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ABSTRACT

Bread being a ugue cereal based productiswed as a staple food prepared from the flours

of cereals by the composition of yeast, liquids (milk or water), oil, salt, sugar, eggs, and other
ingredients. Intolerance of some individuals to gluten (gliadin and glutenin) found in wheat
bread has giveto rise to the production of gluten free bre@zliac disease said to be
initiated by the consumption of gluten related products of barley, wheat, oats and rye which
results in destroying the linings of the small intestinal wall and culminates itsoafdion

of nutrients.

The formulation used for the gluten free lute@ere mixtures of corn starch aride flour
along with other bread additives. Hydrocolloglsch as the Karrageenan, Xanthan gum,
Guar gum, and Carboxy methylcellulogeere used as gluten alternativéhe result
revealed breadrumb firmnesg€hanged in a range of 900-17610. While the control bread
firmness was #5, it showed a softer texture and crumbliness. The protein in the bread
showed a range of 4.80%22% andash 1.48%l.69% The sensory evaluation report
revealed the xanthan gum anecKrrageenan gained higher acceptdrased on the-point

hedonic scale

Keywords:Bread;Gluten; Gluten free bread; Celiac disease; Hydrocolloids



OZET

Benzersihi r hububat ¢r¢n¢g ol an ekmek maya, su y
géda katkeélare i1le hazeérlanan t emel bir g é
bireylerde vyol a-téjée intolerans goélyak ensi z
hastal éj] e, gluten i -eren arpa, buj day, y u'
baj érsaj én -eperlerinin zar ar g°r mesi vV e
bozuklukl arén artmasé kKeklinde ortaya - é&kma
Bu -alékmada glutensiz ekmek yapéménda meés
jelatin, kabartma tozu, zeytin vy-kajragenanf er ey a
ksantan gum, guar gum ve kar boglganszekmed sel ¢ |
°rnekl eri sertlik, protein, kurumadde, k ¢ |

i ncel e@mimktiilrave ediekmmkk emgil ut ses OM-17610 dej er
arasénda dejiklim&keean Ilgamtnodbdekoeadar sler bbbl §n
Kontr ol ekmek daha yumukak olsa da kol ayca
Ekmeklerin protein icerikleri % 4.86 . 22 ar asénda de] i kK-L.69k e n; K
ol arak bulunmuktur. Gl ut einlmelez sormgunda kshnéan i n  d |
gumvekk arregenan gum il ave edil mik ekmekl eri

anl akél mékt ér .

Anahtar kelimeler:Ekmek Gluten Glutensizekmek¢ © | yak hast al €] é; Hi d
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CHAPTER 1

INTRODUCTION

Conventionally bread has been identified as a unique cdraséd product which is popular
and a staple food prepared from flaur of cereals by the compositiamf yeast, liquids
(milk or water), oil, salt, sweeteners, eggs atiter ingredientfor the making of dougland
finally baking to get the final produ¢iwe et al.,2017) Cereal based foods have played a
major role n the components of humaliet by actingas a good source of energy providing
approximately 1620 times of energy than vegetables and fruits (Rosell, 2007)

BRAN

The fiber-rich outer layer that
protects the seed and contains
B vitamins and trace minerals.

ENDOSPERM
The middle layer that contains
carbohydrates and proteins

GERM

The small nutrient rich core that
contains antioxidants, vitamin £
B witamins and healthy fats.

B

B

Bl

Figure 1.1: Structure of wheat cereal seed amdeatbread
https://www.tes.com/lessons/QLFafINVO5VCUQ/grair

Cutting across the Neolithic period, the conventional way of breadption has been the

use ofwheat flour and up to thpresent day, bread still forms the base of the food pyramid
due to its global acceptance as a staple food to all class of people including the rich, poor,
urban and ruratlass (Dooshima et.aR014). Also, bread has been generally accepted due
to its ahlity to be produced from a wide range of other flours which inclgllgen free
cerals such asice flour, with different species lik®ryza sativalunique with Asia), and
Oryza glaberrima(see cultivated mostly across Africa); (Marcet al, 2008), mate of
different species includingnillet species and sorghurSchober and Bear2008). Pearl

millet and bxtail millet has also been recognized as a type of carsatfor the production

of gluten free breadTaylor and Emmanbux,2008) However, the irdlerance of some



individuals to gliadin unit found in the wheat grain, the prolamins associated with the rye,
barley andbat meal has been a greatcern to celiac disease patients (Murray, 1999)

Also, as substitute to wheat floig thepseudacerealcrops such aQuinoa flour, Amaranth

and Buckwheat flouwhich has been used for the making of gluten free bread anitwasb

to improve the varieties of products and nutritional quaht trend of gluten free bread
(Kupper, 2005)The functionality ofthese flours crafted from cereal grains foaking of
glutenfree bread and the additiai pseudocereals depends largely on their particle size
and distribution, percentage volume after milling and the flour treatment. Additionally, the
growing situatios and the plant species have an impact on the composition of the substance
and even theirfal product. (Schoenlechnet al, 2008)

Presently food technologies and manufacturers are faced with the challenge of producing
varieties of high nutritional valugluten free bread and products duéimabsence ofluten

which is neededor the unique viscoelastic nat of the dough and also induggon the

final product its chewy feeling (Demirkesen et &014) This is because the absence of
gluten in dough making has displayed high negativity on the dough rheology which include
its texture, crumbliness, appearance etc. Also the production proeedeen seen to be
affectedleading topoor quality of the final product due to the dough being less cohesive
during mixing, and loss of its viscoelastic property compared to the wheat ddweggluten

free doughare very smooth and not ®ato handlehighly sticky, pastyand feels like
handlingthe batter of a cake (Cauvait998)

1.1 STRUCTURE OF PROTEIN IN CEREAL GRAINS

According to the United States for Food and Drug Administrglig®FDA), gluten can be
described as a unique proteinaceous matthal is naturally associated with the cereal
grains and have the potential to induce negative health impact on people suffering from
celiac disease when they feed on gluten related products (FDA,.2013) research
conducted bysallagheret al (2004) they described gluten to bepgiotein component of the
wheat flour that is left behind afténe starci and other negligible ingredient$ the flour
including nonstarchy polysaccharides, water soluble constituents are taken out with the help

of a flowing water.



The glutenis present inlte mature wheat grain endosperm and its primary funduoimg

bread production is visible in the formation of a thrememhsional protein framework,
structure formation of the dough texture, and also gas retentionofioaidty (Torbica et a

2008) It can be divided into the glutenin and the gliadin protein fractions, both of which are
hydrophobic in nature and displays certain behavior in providing elasticity and strength to
the dough (gltenin) and also the viscoumture of the dough (gliadin). This unique behavior

of the gluten is attributable to its role in providing cohesiveness and viscoelastic properties
when the glutenins and gliadinseamixed together (Anon, 1982n a comparative study
carried out to compa the chemical differences between the gliadin and glutenin, it revealed
that the gliadin present in the gluten possesses a higher proline, glutamine (+glutamic acid),
Isoleucine and phenylalanine than the glutenin which is said to contain glycine,dpsine
tryptophan than its amterpart (Delcour et al2012).

It has beersuggested thahe proteiraceousatureof gluten is heldogether bythe covalent
bondsand a nofcovalent bond whiclto-exist between the gliadin and glutematwork
inherent in thecereal plants of rye, wheaind barley when they interact together (Fernanda
and Caroline, 2017)The development of gluten takes place adfithe and wateiinteract
together in addition with exertion of steady power force b provide a adhesivedough

with visco-elastic behavior for the making of different cerpedducts like bread, biscuits

and pasta products. (Xu et,&007) Therefore, gluten can be considered as the primary
shapeforming component in bread, and in adfoh offers structure and texture to other
bakery products. Its absence impairs the doughs potential to correctly shape itself in the

course of kneading, leavening and baking to obtain the final product (Mariotti 20@®)



GlutenProteins

Gliadin Glutenin
monomers polymers
Fractions - SubunNits
v : LMW/HMW
Viscosity Toug_hness (LMW)
Extensibility Elasticity (HMW)
Viscosity (LMW)

Figure 1.2 Overview of the gluten proteifLamacchiaet al, 2013)

1.2IMPORTANCE OF GLUTEN IN BREAD MAKING

Gluten often referred to as the structural protein in the bread because of its natural abilities
inherent inthe flour when saturated with water and exerted upon by mechanical force
displays its unique function by providing extensibility, gas retention during fermentation and
provision of firmness to the crumb during bread production. (Belton, 200&) role of

gluten in bread making can be summarized under three different stages of bread making

which include; Mixing procss, Proofing period and finallgfluence of gluten on baking.

1.2.1MIXING PROCESS

In the context of mixing, flouis mixed with variousngredientdn their right proportion$o

obtain an optimum quality and is enabled with the addition of liquid (water or. fitldrgy

is used to break apart the earlier arrangement of the gliadin and glutenin network which
enables the development of a sige protein chain (Tatham and Shey2912) During this

mixing phase the dough displays its unique viscoelastic behavior which becomes more
visible as a result of the gradual sheer and tensile force being applied which causes the gluten
proteins to stik together and create a stable chain in the dough (Janssenl&98) Due

to the applied force exerted on the flour which creates a significant change in the earlier

conformation of the gliadin and glutenin, the water binding ability of the flourchianges



thereby giving access to increase flow otevavithin the flour and alsallowing the gluten
perform its role of binding and retaining the water molecules ndledeaixing of the dough
(Boch andbamodaran, 2013)

In a study onducted by Wang edl. (2015) they reported that thability of the dough to

form its 3-dimensional protein chain structure is based on the conformation of the amount
of di-sulfide bonds and sulfhydryl groups contained in the glibdend in the interactions
between the glidin and glutenin subunit of the gluten protéinother scientific research
explained that the protein behavior during the dough mixing reveals three significant
changes as a result of tifluenceof the glutenon the dough formation which includes;
disentanglement, changes to the protein chain netaoddbond breakdown between the
gliadin and glutenin (Macritchie, 1999yhis changes that occur creates isolation of the
individual components of the gluten. This is observed in the functionality of ikeirgl
subunit whae reacted with water and starchpibvides the dough withstviscous behavior
whereas the glutenin displays a rubbery substance with reduced extensibility that gives the

dough its elastic potential during mixing (Shewry et 2997)

1.2.2PROOFING PERIOD

The proofing time has been known to be a period when the dough is allowed to relax after
undergoing the rigorous activity of mixing and molding. In this phdmedough undergoes
several reactiongat room temperature of 226°C, which include production of carbon
dioxide gas as a result of fermentation by the action of yeast, and accompanied by th
breakdown of starch. (Canva@15) Canvain further noted that the gluten is important in
bread making especially at this stage bec#useeleased carbon dioxide gases are trapped

in pockets by the gluten network thereby allowing the gluten protein chain to expand as a

result creahg a risein the dough during proofing.

Further research has it that flours with a high gliadin andcegintamount givesnaximum

bread quality. This iseferred to the fact that the development of gluten in the dough during
mixing gives the gluten the ability to retain the produced gas, therefore the increment noted
in volume during proofing is directly pportional to the gluten viscoelastic behavior in the
dough (Barak et gl2014)



The importance of the glutenasso seen in the viscous nature of the gliadin which possesses
the ability to keep firm of theeleasedya®s during fermentation of the doughhich is
viewed agheir surfaceactive charactastics (Wang et al 2015)

1.2.3INFLUENCE OF GLUTEN ON BAKING

The gradual rise of temperature in the oven makes it easy to observe the slow conversion of
the dough from a foam like manner to a spongy form during baking. Various changes
initiated by the heat occurs at this stage which includes denaturation of thagprbiat
introduce changes to the protein conformations, physicochemical changes that affect the
rheology and thermal properties of the bread in the (@etwlan andSteel,2017)

In an investigative study, it was noted that at a controlled temperatjustment in surface
hydrophobicity of the dough which commenced alc4®sulted in the realignment of the
gluten polymer thereby exposing the hydrophobic groups and also reducing solubility. This
however, weakens the gluten elastic behavior but endbéegluten to determine the
structure of the bread loaf and its volume. The emergence of the final product after cooling
is a solid textural framework and fine loaf of bread (Dobradzc2904; Guerrieri et al

1996)

1.3CELIAC DISEASE

Celiac diseasealso referred to as gluten enteropathy and celiac sprue has been known
globally to be one of the most unusual food relatisdake and is caused by feedingaon
gluten related food products in rye, barley, whaadl possiby oats(Sham et aJ 2002) It is

an unusual gluten related food induced disease in humans strongly linked to people with
HLA genotypes, as it has been revealed in various research that mostly individuals
possessing the @A1*0501 and DQB1*0201(DQ2), orDQA1*0301 and DQB1*0302
(DQB8) alleks are linked to the disease (Paparo.e2aD5)

Series of research carried out in different parts of the world has accepted celiac disease to be
an immune response problem where intestinal CDdells of people with thdisease when
reacted with glgn food poducts leads tdevelopment of the disease (Meresse.gP8ll2)

Current studies havalso confirmed the fundamental role of inherent immune cells and



adaptive CD8T-cells in destroying the mucosal surface of the intestinal walls when reacted
with gluten related foods (Mazzarella et,aP008) Therefore, celiac disease is an
autoimmune enteropathy initiated by the agnption of gluten related produat$ barley,

wheat, oats and rye in response to the innate prolamins of their amino acid chains and result
in destroying the linings of the small intestinal wall which culminates in malabsorption of
nutrients (Feighry1999; Catassi and Fasano, 2008)

According to scientific investigation, various serological screening accompanied with the
use of endoscopy has further revealed that celiac disease is present in at least 1% of the
global populatior(Kang et al 2013) This is followed up by stuly carred out by Fasano

et al (2003, in whichthey confirmed the sensitivity of the serological tests used to evaluate
the prevalence of celiac disease as being present in 1 -&0IBOf the world population.

Because of the growing challenges faced in deaifitg this disease, celiac disease has
brought tremendous concerns to the medical and food engineering society. This is because
there is presently no medical report indicating a direct cure for the disease. More so, it has
been found to be a lifelonthredening diseasen patients suffering from,itin which a
complete abstinence from gluten related food has emerged to become the only solution in
combating thalisease (Heikkila et al2015)
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Figure 1.3 Description of the celiac diseaféranney et al 2007)

The only solution as revealed in several research for the cure of the disease has been a
complete lifelong abstinence from gluten products anidt slependence on gluten free

foods This is because the-Gells which reacts with the gluten aesident in the ileunof

celiac disease patients even after many years of complete abstinence from gluten products,
intake of gluten foods reactivates the immune response which resuits damage of the
mucosalsurfaceof the ileumand causing malabsorption of nutrientg. gfolic acid, iron,

calcium and fat soluble vitamins (Koehler et 2D14)

The technology for producing different varieties of gluten free bread has brought about a
significant challenge in the food and medical industry. This is because celiac gpabaists
needs to feed daily on a gluten free food to maintain a healthy life. As g tlesuieed to
utilize gluten free flours likecorn flour, millet, rice flours, sorghum pseudocereals
(amaranth quinog buckwheatflours) and the addition of addies like hydrocolloids in



order to replace the glutamd exhibit the same quality of flavor, appearance and mouth feel
is a vital need that must be met (Gallegher e2804)

Table 1.1 Pooled Serprevalence and prevalence of celiac diseasecordance with
geographical locatio(Prashant et al, 2018)

Sero +ve 95% sero Prevalence Subjects Prevalence
Geographical prevalenc Population subject prevalence based on Populatio  with of biopsy
location e (n) screened s for pooled biopsy n biopsy proven
CD screened cases
Europe 49 163,700 2340 1'3; (51)'1 33 98,391 1119 (1"?)(0'6
. 1.8 (T 0.6 (0.4
Asia 20 68,632 2607 2.9) 12 18,052 114 0.8)
South 1.3(0.5 0.4 (0.1
America 11 20,245 280 2.5) 5 16,550 69 0.6)
North 7 17778 200 401 1 200 01 05
America 2.2)
. 1.1 (0.4 0.5(0.2
Africa 7 15,775 253 2.2) 4 7902 42 0.9)
. 1.4 (1.3 0.8 (0.2
Oceania 2 4075 59 1.8) 2 4075 27 1.7)
Specific geographic regions
Middle East 17 41,750 847 1'2(11)'2 11 15,063 89 8'2)(0'4'
South East 2.6 (0.3 0.8 (0.4
Asia 4 28,382 1784 7.2) 2 4489 59 1.4)
: 1.0 (0.2 0.4 (0.2
North Africa 6 14,275 229 2.3) 3 12,686 27 0.6)

1.3.1SIGNS AND SYMPTOMS OF CELIAC DISEASE

The signs and symptoms of celiac disease has been fodeddlop at any stage of the life

of the individual carrying the disease as |
Clinical investigation has howeveevealed that the signs and symptoms of celiac disease
manifest in a classic form which include malabsorption of nutrients such as folates, fat
soluble vitamin, calcium, iron etc., occurrence of diarrhea, weight loss in the patient or
stunted growth in @rowing child and a noenlassical and symptomatic or asymptomatic

forms which include gastrointestinal and extrgestinal symptoms (Ludvigsson et,al

2013)



With the passing of age, the awareness of celiac disease and its prevalence is becoming a
seriots global issue as it has been established to be a food sensitivity problem attributed to
consumption of ghen related products (Sicherer and Samp26mh4)

Table 1.2 Other forms of manifestation of the signs and symptoms of celiacsdisean
individual (Kelly et al, 2015

Gastrointestinal Intestinal disorders Associated conditions
Persistentiarrhea Iron-insufficiencyanemia Past family recorof
Recurringabdominal pain Other deficiency states celiac disease
Malabsorption (vitamin Bio, vitamin D, folate, Type 1diabetes
Bloating Z ac, Vitamin B) A u tmmane thyroid
Abnormalbowel habit, similar Fatigue disease

to inflamedbowel syndrome  Chronicaphthous stomatitis A y tmmane liver

Constipation (more commonly High hepatic transaminase  {isease

in children) levels Selective IgA deficiency
Failure to thrive/weight loss ~ Decrease in stature Sjogren syndrome
Malnutrition Delayed puberty/menarche  pown syndrome
Vomiting Amenorrhea Turner syndrome
GERD (gastroesophageal reflt Early menopause Wi hnhssyndrome
disease) Der mat i tforngss h e

Ost eopeni ad Os
Dental enamel hypoplasia

P ephaxal neuropathy

Hy possml ena

Though some symptomand signs of celiac disease hlasen easy to identify, some
symptoms have not shown itself early in life, which has led to delay and wrong diagnosis in

patients with the disease; this has resulted to poor health in patients, chronic cases of anemia,

10



osteoporosis, risk of infertility iboth male and females and also giving birth to some cancers
that occur in the gastrointestinal tractrdividuals (Julio et a) 2015).

1.4GLUTEN FREE BREAD PRODUCTION

Absenceof gluten which providethe viscoelastipropertyof the bread and the addition of
several ingredients to mimic the appearana ainventional gluten breaging wheat flour

has made it difficulfor bakers to produce a gluten free bread with the same quality and
nutritional value for consumption by f@nts suffering from celiac disease. (Demirkesen et

al., 2014) The rise in diagnosis and awareness of celiac disease across the world has inspired
extensive research to find various technological metlamdsprocesses for the making

safe ad high nutrient based gluten free bread for celiac disease patients (Houben et al
2012)

In recent years, different approach bagn applied for the makirgj gluten free bread with

the use of naturally gluten free flours such asftmers, corn flour, sorghumnillet, potato,
cassava etc. (Sciariet al, 2010) and the inclusion of hydrocolloids such as guar gum,
xanthan gums, alginate, carrageenan, hydroxypropylyleetilulose (HPMC) (Lazaridoat

al, 2007) This ingredients and additives has been usedrderoto obtain the same
viscoelastic property of the gluten bread and also a quality nutrient gluten free bread for

patients suffering from diac disease (Gujral aridosell, 2004)

Zeamaizepopularly known as corn, has been viewed to be a gluten frealcpossessing

the attrilutes suitable for the preparatiof a gluten free bread. This is attributed to its
content of 7887% of starch and-8% of protén (Shukla and Cheryan, 2001lso, its

unique flavor, distinctive colowattributes and ability to easily bind with hydrocolloids when

used as a substitute for the production ok free bread (Arendt and BBéllo, 2008)
Scientific literature has described corn to be a good source of energy, but possesses proteins
with reduce biological quality which include the amino lysine and tryptophan (Losak et al

2010) Further research also proved that theizekernel is not a good source of numerous
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essentl vitamins such as thB group vitamins and contains insignificant tres of niacin

(Vitamin Bg), which is avital vitamin forhuman health (Zang, 2010)

Also, zeamaizebeing considered a potential ingredient for the productdrgluten free
breadis due to its hypoallergenic qualities, the flavor it exhibits when blended, its
availability in commercial quantity (Kadan et,&001) More so, appearance of the final
product, being one of the important perimeter used by consumers whegrftadd choices;
the corn starclgluten free bread proved to display a yellow cofom and dense crumb for
the final product (Renzetti et.a2008)

Hydrocolloidsare known for their multifunctional group of long network of polymers of
polysaccharides with high molecular weight and proteins with the ability to form viscous
dispersions and able to change starch gelatinization process when miscible with water (Rojas
et al, 1999) It comprises of a large and heterogeneous amount of extracellular materials
commonly sourced from microorganism of Xanthomonas compestris, algaerida fruit

and plants derivatives, which contain a high volume of dietary fiber varying between 60
90% and are regarded as soluble dietary fiber (Viebke, &Cdl4)

Based on the established fact thhttenis lacking incorn starchused forthe gluten free

bread production, the viscoelastic behavior associated with the conventional wheat flour
which provides the ability to retain gas, enhastructure formation ithe gluten bread is
lacking. This results to reduced volumes and firmer crumb ifirtakeproduct of gluten free
bread as compared to the wheat gluten bread (Hager., e20dl2). Commonly used
hydrocolloids for the development of gluten free bread includes Hydroxypropyl
methylcellulose (HPMC), Xanthan gums, Guar gum, Carboxymetitlose(CMC) etc.

It serves to improve the rheology of the final product and wWateling ability ofthe dough

of gluten during mixing (Casper addwell, 2014)

Appearance, quality and nutrient of a product are perimeters used by fuhec@rs and
consumes to qualitycheckto makefood choices. Gluten free bread has shown to alspl
low qualitydue to the absence of gluten. Utilization of hydrocolloids as a substitute of gluten

has been observed to perform same functions of gluten by improving gasoreierttie

12



dough, bread batter modification, higlater binding capacity, acceptability and prolonging

of sheltlife of the gluten free breadkazaridou et a 2007) Further research also suggested

that theuse ofone or two hydrocolloids to help impagh the organoleptic and rheology
properties of the gluten free bread enables the gluten free bread to imitate the gluten found
in the wheat flour, thereby providing stability during processing, causes gelatinization of gas
granules and also promotes cokiesess in the dougfOnyango et al 2009)

In the researclbonducted by Mariotti et a(2013, they observed the performance of the
Hydroxypropyl methytellulose (HPMC) for its ability to disperse gas cells, lowering the
movement and reduction of wat@olecules from bread crumb. More so, they revealed the
ability of HPMC to be able to inhibit the binding of starch and pnstevhich resulted to a

soft crumb, reduced staling, raise specific bread volume, enhsercsory properties and
increments in theheltlife of the breadGuarda et al,004), discussed the water binding
ability of the hydrocolloid which they observed that the hydroxyl groups associated with the
xanthan gum created room for water movement due to the hydrogen linkage around them.
Xanthan gum being a member of the extracellular polysaccharides sourced from the popular
Xanthomonas campestris is also known for its improvement of the gluten free bread
rheology, its sensory and organoleptic acceptance by consumers and its provisiod@f pseu

elastic property for the dough during production of gluten free bread (Moreira 20H1)

In view of the above chatteristics attributed to the functiows hydrocolbids to further
enhance the makingf glutenfree bread, hydrocolloids hdmen sen to be the primary
source of improving batter viscosity, due to their hydrophilic behavior in binding with water
molecules, promoting bread texture and acceptability among consumers. (Rosell et al, 2001;
Lazaridou, 2007)

This study is aimed at discuisg the technology and the effects of hydrocolloids in
producing gluten free bread mafilem a composite mixture of corn starch and rice flour

The primary focus is to proffer a lifelong solution to patients suffering from celiac disease,
by providing an kernative away from the conventional wheat bread since it has been
discovered that exposure to the gluten in the wheat bread or related products causes a

dysfunction in the system of celiac patients which only a lifelong abstinence is the solution.
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CHAPTER 2

THEORETICAL FRAMEWORK

2.1 Diet Management for Celiac Patients

Due to the reduced value of essential nutritional requirement contained in the diet of celiac
disease patients, it has become a necessity to initiate a diet plan to balaresp ifesl
nutrients value. However, different countries have demonstrated nutritional habit for persons
living with the disease and as a result suggesting a diet plan fit for celiac patients has been a
major challenge (Letizia et.aR010)

2.1.1Carbohydrates

According to Krauss et ak2011), they suggested the complex and simple forms of
carbohydrate ingestion for celiac patients should contain about 55% of the total calories.
Although, there is a shortage of carbohydrate in some gluten frde &owl some contain

high glycemic index, legumes and some forms of grains product have been seen to be good
form of carbohydrate and therefore should be considered as an inclusion in the diet of celiac
patients (Coulter and Loren4,990)

2.1.2Dietary Fiber

Dietary fiber are polysaccharides components of plants that are resistant to breakdown in the
intestine. Due to their composition, some have shown significant physiological properties
when they are finally broken down by normal flora of the intestiné have shown
significant assistance in preventing colon diseases, cardiovasclwdaseksand diabetes
(Andersoret al, 2009). A daily intake of 2@5g/d of dietary fiber has been suggested to be
vital for daily nutritional balance of celiac patients.idis also to accommodate some of the
report in some research concerning low contaf dietary fiber (Thompsorn999). An

insight into the amount of fiber present in some a&kf@ods is displayed ifable2.1
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Table 2.1: Amount of fiber present in some ceréabds
(Letizia et al, 201p

Cereals Fiber g/100g
Oat 10.3
Wheat 9.5
Barley 9.2

Teff 8.0
Corn 7.3
Spelt 6.8

Rice 2.8
Pseudacereals

Buckwheat 10.0
Quinoa 7.0
Amaranth 6.7
Fruit and vegetable 0.55.0
Nuts 4.012.0
Pulses 5.0-18.0

2.1.3Protein

Several research has reported animal protein like meat, milk, dairy sources, eggs and fish to
be higher than plant protein base. 15% of total calories have also been suggested to be
involved in the gluten free food of celiac disease, therefore the neddifpprotein intake

is a primarynecessity(Gorinsteinet al, 2002). Pseudo cereals have also been proven to
contain high level of methionine and cysteine which are needed for nutritional stability and
health of celiac disease patients (Adeall et al, 2002)

2.1.4Lipids

Celiac disease patients has been advised to maint&d@%r lower content of all calories
involving lipids and fatsThe consumption of moronsaturated and pelynsaturated fatty

acids have been suggested to give about 15% and 10% of the total calories. Mono
unsaturated and Omeg@afatty acids are commonly related to foods such as vegetable oils,
nuts, salmon fish, tut etc. and has been linked with the prevention of cardiovascular disease

in celiac patients. Therefore the need to include them idigtglan is vital (Templel996).
Furthermore, the need to also limit the use of tfatty acids is vital due to nagjve role in

causing atherosclerosis, and as a result their ingestion should be at a level less than 1% of
total calories (5g/d) (Judet al, 1994)
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2.1.5Vitamins and Minerals

Proper consumption of vitamins and minerals have been viewed as a substitekac
disease patients due to the damage done on the intestinal wall of cekatspatiich has
caused thénability of the intestingo absorb significant trace elements such as iron, zinc
and selenium. The intake dafalcium phosphorus sodium potassium chloride and
magnesiumhas been prescribed as a major substitute for a healthy dietaripplegiiac
patients (Adeyeye and Ajewqld992). According to scientific literature, pseudo cereals
such as amaranth and quinoa has shown to camiagrals and vitamins twice the portion
present in cereal grains and also contain increase amount of riboflavin, vitamin C and E.
therefore, celiac patients should explore the use of this items for their dietatippizeret

al., 2007; Fabjart al, 20().

2.1.6Phytochemical

Food sources of phytochemicals have been known for their significant role in preventing
risk of heart diseases, type Il diabeteslpn cancers etc. (Andersat al, 2009). Further
research has also confirmed they possess aitieifact, antiallergic, antiplatelet,
antioxidant functions, antnflammatory response arahtitumor properties (Stevenson and
Hurst, 2007). Yacet al, (2004), suggested that plant based food such as fruits, vegetables,
wines and teas are commonly asated with phytochemical properties and their food
sources contain high level of antioxidant properties. However, further research on pseudo
cereals has confirmed buckwheat and quinoa ttagohigher antioxidant, antitumor, anti
inflammatory, hepatoprettive and antidiabeticThe globulins from the wheat flour has
been known to incumflammatory effects on the celiac disease patients. However, the
globulins in buckwheat provide a bioactive effects that gives itiaftdimmatory abilities.
Thereforeconsumption of this gluten free products could help to maintain a healthy balance
for celiacdisease patients (Zielin and Kozlowska, 2000; Zdunezyd, 2006)
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2.2 Allowed and not Allowed Foods for Celiac Patients

As summarized in Table 2.the foods not allowed for celiac disease patients include foods
made with the inclusion of gluten which include wheat, its derivatives, such as kamut, spelt,
rye, barley, triticale, and thickeners which are associated with gluten e.g., hot dogs,
medicind ingredients that uses gluten as binders in the production of pills or tablets (Ellis et
al., 1994) Malt and beer drinkbas also been viewed to be harmfutétiac disase patients

due tothe presence of hordein in the beer and the malt being a pautildlysate of the

barley prolamins, as a result, it syrup, extract, flavorings and derivatives has been deemed
to be avoided by celiac disease patients. (Ellis.e1894)

Over the years there has been differs views over the addition of oats iettloé celiac
patients but significant studies has revealed that daily consumption of oat of about 25
60g/day is healthy for celiac disease patients. However, oats was found to be removed from
the diet meant for celiac disease patients because of traaqgzretiable quantities of avenin
found in oatsTheaveninsn oats are found to look like to those in ceygallamins, as their
polypeptides contain proline and glutamine. This two protein region containing these amino
acids have been found to indusgiac disease when the patients feed on their food related
product(Real et al, 2012)Therefore the celiac organization in the United States and Canada
haveinitiated a shutdown on thase of oats as a member of the food chain for patients

suffering fran celiac disease (Lohiniersat al, 1988;www.celiac.ca.

Further studies by other scientist carried out to determine the long term safety for the possible
use of oats have also suggested that when oats are taken in moderate quantities, oats not
contaminated with gluten derivatives are well tolerated by celiac disease patientsteeen

long term (Haboubget al, 2006) Therefore pure oats, undefiled with gluten have been
suggestedat be part of the food menu plan for people suffering fomtrec disease duto

their palatability and increaseuhtritional value (Leet al, 2009)
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Table 2.2: Someallowed and not allowed foods for patiesuffering from celiac disease.

www.massgeneral.org

ALLOWED FOODS

NOT ALLOWED FOODS

Grains & Starches
This includes all grains that do not cont:
gluten naturally or as an additive. Soybe
flours, potatoes flour, Pseudo cereals sucl
guinoa, amaranth buckwheat flours. Millet.
teff, sourghum,flax rice; puffed rice, corn
starch Glutenfree oas may be allowed

Beverages
Coffee and teas that do not contain gre
with gluten. Milk, chocolate milk preparet
with cocoa 100%Fruit juices, sodaWine;
distilled alcohols and cordials (check lab:
for preservatives and dyes); gluten free be

Soups and Casseroles
Soups made with ricer glutenfree pasta ant
glutenfree stock; creamed soups a
chowders thickened with cream, cornstar
potato flour or other allowed special flours

Fatsand Oill
Butter, Lard, vegetable oilmargarineghat is
well labelled and do not possess gluten an
derivative.Pure mayonnaise (and other sa
dressings that are thickened with el
cornstach or allowed special flours)

Meat or Meat Substitutes

Fresh meat; poultry; fish and shellfish; ec
Edamame (soy beandiifu; beans; nuts the
contain gluten protein or its derivative.

Grains & Starches
Wheat flour, its components and |
derivatives. Durum flourSemolina kamut,
wheat beries, couscaus, spelt, faro, triticale
dinkel Rye including its flour anc
derivatives. Barley, Oats that contains glut

Beverages
Instant coffe; instant tea; some herbal te
instant cocoa with grainntaining gluten o
its derivative Riceor soy beverages that us
barley enzymes Beverage containing
flavored syrups that is not properly labelle

Soups and Casseroles
Bouillon-based broths; creamed soups
chowders thickened with flourPrepared
soyps with prohibited cereal grains
thickeners

Fatsand Oill
Wheat germ oil, margarines and spreat
made with prohibited stabilizerddost fried
and breaded foods Low calorie mayonne
made wih prohibited cereal thickeners.

Meat or Meat Substitutes

Most meats such asausages and hot g®
containing prohibited grains.mmal proteins
that ismarinaed using prohibited ingredient
Dry roasted nuts containing prohibite
ingredients
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2.3Problems Associated With Gluten Free Bread

Absence of gluten in breads without gluten is viewed as a significant problem to the quality
of the breadnutritional propertiesrad its rheological performancelu®enfree breads also
accompanied with issues of insufficient gas during fermentation process which culminates
in reduced loaf volume in the final product, possession of liquid batter othehthdough

like in the gluten contained bread and leads to distorted texture in the crumb, which results
in negative color and finally display poor baking properties. (Matos and Ro8é&R,; 2
Onyangoet al, 2009)

Gluten free bread also proved to contaidused protein and low level of lysine, increased
amount of carbohydrate and fat. Describing the nutritional value of the gluten free bread
shows the amount of proteins ranges between 0698g/100g, 2.0@26.19/100g of faand
42.47599/100g of carbohydta which therefore contributes little or excess nutritional
requirement for celiac disease patients (Matos and Rosell, 2011). The absolute removal of
gluten has also revealed the low level of fibers, minerals, calories, irons, vitamins, and poor

organolepit properties of the gluten free bread (Yazynina et28i08)

Further research showed the nutritional ingredient of gluten free bread, pastas and other
cereal derivatives compared with gluten contained products proved the gluten free bread and
other gluen free products revealed reduced level of folic acid and which will lead to

poor minerals in celiac disease patigfitsompson, 2000). The elimination of gluten from
gluten free bread also displayed poor taste and aroma as a result of volatile compounds
present in the gluten contained breads being absent. Therefore, it has been a major problem
to mimic the aroma, tastend texture of the gluten contained bread since this natural
occurring aroma compounds are only present in the gluten containing breads. (Pacynski et
al,, 2015)

2.4 Parameters for Making Gluten Free Bread

Based on celiac disease awareness across the wortdkonsumer 6s i nterest
healthy and balanced eating pattern has also increase. This has led many food scientist to
look for alternative source of physiologically induced food with the ability to satisfy the
mental vellbeing of celiac patiest(Pang et a] 2012). Apart from satisfying hunger status

of the patients, but also impact nutritional value and help in preventing health related
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problems that could arise due to malabsorption of migien celiac patients (Roberfroid,
2000;Menrad, 203).

Due to the absence of glutenin and gliadin component of the gluten in the gluten free bread,
technological replacement of the gluten protein fraction has been a major challenge because
of its significant effect in maintaining the viscoelastic propsréand water hding capacity

of the dough Gallagher et al 2004). Having these in mind, the need for developers to
produce gluten free bread based on adherence to strict parameters for the safety of the bread,
acceptability and affordability by consumernd also in line with the set standards proposed

by regulated authorities needs to be adhered to by producers (Prakrit261.6)

2.4.1Removal of GlutenRelated Sources

The primary factor to consider in the gluten free bread production for celin{s is the
complete removal of gluten related sources. This is due to complication that accompanies
the ingestion of gluten food sources in celiac disease patients. These include the gluten
protein fractions in wheat and its derivatives, horedins itepathe secalins component of

rye and the possible pexsce of avenins in oatdMpreno et al 2014). The European
regulatory authority have proposed the avoidance of oats used in the production of gluten
bread, this is due to diverse debatesdsgarchers on the possible inclusion of oats in celiac
disease patients due to thegence of avenins in oat€gmino et al 2015). However, the

use of wheat and its derivatives has been completely avoided in the gluten free bread

formulation for celia disease patients.
2.4.2Producing Gluten Free Bread with Quality Sensory Properties

The absence of gluten in bread formulations is a major concern due to the positive effects its
presence gives to the bread in sustaining quality appearance in thediattp cohesive
crumb, chewy riare and desired mouth fe@&dllagher et al, 2004). As a result, the sensory
properties of the bread is a major factor to consider during gluten free bread production
because in the absence of gluten, an alternate sougtetedfi should be introduced as an
additive for the enhancement of gluten free bread, so as to maintain same sensory and
organoleptic properties found in the gluten containing bread which include the texture,
cohesive nature of thedad and enriched moutéel (Ylimaki et al, 2006; Sancheet al,

2002).

20



Rotsch et al. (2013), suggested that a bread without the presence of gluten protein fractions
cannot retain gas (GPtrapped during fermentation and responsible for dough rising, unless
there is a rept@ment with a gelike substance in the form of gluten. Different scientific
research has proposed the use of hydrocolloids which include xanthan gum, hydroxymethyl

cellulose, guar gum etcMoreira et al, 2013;Mahmoud et a) 2013)
2.4.3Maintaining Nutritional Quality during Production

Investigative studies has revealed that celiac disease patients suffer malabsorption of
nutrients due to damages done on the intestinal wall when they take in gluten related
product s. As a r ectadhetence to gliten &ree brpaa shove sighsbo$ s t
nutritive deficiencies and weigjHoss (Hallert et al 2002; Ciacci et al 2002). Further
research proved that the nutritiogalality of the diet of celiac disease patients was found to
contain increasednaount of calories from fats and reduce form of carbohydrate. This was a
direct effect of the gluten free breads produced majorly from the use of refinedfghgen
flours that wee enriched or fortifiedMloreno et al 2014). As a result various supplertgen

in the form of enzymes, proteins and hydrocolloids has been incorporated in the gluten free
bread production so as to enhance acceptability and promote nutritior@b¥ahe gluten

free bread (Matos aridosell, 2015)

2.4.4Regulations for Gluten Free Bread

Due to the complications associated with the foods of celiac disease patients in order to stay
healthy, it has become necessary for producers of gluten free breads and products to obey
and adhere strictly with the laws of different national andrivdtional regulatory bodies

during production (Prakriti et al2016). This is in accordance with the Codex set laws for
gluten free food which was introduced and accepted by the Codex Alimentarius Commission
(CODEX) arm of the World Health OrganizatiomVHO) and the FDA (Food and
Agricultural Organiation) in 1976 $aturni et a] 2010)

According to the set law, gluten free foods can be said to be foods that do not consist of any
prolamin fraction of wheat or triticum species which include spelt, kamdtdurum,
secalins of the rye, hordeins from the barley or its derivative and possibly oats and its
constituents or their cross breed contairghden not more than 20ppm (Arendt dvidore,

2016). In the remark of the Food and Drug Administration of thi#eld States (FDA) in
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2013, they stated the need for labelling of gluten free foods, in which they proposed the term

to be,

Glutenfree
Free of gluten

No gluten

1
1
1
1 Without gluten .

Figure 2.1 Labels describing gluten free products

http://www.bamco.com/blog/glutenfree-biola

The labelling of gluten free products has played a major role in the health of celiac disease
patients by indicating safe foods for consumption and contributing to their satisfaction of

makingqudity choices of products (Zou andbbbs, 201Q)
2.5 Technological Enhancemenbf Gluten Free Bread

Due to the use of an alternate flour for gluten free bread production, clinical investigation
has proved gluten free bread is always characterized by rethwedbf dietary fiber in
comparison with the conventional glateontaining bread (Penagiei al, 2013). Gluten

free bread has also been viewed to be rheological poor which include definite volume of the
bread, softness and possessing increased stalieig compared with the conventional wheat
gluten contained breads (Arendt et 2D07)

Scientific investigation into the use of corn starch for producing zero gluten bread noted the
presence of micro and macronutrients associated with corn starchgrifined the low

level of adequate essential nutrients such as proteins, minerals and dietary fibers. As a result,
celiac disease patients stands the risk of nutritional deficiency (Mastromatteo26€xLat
Schober et al2008). Further investigationtmcorn flour for gluten free formulations also,
proved that pasta productiosing maize flour and 15% chipka as an additive to enhance

its nutritional value gained a significant increase in dietary fiber, proteins and lipids
content (Padalino et.al2014). Different nofgluten ingredients has been identified as an
additive for the nutritional quality enhancement of zero gluten bread in order to produce a
safe and nutrient enriched gluten free bread, and also mimic the same gluten properties found

in the gluten contained bread (Marrioti et 2D09)
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2.5.1Addition of Dietary Fiber

The use of dietary fiber for enrichment purposes is mostly based on its nutritional and
functional property in the gluten free bread, which include its ability to absatbr,
formation of gel and inducing textural and thickening properties etc. (Tsatsaragkon et al
2016). Penagiret al. (2013), described gluten free bread to be one commonly identified for
its low form of dietary fiber. Furthermore, they suggested the ingredients used in gluten free
bread making which include refined flour to be low in dietary fiber due to lack of
fortification, as a result not fulfilling the nutritional content of celiac disease patleatk.

of adequate fiber could lead to poor food digestion, increased risk of cardiovascular disease,
lead to weight gain and poor blood sugar control.

Inulin, which is a plant based, naturally occurring polysaccharide with prebiotic effect has
been found to be a significant dietary fiber for gluten free bread enrichment due to its
functional properties in increasing loaf volume, enhance dough stability and improving
crumb textural properties (Korus et,a?006). Also, the use of soluble fiber with the
inclusion of resistant starch for enrichment purposes has served to help in the reduction of
glycemic index, a response which is highly needed for the health stalbiigliac disease
patients. (Gunners and Gidley, 2010). According to a scientific research, the use of resistant
starch for enrichment purposes did not only impact positively on the digestive functions of
celiac patients, but also improved the rheologralperties of the bread by increasing the
elasticity and porosity of the gluten free bread (Witczak .et28l16; Tsatsaragkou et,al

2014)

2.5.2Using Different Protein Sources

The use of protein based composition from various sources such as legggasd dairy

for the enrichment of gluten free bread has noted significant increase in the nutritional value
by making it a functional food and also impacting positively on the organoleptic quality of
the bread by enhancing maillard browning reactionfeavdr (Deora et al 2015).However,

care should be taken so as to avoid unwanted compounds such as acrylamide and furfurals
produced by maillard reaction which is harmful for human consumpfitne presence of

the gluten protein has not only enableddkerease in water circulation of the bread due to

its water binding property, but also generated a soft crumb. Its absence has negatively
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impacted the bread, because the water movement now occurs in a manner that promotes a

rigid crumb and a soft crust &zaridou et al 2007)

The application of whey protein for functional purposes of bread enrichment, improving
water retention and nutritional quality has been identified for its vital role in improving
nutritional quality of zero gluten bread (Kenny et 2D00). In a scientific researchrried

out by Gallagher et a(2003) on whey protein, they revealed that the presence of whey
protein in breads without gluten was able to enhance the protein content without having any
additional effect on it dietaryilder composition. The incorporation of whey protein into
gluten free bread has also displayed positive potentials in the bread rheology by adding to
the size and bulk of the bread loaf, rigid structure and mixing tolerance of the dough (Indrani
et al, 2007). One promising attribute of applying whey protein in gluten free bread is also
to promote mesoscopic network in the batter and create a@feled rigid strain which is

also needed for a dougike propety (Riemsdijk et al 2011)

Furthermore, in aovel research, the use of bovine plasma proteins for enriching the gluten

free bread revealed inducement of positive impacts on the rheological attributes of zero
gluten bread (Furlanetal 2015) . Food science |litemature
coll agen, pea, |l upane and soy protean. It
enhanced the specific loaf and bulk size of the zero gluten bread, reduced the rigidity and
chewy texture of the crumb and created -atdiling functions in brads witlout gluten

(Ziobro et al, 2013)

2.5.3Addition of Sourdough

Due to the growing need to produce functional foods that can satisfy the shortage of essential
vitamins in celiac disease patients, incorporation of sourdough for gluten free bread
prodwction has preen to be a better solution {@agno et aJ 2008), this is because
sourdough comprises of fermented flour by cultured lactic acid bacteria, yeast and other
ingredients, which aid in the acidification process of the gluten free battatsanenhances

the production of aroma aggregates (Gobbetti, 1998)

Due to severe impairment of the immune system of celiac disease patients, the incorporation

of sourdough starter culture to the gluten free bread was found to help improve the immune
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functions of celiac disease patients by releasing high content of proline/glycine peptide
through proteolytic functions (Rollan et,&2005)

Several research revealed sourdough shows significant contribution in impacting positively
in the appearance of breadgthout gluten, its texture, the nutritional value and also in
extending the shelife of gluten free breads. This is however, viewed to be the metabolic
function of the lactic acid bacteria (Racyts et @012). Sourdough addition to breads
without gluen also proved to decrease starch breakdown, thereby acting as stalamgi

agent in zero gluten bread (Rojas et H99)
2.5.4Combination of Gluten Free Flour or Starch

Il n Iline with consumer 6s Vi ew, apgearancegsenséry ee b
properties and nutritional value. Conducted research has indicated the use of soy flour
together with buckwheat as additives of rice flour and corn starch. It revealed the final
product to gain better acceptance based on quality aisthstibn (Moore et al 2004). The

research further proved soy flour had a major impact on the batter and the gluten free bread
properties which culminated in increase in bread volume and improvement in batter
firmness. It also produced softening effetthe crumb, and reduced bread staling rate due

to water retention ability of the soy protein and inhibition of starch regres3iatiesalso
confirmed this positive Iimpacts by soy flou
present in the soflour, which contributes to the regression of the starclstbpping the

movement of watethereby promotig gas moleculesalance in the dough due to formation

of soluble lamellar films arounché gas molecules (Eduardo et, &016).Nunes et al.

(2009), researched further to confirm the increment in the bread size of the gluten free bread

and weight of the dough was due to the soy lecithin present as an ingredient.

In another effort, Elgeti et al. (2014), replaced the rice and corn flour with quooairf

order to verify the impact of the quinoa flour on free gluten bread rheology. They noted a
significant increase in the loaf volume of the bread, which they proposed it is due to lack of
bran properties and -guoosidasedurimns. &urthepnore,gshenc e o
crumb of the bread fared well by sticking together and evenly allowed the passage of gas

bubbles without altering the taste of the bread. As a result, they concluded the possibility of
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utilizing quinoa white flour for promoting théneological parameters of gluten free bread,
thereby adding quality.

2.5.5Addition of Enzymes

As a result of gluten absent in the dough, formation of protein network chain which is
responsible for the viscoelastic characteristics is lacking. TransglusenfimGase) enzyme

have been found to significantly change the protein functions, increasgairmsg among

gluten free breads, and also promoted their baking abilities (Renzenti2&0d). Renzenti

et al. (2008), further carried out a study onube of transigtaminase (TGase) in the absence

of gluten and hydrocolloids on gluten free buckwheat and brown rice breads. It was revealed
the enzyme was able to introduce batter pseudo plasticity, thereby increasing the rheological
structure of the breadnd its wateretention ability which culminated in promoting the
crumb structure of the bread.

Further research carried out on addition of enzymes to formulations of gluten free breads,
confirmed the use of protease enzyme as an ingredient in breadstvglinien which also

helped to promote the batter qualities of the bread. Some of the proteases applied according
to the study includes bacillolysin, papain and subtilisin, which reveale@0%9
improvement in the gluten free rice bread specific volumduaged 1630% of crumb
firmness, initiated protein compound formation in the batter of the bread when studied using
optical microscope, produced bubbles of gas cells which helped in trappin@tlga s
molecules during fermentation process, and amouttdiagotal improvement in the specific

loaf size and reduction of crumb firmness when compared to the total control bread (Hatta
et al, 2015)

In an attempt to expatiate on the need for the incorporation of enzymes into gluten free bread,
Renzenti and Anedt (2009a) further conducted a research to measure the effects it has on
gluten free sorghum and corn breads when glucose oxidase is added, and also gluten free
rice bread. They found out the addition of glucose oxidase produced a significant positive

effect by improving the loaf size and reducing the crumb firmness.
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2.5.6Addition of Hydrocolloids

Application of hydrocolloids in the food industry for gluten free bread production has been
very successful due to its extensive properties which incluimgethickening effect,
ability to hold water, enhance dough viscosity and stabilization of the textural structures
(Balaghi et al 2011). Mostly derivatives of plants, microorganisms, seaweeds and fruits.
They are commonly found in the form of polyshaaddesor protein (Mollakhaliliet al,

2014)

Based on a research carried out on gluten free bread production, it suggdsbegpropyl
methylcdlulose and xanthan gum are tlmghly accepted hydrocolloids due to their
consistent performance in incr@&p the rheological parameter$ the gluten free bread
(Hager andArendt, 2013). However, other forms of hydrocolloids like the guar gum,
Carboxyl methylcellulose, Agarose etc. has also prawdoksuccessful when applied for
gluten free bread productigNaji-Tabasi and Mohebbi, 2015)

The use of corn flourfor gluten free bread production revealed that xanthan gums, guar
gums, locust bean gum, and tragacanth showed significant success due to their binding
property and ability to act as gluten replacetria dough without glutefAcs et al, 1996).
Furthermore in the history of hydrocolloids, studies has revealed the use of inulin for
production of functional foods due to its prebiotic effect, global acceptabilty as a
fundamental hydrocolloid and its darporation into production of gluten free bread as
dietary fiber enrichment, and improving rheological properties (Kolida.,e@02; Korus

et al, 2006)

Friend et al. (1993), suggested an improvement in water retention capacity when
hydrocolloids wee introduced during bread making. They further noted that the influence is
as a result of the Hydroxyl group$H) present in the hydrocolloids network which created
enough space for water movement across the hydrogen bonds. In a way of extending their
work, they went further to propose the stability of the dough when 0.5% amount of
hydrocolloids were used, it resulted in enhanced stability of the dough. Rosell et al. (2001)
also discussed xanthan gum addition during the dough processing to impro&ctsi yi

which as a result induced stability functions to the dough. Viscosity can be modified due to

changes i n concentrataon, temperature and
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hydrocolloids and other additives present. Therefore applying diffegginbcolloids may
help to improve the viscosity or act to lower it. (Marcotte £t24101)

Studies on the effect of a combined hydrocolloids in which guar gum and pectin were used
to act on different gluten free flour including potato starch, corn stand corn flour
revealed that the bread with guar gum proved the highest quality in terms of volume,
moisture present in the crumb and the baking ability (Gambus @08I1). Therefore, the
effect of the hydrocolloid may change from one bread type athan depending on their

chemical functions, compositions and origin (Rojas et18199)

Further studies carried out on hydrocolloids for gluten free bread production from corn starch
proved their binding properties and suitable use as gluten replacefus et al. (1997)
discussed application of xanthan gum, guar, locust bean and tragenth to gluten free bread
production. The effect was displayed based on their differences, as it proved the bread
produced using xanthan gum proved to be most succegtifiutompared qualities as it is

in gluten contained bread.
2.6 Nutritional and Health Impact of Corn Starch

Phytochemical properties inherent in the c{@ea Maiz¢ flour are bioactive chemical
compounds that resides in the plants that are respongilblerfan health benefits and serves

in lowering chronic iliness (Liu, 2004). According to Kopsell et(2009), they conducted

a research in which they proved that utilizing corn for various purposes provides different
phytochemicals like carotenoids, plodin compounds and phytosterols. The carotenoid
found in the corn belong to the red family, orange and the yellow pigments. However, the
yellow corn grains commonly used for the gluten free bread production has been found to
contain a higher value of caastoid pigments which by nature are higher source of anti
oxidants. Also present in the maize plant are the phenotigpoands commonly termed
ferulic acids, flavonoids, stilbenes, coumarins and tafiins, 2004). Furthermore, it has
been proven that among the cereal grains the corn flour possesses an increase amount of

ferulic acid followed ly barley and wheat flour (Zhao aMhghadasian, 2008)

The presence ofnghocyanin in the corn can greatly indince the health of celiac patients
due to their antcarcinogenic properties, lowering the risk of diabetes;iaflimmatory

properties, inducing immune system response and lowering the risk of platelet coagulation
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which is due to the high ambixidantnature of the corn grains (Ghosh and Konishi, 2007)
Renzentti et al. (2008), confirmed in their research that the maize flour contains considerable
amount ofprotein, lipids, fibers, carbohydratgc., and when used in gluten free bread
production, they idplayed a solid crumb which feels heavy to handle.

The maize kernel which is also blended for its flour purpose has been found to contain
considerable amounts of Vitamin C, E, Ky (Bhiamine), B (Niacin), B, (Riboflavin), also

the Vitamin B (Pantothaic acid), B (Pyridoxine), folic acid, seldum and also potassium
(Kumar andJhariya, 2013). A research conducted at the Colorado State University stated
that carbohydrate is a significant component of the corn starch. A cup is viewed to contain
about 94 of the total carbohydrates, thereby making up to 76% of corn caloric content, and
also said to contain dietary fiber that helps in prevention of constipation. In addition, this
dietary fibers which plays significant physiological roles and are brokem dowgut
bacteria in the intestine of celiac patients has been researched upon and it revealed that
consumption of 25g/d in celiac patients could help to prevertlon cancer

cardiovascular disease and diabetes. (Anderson €089; Thompsqgr2000)

As a result of the damage caused by the gluten in destroying linings of the celiac patients, it
has culminated in malabsorption of vitaltrients like iron, calcium,itamins such as A, D,

E, K andfolate, corn grain used in producing gluten free produnas also been revealed to
contain appreciable amounts of iras its components, therefore dag beneficialwhen

used in producing gluten free bread for celiac disease paf@amsion et al 201J).

Kumar and Jhariya (2013), further argued that thesemption of maize kernel which can
also be used for the production of corn starch contained sufficient amount of potaésium
about 153163mg/100gAccording to their research, they confirmed that potassium in maize
has positive diuretic functionehen cosured in the right quantity. Sen ai. (2009
suggested that the maize oil extraas linked with fatty acids components and indicated
the presence d4-60% linoleic acid which is responsible for regulating blood pressure,

maintaining cholesterol levend serves in inhibiting cardiovascular problems.

Gluten free bread produced for celiac disease patients has been compromised with dietary
fiber deficiency when correlated with normal demntaining gluten (Penaget al, 2013;
Kupper, 2005). In a reseeh conducted by Murphy et al. (2008), they describeldble

29



dietary fiber to have positive impacts on human diet due to their ability to reduce cholesterol
level, enable fecal excretion, improve fermentation and the presence of short chain fatty acid
in the large intestine, lowers the chances of intestinal cancer, atherosclerosis and issues of

obesity.

According to Jiang. (2010), the maize endosperm carries about 39.4mg/100g of resistant
starch which when ingested helps to reduce intestinal transit tichewdminates in early
removal of wastes content throufgices from the intestine. Johnson et al. (2010) described
the resistant starch present in maize to be significantly helpful in increasing insulin
sensitivity in human. Based on the significant riginal value of maize in possessing
different phytochemical properties, its utilization for the gluten free bread production will
go a long way in advancing the nutritional desires of celiac disease patients (Kopsell et al
2009)
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CHAPTER 3

RELATED RESEARCH

This chaptercontains background information detailing similar and related research studies
on the subject of producing gluten free bread for celiac disease patients using corn flour and
hydrocolloids as a gluten substitute.

Generally,gluten free bread production using zero gluten flours involves replacement of
gluten by using different hydrocolloids and suitable ingredients in order to imitate the elastic
behavior of gluten in dough containing gluten, thereby providing elasticityetadligh
(Demirkesen et gl2014)

Investigative studies of celiac disease in the early 1990s described celiac disease to be an
irregular disorder, which was attributed to the absenckaghostic materials (Carle al,

2014); however, current epidenagical studies confirmed celiac disease to be a disease
found in at least 1% of éhglobal population (Fasarat al, 2012). Kennedy and Feighery
(2000, proposed that apart from the use of biopsy diagnosis to evaluate the presence of
celiac disease in patient, Antigliadin antibody serological test have proved to be a more

definitive and accurate test to detect the presence of celiac disease in an individual.

Further studies has revealed that one of the problems encountered during celiac disease
diagnoss involves irritable bowel syndrome (IBS), this is because the signs and symptoms
of IBS appear in the same form as that of celiac disease patients andlinorpatients

which include abdominal disorder, swelling of the bowak gtc. (Whitehead et a1980)

The diet of celiac patients have been found to be deficient of trace elements such as iron,
zinc, magnesium, folates, fiber and as a result celiac patients are faced with possible chances
of developing obesity and metabolic syndrome, osteopochmsto calcium deficiency,

anemia as a result of insuffésit iron in the diets (Gokmeat al, 2011, Krupaet al, 2000)

Research into these of corn flour for gluten frelbread production revealed the increased
content of energy after consumption ofinea possess proteins with reduce traces of vital
amino acids such as lysine and tryptophan, also deficient is vital minerals, deficient source

of vitamin B and responsible for little quantity of vitamis @liacin) (Losak et al 2010;
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Zeng, 2010). Howeve further studies for gluten free bread production indicated rice flour
(Oryza Sativaand corn flour Zea mayps has been highly suitable when blended together
for use, due to the flavor they emit, low allergenic effects on people and are found in
commer@al quantity (Kadan et gl 2001). Based on this understanding, the use of
hydrocolloids has been used as an additive for promoting the virtue of zero gluten bread,
increase gas retention, binding of the water molecules and stability of the gluten tieee bat
(Casper and Atell, 2014)

Further investigation into promoting the totality of zero gluten bread suggested the use of
dietary fiber as an ingredient due to their health gain which involves blood sugar levels
reduction, risk of constipation reductiand enabling good bowel functions. They have also
been viewed based on their physicochemical functions which include their capacity to
increase viscosity and promote the textural structure of the overall product. (Kaczmarcyzk
et al, 2012; Collar et al 2007)

In a similar research carried out on the effect of dietary fiber addition, it confirmed that
Ps vyl i u mglutan, ke fiber dmd locust bean gum when included for gluten free bread
production, it produced an increased volume and soft crumb wdmapared to gluten free

bread that possess no fiber material (P€azce etal.,, 2014; Martinez et gl2014)

The moisture present in the gluten free bread has great effect on the crumb and is usually
based on the influence of the flour specificity, éields, and the method of baking (Barcenas

and Rosell, 2005); this confirmed the research conducted by Mandalg200a1) on the

use of different hydrocolloids such as xanthaydroxylpropylmethylcellulose, guar gum

for the production bread, found otlie sample containing hydroxylpropylethylcellulose
possessed reduced crust size and also involved in the lowering of water movement, thereby

maintaining moisture in the crumb.

Constantini et al. (2014 studied the use of 10% whole chia flour as a stulstiof
buckwheat flour for gluten free bread production. They noted tremendous result in protein
yield, | i pi ds, -lindléiceacid whijch dulmibated jn higher hantioxitdant
functions and increase in phenolic compounds. Investigative stuakeseen conducted on
legume flours for the gluten free bread production and in order to improve its technological

and organoleptic properties, composite flours of soy, chickpea, carob germ and vinal has
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been incorporated (Minarro et,@012). More reseah also revealed 15% of the carob germ
incorporated to rice flour for producing a gluten free bread amount to a better
physicochemical functions with the bread displaying high potential of dietary fiber to the
range of 6.1%, protein 8.4% and the presafassential minerals (Shin et,£013)

Commercially produced gluten free formulations has demonstrated poor crumb and crust
properties, low quality of flavor and poor mouth feel due to the abundance of starch
associated with gluten free bread (Moroinéle 2009). Howevemresearch provethatwith

the addition of pseudoereals such as amaranth, buckwheat, quinoa and grains such as
millet, brown rice, sorghum and teff, the nutritional and rheological constituents of the zero
gluten bread increased yewell (AlvarezJubete et gl 2009); In addition, the viscoelastic
nature of the gluten free formulation were found to increase when tojidids were added
(Kittisuban. et al 2014)

Research into the use of hydrocolloids has revealed various hydidsapplied in the food
industry have produced a broad result based on their nutritive and physiological properties.
S o me of t h egtucan, rpectinu ohudin, duar gum, gum Arabic, carboxyl
methylcellulose, hydroxylpropyhethylcellulose, psyllium¢arrageenan etc. (Pentikainen

et al, 2014)

In a scientific research carried out it was noted that dissolved xanthan gum distributio
time-dependent and can be viscous when applied in small concentrations, therefore can be
used in the thickening and stabilizing of glufeee batters (Morris1995). This fractions is

as a result of the xanthan particles forming compounds through hydiinggage and
polymer associations which enables the xanthan gum to possess high viscous properties

when applied at low concentration under low shear rate (Sworn,.2000)

Based on theskndings, further research proved xanthan gum to be viscous in hotdor ¢
water solutions even at small quantities and demonstrate better stability also in acidic
solutions (Dreher, 1999), therefore whieis used in the absence of gluten to produce gluten
free bread, increasing its concentration produced significant effpseud@lastic behavior

andalsostabilizing the batter quality of gluten free bread (Morris, 1995)

In an investigative research on the use of hydroxylpropsthylcellulose, it foundhe

hydrocolloid to be a cellulose derivative gotten by bindingbygoropyl and methyl groups
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toget her ulg-D-glichnycelldlosic backbdone which enables it to be soluble in
water and possess an increase surface activity regardless of the modification in temperature
(Sarkar and Walker, 1995). The influencehgiéiroxylpropylmethylcellulose \as tested on

the gluten free tié breads, rice breads, buckwheat and maize bread. It revealed a linear effect
with a level of inear positivity size of the tEbreads, negative linear display on rice breads,

and no signittant change on theubkwheat bread anon corn breadéAnna-Sophie and

Elke, 2013)

Addition of hydroxylpropyimethylcellulose proved to contribute sameness around the batter
of gluten free bread due to its ability to bond with the aqueous ardqeous state of the
batter, thereby creating an artificial coatings around the edges of gas cells and gives support
to the gas cells during fermentation (Bell, 1990).

Hydrocolloids has also been used for producing chapatti breads using rice flour and it
revealed a significant positive effects on the bread due to the ability of the hydrocolloids to
regulate water actiwtby binding with the water molecules thereby causing a distortion in
the plastic nature of the crumb and causing moisture movement from the crumb to the crust
(Mandalaet al, 2007). This has impacted the crumb positively in steetto gradatiorof

the bread by inhibiting flow and loss of watarolecules from the crumbElke andDal

Bello, 2008).
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CHAPTER 4
MATERIALS AND METHOD

4.1 Materials

4.1.1Gluten Free Bread Ingredients

The gluten free bread was formulated using the mixture of corn starch, rice flour and other
additives which include sugar, salt, gelatin, Turkish mahlep, baking powder, yeast, olive oil,
butter and milk. All these ingredients were bought from a local sugé&et in Lefkosa,

North Cyprus.The Hydrocollads used in makinghe bread are food grade which include

the K-Carrageenan, Carboxyl methylcellulose, Guar gum and Xanthan gum. All the
hydrocolloids used was brought in from Tabriz University, Iran. Theceffef this
hydrocolloids on the dough and finatead product were determined for theexture,

protein,ash, wegluten and sensory properties.

4.1.2Preliminary Bread Making Experiments

Preliminary studies were carried out on the gluten free brethe ikitchen of Nutrition and
Dietetics Department of Near East University, Nicosia, North Cyprus, to ascertain the proper
amount of the ingredients that will be suitable for the preparation of thenghet bread.
Various equipmeist were also employed rfomethod validation of the effect of the

hydrocolloids on the dough.

The preliminaryexperimentswas carried outusing corn starch as the flour and other
ingredients including salt, sugar, gelatin, yeast, olivehboitter and milk $eeTable4.1).
Thebread samplesere analyzed with diérent hydrocolloids includinguar gum, carboxy

methylcellulose, carrageenan and xanthan gum.

The gums were used separately and also as mixtures of fhale @.1). After the
ingredients for the bread dough were coretdinthe dough was kneaded by hand until it was
smooth and elastié&fter kneading, the dough was allowed to rest and ferment for at least a
minimum of 1 hour. Thereafter, the dough was wgadiinto smaller portions and then again
allowed to resfor about10-15 minutes before shaping. Afteretbread have been proofed
they were baked at 15880C(°C for 25-30 minutes.
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Table 4.1: Amount of ingredients used in preliminary gluten free bread experiments

Ingredients [ (9) Il (9) Il (9) IV (9) V(g VI(9)

Corn starch 100 100 100 100 100 100

Salt 1 1 1 1 1 1

Sugar 5 5 5 5 5 5

Gelatine 1 1 1 1 1 1

Gums(X, G, K,CMC) O 1gX 19G 1gK 1gC Mix. of gums (29)
Yeast 4 4 4 4 4 4

Olive oll 5 5 5 5 5 5

Butter 5 5 5 5 5 5

Milk 80 80 80 70 80 80

Thehydrocolloids includes X (Xanthan gum), G (Guar gum), KG&rrageengrand CMC
(Carboxy methycellulose)The control dough using only the corn starch without any
hydrocolloids gave a fluichnd shapeless dough and even aftsking, the dough was

scatterd as seen in Figure 4.1

Figure 4.1 Image showing th#éuid nature of theeontrol dough

The addition of gums helped to obtain a smooth dough and better shape. However, there

was no rise aftelermentation in all experiments due to the absencgudén protein.
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Figure 4.2 Image displaying different bread sample using only corn stardh
hydrocolloids.

The next step was followed with the addition of rice flour tocthva starch aseen in Figure
4.3. Although, the end result gave rise to a flexible, softer and better dough, still there was

no good fermentation and rise in the dough.
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Figure 4.3:Imagedisplaying different bread samples with the addition of rice flour to the
corn starch

Further experiments were carried out with the addition of gahitkpea and pounded yam
(composite flour of potatoes flour, corn flour and y#lour) to the corn starch. Other

ingredients were also added along with yeast for proper fermentation.

Finally, after observing no significant rise in dough using the yaacision to add baking
powder as a yeast substitute along with a Turkish traditional spice (Mablepprove the
tastewas carried out. A good result was obtained regarding the textural propadi#avor.

The final experiment was therefore carr@at based on this recipe.
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Figure 4.4 Finalpreliminary bread sample using baking powder

4.1.3 Characterization of the Bread Formulation

Combining the formlations used in preparing the breddking powder was viewed as
replacementor the yeast based on the quality of theabingroduced when it was used as an
additive. Thechickpea being a good replacem@mtprotein in the formulation was not used
for the final preparation as a result of sour taste associated with it when ufiesl in
preliminary stages of the bread making. Furthermore, the garri flour which is locally
produced from the cassava proved not to be a suitable flour due to the wetness revealed in
the bread after its final production. The gluten free bread was finalhapdusing some

selected ingredients as seen in Table 4.2ptmtided better quality of the bread.

4.1.4Gluten Free Bread Experiment
After several trialscarried out in the preliminary stages with different combinations of the
gluten freeflours, 2g o baking powder combining with the hydrocollo@hd other

ingredientgdisplayed optimum sensory preies.

The final experiment was carried out at a bread institute in Turkey. All ingredients used for
the preparation of the bread was bboitugt a local maet in Ankara Turkey. The formulation
includes corn starch, rice flour and other additives. The cootealdwas prepared without

the addition of hydrcolloids, only the corn starchice flour and two commercialdlrs
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along with other ingredientgasused for the control. The gluten free bread formulation was
finally prepared using 1g of the xanthan gum, guar gumd, kcarrageenan and carboxy
methylellulose. The breads were bakmdmediately after adding the baking powder at
215°C for 25 minutes in he oven. The weights of each sample was recordezlies after

the bread has been brought out of the oven and allowed to cool down.

Table 4.2 Gluten free bread formulation

Ingredients Amount (g)
Corn starch 50
Rice flour 50
Turkish mahlep 1
Salt 1
Sugar 7
Gelatin 1
(K-carrageenan, Xanthan, Gui
and Carboxyl methylcellulose 1
gums)
Baking powder 2
Olive oll 5
Butter 5
Milk 55-70

With the addition of milk to increase the protein content of the breadxeriment was

carried out according to the flow chart showirigure 4.5.

Weighing of ingredients
Mixture of ingredients (Kneading of dough)
Division of dough
Shaping to obtain a uniform size
Baking/Cooking of dough
Cooling
Weighing a{ter 2ours

Figure 4.5: Flow chart of bread preparation
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The making of the gluten free bread started by weighing all the ingredients needed for the
formulation of the bread. The next step involve the mixtuck kareading of the dough in
orderto obtain a uniform mixture of thegredients. The addition of the ingredients was
based on a specified sequence which include first adding of the dry ingredients followed by
the butter, olive oil and milk for proper homogenization.

Figure: 4.6. Weighed ingredients ready for bread making

The dough was further rolled, divided and placed in a greased baking pan and transferred
into the oven. The baking or cooking process was carried out in an electri@iotien
specifiedtime and temperatur&.he baked bread was later brought out of the oven and
allowed to cool down for two hours at room temperature after which their \seigts

recorded.
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Figure 4.7: Dough undergoing rolling for proper shaping and sizin

(a) Breaddough

Figure 4.8 Displayed prepared dough ready for baking
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Figure 4.9: Displayed image ofwen used for bread bakiragnd ead undergoing baking

4.2 Methods

The effects ofthe hydrocolloids and their combinations on the gluten free breads was
deternined for their texture, protein, ashet glutenand sensory propertiemder specified
conditions. The methods used for analyzing the samples was based on the international

approved methods of the American Association of Cereals Chemist (AACC)

4.2.1Crumb Firmness Determination

The firmnessof the crumb was analyzed in line with the AACC methoeD%4 using a
texture analyzing machingStable microsystems, FXT plus, Godalming, Surrey,
England). The primary purpose of this method is to significantly determine the force needed
to compress haked product by a preset distance. The texture analyzer was equipp2d with
kg load cell and a 36m cylindical probe was utilized for the texture determination. The
force (firmness) needdd compress 4@ of twobreadslices (1.25%m each) was analyzed

at 1.7mm/sec test speed.
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Apparatus:

A
A
A

A universal testing machine (Stable microsystems,XIAplus)
A compression load cell of &y
36 mm cylinder probe (Aluminum plunger)

Procedure:

A

A

The total thickness of the bread used is 1.25cm each. The learessliced
mechanically
Two slices of the bread stack together was used for the test sample

Method:

A

>~

The upper head cross limit of the machine was positioned so that the compression
plunger is 1mm above center surface of the bread sample

The lowercrosshead limit was positioned at¥#0compression (16im compression

depth

The crosshead speed (rate of compression) was seini/sec

The scale (range) was set @

The prepared bread sample was positioned under the compression plunger, avoiding
anyirregular or no representative areas of the crumb.

The sample was compressed approximatelgnh®(40% compression)

The compression plunger was returned to its upper limit position

Test slices was discarded

Figure 4.10: Stable Microsystem§A-XT plus Texture Analyzer
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4.2.2Protein Evaluation

The Dumas nitr oNRA 7anlal wane raucdeothpdance wit h
met ho3d@ 260 Oneed BwOgdgest s a flamahygzimeg hoble foot
FIl aming at tempeéenatmwureedoxygen releases the
calculated by heat <conductihseampl edeiteecamnalny :
chantgeedsipnmidtaei ni blyy mofya evti & it ob fgeedt. p5 ot ei n co

Apparatus:

A Any instrument capable of measuring nitr
for the analysis as |l ong as it has t he
temperati«€ferocombdstion of sample in pur

A Containoansiysolat iwith the ability to is

combustion materials for further measure
A A detection system that can interpret de

A Finally, can calcul at e0 420t%r mgeémoigrnpr odu
Procedur e:

A The samples were weighed into a tin cap
reactor in an automated-NDAME@aOd1Ini whegen

measur ed-iwmi agaas bhcuhirlotmat ogr aph.

Met hod:

A The carbon in the sample wer e ocfonfvieasthed
combustion process.

A Nitrogen oxides are produced in the pro
copper reduction column at -@a0®igh temper

A Tk total nitrogen (Nitrate and Nitedte)
by pure helium gas and calculated by ga:
conductivity detector.

A Finally, the nitrogen is sampleounsenged

conversion factor.
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Figure 4.11:Image of The Dumas nitrogen analyzer /BIpA 701

4. Dry Ash Analysis

Ash being the residual i norganic matter t hz
of stahnepl e have been removed via heating and
carried out to provide information on the m
free bread.

The analysis was conducted usriinegd ¥atnapBde s o
carefully grounded to expose the surface

Thereafter, the grounded samples were analy

Procedur e:

A A measured-l1dmo writ gofouhded sample was we.i

A The crupibkcedwas a cool muffle furnace

A Heat was applied to tllBeowrrsucdtbla tf-eomp ear g
55%.

A At the end, the furnace was turned off a
°C or | ower.
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A Safety tongs was used to quickly transfe
plate. The dessicator was closed and t he
weighing.

The asnht cwanst ecal cul at edabhsédrygnbasespercen

Wei ght afwerghlshohgcr xcill®lOe
Original sample weight x dry matter coef

Where, dry matter coefficient = % solid/ 100

4. 2Ne45]1 ut en

The analysis waisglhiangi 20g oatt flyour mixtur e
out of it wasdi Wipgamgdhaiwti ¢éh 2 % yo fp lsaaclitn gs oiltu toinc
of the hand. Af t ehre tfhl ocoruoru grna & sedn e ghebzai unligeg et

gl ut eTnh emaftierrala l |l eft on the pal mMHowevtdr, hiam

our own case, all the ingredients were wash

Figure 4.12 Wet gluten analysis
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4.2.5SensoryEvaluation

The bread samples of the four hydrocolloids including the control bread and commercial
flour bread were evalted by 8 semitrained panelistfor the determination of sensory
characteristics of the gluten free bread ghe® like thegeneralappearangeodor and taste,

color and mouth feeThe samples were analyzed based ofpaibt hedonic scale.

Respondents
A total of 8 semi trained paneligtgrticipatedin the sensorystudy. They originated from
different countries and weraged between 28nd 56 years, with a total of 5 females and 3

males.

Procedure

A Accurateinformation regarding the samples was given to the panelist

A The samples were arranged and served on a plate

A Water was kept by the side for proper mouth rinsing

A The panelist were told to use apbint hedonic scale which include (1= not
satisfactory, 2= fair, 3= medium, 4= good and 5= excellent) to evaluate for product
general appearance, odor and taste, color and mouth feel.

A One slice was given to each taster

A Ead taster gave a remark based on it hedonic scale

After the analysis, sensorial data was statistically calculated lbasedords given by the

panelists
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CHAPTER 5
RESULTS AND DISCUSSION

The analysis of the bread samples was carried ocatdredited bread institute in Ankara,
Turkey in accordance with standard international method of bread anahgsiprocedures.

The equipmerst used for the analysis were properly calibrated to standard for machine
assurance and to avoid incorrect resaftte end of the analysis. Final results of gluten free
bread samples are givenkigure 5.1.

Figure 5.1 Cross section of overall bread appearance after baking

Table 5.1:Recorded weights of bread sample afftes (2) hours ofbaking

1st 2nd
Samples experiment (g) experiment (g) Ave+ SD
Bread with CMC 161.97 159.92 160. 95+ 1.45
Bread with K 171.83 166.94 169. 39+ 3.46
Bread with G 165.93 161.77 163.85+ 2.94
Bread with X 161.70 163.86 162.78+ 1.53
Controlbread 153.82 154.34 154.08+ 0.37
Commercial flour 151.73 152.54 152.14+ 0.57
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5.1 Crumb Firmness

Two successive test was carried out for each bread sample and the results were recorded

using the stable microsystems A plus texture analyzer.

Table 5.2: Crumb firmnesslatafor each bread sample

Samples 1Stexperiment 2" experiment Average
Carboxyl methyl cellulose 10900 13159 12030
K-carrageenan 11913 10456 11185
Guar gum 11648 10392 11020
Xanthan gum 1372 17610 15681
Control bread (without gum) 5521 5445 5483
Commercial flour 12122 11381 11752

Figure 5.2: Displayedcontrolbreadundergoing textural crumb firmness analysis

Figure 5.3 Graphical display of the Texture (crumb firmness) report for control breac
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