOVA using Statistical Package for Social Science for 

Windows (SPSS) version 13.0 for windows software. 
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3. RESULTS 

 

Gluten Free Bread used in this research had been made with different ingredient 

formulations by adding three kinds of hydrocolloid compounds with four different 

concentration level, which were: arabic gum (0.8%, 1.2%, 1.6%, and 2.0%); guar gum 

(0.2%, 0.3%, 0.4%, and 0.5%); and xanthan gum (0.15%, 0.25%, 0.35%, and 0.45%). In 

general, gluten free bread produced from all formulation did not show differences in 

size and color. The all samples produced by each formulation of hydrocolloids can be 

seen in Figure13. All samples then sensory analyzed using intensity scale test done by 

trained panelists based on bread quality testing attribute from Focus Group Discussion 

result. From this intensity test rating result, it shows two concentration levels from each 

hydrocolloids in gluten free bread formulation that can produce the best bread quality 

based on the appraisal of trained panelists. The best six sample formula furthermore 

were analyzed using physical test (dough volume measurement, bread volume 

measurement, baking loss measurement, and bread texture measurement using texture 

analyzer), chemical test (moisture content measurement), and sensory test (ranking 

hedonic test). The best quality of gluten free bread, as the result from physical, 

chemical, and consumer acceptance tests, then was tested to reveal the content of ash, 

protein, fat, carbohydrate, and fiber to analyze the nutrition content. The whole results 

in this research can be seen in the next details. 
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Figure 13. Bread with Arabic Gum (A), Guar Gum (B), Xanthan Gum (C) Addition 

 

3.1. Focus Group Discussion (FGD) and Training Panelist 

Focus Group Discussion (FGD) had been done by trained panelist that obtained from 

trained panelist selection. The result of every step in panelist selection process can be 

seen in Appendix 1. According to trained panelist that present in FGD, there are five 

important attributes that show the good quality of gluten free bread. These attributes are: 

color, aroma, taste, texture, and porosity. The results of FGD show that there are three 

important texture characteristics of gluten free bread: hardness, springiness, and 

adhesiveness. The result of FGD can be seen in Appendix 2 as the evaluation table.  

 
3.2. Sensory Analysis 

3.2.1. Intensity Rating Test by Trained Panelist 

The result of sensory analysis by using intensity rating test of all samples of gluten free 

bread can be seen in Table 6, while the sensory figure can be seen in Figure 10 and 13.  

Guar Gum 0.2%

Guar Gum 0.3%

Guar Gum 0.4%

Guar Gum 0.5% 

Arabic Gum 0.8% 

Arabic Gum 1.6% 

Arabic Gum 2.0% 

Arabic Gum 1.2% 

Xanthan Gum 0.15% 

Xanthan Gum 0.25% 

Xanthan Gum 0.35% 

Xanthan Gum 0.45% 

CBA 
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Intensity rating test had been done with the purpose to get two samples from each 

hydrocolloid types formulations based on intensity appraisal of color, aroma, porosity, 

hardness, springiness, and adhesiveness with a given scale. This intensity rating test 

method may use the same intensity value for different samples. Score sheet used in 

intensity rating test and the list of trained panelist can be seen in Appendix 3. 

 

The application of each types of hydrocolloid in gluten free bread formulation in this 

research was using 4 different level of concentration. From Table 6 it can be seen that 

the usage of arabic gum with 0.8% and 1.2% concentration had produced highest score 

frequency of gluten free bread, higher than other 2 concentration level in entire testing 

attributes. 

 

In the application of guar gum, it can be known that 0.2% and 0.3% concentration level 

had more often frequency in highest score in all testing attributes. On the other hand, 

different with other two hydrocolloid types, which produced gluten free bread with 

highest score using 2 lowest concentration; The application of xanthan gum with highest 

score and highest frequency is the one that using xanthan gum in 0.15% and 0.35% 

concentration level. From the entire sensory results it appears that low hydrocolloid 

concentration level in gluten free bread formulation will produce higher intensity score, 

especially in color, aroma, and taste attribute.  
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Table 6. Average Score of Intensity Rating Test in Gluten Free Bread 

Sample Color Aroma Porosity Hardness Springiness Adhesiveness Taste 
Arabic Gum 0.8% 4.00∗ 4.33∗ 4.00∗ 4.44 3.78∗ 3.67∗ 4.33∗ 
Arabic Gum 1.2% 3.89∗ 4.44∗ 3.44 4.89∗ 3.56 3.11 4.44∗
Arabic Gum 1.6% 3.89 3.78 4.11∗ 4.33 4.00∗ 3.44 4.00 
Arabic Gum 2,0% 4.11 3.89 3.00 5.11∗ 3.33 3.89∗ 4.44 
Guar Gum 0.2% 3.78∗ 4.11∗ 4.56∗ 4.22 4.11∗ 4.44∗ 4.33∗ 
Guar Gum 0.3% 4.11∗ 3.56 4.22 4.67∗ 4.00∗ 4.44∗ 4.11∗
Guar Gum 0.4% 3.56 4.11∗ 4.33∗ 4.56∗ 3.89 4.33 4.00 
Guar Gum 0.5% 3.78 3.44 3.56 4.56 3.89 4.11 3.56 
Xanthan Gum 0.15% 3.56 4.11∗ 3.56 4.56∗ 4.22∗ 4.00∗ 3.56 
Xanthan Gum 0.25% 3.89∗ 3.89∗ 4.00 4.33 3.89∗ 3.78 3.67 
Xanthan Gum 0.35% 3.89∗ 3.78 4.44∗ 4.44∗ 3.89 3.89∗ 4.00∗ 
Xanthan Gum 0.45% 3.33 3.44 4.67∗ 4,22 3.67 3.78 4.11∗ 
 Notes: 

• All of the values are the average score from 9 panelist  

• Value with ∗ show the first and second rank of intensity score for each hydrocolloid 

• Score Color Aroma Porosity Hardness Springiness Adhesiveness Taste 
1 Not bright (dark) Not strong (very weak) Not uniformed (Very) Hard Not springy Not adhesive Not sweet 
2 Rather bright Rather strong Rather uniformed Rather Soft Rather springy Rather adhesive Rather 

sweet
3 Not bright enough 

  
Not strong enough Not uniformed 

enough 
Not Soft enough Not  springy enough Not adhesive 

enough 
Not sweet 
enough 

4 Bright enough Strong enough Uniformed enough Soft Enough springy enough Adhesive 
enough 

Sweet 
enough 

5 Bright Strong Uniformed Soft springy (spring, 
resilient, bouncy) 

Adhesive Sweet 

6 Very bright Very strong Very uniformed Very soft Very  springy 
 

Very Adhesive Very sweet 
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3.2.2. Hedonic Ranking Test 

The result of consumer’s acceptance level toward 6 samples of gluten free bread based on consumer liking test with hedonic 

ranking test method can be seen in Table 7. The type of sample that most liked by the consumer can be known using subjective 

testing with hedonic ranking test. Sets of sample used in this test provided in Figure 11, while the score sheet of hedonic ranking 

test can be seen in Appendix 4. 

 

Table 7. Average Score of Sensory Analysis Using Hedonic Ranking Test Methods 

Sample Color Aroma Porosity Hardness Springiness Adhesiveness Overall texture Taste 
Arabic Gum 0.8% 3.24 3.22 3.68 3.44 3.56 3.52 3.48 3.24 
Arabic Gum 1.2% 4.68 3.52 3.94 3.82 3.64 3.92 3.88 3.76 
Guar Gum 0.2% 3.20 3.40 3.32 2.90 2.98 2.98 3.18 2.96 
Guar Gum 0.3% 3.46 3.54 3.18 3.64 3.04 3.50 3.14 3.88 
Xanthan Gum 0.15% 2.56 3.48 3.22 3.48 3.70 3,06 3.18 2.96 
Xanthan Gum 0.35% 3.64 3.84 3.68 3.90 4.08 4.02 4.18 4.20 

Notes: 
• Score    → 1: extremely disliked 
  2: dislike 
  3: like enough 
  4: like 
  5: very much liked 
  6: fond of  
• All of the values are the average score from 50 panelist 
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Table 7 shows the respondent’s preference level toward color, aroma, porosity, hardness, 

springiness, adhesiveness, and taste attribute in 6 samples of gluten free bread. The test 

result shows that gluten free bread formulation using 0.35% hydrocolloid xanthan gum 

produces a product with highest consumer’s liking in aroma (3.84), hardness (3.9), 

springiness (4.08), adhesiveness (4.02), overall texture (4.18), and taste (4.2) attribute. In 

color attribute, the highest average score is 4.68, which produced by adding arabic gum 

hydrocolloid 1.2% and also xanthan gum 0.35% with average score 3.64. In porosity level, 

the average score by adding xanthan gum 0.35% is only on the second position after the 

sample with arabic gum 1.2% which has the highest score. In the data analysis using 

Kruskal-Wallis test, it is known that average score difference in porosity attribute in whole 

samples shows results that has no significant difference (sign >0.05) (See Appendix 8). It 

can be concluded that gluten free bread sample with 0.35% xanthan gum hydrocolloid 

formulation is the consumer’s most preferable sample with highest score in almost all 

testing attribute in consumer liking test.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Sensory Analysis for Color of Gluten Free Bread 
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Figure 14 indicates that the addition of hydrocolloids at different kind and concentration 

level will make an effect in consumer’s preference of gluten free bread color characteristic. 

The most liked color is the gluten free bread with the arabic gum 1.2% addition, followed 

by xanthan gum 0.35%, guar gum 0.3%, arabic gum 0.8%, guar gum 0.2% and the most 

disliked is xanthan gum 0.15%. It can be concluded that the hydrocolloid application in 

higher concentration is more preferred by the consumer. From the usage of these three 

types of hydrocolloid, it can be concluded that the average score will rise by using higher 

concentration level of hydrocolloid.  

 

 

 

 

 

 

Figure 15. Sensory Analysis for Aroma of Gluten Free Bread 

 

Figure 15 indicates that the aroma which is most liked is the gluten free bread with addition 

of xanthan gum 0.35% followed by guar gum 0.3%, arabic gum 1.2%, xanthan gum 0.15%, 

guar gum 0.2%, and the most disliked is arab gum 0.8%. It can be concluded that the 

hydrocolloid application in higher concentration is more preferred by the consumer, 

compared with those which using low concentration level. From the use of these three types 

of hydrocolloid, it can be concluded that the average score will get higher if hydrocolloid 

with higher concentration level is used.  
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Figure 16. Sensory Analysis for Porosity of Gluten Free Bread 

 

Figure 16 indicates that the porosity which is most liked is the gluten free bread with 

addition of arabic gum 1.2% followed by arabic gum 0.8%, xanthan gum 0.35%, xanthan 

gum 0.15%, guar gum 0.2%, and the most disliked is guar gum 0.3%. It can be concluded 

that the application of arab gum hydrocolloid, in a sensory manner, produces most liked 

porosity characteristic, while guar gum produces most disliked porosity characteristic. 

From the use of these three types of hydrocolloid, it can be concluded that the one in higher 

concentration is more preferable than the low level one. It is showed by the increasing 

average score in the use of higher concentration of hydrocolloid.  
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Figure 17. Sensory Analysis for Hardness of Gluten Free Bread 

 

Figure 17 indicates that the hardness which is most liked is the gluten free bread with 

addition xanthan gum 0.35% followed by arabic gum 1.2% %, guar gum 0.3%, xanthan 

gum 0.15, arabic gum 0.8%, and the most disliked is guar gum 0.2%. It still can be 

concluded that the application of xanthan gum produces the most preferable hardness 

characteristic, while the one with guar gum Hydrocolloid produces most disliked hardness 

characteristic. Besides, from the use of three types of hydrocolloids, it can be concluded 

that higher concentration, in a sensory manner, produces gluten free bread with more 

preferable hardness characteristic better than the low one. It is showed by the increasing of 

average score in the use of higher concentration level of hydrocolloid.  
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Figure 18. Sensory Analysis for Springiness of Gluten Free Bread 

 

Figure 18 indicates that the springiness which is most liked is the gluten free bread with 

addition xanthan gum 0.35% followed by xanthan gum 0.15, arabic gum 1.2% %, arabic 

gum 0.8%, guar gum 0.3%, and the most disliked is guar gum 0.2%. It still can be 

concluded that the application of xanthan gum hydrocolloid produces the most liked 

springiness characteristic, while the one with guar gum hydrocolloid produces most 

disliked springiness characteristic. Besides, from the use of three types of hydrocolloids, it 

can be concluded that higher concentration, in a sensory manner, produces gluten free 

bread with a more preferable springiness characteristic better than the low one. It is showed 

by the increasing average score in the use of higher concentration level of hydrocolloid.  
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Figure 19. Sensory Analysis for Adhesiveness of Gluten Free Bread 

 

Figure 19 indicates that the adhesiveness which is most liked is the gluten free bread with 

addition of xanthan gum 0.35% followed by arabic gum 1.2%, guar gum 0.3%, arabic gum 

0.8%, xanthan gum 0.15%, and the most disliked is guar gum 0.2%. It still can be 

concluded that the application of higher hydrocolloid concentration, in a sensory manner, is 

more preferable by the consumer better than the low level one. From the use of three types 

of hydrocolloid, it can be noticed that average score is increased in higher hydrocolloid 

concentration. 
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Figure 20. Sensory Analysis for Overall Texture of Gluten Free Bread 

 

Figure 20 indicates that the overall texture which is most liked is the gluten free bread with 

addition xanthan gum 0.35% followed by arabic gum 1.2%, guar gum 0.2%, arabic gum 

0.8%, and the most disliked are xanthan gum 0.15% and guar gum 0.3%. It still can be 

concluded that the application of hydrocolloid in higher concentration, in a sensory manner, 

is more preferable by the consumer, with a higher average score, compared to the low level 

one.  
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Figure 21. Sensory Analysis for Taste of Gluten Free Bread 

 

Figure 21 indicates that the taste which is most liked is the gluten free bread with addition 

xanthan gum 0.35% followed by guar gum 0.3%, arabic gum 1.2% %, arabic gum 0.8%, 

guar gum 0.2%, and the most disliked is xanthan gum 0.15. It can be concluded that higher 

concentration, in a sensory manner, produces more liked gluten free bread taste by the 

consumer, better than the one with low level concentration. It is showed by the increasing 

average score in the use of higher concentration level of hydrocolloid in each type. 

 

3.3. Physical Analyses 

3.3.1. Dough Volume Analysis 

The measurement of dough volume was done before and after proofing (See Appendix 6). 

This different measuring time was done to understand the increasing volume that happened 

on the dough, with the application of different hydrocolloid types and concentration in the 

gluten free bread formulation by the proofing process that existed for 60 min at 40oC with 

95% relative humidity inside the proofing chamber. The result of dough volume 

measurement before and after proofing can be seen in Table 8. Also, the increasing dough 

volume can be seen in Figure 22. 
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Table 8 indicates that there was almost no significant difference among every treatment in 

the dough volume before proofing. It means that the application of hydrocolloids was not 

make an effect on the early step of dough making. Table 8 also points out that dough 

volume in whole samples was increased after proofing time. The dough volume in gluten 

free bread formulation with the application of arabic gum and guar gum was increasing 

along with the increasing of concentration level, but this trend was not happened on the 

dough with xanthan gum formulation (Figure 22). Even though increasing xanthan gum 

concentration level produced increased dough volume, but the value of increasing dough 

volume kept decreasing along with the increasing xanthan gum concentration. Data analysis 

using Duncan Post Hoc Test (see Appendix 8) indicates a significant difference on the 

increasing dough volume with significancy value less than 0.05 (sign<0.05). The 

application of arabic gum 2.0% has made the highest increasing dough volume, while the 

application of xanthan gum 0.45% has made the lowest increase.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. Dough Volume Improvement Value 

Arabic Gum   Guar Gum Xanthan Gum 
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3.3.2. Bread Volume Analysis 

The volume of gluten free bread in every sample can be seen in Table 8.  Table 8 shows 

that different treatment results in variance of bread volume. The data that are used to 

calculate bread volume by millet seed displacement methods can be seen in Appendix 5. 

The increasing arabic gum hydrocolloid concentration produces an increasing bread 

volume, even the value is not significantly different at the 95% trust level with significance 

level above 0.05 (sign>0.05) (see Appendix 8). The application of guar gum produces an 

increase on bread volume along with the increasing volume used. The trend in application 

xanthan gum is not the same with what happened to the other two hydrocolloids. The 

increasing xanthan gum concentration produces decreasing gluten free bread volume 

(Figure 23). Although, compared with other hydrocolloid formulation, the application of 

xanthan gum at 0.15% concentration still produced the highest bread volume compared to 

all samples, while the addition of arabic gum 0.8% produced the lowest bread volume. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23. The Volume of Gluten Free Bread 

Arabic Gum   Guar Gum Xanthan Gum 
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3.3.3. Baking Loss Measurement 

Baking loss measurement is based on the loss amount of mass as the result of baking 

process to produce bread. The result of this measurement is affected by the dough mass 

after proofing and bread mass. The dough mass after proofing and bread mass data can be 

seen in Appendix 7. After proofing process for an hour 40oC with 95% relative humidity 

inside the proofing chamber, the dough’s were weight measured and then they were baked 

for 15 min in an oven at temperature 250oC. After an hour cooling in a room temperature, 

the bread’s mass was measured. The baking loss was obtained from the dough and bread 

mass data. Table 8 shows the result of baking loss measurement.  

 

Table 8 shows that along with increasing concentration of arabic gum and guar gum, the 

baking loss value is decreasing. The highest baking loss was resulted from the application 

of guar gum 0.2%, while the lowest baking loss value was produced by applying guar gum 

0.5%. This trend did not happen in xanthan gum hydrocolloid application, the increase in 

xanthan gum concentration is followed by the increasing of baking loss value. However, 

the amount of baking loss for every increasing concentration level on each type of 

hydrocolloid shows statistically insignificant value difference. The amount of decreasing 

baking loss value for every decreasing concentration level at each type of hydrocolloid is 

provided in Figure 24. 

 

 

 

 

 

 

 

 

 

 

Figure 24. Baking Loss Value of Gluten Free Bread 

Arabic Gum   Guar Gum Xanthan Gum 
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Table 8. Dough Volume Improvement, Bread Volume, and Baking Loss of Gluten Free Bread 

Sample 
Dough Volume (cm3) Dough Volume 

Improvement 
(cm3) 

Bread Volume 
(cm3) Baking loss (%) 

before proofing After proofing 
Arabic Gum 0.8% 17,10 ± 0,26a 38,69  1,24cde 21,59 ± 1,33de 21,48 ± 0,37a 17,03 ± 1,22cd 
Arabic Gum 1.2% 17,18 ± 0,27a 40,05 ± 1,13efg 22,87 ± 1,16ef 21,59 ± 0,46a 16,36 ± 0,60abcd

Arabic Gum 1.6% 17,17 ± 0,31a 40,46 ± 1,00fg 23,30 ± 0,77f 21,61 ± 0,44ab 15,47 ± 2,07abc 
Arabic Gum 2,0% 17,50 ± 0,33abc 40,91 ± 1,19g 23,41 ± 1,50f 22,38 ± 0,64bcd 15,38 ± 1,92abc 
Guar Gum 0.2% 17,11 ± 0,32a 35,59 ± 1,33a 18,47 ± 1,53ab 21,73 ± 0,84abc 17,87 ± 1,33d 
Guar Gum 0.3% 17,10 ± 0,34a 36,62 ± 1,22ab 19,52 ± 1,30bc 22,49 ± 0,63cd 15,84 ± 1,15abc 
Guar Gum 0.4% 17,37 ± 0,59ab 38,40 ± 1,39cd 21,03 ± 1,41cd 23,76 ± 0,83ef 14,84 ± 0,87ab 
Guar Gum 0.5% 17,90 ± 0,47c 40,31 ± 1,23fg 22,41 ± 1,38def 25,14 ± 0,72gh 14,76 ± 0,82a 
Xanthan Gum 0.15% 17,71 ± 0,31bc 39,07 ± 0,81def 21,36 ± 0,87de 25,40 ± 0,77h 15,96 ± 0,26abc 
Xanthan Gum 0.25% 17,76 ± 0,27 bc 37,53 ± 0,54bc 19,77 ± 0,41bc 24,52 ± 0,78fg 15,98 ± 0,90abc 
Xanthan Gum 0.35% 17,86 ± 0,49 bc 36,38 ± 1,54ab 18,52 ± 1,91ab 23,03 ± 0,74de 16,37 ± 1,14abcd

Xanthan Gum 0.45% 17,89 ± 0,52c 35,50 ± 0,42a 17,61 ± 0,77a 22,65 ± 0,85d 16,47 ± 1,41bcd 
Notes: 
• All values are estimate ± standard deviation 
• Value with different superscript show significant differences in the confidence level of α = 0.05 
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3.3.4. Texture Measurement 

Table 9. Texture Measurement of Gluten Free Bread 

 
Notes: 
• All values are estimate ± standard deviation 
• Value with different superscript show significant differences in the confidence level of α = 0.05 

Sample Hardness Cohesiveness Springiness Chewiness Adhesiveness 
Arabic Gum 

0.8% 843,1814 ± 80,0897bc 0,2511 ± 0,1087d 6,1191 ± 1,5750c 0,0144 ± 0,0097d 0,0002 ± 0,0002a 

Arabic Gum 
1.2% 794,0198 ± 59,4142ab 0,1038 ± 0,0274ab 4,1384 ± 0,3595b 0,0034 ± 0,0011ab 0,0003 ± 0,0002a 

Arabic Gum 
1.6% 1001,3839 ± 58,1563cd 0,0810 ± 0,0346ab 3,8493 ± 1,5456b 0,0035 ± 0,0020ab 0,0006 ± 0,0004ab 

Arabic Gum 
2,0% 988,4176 ± 79,3172bcd 0,1778 ± 0,1029c 5,2814 ± 1,5078bc 0,0104 ± 0,0083cd 0,0005 ± 0,0005ab 

Guar Gum 
0.2% 1005,4313 ± 135,0831cd 0,1018 ± 0,0408ab 4,0172 ± 1,0745b 0,0043 ± 0,0025ab 0,0005 ± 0,0012ab 

Guar Gum 
0.3% 1152,0340 ± 83,6447d 0,1158 ± 0,0267abc 4,5796 ± 0,7444b 0,0062 ± 0,0022abc 0,0000 ± 0,0000a 

Guar Gum 
0.4% 1029,4583 ± 122,7865cd 0,1464 ± 0,0218bc 5,1200 ± 0,4147bc 0,0077 ± 0,0023bc 0,0000 ± 0,0000a 

Guar Gum 
0.5% 1345,4186 ± 387,9661e 0,0963 ± 0,0254ab 4,4327 ± 0,2934b 0,0053 ± 0,0008abc 0,0014 ± 0,0033ab 

Xanthan 
Gum 0.15% 637,4592 ± 120,4919a 0,0507 ± 0,0469a 2,2633 ± 1,7157a 0,0012 ± 0,0016a 0,0005 ± 0,0011ab 

Xanthan 
Gum 0.25% 904,3667 ± 91,0915bc 0,1004 ± 0,0599ab 3,7892 ± 1,6242b 0,0041 ± 0,0030ab 0,0030 ± 0,0050b 

Xanthan 
Gum 0.35% 985,5389 ± 140,6868bcd 0,1254 ± 0,0221bc 4,6329 ± 0,4453b 0,0056 ± 0,0011abc 0,0015 ± 0,0031ab 

Xanthan 
Gum 0.45% 988,1386 ± 120,6070bcd 0,1214 ± 0,0488abc 4,4358 ± 0,9546b 0,0054 ± 0,0026abc 0,0002 ± 0,0003a 
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The hardness testing result by using texture analyzer indicates that the higher the 

hardness value, the harder the gluten free bread characteristic, as happened in the 

opposite, the lower the hardness value, the softer the characteristic of the bread. Table 9 

indicates that from the hardness texture testing using texture analyzer, the sample with 

highest hardness score is the one that added by guar gum 0.3% hydrocolloid, while the 

use of xanthan gum 0.15% produced gluten free bread with the lowest score of 

hardness. Compared among three types of hydrocolloid, the one that using guar gum 

addition produced, in general, the bread with highest hardness score (hard bread) 

compared with the other two types of hydrocolloid.  

 

The result of cohesiveness testing by using texture analyzer indicates that gluten free 

bread with addition of arabic gum 0.8% formulation has the highest cohesiveness score, 

while the lowest one was xanthan gum 0.15%. Cohesiveness is the sample’s internal 

strength that constructs its structure. It means the higher the hardness score, the bigger 

the internal strength that construct the structure. The adhesiveness testing on whole 

samples of gluten free bread by using texture analyzer had result zero score because the 

score was too small (infinitesimal). Adhesiveness is the power needed to pull sample, 

the bigger the power, the higher the adhesiveness. That score (adhesiveness< 

cohesiveness) indicates that whole samples have the ability to bind each other so it can 

form a strong structure. 

 

Springiness is the rate at which a deformed sample goes back to its original condition 

after the deforming force is removed. Springiness can also be called as elasticity. The 

springiness testing by using tools has revealed that the formulation with arabic gum 

0.8% has the highest springiness score, while the lowest one was xanthan gum 0.15%. It 

can be concluded that the higher the springiness score, the more elastic the sample is. 

 

Chewiness is the power needed to chew solid sample until it is ready to be swallowed. 

The chewiness testing result with the highest score is the formulation using arabic gum 

0.8%, while the lowest score is the one using xanthan gum 0.15% formulation. It can be 

concluded that the lower the chewiness score, the less power needed to chew fewer 
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sample, in other hand, the higher the chewiness score, the more the power needed to 

chew the sample before swallowed.  

 

3.4. Moisture Content Analysis 

Both dough and bread were dried for 6 hours in oven chamber at 100-1050C for 

moisture content measurement. The moisture content of both dough and gluten free 

bread can be seen in Table 10.  

 

Table 10.  Moisture Content of Dough and Gluten Free Bread 

Sample 
dough's moisture 

content 
bread's moisture 

content 
Arabic Gum 0.8% 36,32 ± 0,48de 25,29 ± 1,19de 
Arabic Gum 1.2% 35,38 ± 0,37abc 25,02 ± 1,24de 
Arabic Gum 1.6% 35,75 ± 0,24bcd 25,52 ± 1,31e 
Arabic Gum 2,0% 36,64 ± 0,73e 25,11 ± 1,27de 
Guar Gum 0.2% 36,12 ± 0,76cde 22,61 ± 1,18ab 
Guar Gum 0.3% 35,88 ± 0,61bcde 22,48 ± 1,16ab 
Guar Gum 0.4% 35,80 ± 0,29bcde 23,14 ± 1,00abc

Guar Gum 0.5% 35,66 ± 1,16bcde 23,02 ± 1,05abc

Xanthan Gum 0.15% 35,12 ± 0,34abc 22,02 ± 0,17a 
Xanthan Gum 0.25% 35,21 ± 0,46cde 23,49 ± 0,93bc 
Xanthan Gum 0.35% 35,29 ± 0,38ab 23,10 ± 0,71abc

Xanthan Gum 0.45% 35,98 ± 0,37a 24,00 ± 0,88cd 
Notes: 
• All values are estimate ± standard deviation 
• Value with different superscript show significant differences in the confidence level of α = 0.05 
 

Table 10 shows that compared to dough, the level of water content in bread is lower. In 

general, the increasing hydrocolloid concentration in whole dough sample has made 

insignificant moisture content score difference. However, the types of hydrocolloid can 

make various data of moisture content. The use of arabic gum hydrocolloid type in 

general can give higher score of moisture content, compared to other two types of 

hydrocolloid. However, the increasing concentration of each type of hydrocolloid does 

not follow by any significant moisture content data. 
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4. DISCUSSIONS 

 

The replacement of gluten as an essential structure building protein, contributes to the 

appearance and crumb structure of many baked products. The effects of arabic gum, 

guar gum, and xanthan gum hydrocolloids at different concentration level on dough 

volume, bread volume, and baking loss of gluten free bread were studied.  The initial 

dough volume of all gluten free bread samples was not significantly different at 95% 

probability using Duncan Post Hoc test (See Table 8). It has the average of 17.47±0.49 

cm3 dough volume. The reason is because the measurement of the dough volume was 

done immediately after the rounding step, so the fermentation process has not been 

started yet. The dough that was used had been weighted accurately: 20 grams before 

rounding (shaping).   

 

The dough volume expansion is mainly due to the production of carbon dioxide gas 

from yeast fermentation process (Therdthai et al., 2006). As shown in Table 8, the 

addition of hydrocolloids affects on the increasing of dough volume expansion. The 

highest expansion observed was the arabic gum followed by guar gum and xanthan 

gum. The dough volume was observed together with the increasing of arabic gum 

concentration level. The dough volume increased from 17.10±0,26 cm3 before proofing 

to 38.69±1,24 cm3 after proofing by using 0.8% arabic gum, and  17,50±0,33 cm3 before 

proofing to 40,91±1,19 cm3 by using 2.0% arabic gum concentration. Hence, the dough 

volume expansion increased from 21,59±1,33 cm3 to 23,41±1,50 cm3. This trend was 

also happened in the addition of guar gum. The increasing level of guar gum in gluten 

free bread formulation affects the dough volume. The dough volume increased from 

17,11 ±0,32 cm3  before proofing to 35,59±1,33 cm3 after proofing at the 0.2% 

concentration of guar gum, and 17.90±0,47 cm3 before proofing to 40,31±1,23 cm3 at 

the concentration of 0.5% guar gum. So the dough volume expansion with addition 

hydrocolloid guar gum increased from 18.47±1,53 cm3 to 22,41±1,38 cm3.  

 

This phenomenon is related to the dough viscosity that is resulted from the starch-

hydrocolloid interactions and also the presence of other substances as the solution in the 

gluten free bread formulation. The behavior of starch-gum interaction can be explained 
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by categorizing the interactions occurred in the system into two types (Elfak et al., 1977 

in Sudhakar et al., 1995): polymer-polymer interaction and polymer-solvent interaction. 

This case is appropriate with the experiment of Sudhakar et al., (1995) about the effect 

of sucrose on starch-hydrocolloid interactions. It is said that in the presence of sugar, 

polymer-polymer interaction seem to be favored as compared to polymer-solvent 

interaction due to the solvent becoming bound by the sugar. This is supported by the 

fact that, when the sugar concentration is kept constant and the concentration of guar is 

increased, an increase in polymer-polymer interaction takes place which is reflected as 

increase in cold paste viscosity. Also it is reported that sugar protects guar gum from 

hydrolysis and subsequent loss of viscosity (Sudhakar et al., 1995). Therefore, in the 

presence of hydrocolloids, it is assumed that both of the above interaction take place 

and give rise to the increase in paste viscosity. This increasing viscosity will form a 

strong dough structure; hence it can retain the gas well and support the dough expansion 

by molecular binds that hardly broken.  

 

The dough expansion also depends on the structure of dough that able to retain gas from 

fermentation process. More over the addition of arabic gum, guar gum, and xanthan 

gum hydrocolloids have been applied to increase the dough water absorption, induce 

dough strength, and increase the ability to retain gas. Water absorption increased by the 

hydrocolloids addition due to the hydrophilic nature of these biopolymers (Lazaridou et 

al., 2006). The binds toward water will form three dimensional tissues by primary 

molecules stretched on all hydrocolloid volumes, because of the cross binds on 

polymers which consist of long chain molecules. This structure will form the strong 

structure that can resist specific force or pressure. Therefore by the addition of 

hydrocolloids substances, the dough’s ability to absorb water increased and it will 

provide the fermentation condition; the strength of dough structure has a good ability to 

retain carbon dioxide gas from fermentation process, so that it will provide the dough 

volume expansion (Therdthai et al., 2006).   

 

As can be seen in Table 8, the addition of hydrocolloids affects the increasing dough 

volume of all gluten free bread samples. Furthermore, compared with other 

hydrocolloids, the addition of arabic gum produces the highest volume of the gluten free 
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dough. It is because the solubility of arabic gum is very high in water. Arabic gum is 

unique that it is extremely soluble and not very viscous at the low concentration. 

According to the solution absorption theory, water molecules absorption process by 

arabic gum has made hydrocolloid molecules layering by the solution molecules, that is 

water, hence it can produce molecules growing. Dough volume will grow by trapping 

gas from fermentation of formed dough structure. Therefore, it affects much of the 

increasing dough volume. That is why arabic gum is used in the baking industries for 

improving water absorption properties of dough. This fact is supported by theory that 

rheologically, arabic gum solutions exhibit typical Newtonian behavior at concentration 

up to 40%. Above 40% it becomes pseudoplastic with decreasing in viscosity 

(Glicksman, 1983).   

 

The addition of xanthan gum hydrocolloids in every level of concentration also effect 

the increasing of dough volume expansion, however the dough volume expansion is 

declined at increasing concentration level of xanthan gum (See Table 8). This 

phenomenon can be explained by considering the hydration process. In the interaction 

process between starch and gum, both of them must be perfectly dissolved. The 

presence of other substance will affect as a hydrocolloid competitor to bind the water. In 

the low concentration (0.15%) xanthan gum can still be hydrated well, hence it can 

interact effectively to give a good viscosity that forms dough strong structure and it can 

support the dough volume expansion. However, at every increasing concentration of 

xanthan gum (0.25%, 0.35%, and 0.45%), in the same amount of other ingredient 

formulation, and with the addition of water, also at the same amount, it can cause a 

decreasing dough expansion volume. It can be due to the insufficient or incomplete 

hydration at high concentration level of xanthan gum, and hence the decrease in 

viscosity (Sudhakar et al., 1995). The decrease in viscosity happened due to the increase 

in xanthan gum concentration hence it become very pseudo plastic which results in a 

decrease in viscosity with increasing shear (Smith, 1991). Furthermore, in order to 

provide an increase in viscosity or gel formation, xanthan gum have to be combined 

with guar gum, as it reacts synergistically with guar gum (Igoe, 1989). Though not 

much information is available regarding xanthan interaction in binding water, some 

reports support the observed results. In studies carried out on the effect of surfactants 
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and sugars on the dispersibility of xanthan gum (Sudhakar et al., 1995) it is reported that 

a non-uniform solution having many lumps, is observable in xanthan-sugar system not 

containing surfactant, which implies that the hydration of xanthan is restricted in the 

presence of sugar.  

 

The fermentation process continues until yeast is destroyed at a temperature of around 

550C. Therefore, volume expansion normally continues at early stage of baking process. 

The volume expansion during proofing and the early stage of baking is mainly caused 

by yeast fermentation (Therdthai et al., 2006). Gas retained by starch systems diffuses 

slowly, and then when baking process is done, it expands rapidly. This irreversible 

phenomenon is called “oven spring” (Hoseney, 1986). 

 

The effect of hydrocolloid in bread volume of gluten free bread is shown in Table 8. 

The capability to retain gas can be expressed in terms of bread volume (Hoseney, 1994). 

Table 8 shows the trend of bread volume affected by the increasing level concentration 

of hydrocolloid. The bread volume ranging from 21.48±0,37 cm3 by addition arabic 

gum 0.8% to 22,38±0,64 cm3; and from 21,73±0,84 cm3 to 25,14±0,72 cm3 by addition 

of guar gum (Table 8). The improving effect of several hydrocolloids, such as xanthan, 

guar, CMC, agarose, oat β-glucan, pectin on volume of bread based on gluten free 

formulation (Sudhakar et al., 1995; Lazaridou et al., 2007; Ćuric et al., 2007; 

Selomulyo & Zhou, 2007) as well as on wheat flour bread has also been reported by 

various authors. A possible explanation to this result is that hydrocolloids can improve 

dough development and gas retention (Therdthai et al., 2006) by increasing dough 

viscosity (Lazaridou et al., 2007). Addition of hydrocolloids affects the swelling of 

granules, suggesting that swelling is enhanced in their presence (Babić et al., 2006).  

 

The bread volume increased with the increasing level of hydrocolloids with the 

exception of xanthan gum that decreased from 25,40±0,77 cm3 with using 0.15% 

xanthan gum to 22,65±0,85 cm3 with addition of 0.45% xanthan gum. It can be differed 

from other hydrocolloids, increasing level concentration of xanthan gum in gluten free 

bread formula affects the decreasing bread volume. This is also studied by Selomulyo & 

Zhou (2007) that the increasing bread’s specific volume as well as high porosity and 
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softer crust, are obtained only at low concentrations of xanthan gum (0.16% flour basis). 

Mandala (2005 in Selomulyo & Zhou, 2007) said that the increasing of xanthan gum 

concentration results in a decrease of specific volume. Lazaridou et al., (2007) found 

that the incorporation of xanthan at 1% into gluten free breads did not change the loaf 

volume and at 2% supplementation level even decreased the volume. Similarly, Haque 

and morris (1994) in Lazaridou et al., ( 2007) found a decrease in loaf volume of gluten 

free breads from sorghum with increasing xanthan gum levels.  

 

The behavior of xanthan seems to be opposing the results of the mechanical tests that 

showed the highest strength and elasticity for dough supplemented with xanthan. 

Maximum recovery strain of wheat dough has the strong correlation with loaf volume. 

In other research there found that durum dough gave the lower elastic compliance 

curves and lower bread loaf volume than the common wheat dough with similar 

extensigraph strength. There is certainly an optimum value for the resistance to 

deformation; to high resistance can cause a limited and slow expansion of the gas cells 

during proofing (Lazaridou et al., 2007). It is related to the behavior of gluten free 

dough by xanthan gum addition that shows the decreasing dough volume expansion 

through the increasing level of xanthan gum (Table 8). Thus it seems that with addition 

xanthan gum, the dough system becomes too rigid to incorporate gases. Ćuric et al 

(2007) investigated that 3% xanthan gum addition resulted in overly firm dough and 

low volume breads. Also, the volume yield of bread produced with xanthan ranged from 

232 to 265 cm3/100 g as it is lower than volume yield of bread with addition guar gum 

that range from 241 to 344 cm3/ 100 g of flour.  

 

Compared with other two types of hydrocolloid, the addition of xanthan gum in the 

gluten free bread, in general, it can produce the highest bread volume. As shown in 

Table 8 bread volume with value 25.40 ± 0, 77 cm3 is the greatest volume exhibited by 

bread with addition 0.15% xanthan gum. It can be in contact with the structure xanthan 

gum as anionic polysaccharides (Selomulyo & Zhou, 2007). According to the theory of 

particle orientation, the Coulomb rejecting force of the negative charges spread along 

the polysaccharide molecules tends to straighten the primary molecules which produce 

high viscosity molecules. The linier polysaccharide will have a higher viscosity in the 
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solution because the gyration or the rotation of polymer linier structure covers a wider 

area and higher volume. This will cause the friction between molecules be easier to 

happen, hence, it can increase the friction force and solution viscosity. Therefore, with 

that specific characteristic, the addition of xanthan gum at low concentration (0.15%) 

can produce largest bread.  

 

The most phenomenal thing of gluten free bread is the lack of ability of gluten free 

systems to retain gas. The addition of hydrocolloids in this research was intended to 

improve the result in the gas retention of gluten free starch systems. The results from the 

Table 8 show that the transformation of dough to become bread was happened during 

baking process. The facts in this research show that by the addition of hydrocolloids, the 

volume of bread increase.  

 

Baking loss shows the mass loss of the dough in baking process. This mass loss is 

caused by the evaporation because of the heating condition in the baking process. The 

addition of hydrocolloid in gluten free bread formulation affects the result of baking 

loss. From Table 8 we can see that increasing level concentration of arabic gum and 

guar gum results in the decreasing value of baking loss. This means that hydrocolloids 

compound takes part in retaining water inside the systems and forming strong dough 

structure. With this strong structure, the ability to bind the water become stronger, hence 

it can minimalize the loss. Such network structure serve to increase viscosity and to 

further strengthen the boundaries of the expanding cells in the dough, thus increase gas 

retention through baking, and consequently lead to a better loaf volume (Lazaridou et 

al., 2007). The increasing of bread volume in every level concentration of hydrocolloids 

can be seen in Table 8. 

 

Lersch (2007) and Selomulyo & Zhou (2007) said that in the baking industries, 

hydrocolloids are used as baking improvers as they can induce structural changes in the 

main components of flour system along bread making steps. Along with the decreasing 

dough volume expansion and decreasing bread volume in the increasing level of 

xanthan gum; the characteristics application of xanthan gum also shown in baking loss 

measurement. The increasing level concentration of xanthan gum effects to the 
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increasing water loss that is measured as baking loss. Different with xanthan gum, the 

characteristic of guar gum which are stable to the variation of pH, dispersible in cold 

water to form viscous sols which upon heating will develop additional viscosity 

(Imeson, 1999). Therefore, the increasing level of guar gum will result in the decreasing 

effect of baking loss by the increasing structure of dough. So it can decrease mass 

transfer between solid/liquid surfaces. Guar gum as hydrocolloid can function as 

economic thickener and stabilizer (Anonymous, 2004). 

 

A hydrocolloid can simply be defined as a substance that forms a gel in contact with 

water. The determined moisture content of bread by hydrocolloid addition is shown in 

Table 10. Regarding moisture content, breads prepared with four different level 

concentrations in each hydrocolloid were not statistically different by Duncan Post Hoc 

test (95% probability). It is because these gluten free bread formulations were using the 

same portion of water addition, 50 grams per batch samples.  

 

The color produced in gluten free bread influenced by the baking process. The brownish 

yellow color formed in the last time of baking after crust structure formed (Matz, 1992). 

The brownish color caused by the Maillard browning and caramelization which 

influenced by the distribution of water. From visual supervision, the all gluten free 

bread samples shows indifferent in color attribute (seen Figure 13 and Figure 14). In 

terms of color, averagely all gluten free bread samples can be accepted by the panelists. 

It is shown in Table 6 that there is no sample that has average score 1. The appraisals of 

9 trained panelists stated that the samples tested in liking test have bright enough color 

characteristic. From the sensory appraisals, it can be concluded that the addition of 

hydrocolloids produces the consumer’s acceptable bread color.  

 

The increasing temperature in baking process will stop the yeast activity followed by 

the end of enzyme activity, hence, the bread structure and taste will begin to be formed 

(Matz, 1992). The result of sensory tests of aroma in gluten free bread shows that all 

samples are liked by the panelists (Table 6). It is shown from Table 6 that there is no 

sample that has average score 2. Therefore, no consumer acceptability problem due to 

aroma is expected for bread containing hydrocolloids. The baking process influences the 
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form of special bread aroma.  From the sensory rating test it can be inferred that gluten 

free bread samples have produced strong enough aroma. From the results of Kruskal-

Wallis analysis, the appraisal of aroma liking is insignificant, different with the increase 

of hydrocolloid concentration in gluten free bread formulation.  

 

The sense of taste is a powerful predictor of food selection. The result of sensory 

hedonic taste show that bread with 0.35% xanthan gum addition is the most liked  of the 

best six sample with average score 4.20 (Table 7). The result of sensory rating tests 

shows that the best six sample has the average score of ≥4.00 (Table 6). It means that 

the sweet enough taste is quite liked by the consumers. This shows that there is no 

problem in bread taste acceptance with the use of hydrocolloid in the concentration 

stretches used in the research. This is caused by small stretches of concentrations; hence 

it was not make a significant difference in the taste even though it has given an 

influence in the increase of bread quality physically. Sweetness may result from sugars 

that were added in formulation. The sweetness indicated that the food provided energy 

(Parker, 2003).    

 

Porosity refers to the pore structure in the crumb (Wang et al., 2007). The result of 

sensory appraisals by the trained panelists show average score ≥3 to <5. This score 

shows the porosity characteristic that is “not uniformed enough” to “uniformed” (Table 

6). The results on hedonic ranking test on bread porosity from the 50 untrained panelist 

did not show any significant difference (sign >0.05) among the 6 variants of bread 

(Table 7). The undifferentiated sensory results of porosity could be due to the fact that 

visual detection was difficult to examine carefully the micro variation in crumb cell 

diameter among 6 samples. The average hedonic score range from 3.18 – 3.94. It means 

that porosity characteristic was liked enough by the panelists. This shows that the use of 

hydrocolloids do not interfere the consumer’s acceptance toward bread porosity; hence 

the use of this compound produces bread with acceptable porosity characteristic. The 

uniformed porosity of crumb related to the addition of hydrocolloids. The addition 

hydrocolloid will increasing viscosity hence will form the strong dough structure. This 

strong structure will hardly broken by the gas in dough expanding volume. This 
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structure can retain the gas well and support the dough expansion by molecular binds 

hence, it affects in good (small and uniform) porosity of crumb.  

 

Hardness is an important characteristic that is commonly used as an index to determine 

bread quality. Results show that the higher the concentration of hydrocolloids, the 

higher the hardness of the bread (Table 9). Hydrocolloids may contribute sliminess to a 

product, which changes their viscosity. Addition of hydrocolloids affects the pasting 

properties and rheological behavior of dough. During baking, part of water is lost and 

rest is linked to the biopolymers present in the system, the formation of hydrogen bonds 

between hydrocolloid and starch granules is happened. The presence of hydrocolloids 

influences gelatinization, fragmentation, and retrogradation process of starch. Moisture 

loss and starch retrogradation are two of the basic mechanisms that affect of crumb 

hardness (Selomulyo & Zhou, 2007).  

 

From the result of taste attribute sensory analysis in gluten free bread by trained 

panelist, it shows that the best six samples have average score of 4.44-5.11. It means 

that gluten free bread has soft enough to soft characteristic. The result from sensory test 

session by 50 untrained panelists shows that there was no significant difference among 

the products. In general, the score shows that hardness characteristic in gluten free bread 

samples was liked enough. Hardness testing is the primary attribute in texture and tested 

by using TPA criteria (Bourne, 2002). Hardness can also be used to define the power 

needed to break or destroy samples between molar teeth (Bourne, 2002; Rosenthal, 

1999). The sensory testing result using intensity rating test shows that the average score 

of  gluten free bread hardness with  xanthan gum 0.35% formulation with (3.9) score 

has soft enough to soft characteristic perception, hence, it can be concluded that the 

consumer prefer the soft enough bread characteristic. Good characteristics of bread 

typically present the soft texture (Selomulyo & Zhou, 2004). 

 

The sensory testing by using hedonic testing shows the highest score on xanthan gum 

0.35%, while the most unliked hardness characteristic is guar gum 0.2%. This was 

supported by physical testing using texture analyzer that at xanthan gum 0.35% 

formulation shows low hardness score, even though xanthan gum 0.35% formulation 
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shows higher hardness score from xanthan gum 0.15% formulation. Xanthan gum 

0.15% formulation shows the lowest hardness score in the test using texture analyzer, 

which means that from the whole formulation, this one was producing the softest bread 

characteristic. The objective definition of hardness is the highest energy that happened 

in the first sample compressive test.  

 

The texture testing toward other texture attributes (adhesiveness, springiness, and 

chewiness) were not significantly differed in increasing level concentration of each 

hydrocolloid. The adhesiveness testing on whole samples of gluten free bread by using 

texture analyzer had result zero score because the score was too small (infinitesimal). 

Adhesiveness is the power needed to pull sample, the bigger the power, the higher the 

adhesiveness. The measurement result using texture analyzer shows higher cohesiveness 

than the adhesiveness. Rosenthal (1999) said that cohesiveness is the sample internal 

strength that constructs sample’s structure. This shows that the addition of 

hydrocolloids affects the dough internal strength; hence it can produce united crumb 

structure. That infinitesimal score (adhesiveness< cohesiveness) indicates that whole 

samples have the ability to bind each other so it can form a strong structure.  

 

Springiness is the rate at which a deformed sample goes back to its original condition 

after the deforming force is removed. Springiness can also be called as elasticity 

(Bourne, 2002). The increasing concentration level of hydrocolloids tends to increase 

the springiness. This is because hydrocolloid will give elastic characteristic which 

correlated with three dimensional tissues forming by water binding. The hedonic 

sensory testing result shows that the most liked springiness characteristic is the gluten 

free bread with addition of 0.35% xanthan gum. In general, the gluten free bread 

springiness characteristic can be acceptable with average score >2.  

 

The results on hedonic ranking test on springiness and adhesiveness from the 50 

untrained panelist did not show any significant difference (sign >0.05) among the 6 

variants of bread (Table 7). This insignificant difference result was because these two 

characteristic are included in a very specific geometric characteristic, which is more 

correlated to the pressure energy (Bourne, 2002). Therefore, this test was hard to be 
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done carefully by only using human senses because the concentration level used in each 

types of hydrocolloid were ranged very close. 

 

Regarding to the overall texture using sensory analysis, the bread with the addition of 

xanthan gum 0.35% had produced the best result. The result of sensory hedonic ranking 

test is: gluten free bread with the addition of 0.35% xanthan gum is the most acceptable 

product with the highest score of consumer preference in aroma, hardness, springiness, 

adhesiveness, overall texture, and taste attribute (Table 7, Figure 15, Figure 17, Figure 

18, Figure 19, Figure 20, and Figure 21). Furthermore, this research was meant to 

indicate the nutrition value of the consumer’s most liked gluten free bread from the best 

6 samples. A product is said to have a quality if it has appearance, taste, texture, and 

good nutrition (Bourne, 2002). Therefore, this research included the nutrition value 

testing by using proximate analysis (water content, ash, protein, fat, and carbohydrate. 

Gluten free bread with the addition of 0.35% xanthan gum has 26.62% (w/w) moisture 

content, 2.45% (w/w) ash, 7.30% (w/w) protein, 6.82% fat, 56.8% carbohydrate. Fiber 

content in this sample is 2.77% (w/w).  
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5. CONCLUSIONS AND RECOMMENDATIONS 
 

5.1. Conclusions 

• Addition of hydrocolloids such as arabic gum (0.8%-2.0%) and guar gum (0.2%-

0.5%) in gluten free bread based on cassava flour formulation increase the dough 

volume and the volume of bread, it also decrease the baking loss.  

• The concentration of 1.6% arabic gum and 0.4% guar gum increase the dough 

volume expansion significantly; and the addition 2.0% arabic gum and 0.4% guar 

gum increase bread volume significantly. The increasing concentration level of 

these hydrocolloids also results in decreasing baking loss. 

• The increasing concentration level of xanthan gum (0.15%-0.45%) results in 

decreasing bread volume. The high rigidity of dough containing xanthan gum in 

high level (0.35% and 0.45%) concentration resulted in bread with low volume 

and high crumb hardness.  

• Gluten free bread with the addition of xanthan gum in formulation is the best of 

these three kinds of hydrocolloids; as the 0.15% xanthan gum (w/w) cassava flour 

gives the high bread volume and the softest crumb texture and the 0.35% xanthan 

gum produces a product with highest consumer’s preference in aroma, hardness, 

springiness, adhesiveness, overall texture, and taste attribute.  

 

5.2. Recommendations 

Three further studies can be recommended based on this research: 

• The micro structure of bread is needed to be carried to know the effect of 

hydrocolloid addition in gluten free bread as careful as possible. 

• The analysis of dough volume expansion during the proofing and baking process 

is needed to know in which process the biggest expansion of bread volume 

• Physical, chemical, and sensory characteristic are needed to be carried out to 

produce good gluten free breads by using the hydrocolloid synergism effect in the 

hydrocolloid combination for gluten free bread formulation.  
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Appendix 1. Worksheet, Scoresheet, and Result of Trained Panelist Selection  

 

Matching Test 

 Jenis Uji Sensori  : kecocokan 

 Tanggal Pengujian  :  

 Jenis Sampel  : larutan rasa dasar 

 Identifikasi Sampel :  

Jenis rasa dasar Bahan Konsentrasi (g/L) kode 
Manis Gula 20 A 
Asam Garam NaCl 2 B 
Asin Asam Sitrat 0,5 C 

Pahit Kafein 0,5 D 
 Kombinasi Urutan Penyajian : 

ABCD – BACD =1    CABD – DABC =7 
ABDC – BADC =2    CADB – DACB =8 
ACBD – BCAD =3    CBDA – DBAC =9 
ACDB – BCDA =4    CBAD – DBCA =10 
ADBC – BDAC =5    CDAB – DCBA =11 
ADCB – BDCA =6    CDBA – DCAB =12 

 Urutan Penyajian  : 

both panelis Kode penyajian both panelis Kode penyajian 
1 1 688 111 149 386 – 

485 791 944 171 
1 7 934 591 568 101- 

279 931 400 291 
2 2 478 543 937 247 – 

401 332 147 900 
2 8 943 222 936 240- 

589 172 203 203 
3 3 442 211 785 926 – 

380 488 437 168 
3 9 289 694 963 946- 

590 285 937 366 
4 4 179 494 582 123 - 

493 385 546 157 
4 10 190 280 861 824- 

290 105 320  216- 
5 5 481 295 274 281 - 

309 582 614 350 
5 11 543 235 269 482- 

949 399 104 847 
6 6 641 106 498 578 - 

603 338 470 925 
6 12 549 268 504 489- 

184 411 773 170 
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 Tabel Rekap Kode Sampel : 

SAMPEL A a 688    478   442   179    481    641    591    222   946   861  269    489     

b 791    332   437   157    614     925   931   172    937   216  847    773        

SAMPEL B a 111   543   785  123   274    578   568  240   694  280  482  504    

b 485   401   380  493   309    603   400  203  285   105  104  170 

SAMPEL C a 149   247   211  494   281   498    934  943  289  190   543   549 

b 944   900  488   385   350   470    291  389  366  320  399   411 

SAMPEL D a 386   937   926  582  295   106    101  936  963  824   235   268 

b 171   147   168  546  582   338    279  589  590  290   949  184 
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SCORESHEET UJI KECOCOKAN (MATCHING TEST) 
 

 Nama/HP  :  
 Tanggal Pengujian  :  
 Jenis Sampel  : larutan rasa dasar 
 Kriteria  : RASA 
 Instruksi  :  

Cicipilah sampel larutan yang terdapat di sebelah kanan Anda. Setelah mencicipi satu 
sampel, lakukan pembilasan lidah dengan meminum air tawar dan berikan jeda 20 detik 
sebelum mencicipi sampel berikutnya. Pasangkan dengan tepat rasa yang Anda cicip 
pada larutan di sebelah kanan dengan salah satu larutan yang ada di sebelah kiri Anda. 
Kemudian identifikasi rasa yang Anda cicipi. 
 

Kode sampel kanan Kode sampel Kiri Identifikasi rasa 
   
   
   
   

-terimakasih- 

 

The Result of Matching Test 

Panelist % True Exp.  Panelist % True Exp. 
Vidya I 100 pass  Jona 100 pass 
Randy 100 pass  Lenny 100 pass 

Arya W 75 pass  Yin-yin 100 pass 
Endah 100 pass  Astuti 100 pass 

Anastasia 100 pass  Dwi 100 pass 
Ling Shia 100 pass  Indriya 100 pass 

Dian 100 pass  Rhani 100 pass 
May Riska 100 pass  Pri 50 failed 

Veni 100 pass  Atmira 50 failed 
Yessica 100 pass  Ivonne 25 failed 
Febby 100 pass  Sarah 25 failed 
Shierly 100 pass  Dewi 25 failed 
Sherly 100 pass  Anthony 50 failed 
Ernest 100 pass  Lilyk 50 failed 

Marissa 100 pass  Gigie 50 failed 
Sally 100 pass  Nancy 50 failed 

Levina 100 pass  Atied 0 failed 
Selvi 100 pass  Yenny 50 failed 

Note: The panelists were considered passed minimally if they succeed answering 75% correct 
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Triangle Test  

WORKSHEET UJI SEGITIGA (TRIANGLE TEST) 
 

 Jenis Uji Sensori  : uji segitiga 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti singkong 

 Identifikasi Sampel :  

 Roti dengan konsentrasi hydrocolloid arabic gum  2%   sampel A 

 Roti dengan konsentrasi hydrocolloid xanthan gum 0,6%  sampel X 

 Kombinasi Urutan Penyajian  : 

 
AAX ; AXA; XAA=1,7 
AXX, XAX, XXA =2,8 
AXX; XAX, XXA=3,9 
XAA, AXA, AAX=4,10 
AAX, XAA, AXA=5,11 
XXA, AXX, XAX=6,12 

 Urutan Penyajian  : 

both panelis Urutan kode sampel both panelis Urutan kode sampel 
1 1 688 478 111, 442 543 

179, 785 481 641 
1 7 614 481 105, 222 309 

641, 123 157 614 
2 2 591 123 274, 578 222 

568, 240 694 946 
2 8 332 401 380, 274 157 

400, 603 170 614 
3 3 614 401 380, 603 332 

400, 104 105 614 
3 9 437 568 247, 493 222 

280, 111 123 157 
4 4 485 332 937, 437 380 

925, 861 216 105 
4 10 309 614 222, 861 785 

931, 946 937 694 
5 5 614 157 931, 309 925 

179, 688 179 437 
5 11 157 172 170, 400 442 

278, 222 240 216 
6 6 123 578 791, 614 240 

400, 104 172 170 
6 12 309 280 179, 478 493 

485, 105 332  104 
 

 Tabel Rekap Kode Sampel : 

SAMPEL A 688    478   442   179    481    641    591    222   946   861   
791    332   437   157    614     925   931   172    937   216         

SAMPEL X 111   543   785    123    274      578   568  240    694  280   
485   401   380    493    309      603   400  105   104   170 

SCORESHEET UJI SEGITIGA (TRIANGLE TEST) 
 

 Nama/HP  :  
 Tanggal Pengujian  :  
 Jenis Sampel  : roti singkong 
 Instruksi  :  

Di hadapan Anda terdapat tiga set sampel; di mana setiap set terdiri atas tiga sampel yang terdiri 
atas dua sampel sama dan satu sampel berbeda. Lakukanlah pembilasan dengan air tawar 



70 
 

 

sebelum dan setelah mencicipi sampel, serta berikan jeda 20 detik untuk mencicipi sampel 
berikutnya. Cicipilah sampel dari kiri ke kanan. Pencicipan hanya boleh dilakukan satu kali 
dan tidak diperkenankan mengulang. Identifikasi sampel yang berbeda dengan menulis 
kode sampel pada kolom di bawah ini. 
 

Set Kode sampel Kode sampel beda 
1     
2     
3     

-terima kasih- 
 

The Result of Triangle Test 

Panelist % True Exp.  Panelist % True Exp. 
Astuti >60% pass  Lenny >60% pass 
Ernest 100% pass  Endah <60% failed 
Sally 100% pass  Yin-yin <60% failed 

Sherly >60% pass  Veni <60% failed 
Shierly >60% pass  Marissa <60% failed 
Dian 100% pass  Jona <60% failed 
Rhani >60% pass  Randy <60% failed 
Febby >60% pass  Anastasia <60% failed 
Sian >60% pass  Selvi <60% failed 

May Riska >60% pass  Arya W <60% failed 
Dwi >60% pass  Levina  <60% failed 

Vidya >60% pass     
Note: The panelists were considered passed if minimally they answered 60% of the test 
correctly. 
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Intensity Ranking Test  

WORKSHEET UJI RANKING INTENSITAS  
 

 Jenis Uji Sensori  : ranking intensitas 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti singkong 

 Identifikasi Sampel :  

 Roti dengan konsentrasi hydrocolloid arabic gum  0,5% sampel A 
 Roti dengan konsentrasi hydrocolloid arabic gum  1,5% sampel B 
 Roti dengan konsentrasi hydrocolloid arabic gum  2,5% sampel C 
 Roti dengan konsentrasi hydrocolloid arabic gum  3,5% sampel D 

 

Kombinasi Urutan Penyajian :  

• ABCD =1            CABD =11 

• BACD =2  DABC =12  

• ABDC =3   CADB =13 

• BADC =4  DACB =14 

• ACBD =5   CBDA=15 

• BCAD =6  DBAC =16 

• ACDB =7  CBAD =17 

• ADBC =8  CDAB =18 

• ADCB =9   DBCA =19 

• BDCA =10  CDBA =20 
 
Tabel Rekap Kode Sampel : 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

SAMPEL 
A 

688    478   442  179  481    641   591  222   946  861  269            
791    332   437  157  614    925   931  172   937  216  847            

SAMPEL 
B 

111   543   785  123   274    578   568  240   694  280  482      
485   401   380  493   309    603   400  203  285   105  104   

SAMPEL 
C 

149   247   211  494   281   498    934  943  289  190   543    
944   900  488   385   350   470    291  389  366  320   399    

SAMPEL 
D 

386   937   926  582  295   106    101  936  963  824    235    
171   147   168  546  582   338    279  589  590  290   949   
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 Urutan Penyajian  : 

both panelis Urutan penyajian both panelis Urutan penyajian 
1 1 688  111  149  386 5 11 944  791  485  171 
2 2 543  478  247  937 6 12 147  332  401  900 
3 3 442  785  926  211 1 13 488 437  168  380 
4 4 123  179  582  494 2 14 546  157  385  493 
5 5 481  281  274  295 3 15 350  309  582  614 
6 6 578  498  641  106 4 16 338  603  925  470 
1 7 591  934  101  568 5 17 291  400  931  279 
2 8 946  963  694  289 6 18 389  589  172  203 
3 9 861  824  190  280 1 19 590  285  366  937 
4 10 482  235  543  269 2 20 320  290  105  216 
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SCORESHEET UJI RANKING INTENSITAS 
 

• Nama /HP    : 
• Tanggal Pengujian  : 
• Produk      : roti 
• Atribut      : tekstur roti (hardness) 
• Instruksi   : 

Di hadapan Anda terdapat 4 sampel roti. Berikanlah jeda waktu ± 20 detik sebelum 
melakukan pengujian terhadap sampel. Lakukanlah pengujian sensori terhadap kelunakan 
tekstur roti dengan menggigit sampel satu kali diantara gigi geraham Anda. 
Urutkanlah sampel dengan tekstur (hardness) dari yang paling lunak hingga paling 
keras. Tuliskan kode sampel pada kolom sebelah kanan  
 
• Tabel Penilaian Sensori  : 

  

Tingkat kekerasan Kode sampel 
Paling lunak  
  
  
Paling keras  

-terima kasih- 
 

The Result of Ranking Test 

Panelist Explanation 
Astuti failed 
Ernest pass 
Sally pass 

Sherly pass 
Shierly pass 
Dian pass 
Rhani pass 
Febby pass 
Sian pass 

May Riska failed 
Dwi failed 

Lenny pass 
Vidya pass 

Note: The panelists were considered passed if they answered correctly or with minimum 
mistakes. 
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Appendix 2. Focus Group Discussion and Training Panelist 

 

Focus Group Discussion (FGD) in this research was done to discover the general 

understanding about which bread quality is good according to the discussion participant. 

The FGD participants were come from participants of panelist selection that were 

successfully passed it. The purpose is to get the most accurate data about good gluten 

free bread quality perception and to familiarize the panelist on the gluten free bread 

product, which is a new food product with different characteristic from the usual bread 

products. All participants must fill the attendance list.    

 

FGD took place in a closed room, sufficient light exposure and minimal noise, with 

enough tables and chairs to support the discussion process. The discussion environment 

is comfortable but focus on the purpose. Every opinions, responses, and arguments 

about gluten free bread product during FGD were recorded using a recorder. The FGD 

process lasted ±1-1.5 hours. At the beginning, the moderator was introduced, followed 

by all participants. Furthermore, the moderator gave description about the product to be 

discussed. To make better explanation and description of the product characteristic, 

every participant was given two types of free gluten bread samples with different 

formulation.   

 

The questions correlated with product characteristic and gluten free bread quality were 

discussed, including the testing method on product quality parameter. The testing was 

done using product’s sample to avoid mistakes because of the difference in testing 

method that cause biased data in sensory testing. From the discussion, it can be 

concluded that there are five important attributes that point out good quality of gluten 

free bread. These attributes are: color, aroma, taste, texture, and porosity. The results of 

FGD show that there are three important texture characteristics of gluten free bread: 

hardness, springiness, and adhesiveness. This result can be concluded in the evaluation 

table and it become the basis to analyze the gluten free bread using Texture Analyzer 

and testing the quality of gluten free bread using sensory method.  

 

 



75 
 

 

 

Key Questions Findings Interpretation 
1. According to you, 
which attribute(s) 
indicates the quality of 
bread? 

 
a. color 
b. taste 
c. texture (hard, soft, 

chewy, adhesive, 
elastic) 

d. the uniformity of 
crumb porosity 

e. aroma 
 

Good characteristics of bread typically present an 
appealing golden brown crust; pleasant roasted 
aromas, fine slicing characteristics, a soft and elastic 
crumb texture and a moist mouth feel (Selomulyo 
and Zhou, 2004). The yellowish brown crust color is 
influenced by ingredients and baking process (Matz, 
1992).  
 
Hardness can also be used to define the power 
needed to break or destroy samples between molar 
teeth. Adhesiveness is the power needed to pull 
sample, the bigger the power, the higher the 
adhesiveness. Chewiness is the power needed to 
chew solid sample until it is ready to be swallowed. 
Elasticity is the length extension produced, from the 
sample pressed until it back to its original shape 
(Bourne, 2002 and Rosenthal, 1999). 

2. What is the important 
factor of gluten free 
bread which affect your 
liking  

a. hardness, softness  
b. adhesiveness 
c. chewiness 
d. springiness 

According to Ćuric, et al., (2007)hydrocolloids are 
added to naturally gluten free flour to mimic 
viscoelastics properties of gluten and to improve 
structure and sensory attributes, and shelf life. 
Therdthai et al., (2006) said that due to the lack of 
gluten network in rice flour, hydrocolloids have 
been applied to increase the dough’s water 
absorption, induce dough strengthening and increase 
the dough’s ability to retain gas.  

3. Between two samples 
in front of you, which 
one do you like better, 
based on the color, 
taste, texture, porosity, 
and aroma 
characteristic?  Why? 
 

Sample B is preferred.  
Sample B has brighter 
color,  enough sweet taste, 
soft texture, compact 
bread crumb texture, not 
adhesive (not sticky on the 
teeth ), small porosity , 
sufficient uniformity, also 
with special baking aroma 
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Appendix 3. Worksheet, Scoresheet, and Panelist  of Intensity Rating Test 
 

WORKSHEET UJI RATING INTENSITAS 
 

 Jenis Uji Sensori  : Rating skala intensitas 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti 

 Tujuan Uji Organoleptik  :  

 Mengetahui atribut warna, tekstur, pori-pori, aroma, dan rasa yang memiliki skala 

intensitas tertinggi berdasarkan impresi bahan kimia yang diterima mata panelis dengan 4 

konsentrasi hydrocolloid yang berbeda. 

 Identifikasi Sampel  : 

• Roti dengan konsentrasi hydrocolloid arabic gum  0,8% 

• Roti dengan konsentrasi hydrocolloid arabic gum  1,2% 

• Roti dengan konsentrasi hydrocolloid arabic gum  1,6% 

• Roti dengan konsentrasi hydrocolloid arabic gum  2% 

 Kombinasi Urutan Penyajian : 

         ACDB =1 

BDCA =2 

BADC =3 

CBAD =4 

 Urutan Penyajian  : 

Booth Panelis Kode Sampel Urutan Penyajian 
1 1  688          478           442          179        
2 2  641          591           222          861        
3 3  269          489           332          437 
4 4  157          925           931          172 
   

 

 Tabel Rekap Kode Sampel : 

Sampel A 688 861 489 931 
Sampel B 179 641 269 925 
Sampel C 478 222 437 157 
Sampel D 
        

442 
                    

591 
 

332 
 

172 
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WORKSHEET UJI RATING INTENSITAS 
 

 Jenis Uji Sensori  : Rating skala intensitas 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti 

 Tujuan Uji Organoleptik  :  

 Mengetahui atribut warna, tekstur, pori-pori, aroma, dan rasa yang memiliki skala 

intensitas tertinggi berdasarkan impresi bahan kimia yang diterima mata panelis dengan 4 

konsentrasi hydrocolloid yang berbeda. 

 

 Identifikasi Sampel  : 

• Roti dengan konsentrasi hydrocolloid guar gum 0,2% 

• Roti dengan konsentrasi hydrocolloid guar gum 0,3% 

• Roti dengan konsentrasi hydrocolloid guar gum 0,4% 

• Roti dengan konsentrasi hydrocolloid guar gum 0,5% 

 Kombinasi Urutan Penyajian : 

         ACDB =1 

BDCA =2 

BADC =3 

CBAD =4 

 Urutan Penyajian  : 

Booth Panelis Kode Sampel Urutan Penyajian 
1 1         459       425       434       286       
2 2         615       449       224       585 
3 3         119       127       452       577 
4 4         859       384       572       317 
   

 

 Tabel Rekap Kode Sampel : 

Sampel A 459 585 127 572 
Sampel B 286 615 119 384 
Sampel C 425 224 577 859 
Sampel D 
 

434 
 

449 
 

452 
 

317 
 

 
 
 
 

WORKSHEET UJI RATING INTENSITAS 
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 Jenis Uji Sensori  : Rating skala intensitas 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti 

 Tujuan Uji Organoleptik  :  

 Mengetahui atribut warna, tekstur, pori-pori, aroma, dan rasa yang memiliki skala 

intensitas tertinggi berdasarkan impresi bahan kimia yang diterima mata panelis dengan 4 

konsentrasi hydrocolloid yang berbeda. 

Identifikasi Sampel  : 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,15% 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,25% 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,35% 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,45% 

 Kombinasi Urutan Penyajian : 

         ACDB =1 

BDCA =2 

BADC =3 

CBAD =4 

 Urutan Penyajian  : 

Booth Panelis Kode Sampel Urutan Penyajian 
1 1         975       119       187       244        
2 2         653       293       978       752 
3 3         896       174       468       319 
4 4         674       535       982       795 
   

 

 Tabel Rekap Kode Sampel : 

Sampel A 975 752 174 982 
Sampel B 244 653 896 535 
Sampel C 119 978 319 674 
Sampel D 
 

187 
 

293 
 

468 
 

795 
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SCORESHEET UJI RATING INTENSITAS 
• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : warna 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Lakukanlah pengujian sensori terhadap warna pada 
bagian dalam masing-masing sampel. Anda boleh mengulang mengamati warna sampel sesering 
yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan:  
 (=6) sangat cerah,  (=5) cerah, (=4) cukup cerah, (=3) kurang cerah, (=2) agak cerah, dan (=1) 
sangat tidak cerah. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 

 

• Produk   : roti 
• Atribut   : pori-pori daging roti 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Amatilah bagian dalam sampel dan lakukanlah pengujian 
sensori terhadap  keseragaman pori-pori sampel. Anda boleh mengulang mengamati keseragaman 
pori-pori  sampel sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan: (=6) pori-pori sangat seragam,  (=5) seragam, (=4) cukup seragam, (=3) kurang 
seragam, (=2) agak seragam, dan (=1) sangat tidak seragam. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 
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• Produk   : roti 
• Atribut   : aroma 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Lakukanlah pengujian sensori terhadap aroma dengan 
mencium aroma bagian dalam roti (crumb) dengan hidung Anda. Anda boleh mengulang 
mencium aroma sampel sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan:  
(=6) sangat kuat  (=5) kuat, (=4) cukup kuat, (=3) kurang kuat, (=2) agak kuat, dan (=1) 
sangat  tidak kuat. 
 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 

• Produk   : roti 
• Atribut   : tekstur roti (hardness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Lakukanlah pengujian sensori terhadap kelunakan tekstur 
roti dengan menggigit bagian dalam roti (crumb) satu kali diantara gigi geraham Anda.  Anda 
dapat mengulang pengujian pada sampel, sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan: 
 (=6) sangat lunak,  (=5) lunak, (=4) cukup lunak, (=3) kurang lunak, (=2) agak lunak, dan 
(=1) sangat  tidak lunak. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 
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• Produk   : roti 
• Atribut   : tekstur roti (springiness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Lakukanlah pengujian sensori terhadap kekenyalan 
(springiness) roti dengan menggigit bagian dalam (crumb) roti satu kali diantara gigi seri 
Anda, kemudian rasakan apakah roti dapat kembali ke bentuk semula.  Anda dapat mengulang 
pengujian pada sampel, sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan: 
 (=6) sangat kenyal,  (=5) kenyal, (=4) cukup kenyal, (=3) kurang kenyal, (=2) agak kenyal, 
dan (=1) sangat  tidak kenyal. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 

• Produk   : roti 
• Atribut   : tekstur roti (adhesiveness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 4 sampel roti. Lakukanlah pengujian sensori terhadap kelengketan 
(adhesiveness) roti dengan mengunyah bagian dalam (crumb) sampel dengan menggunakan 
gigi geraham, kemudian rasakan kelengketan sampel di gigi Anda.  Anda dapat mengulang 
pengujian pada sampel, sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas pada kolom sebelah 
kanan:  
(=6) sangat lengket,  (=5) lengket, (=4) cukup lengket, (=3) kurang lengket, (=2) agak lengket, 
dan (=1) sangat  tidak lengket. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 
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• Produk   : roti 
• Atribut   : rasa 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik untuk berkumur sebelum melakukan pengujian terhadap 
sampel.  
Di hadapan Anda terdapat 4 sampel roti. Cicipi sampel dengan perlahan,  lakukanlah pengujian 
sensori terhadap rasa dari masing-masing sampel pada mulut Anda. Anda boleh mengulang 
mencicipi sampel sesering yang Anda perlukan. 
Tuliskan kode sampel pada kolom sebelah kiri dan berikan nilai skala intensitas  pada kolom 
sebelah kanan:  
(=6) sangat manis,  (=5) manis, (=4) cukup manis, (=3) kurang manis, (=2) agak manis, dan 
(=1) sangat  tidak manis. 
• Tabel Penilaian Sensori : 

Kode sampel       Skala Intensitas 
 

_________       _________ 

_________        _________ 

_________        _________ 

_________        _________ 

-terimakasih- 

 

 

List of Trained Panelist 
 Panelist 

1. Ernest 
2. Sally 
3. Sherly 
4. Shierly 
5. Dian 
6. Rhani 
7. Sian 
8. Lenny 
9. Vidya 
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Appendix 4. Worksheet, Scoresheet, and Panelist of Ranking Hedonic Test 
WORKSHEET UJI RANKING HEDONIK 

 

 Jenis Uji Sensori  : Ranking Hedonik 

 Tanggal Pengujian  :  

 Jenis Sampel  : roti 

 Tujuan Uji Organoleptik  :  

 Mengetahui atribut warna, tekstur, pori-pori, aroma, dan rasa yang paling disukai 

berdasarkan impresi bahan kimia yang diterima panelis dengan konsentrasi dan jenis 

hydrocolloid yang berbeda. 

 

Identifikasi Sampel  : 

• Roti dengan konsentrasi hydrocolloid gum arab 0,8%  (A) 

• Roti dengan konsentrasi hydrocolloid gum arab 1,2%  (B) 

• Roti dengan konsentrasi hydrocolloid guar gum 0,2%  (C) 

• Roti dengan konsentrasi hydrocolloid guar gum 0,3%  (D) 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,15% (E) 

• Roti dengan konsentrasi hydrocolloid xanthan gum 0,35% (F) 

 

Tabel Rekap Kode Sampel : 

A 257 269 258 249 255 264 259 260 146 148 
111 169 183 165 171 261 299 273 222 231 
265 241 274 164 123 147 159 284 278 227 

B 346 333 312 325 369 378 317 399 344 367 
357 371 382 396 321 322 372 347 341 368 
358 327 391 354 351 366 363 348 345 362 

C 415 444 412 423 456 489 471 452 497 438 
445 446 449 483 487 466 432 413 414 419 
410 400 408 420 409 467 490 474 472 488 

D 730 725 789 744 716 742 753 715 711 710 
763 765 740 741 789 762 799 777 708 704 
779 770 761 743 759 760 781 764 733 750 

E 862 888 874 896 851 852 853 802 807 863 
819 807 806 862 896 875 822 800 835 850 
869 881 886 884 859 821 866 867 805 811 

F 978 945 912 963 936 951 928 973 970 915 
900 907 903 908 941 999 938 990 909 911 
930 904 989 914 933 948 937 931 918 910 
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SCORESHEET UJI RANKING HEDONIK 
 Nama :  
 Tanggal Pengujian :  
 Produk : Roti 
 Atribut : warna 
 Instruksi : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap warna pada 
bagian dalam pada masing-masing sampel. Anda boleh mengulang mengamati warna sampel 
sesering yang Anda perlukan. 
Urutkanlah sampel dengan warna yang paling Anda sukai (=6) hingga sampel yang paling  
tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel 
(tidak boleh dobel) pada kolom sebelah kanan.  

 Tabel Penilaian Sensori : 
 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 
-terima kasih- 

• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : pori-pori daging roti 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Amatilah bagian dalam sampel dan lakukanlah pengujian 
sensori terhadap  keseragaman pori-pori sampel. Anda boleh mengulang mengamati keseragaman 
pori-pori  sampel sesering yang Anda perlukan. 
Urutkanlah sampel dengan keseragaman pori-pori roti yang paling Anda sukai (=6) hingga 
sampel yang paling  tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan 
nilai ranking sampel (tidak boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------   -terima kasih-  ------------
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• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : aroma 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap aroma dengan 
mencium aroma bagian dalam roti (crumb) dengan hidung Anda. Anda boleh mengulang 
mencium aroma sampel sesering yang Anda perlukan. 
Urutkanlah sampel dengan aroma yang paling Anda sukai (=6) hingga sampel yang paling  
tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel 
(tidak boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 
-terima kasih- 

• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : tekstur roti (hardness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap kelunakan tekstur 
roti dengan menggigit bagian dalam roti (crumb) satu kali diantara gigi geraham Anda.  Anda 
dapat mengulang pengujian pada sampel, sesering yang Anda perlukan. 
Urutkanlah sampel dengan tekstur (hardness) yang paling Anda sukai (=6) hingga sampel 
yang paling  tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai 
ranking sampel (tidak boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------       -terimakasih-   ------------
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• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : tekstur roti (springiness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap kekenyalan 
(springiness) roti dengan menggigit bagian dalam (crumb) roti satu kali diantara gigi seri 
Anda, kemudian rasakan apakah roti dapat kembali ke bentuk semula.  Anda dapat mengulang 
pengujian pada sampel, sesering yang Anda perlukan. 
Urutkanlah sampel dengan kekenyalan (springiness) yang paling Anda sukai (=6) hingga sampel yang 
paling  tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel (tidak 
boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 
-terima kasih- 

• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : tekstur roti (adhesiveness) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap kelengketan 
(adhesiveness) roti dengan mengunyah bagian dalam (crumb) sampel dengan menggunakan 
gigi geraham, kemudian rasakan kelengketan sampel di gigi Anda.  Anda dapat mengulang 
pengujian pada sampel, sesering yang Anda perlukan. 
Urutkanlah sampel dengan kelengketan (adhesiveness) yang paling Anda sukai (=6) hingga sampel yang 
paling  tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel (tidak 
boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 -----------               -terima kasih-   ------------      
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• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : overall  tekstur roti (tekstur roti keseluruhan) 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik sebelum melakukan pengujian terhadap sampel 
Di hadapan Anda terdapat 6 sampel roti. Lakukanlah pengujian sensori terhadap keseluruhan tekstur 
roti Anda dapat mengulang pengujian pada sampel, sesering yang Anda perlukan. 
Urutkanlah sampel dengan tekstur yang paling Anda sukai (=6) hingga sampel yang paling  tidak Anda 
sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel (tidak boleh dobel) pada 
kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 

    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 
-terima kasih- 

 

• Nama   : 
• Tanggal Pengujian : 
• Produk   : roti 
• Atribut   : rasa 
• Instruksi  : 

Berikanlah jeda waktu ± 20-25 detik untuk berkumur sebelum melakukan pengujian terhadap 
sampel.  
Di hadapan Anda terdapat 6 sampel roti. Cicipi sampel dengan perlahan,  lakukanlah pengujian 
sensori terhadap rasa dari masing-masing sampel pada mulut Anda. Anda boleh mengulang 
mencicipi sampel sesering yang Anda perlukan. 
Urutkanlah sampel dengan rasa yang paling Anda sukai (=6) hingga sampel yang paling  
tidak Anda sukai (=1). Tuliskan kode sampel pada kolom sebelah kiri dan nilai ranking sampel 
(tidak boleh dobel) pada kolom sebelah kanan.  
• Tabel Penilaian Sensori : 

 Kode Sampel     Ranking (jangan ada yang dobel) 
    
 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 

 ------------      ------------ 
-terima kasih- 
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List of Hedonic Ranking Test Panelist 

Panelist’s Name 
1. Dewi N 11. Esti 21. Tonny 31. Edwin 41. Vincen K 
2.Yossi 12. Yohana 22. Andrew P 32. Denny 42. Yonatan 
3. Kezia 13. Feronica K 23. Ling Shia 33. F. Ery K.W 43. Rihan 
4. Hendy W 14. Febby 24. Ina 34. Anthony 44. Budi C 
5. Adhi 15. Hendra W 25. Inneke S 35. Alvino R. B 45. Boq 
6. Robert 16. Daniel I 26. Fabrina 36. Shanty 46. Lily 
7. Rian 17. Ariaga 27. Ivan B 37. Yashinta 47. Atied 
8. william 18. Kelvin Y S 28. Wisnu U 38. Andi S 48. Renega 
9. Yannie 19. Jona 29. Yudhi K 39. Ambar 49. Gigie 
10. Shinta 20. Eunike 30. Andika 40. Yessica 50. Ratna C K 
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Appendix 5. Bread Volume Measurement by Millet Seeds Displacement Methods 

sample box mass (g) box +millet (g) whole millet (g) 
millet density 

(g/cm3) 
spilled millet 

(g) bread volume (cm3) 
Arabic  Gum 0.8% 23,82 282,95 259,13 0,70 14,70 20,94 

 23,82 284,43 260,61 0,71 15,10 21,39 
 23,81 283,68 259,87 0,70 15,33 21,78 
 23,81 283,68 259,87 0,70 15,48 21,99 
 23,81 283,31 259,50 0,70 15,11 21,49 
 23,82 283,32 259,50 0,70 14,99 21,32 

Average ± st.dev   259,75±0,50 0,70±0,00 15,12±0,27 21,48±0,37 
Arabic Gum 1.2% 23,70 282,09 258,39 0,70 14,86 21,23 

 23,70 280,25 256,55 0,70 15,20 21,87 
 23,70 283,20 259,50 0,70 14,91 21,21 
 23,82 277,78 253,96 0,69 14,51 21,09 
 23,81 280,73 256,92 0,70 15,44 22,18 
 23,80 280,72 256,92 0,70 15,27 21,94 

average± st.dev   257,04±1,88 0,70±0,01 15,03±0,34 21,59±0,46 
Arabic Gum 1.6% 23,71 278,04 254,33 0,69 15,33 22,25 

 23,71 282,47 258,76 0,70 14,85 21,18 
 23,70 279,14 255,44 0,69 14,98 21,65 
 23,70 280,99 257,29 0,70 15,28 21,92 
 23,70 282,83 259,13 0,70 15,13 21,55 
 23,70 280,99 257,29 0,70 14,71 21,10 

average± st.dev   257,04±1,86 0,70±0,01 15,05±0,24 21,61±0,44 
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sample box mass (g) box +millet (g) whole millet (g) 
millet density 

(g/cm3) 
spilled millet 

(g) bread volume (cm3) 
Arabic Gum 2% 23,81 282,94 259,13 0,70 15,92 22,68 

 23,82 282,58 258,76 0,70 14,96 21,34 
 23,83 278,90 255,07 0,69 15,97 23,11 
 23,81 280,36 256,55 0,70 15,48 22,27 
 23,81 282,57 258,76 0,70 16,03 22,87 

average± st.dev   258,02±1,82 0,70±0,00 15,65±0,41 22,38±0,64 
Guar Gum 0.2% 23,82 280,74 256,92 0,70 15,46 22,21 

 23,82 281,47 257,65 0,70 15,87 22,74 
 23,81 282,94 259,13 0,70 14,57 20,75 
 23,81 283,68 259,87 0,70 15,58 22,13 
 23,81 284,42 260,61 0,71 14,58 20,65 
 23,82 284,43 260,61 0,71 15,44 21,87 

average± st.dev   259,13±1,55 0,70±0,00 15,25±0,54 21,73±0,84 
Guar Gum 0.3% 23,81 283,68 259,87 0,70 15,79 22,43 

 23,81 283,31 259,50 0,70 15,01 21,35 
 23,81 282,57 258,76 0,70 16,04 22,88 
 23,82 285,90 262,08 0,71 16,23 22,86 
 23,81 285,52 261,71 0,71 16,38 23,10 
 23,81 284,42 260,61 0,71 15,76 22,32 

average± st.dev 
 
 
 
 
 
   

260,42±1,29 
 
 
 
 
 
 

0,71±0,00 
 
 
 
 
 
 

15,87±0,49 
 
 
 
 
 
 

22,49±0,63 
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sample box mass (g) box +millet (g) whole millet (g) 
millet density 

(g/cm3) 
spilled millet 

(g) bread volume (cm3) 
Guar Gum 0.4% 23,73 282,86 259,13 0,70 15,94 22,71 

 23,73 283,23 259,50 0,70 16,77 23,85 
 23,73 281,38 257,65 0,70 15,88 22,75 
 23,72 278,79 255,07 0,69 16,97 24,56 
 23,73 283,97 260,24 0,71 17,04 24,17 
 23,73 282,49 258,76 0,70 17,17 24,49 

average± st.dev   258,39±1,84 0,70±0,00 16,63±0,57 23,76±0,83 

Guar Gum 0.5% 23,71 285,79 262,08 0,71 16,97 23,90 
 23,72 283,59 259,87 0,70 17,99 25,55 
 23,71 287,27 263,56 0,71 18,58 26,02 
 23,71 282,10 258,39 0,70 17,43 24,90 
 23,71 285,42 261,71 0,71 17,85 25,18 
 23,72 286,17 262,45 0,71 17,97 25,27 

average± st.dev   261,35±1,88 0,71±0,01 17,80±0,55 25,14±0,72 
Xanthan Gum 0.15% 23,71 282,84 259,13 0,70 17,64 25,13 

 23,71 283,58 259,87 0,70 17,66 25,09 
 23,72 282,85 259,13 0,70 18,32 26,10 
 23,72 283,22 259,50 0,70 16,97 24,14 
 23,71 283,58 259,87 0,70 18,37 26,09 
 23,71 285,06 261,35 0,71 18,30 25,85 

average± st.dev 
 
 
 
   

259,81±0,82 
 
 
 
 

0,70±0,00 
 
 
 
 

17,88±0,56 
 
 
 
 

25,40±0,77 
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sample box mass (g) box +millet (g) whole millet (g) 
millet density 

(g/cm3) 
spilled millet 

(g) bread volume (cm3) 
Xanthan Gum 0.25% 23,71 285,42 261,71 0,71 18,19 25,66 

 23,70 285,05 261,35 0,71 17,78 25,11 
 23,70 283,57 259,87 0,70 16,96 24,09 
 23,71 284,69 260,98 0,71 16,64 23,54 
 23,71 284,32 260,61 0,71 16,97 24,04 
 23,71 285,06 261,35 0,71 17,49 24,70 

average± st.dev   260,98 0,71 17,34 24,52 
Xanthan Gum 0.35% 23,71 283,21 259,50 0,70 15,68 22,30 

 23,72 283,22 259,50 0,70 15,76 22,42 
 23,71 282,10 258,39 0,70 16,72 23,89 
 23,72 278,79 255,07 0,69 16,52 23,91 
 23,70 280,25 256,55 0,70 16,11 23,18 
 23,71 281,00 257,29 0,70 15,66 22,47 

average± st.dev   257,72±1,75 0,70±0,00 16,08±0,46 23,03±0,74 
Xanthan Gum 0.45% 23,70 281,72 258,02 0,70 15,54 22,23 

 23,70 281,35 257,65 0,70 14,83 21,25 
 23,71 283,21 259,50 0,70 16,71 23,77 
 23,71 281,73 258,02 0,70 16,03 22,93 
 23,72 282,85 259,13 0,70 15,96 22,74 
 23,71 281,00 257,29 0,70 16,01 22,97 

average± st.dev   258,27±0,86 0,70±0,00 15,85±0,62 22,65±0,85 
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Appendix 6. Dough Volume Measurement 

 

sample 
  

diameter (cm) height 
after proofing 

(cm) 
 

Dough Volume (cm3) 
volume 

improvement 
before proofing After proofing before proofing After proofing 

Arabic Gum 0.8% 3,20 3,76 2,55 17,08 37,72 20,64 
 3,19 3,77 2,55 16,92 37,91 20,99 
 3,18 3,82 2,54 16,84 38,75 21,91 
 3,22 3,76 2,53 17,49 37,42 19,93 
 3,19 3,83 2,64 16,92 40,46 23,54 
 3,21 3,80 2,64 17,33 39,86 22,54 
Average ± st.dev  3,20 ±0,02 3,79 ±0,03 2,57 ±0,05 17,10 ±0,26 38,69 ±1,24 21,59 ±1,33 
Arabic Gum 1.2% 3,23 3,77 2,71 17,65 40,21 22,56 
 3,19 3,83 2,66 16,92 40,83 23,91 
 3,20 3,84 2,70 17,08 41,72 24,64 
 3,19 3,77 2,62 17,00 38,97 21,97 
 3,21 3,82 2,60 17,33 39,79 22,47 
 3,20 3,76 2,62 17,08 38,76 21,68 
Average ± st.dev 3,20 ±0,02 3,80 ±0,04 2,65 ±0,05 17,18 ±0,27 40,05 ±1,13 22,87 ±1,16 
Arabic Gum 1.6% 3,19 3,78 2,66 16,92 39,82 22,89 
 3,23 3,83 2,74 17,65 42,11 24,46 
 3,21 3,76 2,75 17,33 40,62 23,30 
 3,20 3,77 2,64 17,08 39,23 22,15 
 3,21 3,85 2,64 17,24 40,92 23,67 
 3,18 3,81 2,64 16,77 40,07 23,31 

Average ± st.dev 3,20 ±0,02 3,80 ±0,04 2,68 ±0,05 17,17 ±0,31 40,46 ±1,00 23,30 ±0,77 
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sample 
  

diameter (cm) 
 

Before Proofing    After Proofing 

height  
after proofing 

 (cm) 
  

Dough Volume (cm3) 
 

Before Proofing    After Proofing 
volume 

improvement 

Arabic Gum 2% 3,24 3,75 2,67 17,82 39,20 21,38 
 3,20 3,86 2,67 17,16 41,57 24,40 
 3,25 3,79 2,64 17,98 39,69 21,71 
 3,21 3,82 2,77 17,24 42,27 25,02 
 3,21 3,79 2,75 17,33 41,38 24,06 
 3,22 3,83 2,69 17,49 41,34 23,85 
Average ± st.dev 3,22 ±0,02 3,81 ±0,04 2,70 ±0,05 17,50 ±0,33 40,91 ±1,19 23,41 ±1,50 
Guar Gum 0.2% 3,23 3,57 2,59 17,65 34,58 16,93 
 3,21 3,55 2,61 17,33 34,46 17,13 
 3,20 3,58 2,72 17,08 36,48 19,40 
 3,18 3,61 2,56 16,84 34,98 18,14 
 3,19 3,64 2,54 16,92 35,16 18,24 
 3,18 3,65 2,72 16,84 37,86 21,01 
Average ± st.dev 3,20 ±0,02 3,60 ±0,04 2,62 ±0,08 17,11 ±0,32 35,59 ±1,33 18,47 ±1,53 
Guar Gum 0.3% 3,24 3,59 2,63 17,73 35,51 17,78 
 3,19 3,60 2,66 16,92 35,99 19,06 
 3,18 3,64 2,55 16,84 35,37 18,52 
 3,20 3,67 2,73 17,16 38,52 21,36 
 3,18 3,58 2,76 16,84 37,03 20,19 
 3,20 3,64 2,69 17,08 37,28 20,19 
Average ± st.dev 3,20 ±0,02 3,62 ±0,04 2,67 ±0,08 17,10 ±0,34 36,62 ±1,22 19,52 ±1,30 
Guar Gum 0.4% 3,21 3,61 2,79 17,33 38,09 20,77 
 3,28 3,74 2,70 18,48 39,46 20,98 
 3,18 3,58 2,78 16,84 37,33 20,48 
 3,20 3,63 2,79 17,08 38,51 21,43 
 3,22 3,59 2,71 17,49 36,59 19,10 
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sample 
  

diameter (cm) 
 

Before Proofing    After Proofing 

height  
after proofing 

 (cm) 
  

Dough Volume (cm3) 
 

Before Proofing    After Proofing 
volume 

improvement 

Guar Gum 0.4% 3,19 3,75 2,75 17,00 40,41 23,40 
Average ± st.dev  3,21 ±0,04 3,65 ±0,07 2,75 ±0,04 17,37 ±0,59 38,40 ±1,39 21,03 ±1,41 
Guar Gum 0.5% 3,26 3,76 2,82 18,15 41,66 23,51 
 3,28 3,63 2,79 18,40 38,51 20,11 
 3,21 3,73 2,70 17,33 39,35 22,03 
 3,23 3,75 2,83 17,65 41,58 23,93 
 3,28 3,70 2,81 18,40 40,30 21,90 
 3,22 3,74 2,76 17,49 40,44 22,96 
Average ± st.dev  3,25 ±0,03 3,72 ±0,05 2,79 ±0,05 17,90 ±0,47 40,31 ±1,23 22,41 ±1,38 
Xanthan Gum 0.15% 3,24 3,85 2,59 17,73 40,14 22,41 
 3,26 3,81 2,59 18,15 39,33 21,18 
 3,25 3,74 2,60 17,98 38,16 20,18 
 3,22 3,69 2,68 17,41 38,23 20,82 
 3,22 3,73 2,73 17,41 39,75 22,34 
 3,23 3,73 2,67 17,57 38,80 21,23 
Average ± st.dev 3,23 ±0,02 3,76 ±0,06 2,64 ±0,06 17,71 ±0,31 39,07 ±0,81 21,36 ±0,87 
Xanthan Gum 0.25% 3,25 3,75 2,58 17,98 37,88 19,90 
 3,22 3,76 2,54 17,49 37,47 19,98 
 3,26 3,73 2,63 18,15 38,36 20,21 
 3,24 3,63 2,67 17,82 36,83 19,01 
 3,22 3,67 2,64 17,49 37,12 19,63 
 3,23 3,68 2,65 17,65 37,53 19,87 
Average ± st.dev 
 
 
 

3,24 ±0,02 3,70 ±0,05 2,62 ±0,05 17,76 ±0,27 37,53 ±0,54 19,77 ±0,41 
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sample 
  

diameter (cm) 
 

Before Proofing    After Proofing 

height  
after proofing 

 (cm) 
  

Dough Volume (cm3) 
 

Before Proofing    After Proofing 
volume 

improvement 

Xanthan Gum 0.35% 3,20 3,70 2,68 17,16 38,44 21,27 
 3,25 3,59 2,55 17,98 34,43 16,45 
 3,22 3,70 2,65 17,41 37,90 20,50 
 3,26 3,64 2,57 18,15 35,63 17,49 
 3,28 3,62 2,66 18,48 36,48 17,99 
 3,25 3,59 2,63 17,98 35,41 17,43 
Average ± st.dev 3,24 ±0,03 3,64 ±0,05 2,62 ±0,05 17,86 ±0,49 36,38 ±1,54 18,52 ±1,91 
Xanthan Gum 0.45% 3,21 3,62 2,64 17,33 36,14 18,82 
 3,21 3,60 2,61 17,33 35,44 18,11 
 3,27 3,64 2,53 18,32 35,06 16,74 
 3,28 3,61 2,59 18,48 35,39 16,91 
 3,27 3,65 2,58 18,23 35,84 17,61 
 3,23 3,62 2,56 17,65 35,11 17,46 
Average ± st.dev 3,24 ±0,03 3,62 ±0,02 2,58 ±0,04 17,89 ±0,52 35,50 ±0,42 17,61 ±0,77 
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Appendix 7. Baking Loss Measurement 

 

sample bread mass (g) dough mass (g) baking lost (%) 
Arabic Gum 0.8% 16,17 19,23 15,91 
 16,09 19,12 15,85 
 16,08 19,70 18,38 
 15,67 19,18 18,30 
 16,11 19,19 16,05 
 16,00 19,44 17,70 
Average ± st.dev 16,02±0,18 19,31±0,22 17,03±1,22 
Arabic Gum 1.2% 16,48 19,54 15,66 
 16,06 19,33 16,92 
 16,11 19,20 16,09 
 15,94 19,07 16,41 
 15,45 18,66 17,20 
 15,60 18,55 15,90 
Average ± st.dev 15,94±0,37 19,06±0,39 16,36±0,60 
Arabic Gum 1.6% 15,62 18,68 16,38 
 15,65 18,64 16,04 
 15,86 19,13 17,09 
 15,72 19,03 17,39 
 16,05 18,26 12,10 
 15,82 18,36 13,83 
Average ± st.dev 15,79±0,16 18,68±0,35 15,47±2,07 
Arabic Gum 2% 15,12 18,59 18,67 
 15,76 18,76 15,99 
 16,07 18,60 13,60 
 15,71 18,32 14,25 
 15,81 18,81 15,95 
 16,22 18,82 13,82 
Average ± st.dev 15,78±0,38 18,65±0,19 15,38±1,92 
Guar Gum 0.2% 15,81 19,41 18,55 
 15,81 19,49 18,88 
 15,80 19,52 19,06 
 15,94 19,53 18,38 
 15,82 18,91 16,34 
 15,71 18,71 16,03 

Average ± st.dev 15,82±0,07 19,26±0,36 17,87±1,33 
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sample bread mass (g) dough mass (g) baking lost (%) 
Guar Gum 0.3% 16,55 19,26 14,07 
 15,99 19,29 17,11 
 16,25 19,21 15,41 
 16,29 19,23 15,29 
 16,02 19,30 16,99 
 16,10 19,20 16,15 
Average ± st.dev 16,20±0,21 19,25±0,04 15,84±1,15 
Guar Gum 0.4% 16,45 19,35 14,99 
 16,35 19,11 14,44 
 16,47 19,00 13,32 
 16,14 19,02 15,14 
 16,17 19,21 15,83 
 16,16 19,09 15,35 
Average ± st.dev 16,29±0,15 19,13±0,13 14,84±0,87 
Guar Gum 0.5% 16,52 19,08 13,42 
 16,41 19,26 14,80 
 16,36 19,06 14,17 
 16,10 19,01 15,31 
 16,19 19,14 15,41 
 16,35 19,34 15,46 
Average ± st.dev 16,32±0,15 19,15±0,13 14,76±0,82 
Xanthan Gum 0.15% 16,48 19,53 15,62 
 16,35 19,40 15,72 
 16,34 19,49 16,16 
 16,40 19,53 16,03 
 16,42 19,53 15,92 
 16,37 19,56 16,31 
Average ± st.dev 16,39±0,05 19,51±0,06 15,96±0,26 
Xanthan Gum 0.25% 16,35 19,34 15,46 
 16,24 19,61 17,19 
 16,25 19,37 16,11 
 16,23 19,20 15,47 
 16,20 19,48 16,84 
 16,25 19,08 14,83 

Average ± st.dev 16,25±0,05 19,35±0,19 15,98±0,90 
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sample bread mass (g) dough mass (g) baking lost (%) 
Xanthan Gum 0.35% 15,80 19,30 18,13 
 16,07 19,35 16,95 
 16,08 19,26 16,51 
 16,37 19,22 14,83 
 16,31 19,31 15,54 
 15,95 19,05 16,27 
Average ± st.dev 16,10±0,21 19,25±0,11 16,37±1,14 
Xanthan Gum 0.45% 16,21 19,22 15,66 
 16,47 19,41 15,15 
 16,25 19,20 15,36 
 15,55 19,14 18,76 
 15,72 18,80 16,38 
 15,80 19,16 17,54 
Average ± st.dev 16,00±0,36 19,16±0,20 16,47±1,41 
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Appendix 8. Data Analysis Using SPSS version 13.0 for windows software. 

Normality Test  

 
 

 
 
 
 

Tests of Normality

,235 6 ,200* ,902 6 ,384
,164 6 ,200* ,959 6 ,814
,157 6 ,200* ,969 6 ,888
,308 6 ,078 ,884 6 ,286
,293 6 ,118 ,850 6 ,158
,197 6 ,200* ,923 6 ,525
,135 6 ,200* ,986 6 ,976
,182 6 ,200* ,932 6 ,595
,183 6 ,200* ,930 6 ,577
,168 6 ,200* ,981 6 ,958
,187 6 ,200* ,947 6 ,714
,220 6 ,200* ,921 6 ,515

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Gum Arab 1.6%
Gum Arab 2.0%
Guar Gum 0.2%
Guar Gum 0.3%
Guar Gum 0.4%
Guar Gum 0.5%
Xanthan Gum 0.15%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%

dough_volume
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

Tests of Normality

,161 6 ,200* ,979 6 ,946
,279 6 ,157 ,863 6 ,200
,170 6 ,200* ,956 6 ,789
,177 6 ,200* ,956 6 ,791
,235 6 ,200* ,887 6 ,305
,227 6 ,200* ,875 6 ,245
,219 6 ,200* ,839 6 ,127
,204 6 ,200* ,944 6 ,693
,222 6 ,200* ,880 6 ,269
,210 6 ,200* ,965 6 ,858
,274 6 ,179 ,828 6 ,104
,210 6 ,200* ,951 6 ,746

treatment
Arabic Gum 0.8%
Arabic Gum 1.2%
Arabic Gum 1.6%
Arabic Gum 2.0%
Guargum 0.2%
Guargum 0.3%
Guargum 0.4%
Guargum 0.5%
Xanthan gum 0.15%
Xanthan gum 0.25%
Xanthan gum 0.35%
Xanthan gum 0.45%

bread_volume
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 



101 

 

 
 
 
 

 
 
 
 
 
 
 
 

Tests of Normality

,289 6 ,129 ,797 6 ,055
,176 6 ,200* ,948 6 ,722
,275 6 ,177 ,878 6 ,261
,222 6 ,200* ,878 6 ,259
,315 6 ,064 ,806 6 ,067
,175 6 ,200* ,937 6 ,639
,233 6 ,200* ,927 6 ,557
,248 6 ,200* ,865 6 ,206
,154 6 ,200* ,972 6 ,909
,215 6 ,200* ,944 6 ,694
,140 6 ,200* ,988 6 ,984
,218 6 ,200* ,896 6 ,348

treatment
Arabic Gum 0.8%
Arabic Gum 1.2%
Arabic Gum 1.6%
Arabic Gum 2.0%
Guargum 0.2%
Guargum 0.3%
Guargum 0.4%
Guargum 0.5%
Xanthan gum 0.15%
Xanthan gum 0.25%
Xanthan gum 0.35%
Xanthan gum 0.45%

baking_lost
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

Tests of Normality

,166 6 ,200* ,954 6 ,772
,208 6 ,200* ,891 6 ,324
,253 6 ,200* ,949 6 ,730
,164 6 ,200* ,950 6 ,742
,185 6 ,200* ,954 6 ,770
,252 6 ,200* ,838 6 ,125
,258 6 ,200* ,925 6 ,545
,244 6 ,200* ,896 6 ,354
,202 6 ,200* ,903 6 ,395
,161 6 ,200* ,944 6 ,691
,242 6 ,200* ,847 6 ,149
,287 6 ,134 ,754 6 ,022

Treatments
Gum Arab 0.8%
Gum Arab 1.2%
Gum Arab 1.6%
Gum Arab 2.0%
Guar Gum 0.2%
Guar Gum 0.3%
Guar Gum 0.4%
Guar Gum 0.5%
Xanthan Gum 0.15%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%

bread_hardness
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 
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Tests of Normality

,305 6 ,085 ,790 6 ,047
,248 6 ,200* ,919 6 ,500
,302 6 ,092 ,889 6 ,313
,304 6 ,086 ,826 6 ,099
,232 6 ,200* ,945 6 ,696
,293 6 ,117 ,873 6 ,238
,224 6 ,200* ,939 6 ,654
,209 6 ,200* ,906 6 ,412
,269 6 ,200* ,897 6 ,359
,285 6 ,138 ,835 6 ,119
,299 6 ,101 ,814 6 ,079
,272 6 ,187 ,792 6 ,050

Treatments
Gum Arab 0.8%
Gum Arab 1.2%
Gum Arab 1.6%
Gum Arab 2.0%
Guar Gum 0.2%
Guar Gum 0.3%
Guar Gum 0.4%
Guar Gum 0.5%
Xanthan Gum 0.15%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%

bread_springiness
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

Tests of Normality

,291 6 ,122 ,768 6 ,030
,169 6 ,200* ,944 6 ,689
,292 6 ,120 ,852 6 ,164
,291 6 ,122 ,846 6 ,146
,243 6 ,200* ,950 6 ,744
,262 6 ,200* ,806 6 ,067
,195 6 ,200* ,929 6 ,573
,176 6 ,200* ,907 6 ,415
,311 6 ,071 ,796 6 ,054
,254 6 ,200* ,878 6 ,259
,304 6 ,087 ,879 6 ,265
,220 6 ,200* ,859 6 ,187

Treatments
Gum Arab 0.8%
Gum Arab 1.2%
Gum Arab 1.6%
Gum Arab 2.0%
Guar Gum 0.2%
Guar Gum 0.3%
Guar Gum 0.4%
Guar Gum 0.5%
Xanthan Gum 0.15%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%

bread_chewiness
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 
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Tests of Normality

,216 6 ,200* ,967 6 ,875
,270 6 ,195 ,854 6 ,169
,157 6 ,200* ,961 6 ,829
,221 6 ,200* ,953 6 ,767
,209 6 ,200* ,923 6 ,531
,178 6 ,200* ,912 6 ,452
,256 6 ,200* ,927 6 ,561
,183 6 ,200* ,952 6 ,758
,174 6 ,200* ,937 6 ,639
,241 6 ,200* ,913 6 ,456
,251 6 ,200* ,866 6 ,209
,256 6 ,200* ,856 6 ,175

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Gum Arab 1.6%
Gum Arab 2.0%
Guar Gum 0.2%
Guar Gum 0.3%
Guar Gum 0.4%
Guar Gum 0.5%
Xanthan Gum 0.15%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%

bread_moisture_content
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 



104 

 

One Way ANOVA for Baking Lost Measurement 

ANOVA

baking_lost

51,712 11 4,701 3,037 ,003
92,885 60 1,548

144,597 71

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
 
 

baking_lost

Duncana

6 14,7617
6 14,8450 14,8450
6 15,3800 15,3800 15,3800
6 15,4717 15,4717 15,4717
6 15,8367 15,8367 15,8367
6 15,9600 15,9600 15,9600
6 15,9833 15,9833 15,9833
6 16,3633 16,3633 16,3633 16,3633
6 16,3717 16,3717 16,3717 16,3717
6 16,4750 16,4750 16,4750
6 17,0317 17,0317
6 17,8733

,061 ,057 ,054 ,064

treatment
Guargum 0.5%
Guargum 0.4%
Arabic Gum 2.0%
Arabic Gum 1.6%
Guargum 0.3%
Xanthan gum 0.15%
Xanthan gum 0.25%
Arabic Gum 1.2%
Xanthan gum 0.35%
Xanthan gum 0.45%
Arabic Gum 0.8%
Guargum 0.2%
Sig.

N 1 2 3 4
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 6,000.a. 
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One Way ANOVA for Dough Volume Measurement 

ANOVA

dough_vol_improvement

266,211 11 24,201 15,254 ,000
95,193 60 1,587

361,404 71

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 

dough_vol_improvement

Duncana

6 17,6083
6 18,4750 18,4750
6 18,5217 18,5217
6 19,5167 19,5167
6 19,7667 19,7667
6 21,0267 21,0267
6 21,3600 21,3600
6 21,5917 21,5917
6 22,4067 22,4067 22,4067
6 22,8717 22,8717
6 23,2967
6 23,4033

,242 ,110 ,053 ,087 ,061 ,218

treatment
Xanthan gum 0.45%
Guargum 0.2%
Xanthan gum 0.35%
Guargum 0.3%
Xanthan gum 0.25%
Guargum 0.4%
Xanthan gum 0.15%
Arabic Gum 0.8%
Guargum 0.5%
Arabic Gum 1.2%
Arabic Gum 1.6%
Arabic Gum 2.0%
Sig.

N 1 2 3 4 5 6
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 6,000.a. 
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One Way ANOVA for Bread Volume Measurement 
 

 

ANOVA

bread_volume

130,989 11 11,908 24,915 ,000
28,677 60 ,478

159,665 71

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
 

bread_volume

Duncana

6 21,4850
6 21,5867 21,5867
6 21,6083 21,6083
6 21,7250 21,7250 21,7250
6 22,3833 22,3833 22,3833
6 22,4900 22,4900
6 22,6483
6 23,0283 23,0283
6 23,7550 23,7550
6 24,5233 24,5233
6 25,1367 25,1367
6 25,4000

,590 ,072 ,074 ,146 ,074 ,059 ,130 ,512

treatment
Arabic Gum 0.8%
Arabic Gum 1.2%
Arabic Gum 1.6%
Guargum 0.2%
Arabic Gum 2.0%
Guargum 0.3%
Xanthan gum 0.45%
Xanthan gum 0.35%
Guargum 0.4%
Xanthan gum 0.25%
Guargum 0.5%
Xanthan gum 0.15%
Sig.

N 1 2 3 4 5 6 7 8
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 6,000.a. 
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One Way ANOVA for Bread Moisture Content 
 

ANOVA

bread_moisture_content

96,709 11 8,792 8,183 ,000
64,461 60 1,074

161,170 71

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 

bread_moisture_content

Duncana

6 22,0233
6 22,4833 22,4833
6 22,6100 22,6100
6 23,0200 23,0200 23,0200
6 23,0967 23,0967 23,0967
6 23,3333 23,3333 23,3333
6 23,4867 23,4867
6 23,9967 23,9967
6 25,0233 25,0233
6 25,1133 25,1133
6 25,2850 25,2850
6 25,5200

,058 ,148 ,152 ,052 ,457

treatment
Xanthan gum 0.15%
Guargum 0.3%
Guargum 0.2%
Guargum 0.5%
Xanthan gum 0.35%
Guargum 0.4%
Xanthan gum 0.25%
Xanthan gum 0.45%
Arabic Gum 1.2%
Arabic Gum 2.0%
Arabic Gum 0.8%
Arabic Gum 1.6%
Sig.

N 1 2 3 4 5
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 6,000.a. 
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One Way ANOVA for Texture Measurement 
 

ANOVA

bread_hardness

2055616 11 186874,197 8,380 ,000
1338053 60 22300,889
3393670 71

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
 

bread_hardness

Duncana

6 637,4592
6 794,0198 794,0198
6 843,1814 843,1814
6 904,3667 904,3667
6 985,5389 985,5389 985,5389
6 988,1386 988,1386 988,1386
6 988,4176 988,4176 988,4176
6 1001,384 1001,384
6 1005,431 1005,431
6 1029,458 1029,458
6 1152,034
6 1345,419

,074 ,051 ,068 ,100 1,000

Treatments
Xanthan Gum 0.15%
Gum Arab 1.2%
Gum Arab 0.8%
Xanthan Gum 0.25%
Xanthan Gum 0.35%
Xanthan Gum 0.45%
Gum Arab 2.0%
Gum Arab 1.6%
Guar Gum 0.2%
Guar Gum 0.4%
Guar Gum 0.3%
Guar Gum 0.5%
Sig.

N 1 2 3 4 5
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 6,000.a. 
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Data Analysis for Porosity Intensity Rating Test Result  
 
Kruskal-Wallis Test 
 

Ranks

9 54,00
9 35,67
9 57,61
9 26,28
9 69,72
9 61,89
9 66,17
9 39,94
9 39,61
9 54,00
9 70,44
9 78,67

108

treatment
Gum arabic 0.8%
Gum arabic 1.2%
Gum Arabic 1.6%
Gum arabic 2%
Guar gum 0.2%
Guar gum 0.3%
Guar gum 0.4%
Guar gum 0.5%
Xanthan gum 0.15%
Xanthan gum 0.25%
Xanthan gum 0.35%
Xanthan gum 0.45%
Total

porosity
N Mean Rank

 
 

Test Statisticsa,b

29,596
11

,002

Chi-Square
df
Asymp. Sig.

porosity

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

 
Mann Whitney Test 

Ranks

9 12,39 111,50
9 6,61 59,50

18

treatment
Gum Arabic 1.6%
Gum arabic 2%
Total

porosity
N Mean Rank Sum of Ranks
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Test Statisticsb

14,500
59,500
-2,417

,016

,019
a

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed
Sig.)]

porosity

Not corrected for ties.a. 

Grouping Variable: treatmentb. 
 

Ranks

9 6,78 61,00
9 12,22 110,00

18

treatment
Xanthan gum 0.15%
Xanthan gum 0.35%
Total

porosity
N Mean Rank Sum of Ranks

 
 

Test Statisticsb

16,000
61,000
-2,345

,019

,031
a

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed
Sig.)]

porosity

Not corrected for ties.a. 

Grouping Variable: treatmentb. 
 

Ranks

9 6,00 54,00
9 13,00 117,00

18

treatment
Xanthan gum 0.15%
Xanthan gum 0.45%
Total

porosity
N Mean Rank Sum of Ranks

 
Test Statisticsb

9,000
54,000
-3,037

,002

,004
a

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed
Sig.)]

porosity

Not corrected for ties.a. 

Grouping Variable: treatmentb. 
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Data Analysis for Color Hedonic Ranking Test Result 

Kruskal-Wallis Test 
 

Ranks

50 139,32
50 212,12
50 137,00
50 150,40
50 104,76
50 159,40

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

color
N Mean Rank

 
Test Statisticsa,b

42,899
5

,000

Chi-Square
df
Asymp. Sig.

color

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

 

Ranks

50 37,93 1896,50
50 63,07 3153,50

100

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Total

color
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

621,500
1896,500

-4,416
,000

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

color

Grouping Variable: treatmenta. 
 

Ranks

50 40,48 2024,00
50 60,52 3026,00

100

treatment
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

color
N Mean Rank Sum of Ranks
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Test Statisticsa

749,000
2024,000

-3,516
,000

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

color

Grouping Variable: treatmenta. 
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Data Analysis for Porosity Hedonic Ranking Test Result 

Kruskal-Wallis Test 
 

Ranks

50 159,28
50 172,35
50 141,32
50 134,34
50 136,38
50 159,33

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

porosity
N Mean Rank

 
 

Test Statisticsa,b

8,046
5

,154

Chi-Square
df
Asymp. Sig.

porosity

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
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Data Analysis for Hardness Hedonic Ranking Test Result 

Kruskal-Wallis Test 
 

Ranks

50 144,81
50 165,15
50 119,52
50 156,10
50 148,36
50 169,06

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

hardness
N Mean Rank

 
 

Test Statisticsa,b

10,844
5

,055

Chi-Square
df
Asymp. Sig.

hardness

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
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Data Analysis for Springiness Hedonic Ranking Test Result 

Kruskal-Wallis Test 

Ranks

50 153,50
50 157,50
50 124,50
50 127,50
50 160,50
50 179,50

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

springiness
N Mean Rank

 
 

Test Statisticsa,b

15,063
5

,010

Chi-Square
df
Asymp. Sig.

springiness

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

 
Mann Whitney Test 

Gluten Free Bread with same kind of hydrocolloids in different level 

concentration results the similar consumer preference of springiness   

Ranks

50 44,61 2230,50
50 56,39 2819,50

100

treatment
Guar Gum 0.2%
Xanthan Gum 0.15%
Total

springiness
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

955,500
2230,500

-2,062
,039

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

springiness

Grouping Variable: treatmenta. 
 

 



116 

 

Ranks

50 41,60 2080,00
50 59,40 2970,00

100

treatment
Guar Gum 0.2%
Xanthan Gum 0.35%
Total

springiness
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

805,000
2080,000

-3,114
,002

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

springiness

Grouping Variable: treatmenta. 
 

 

Ranks

50 41,21 2060,50
50 59,79 2989,50

100

treatment
Guar Gum 0.3%
Xanthan Gum 0.35%
Total

springiness
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

785,500
2060,500

-3,252
,001

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

springiness

Grouping Variable: treatmenta. 
 

 



117 

 

Data Analysis for Adhesiveness Hedonic Ranking Test Result 

Kruskal-Wallis Test 
 

Ranks

50 151,50
50 171,50
50 124,50
50 150,50
50 128,50
50 176,50

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

adhesiveness
N Mean Rank

 
 

Test Statisticsa,b

15,569
5

,008

Chi-Square
df
Asymp. Sig.

adhesiveness

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

 
Mann Whitney Test 

Ranks

50 43,14 2157,00
50 57,86 2893,00

100

treatment
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

adhesiveness
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

882,000
2157,000

-2,576
,010

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

adhesiveness

Grouping Variable: treatmenta. 
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Data Analysis for Overall Texture Hedonic Ranking Test Result 

Kruskal-Wallis Test 
 

Ranks

50 149,16
50 169,26
50 134,08
50 132,12
50 134,04
50 184,34

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

overall_texture
N Mean Rank

 
 

Test Statisticsa,b

16,248
5

,006

Chi-Square
df
Asymp. Sig.

overall_texture

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

Mann Whitney Test 

Ranks

50 42,53 2126,50
50 58,47 2923,50

100

treatment
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

overall_texture
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

851,500
2126,500

-2,788
,005

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

overall_texture

Grouping Variable: treatmenta. 
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Data Analysis for Taste Hedonic Ranking Test Result 

Kruskal-Wallis Test 

Ranks

50 137,50
50 163,50
50 123,50
50 169,50
50 123,50
50 185,50

300

treatment
Gum Arab 0.8%
Gum Arab 1.2%
Guar Gum 0.2%
Guar Gum 0.3%
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

taste
N Mean Rank

 
 
 

Test Statisticsa,b

23,114
5

,000

Chi-Square
df
Asymp. Sig.

taste

Kruskal Wallis Testa. 

Grouping Variable: treatmentb. 
 

Mann Whitney Test 

Ranks

50 42,80 2140,00
50 58,20 2910,00

100

treatment
Guar Gum 0.2%
Guar Gum 0.3%
Total

taste
N Mean Rank Sum of Ranks

 
 

Test Statisticsa

865,000
2140,000

-2,695
,007

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

taste

Grouping Variable: treatmenta. 
 

 
 

Ranks

50 40,18 2009,00
50 60,82 3041,00

100

treatment
Xanthan Gum 0.15%
Xanthan Gum 0.35%
Total

taste
N Mean Rank Sum of Ranks
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Appendix 9. SNI 01-3840-1995 Roti 

 
ROTI 

 

1. RUANG LINGKUP 
Standar ini meliputi definisi, klasifikasi, syarat mutu, cara pengambilan contoh, cara 
uji, syarat penandaan dan cara pengemasan untuk roti. 
 

2. DEFINISI 
Roti adalah produk yang diperoleh dari adonan tepung terigu yang diragikan dengan 
ragi roti dan dipanggang, dengan atau tanpa penambahan bahan makanan lain dan 
bahan tambahan makanan yang diizinkan.  
 

3. KLASIFIKASI 
3.1.  Roti Tawar 
3.2.  Roti Manis 
 
4. SYARAT MUTU 

No Kriteria Uji Satuan Persyaratan Roti Manis 
1 Keadaan   

1.1 Kenampakan - normal tidak berjamur 
1.2 Bau - normal 
1.3 Rasa  normal 
2 Air % b/b Maks. 40 
3 Abu (tidak termasuk garam 

dihitung atas dasar bahan kering) 
%b/b Maks. 3 

4 Abu yang tidak larut dalam asam % b/b  
5 NaCl % b/b  
6 Gula jumlah % b/b  
7 Lemak % b/b  
8 Serangga / belatung - Tidak boleh ada 
9 Bahan Tambahan Makanan   

9.1 Pengawet    
9.2 Perwarna Sesuai dengan SNI 0222-1987 
9.3 Pemanis buatan   
9.4 Sakarin siklamat  negatif 
10 Cemaran logam   

10.1 Raksa (hg) mg/kg Maks. 0,05 
10.2 Timbal (Pb) mg/kg Maks. 1,0 
10.3 Tembaga (Cu) mg/kg Maks. 10,0 
10.4 Seng (Zn) mg/kg Maks. 40,0 
11 Cemaran Arsen (As) mg/kg Maks. 0,5 
12 Cemaran Mikroba:   

12.1 Angka lempeng total Koloni/g Maks. 106 

12.2 E. coli APM/g <3 
12.3 Kapang Koloni/g Maks. 104 
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