DOUGH FERMENTATION PROPERTIES AS A
FUNCTION OF PHYSICAL AND CHEMICAL

CHANGES

By
HIMABINDU VISIREDDY

Bachelor of Technology in Food Processing Technology
Osmania University
Hyderabad, Andhra Pradesh, India
2008

Submitted to the Faculty of the
Graduate College of the
Oklahoma State University
in partial fulfillment of
the requirements for
the Degree of
MASTER OF SCIENCE
JULY, 2011



DOUGH FERMENTATION PROPERTIES AS A
FUNCTION OF PHYSICAL AND CHEMICAL

CHANGES

Thesis Approved:

Dr. Patricia Rayas-Duarte

Thesis Adviser

Dr. William McGlynn

Dr. Tim Bowser

Dr. Mark E. Payton

Dean of the Graduate College



ACKNOWLEDGMENT

| dedicate my thesis to my family Visireddy Balakotixgddisireddy Laxmi and
Visireddy Kiranreddy whose continued support and encouragement has helpedimee
person | am today. | convey my heartfelt gratitude to Dr. RatRayas Duarte for being
an excellent mentor without whose help this thesis would not haare dmmplete. The
knowledge of her confidence in me, has always inspired me to put inefttra mile.” |
thank my committee members Dr. William McGlynn and Dr. Tim Bewfor their
valuable suggestions and guidance in this thesis study. Also, | woutd likank my lab
manager, Palgunan Kalyanaraman and lab members Pavalee ChompamgatV&oi
Lim and Shawna Hughes for their help and support. | would alsodikeank Dr. Mark

Payton for his help with my intensive data analysis.

| am grateful to my parents for their love and support. A spehehks to
Bhargavi Kanneganti and Shruti Tripuraneni, who inspired me to obtain a mastees degre
Last but definitely not the least; | would like to thank all migrids at the Oklahoma

State University for giving me a home away from home.



TABLE OF CONTENTS

Chapter Page

[. INTRODUGCTION ... e e e e e e e e e e e e e e s 1
Statement Of PrODIEM .. ....e e a e 1
PUIPOSE OF STUAY ....cciiiieeieeeeeee e e e e e e e e e e e e e e et e e e e e e aaaaes 2
[ 1Y 010 1 =] 2
=TS 01 o] £ ] o U 3

. REVIEW OF LITERATURE. ... .o e 4
(€101 =7 o T o] £0] =1 ] o 4
Effect of Mixing, Water, NaCl and Yeast............ccoovvviiiiiiiiiiiiiiiie e 5
EffeCt Of @MUISITIEIS .....oeiii e 6
Effect of Ascorbic Acid, Urea and DTT ........oocviiiiiiiiiiiieeeeee e 8
Recording the fermentation Properties..........coovviiiiiveeiiiiiiiie e 9
CIted IEIEIENCES ....eeiiiiiie e 13

lll. EFFECT OF REDUCING SURFACE TENSION OF DOUGH ON

FERMENTATION PROPERTIES OF DOUGH.............cocoi v 19

ADSTTACT ...t e e 19
L. INErOTUCTION ... e e e e e e e 20
2. Materials and MEtNOAS ..........cooiiiiiiiie e 21
3. StaAtiStiCaAl ANAIYSIS .....uuiiii i 23
4. ReSUILS aNd DISCUSSION ......ueiiiiiiiiiiieiieeeeiiie et e e e e e e e e e e e e 23
5. CONCIUSIONS ...ttt ettt e e e e e e s e e e e e e e ennnees 33



(O g1 o] = S Page

B. CItEA TEIBIEINCES .. e et 34

IV. EFFECT OF OXIDIZING STATE ON FERMENTATION PROPERTIE3F

DOUGH . e e e e e e e e e e e e e e eee 54
ADSETACT ... ea e 54
L. INErOTUCTION ... e e e s e e e e e 55
2. Materials and MEtNOAS ...........oooiiiiiiiii e 56
3. StALISHICAl ANAIYSIS ...uiiiiiiieii e a e e 58
4. ReSUILS aNd DISCUSSION ......eeiiiiiiiiiiieiieee ettt e e e e e e e e e e 58
5. CONCIUSIONS ...ttt e e e e e e e e e e eeas 68
6. CItEd FEFEIEINCES ... 69

V. EFFECT OF DISRUPTION OF HYDROGEN AND HYDROPHOBIC BOISODN

FERMENTATION PROPERTIES OF DOUGH.......cccoiii e 86
ADSTTACT ...t e e 86
IO 1 oo (3Tt 1 o] o PRSP PRRTP PPN 87
2. Materials and MEtNOAS ..........cooiiiiiiiee e 88
3. StALISHCAl ANAIYSIS ...uiiieiiiiie i e et e e 90
4. RESUILS aNd DISCUSSIONS .....ceviiiiiiiiiiiieee s et ie e e e e e e e s a e e s snnrree e e e s 90
6. CONCIUSIONS .....eiieeiiitte ittt e et e e e e e e e e s e eeeeas 99
7. CIted FEFEIENCES ...t 100



(@4 gF=T o] (=] S PP SUSPPPPPPPP Page

VI. EFFECT OF DISRUPTION OF DISULFIDE BONDS ON FERMENTFON

PROPERTIES OF DOUGH e e e 115
ADSIIACT ...t e e e e e e e e 115
L. INETOTUCTION ...ttt et e e e e e eeeens 116
2. Materials and Methods ..........ccccuiiiiiiiii s 117
3. SEALISHCAl ANAIYSIS ....ueiiiiiiie e 119
4. ReSUItS and DISCUSSION .....ccoiiiiiiiiiiitt ittt e e e e 119
6. CONCIUSIONS ...t e e e e e e e e e e e e 128
7. CIted IEIEIENCES ...ttt e e e e e e e e eeeeas 129
VI CONCLUSIONS ..t e e e e e e e e e e 145
VI FUTURE STUDIES ...t 148
APPENDIX L.t 149

Vi



LIST OF TABLES

Table Page

CHAPTER Ill. EFFECT OF REDUCING SURFACE TENSION OF DOH®N
FERMENTATION PROPERTIES OF DOUGH.

1. Definitions of fermentation variables.............c.ccooo i 37
2. Definitions of visco-elastic, mixing and baking terms...............ccooeviviiiiinenn, 38
3. Proximate analysis of flours (means = SD, n=2) obtained from sites A and B....... 39

4. Fermentation properties in six commercial wheat flours tteaiitn DATEM levels.
Means (n=2) with same superscripts in a column are not significgifferent (P >
0.05). The standard deviations of means are shown in parenthesis...................... 40
5. Change of percent of fermentation properties of six commerbedtflours treated
with DATEM levels. Values with * are significantly differemtith control samples.
Percentages are calculated from values in Table 4. % cha(fg@mple treated with

additive - control sample)/control sample * 100..........ccceiviiiie e e e v 42

6. Explained variance (%) in PCA of fermentation variables withatiee control in
flours treated With DATEM........ccooiiiiiiiiii i i A3

7. Explained variance (%) in PCA of fermentation variables wathrfprotein in flours
treated WIth DATEM.......coo oo e e e e e e e e e e e e e e ee e e aana s 43

8. Explained variance (%) in PCA of fermentation variables witheggative control in
flours treated With DATEM ... e e e e e e e e 44

9. Explained variance (%) in PCA of fermentation variables wiblrflprotein and
without negative control in flours treated with DATEM.............coo i, 44

10. Explained variance (%) in PCA of fermentation variables wimnpared with
visco-elastic, mixing and baking variables in flours treatddd WATEM. Definitions
of fermentation, visco-elastic, mixing and baking variables explained in Table 2.....45
11. Explained variance (%) in PCA of fermentation variables whempaced with
baking variables in flours treated with DATEM.............cccociiiiiii i vennenn.. .46

CHAPTER IV. EFFECT OF OXIDIZING STATE ON FERMENTATION
PROPERTIES OF DOUGH.

1. Fermentation properties in six commercial wheat flours tleatth ascorbic acid
levels. Means (n=2) with same superscripts in a column aregmificantly different
(P > 0.05). The standard deviations of means are shown in parenthesis......71....

2. Change (percent) of fermentation properties of six commaevbieht flours treated
with ascorbic acid levels. Values with * are significantlyfedtent with control
samples. Percentage calculated values are from Table 1 aithdge = (Sample

treated with additive - control sample)/control sample * 100..............c........ 74
3. Explained variance (%) in PCA of fermentation variables witatige control in
flours treated with ascorbic acid.............cooooii i s 75

Vil



4. Explained variance (%) in PCA of fermentation variables wathrfprotein in flours
treated With @SCOrDIC ACIM..........cooiie e

5. Explained variance (%) in PCA of fermentation variables witheggative control in

flours treated with ascorbic acid ... 76
6. Explained variance (%) in PCA of fermentation variables wiblrflprotein and
without negative control in flours treated with ascorbic acid ..........................ls 76

7. Explained variance (%) in PCA of fermentation variables whenpeoced with
visco-elastic, mixing and baking variables in flours treatech v@scorbic acid.
Definitions of fermentation, visco-elastic, mixing and baking vaesl@xplained in

TADIE 2. e 77
8. Explained variance (%) in PCA of fermentation variables whenpaoed with
baking variables in flours treated with ascorbicacid ...........................ce.lll .78

CHAPTER V. EFFECT OF DISRUPTION OF HYDROGEN AND HYRQWRHOBIC
BONDS ON FERMENTATION PROPERTIES OF DOUGH.

1. Fermentation properties in six commercial wheat flours tleaith urea levels.
Means with same superscripts in a column are not significdiftgrent (P > 0.05).
The standard deviations of means are shown in parenthesis.................... 101

2. Change (percent) of fermentation properties of six commenvtieht flours treated
with urea levels. Values with * are significantly differentttwcontrol samples.
Percentage calculated values are from Table 1 and % cha&genplé treated with

additive - control sample)/control sample * 100...........ccoceveeviiiiiiiiiinnnns 103
3. Explained variance (%) in PCA of fermentation variables wittatieg control in
flours treated WIth Urea ..........oooiiiii i e e e e 104

4. Explained variance (%) in PCA of fermentation variables wittirfprotein in flours
treated with urea

5. Explained variance (%) in PCA of fermentation variables withogatines control in

flours treated WIth Urea ..........coiiiii it e e e e 105
6. Explained variance (%) in PCA of fermentation variables wibhrflprotein and
without negative control in flours treated with urea ...............c.ocooeiiie i, 105

7. Visco-elastic, mixing and baking variables in flours treati#ld wrea. Definitions of
fermentation, visco-elastic, mixing and baking variables explained in Table.206

8. Explained variance (%) in PCA of fermentation variables whenpaced with
baking variables in flours treated with urea.............cooeiiiiiiiiiiiiinen. 107

CHAPTER VI. EFFECT OF DISRUPTION OF DISULFIDE BONDSON
FERMENTATION PROPERTIES OF DOUGH.

1. Fermentation properties in six commercial wheat flours tleaith DTT levels.
Means with same superscripts in a column are not significdiftgrent (P > 0.05).
The standard deviations of means are shown in parenthesis.................... 131

2. Change (percent) of fermentation properties of six commenvtieht flours treated
with DTT levels. Values with * are significantly differentitv control samples.

viii



Percentage calculated values are from Table 1 and % cha&gerplé treated with

additive - control sample)/control sample * 100..........ccocececiiiiieeninnn 133

3. Explained variance (%) in PCA of fermentation variables wittratinag control in
flours treated With DT T ... ..ot e e e e 134

4. Explained variance (%) in PCA of fermentation variables vathr forotein in flours
treated WItN DT oot r e e e e e e e e eeeeas 134

5. Explained variance (%) in PCA of fermentation variables withogatnes control in
flours treated With DTT ... e e 135

6. Explained variance (%) in PCA of fermentation variables wihrflprotein and
without negative control in flours treated With DTT..........coooiiiiiiiiiiieen, 135

7. Visco-elastic, mixing and baking variables in flours treategd @TT. Definitions of
fermentation, visco-elastic, mixing and baking variables explained in Tahle. 236
8. Explained variance (%) in PCA of fermentation variables whenpaced with
baking variables in flours treated With DTT ... e, 137

LIST OF FIGURES
Figure Page

CHAPTER Ill. EFFECT OF REDUCING SURFACE TENSION OFODGH ON
FERMENTATION PROPERTIES OF DOUGH.

1. A graphical representation of gaseous curve of a) control sanophefiour 3B and
b) sample containing 0.6% DATEM (3B0.6). Blue tracings are dted volume and

the red is the volume retained.................oo i a7
2. A graphical representation of dough development of a) control sdropieflour 3B
and b) sample containing 0.6% DATEM (3B0.6)... AT

3. Loading plot of first two principal components based on fermentattmenres Wlth
negative control of six commercial wheat flours, added with four |lexfeBATEM.
Definitions of fermentation, visco-elastic, mixing and baking varglebeplained in
Table 2 and 3. Flour protein content (%), 1A = 7.95, 2A = 11.19, 3A = 13.68, 1B =
10.4, 2B =10.59 and 3B = 11.38, respectivVely........c.cove i iii i 48..

4. Loading plot of first two principal components based on fermentatepepres with
flour protein of six commercial wheat flours added with four levels of DATEM.....49

5. Loading plot of first two principal components based on fermentatiopepres
without negative control of six commercial wheat flours added vathr fevels of
DATEM.. ..50

6. Loading pIot of flrst two prlnC|paI components based on fermentattmenres with
flour protein of six commercial wheat flours containing four lsvef DATEM.
Negative control samples Were remoVved. .........oovvv vt iie it i e e 51

7. Loading plot of first two principal components based on fermentatiomdyaksco-
elastic and dough properties of six commercial wheat fladolecwith four levels of



8. Loading plot of first two principal components based on fermentaimu baking
properties of six commercial wheat flours added with four levels of DATEM......... 53

CHAPTER IV. EFFECT OF OXIDIZING STATE ON FERMENTATION
PROPERTIES OF DOUGH.

1. A graphical representation of gaseous curve of a) control sanophefiour 3B and
b) sample containing 200 ppm ascorbic acid (3B200). Blue tracingthareotal

volume and the red is the volume retained . e .79
2. A graphical representation of dough development of a) control samme‘lour 3B
and b) sample containing 200 ppm ascorbic acid (3B200). . el 9

3. Loading plot of first two principal components based on fermentatimep'res with
negative control of six commercial wheat flours, added with levels of ascorbic
acid. Definitions of fermentation, visco-elastic, mixing and bakwveayiables
explainedin Table 2 and 3. ... 80

4. Loading plot of first two principal components based on fermentatapepres with
flour protein of six commercial wheat flours added with five lgvef ascorbic

5. Loading plot of first two principal components based on fermentatiopepres
without negative control of six commercial wheat flours added with evels of
ascorbic acid . .. .82

6. Loading plot of flrst two pnnC|paI components based on fermentattmepres Wlth
flour protein of six commercial wheat flours containing five levaf ascorbic acid.
Negative control samples Were remoVved. .........oovvvve e e i neaaas 83

7. Loading plot of first two principal components based on fermentatiomdyaksco-
elastic and dough properties of six commercial wheat flours addledive levels of
ascorbic acid . .. - .84

8. Loading plot of flrst two pnnC|paI components based on fermentaimj baklng
properties of six commercial wheat flours added with five levels of agcorbi
BCI e 85

CHAPTER V. EFFECT OF DISRUPTION OF HYDROGEN AND HYRQRHOBIC
BONDS ON FERMENTATION PROPERTIES OF DOUGH.

1. A graphical representation of gaseous curve of a) control sanophefiour 3B and
b) sample containing 1M urea (3B1). Blue tracings are thevobaine and the red is

the volume retained......... ...t e e e 108
2. A graphical representation of dough development of a) control sdropidlour 3B
and b) sample containing IM urea (3BL1)....c.ccviiini i 108

3. Loading plot of first two principal components based on fermentatapepres with
negative control of six commercial wheat flours, added with four dewélurea.
Definitions of fermentation, visco-elastic, mixing and baking varglebeplained in

Table 2 and 3. ... 109
4. Loading plot of first two principal components based on fermentatepepres with
flour protein of six commercial wheat flours added with four levels of urea ......... 110



5. Loading plot of first two principal components based on fermentatiopepres
without negative control of six commercial wheat flours added vathr fevels of
LU 111

6. Loading plot of first two principal components based on fermentatapegies with
flour protein of six commercial wheat flours containing fowels of urea. Negative
CoNtrol SAmMPpPles WEre reMOVEA. .. ... c.uiriieie it e e e e e re e e eaeans 112

7. Loading plot of first two principal components based on fermentatiomdyaksco-
elastic and dough properties of six commercial wheat fladnlecwith four levels of

L0 113
8. Loading plot of first two principal components based on fermentatim baking
properties of six commercial wheat flours added with four levels of urea ...... 4....11

CHAPTER VI. EFFECT OF DISRUPTION OF DISULFIDE BONDS ON
FERMENTATION PROPERTIES OF DOUGH.

1. A graphical representation of gaseous curve of a) control sanophefiour 3B and
b) sample containing 0.5 mM DTT (3B0.5). Blue tracings aretated volume and

the red is the volume retained..............ooiiiiie i e 138
2. A graphical representation of dough development of a) control sample from flour 3B
and b) sample containing 0.5 MM DTT (3B0.5). ....cooiviiiiiii i, 138

3. Loading plot of first two principal components based on fermentatapepres with
negative control of five commercial wheat flours, added with four $e@€IDTT.
Definitions of fermentation, visco-elastic, mixing and baking varglebeplained in
Table 2 and 3. ... 139

4. Loading plot of first two principal components based on fermentatapepres with
flour protein of five commercial wheat flours added with four levels of DTT..40..1

5. Loading plot of first two principal components based on fermentatiopepres
without negative control of five commercial wheat flours added Wt levels of

6. Loading plot of first two principal components based on fermentatmperties with
flour protein of five commercial wheat flours containing four levelD®T. Negative
coNntrol SAamMples WEere remMOVEA. .. ... c.uiuiie ittt e e e e e eaans 142

7. Loading plot of first two principal components based on fermentatiomdyaksco-
elastic and dough properties of five commercial wheat flodde@ with four levels

(0] 5 0 I PP 143
8. Loading plot of first two principal components based on fermentaiu baking
properties of five commercial wheat flours added with four levels of DTT........... 144

Xi



CHAPTER 1
INTRODUCTION

Statement of Problem

Wheat and its products play a dominant role in the food consumption of hliheans.
type and quality of wheat to be used is decided based on thet@mepkesired in the end food
product. Wheat is generally preferred to other cereals becausd Ml forms cohesive
dough which results in easy aeration during the pre-baking progestgips. Wheat contains
two types of proteins, namely gluten and non-gluten proteins. Gluemg#irdetermines the
extent of aeration in dough. Gluten proteins are divided into monomeripadyreric gluten
proteins, which affect the viscosity and elastic properties of doudterG proteins are
primarily responsible for the rheological properties of the doudieyTalso affect the
fermentation properties of the dough. Gas production, gas retentiaoagd development are
the main aspects during fermentation. Fermentation time and ge&asty in turn affect the
extent of aeration. However, detailed studies of the effect ofieelliand quality and quantity
of protein on dough fermentation properties are limited. Emulsifiedssurfactants added to a
dough system can affect the fermentation properties. The effettese emulsifiers and
surfactants in the fermentation properties of dough are poorly diuseveral instruments are
available to measure these properties of dough during fermentatimse Tinclude the

conventional Maturograph, Oven rise recorder, Gasograph and Rheofermentometer.
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Monomeric and polymeric proteins interactions include hydrophobic anaphydr non-
covalent as well as covalent (disulfide) bonds. Surfactants, oxidindgeducing agents modify
surface tension and affect disulfide bonds. More studies are neededédrstand the role of
oxidizing agents like ascorbic acid on the baking and aerating pesgpeftdough. Urea disrupts
the hydrophilic and hydrophobic bonds and the interaction of polar amide waih water
affects the viscosity and elasticity of gluten. Urea caruded to elucidate the role of non-
covalent bonds in gas retention properties. It is of interest to igagsthe specific change in
fermentation properties as a function of a decreasing numbaisalphide bonds, the use of
dithiothreitol can asset in the reduction of disulfide bonds in dough.

Purpose of the study

The objectives of the study are:

1) To study the effect of reducing surface tension [Chapter Ill],(1ihe oxidized state
[Chapter IV (51)], disruption of hydrogen and hydrophobic bonds [Chapter V &w4)]
disruption of disulfide bonds [Chapter VI (113)] on fermentation propesfie®ugh made
from commercial hard red winter wheat flours with different protein contedt, a

2) To identify possible correlations between fermentation and vissbiee mixing and baking

properties of dough.

Hypotheses

The following null hypothesis will be tested. There is no samifieffect on fermentation
properties between control flours and flours treated with DATEMdnice the surface tension.
There is no significant effect on fermentation properties betweatrol flours and flours treated
with ascorbic acid to oxidize the dough. There is no significanttefie fermentation properties

between control flours and flours treated with urea and DTT to digshgpthydrogen and
2



hydrophobic bonds and disulphide bonds. If the null hypotheses are rejectetfeti® of the
mentioned factors (surface tension and bonds) will be explainedpivesible structural changes
that occurred in dough or differences in the nature of the proteins present in the glute
Assumptions

DATEM is an anionic oil-in-water emulsifier. DATEM is proddidey the reaction of
mono and diacetyl tartaric acid with monoglycerols or mixturesmoho and diaceylglycerols
derived from edible fats. The effect of DATEM varies on its comptmenvhen DATEM is
added to dough, it will enhance the strength and elasticity of thghdand improve gas
retention. We assume that DATEM interacts with proteins, espeglutenin to improve the
gas retention of dough. Ascorbic acid in the form of dehydroascorkdc(B€iA) reacts with
glutathione (GSH) converting it to its oxidized form (GSSG), iasieg the dough strength. We
assume that ascorbic acid will strength the dough will inerg¢las retention capacity of the
dough and loaf volume. Urea and DTT will disrupt the hydrogen, hydrophadidiaulphide
bonds when they react with gluten and decrease dough strength. Wassalsee that urea and

DTT will reduce the gas retention capacity of the dough and loaf volume.



CHAPTER Il

REVIEW OF LITERATURE

Gluten protein
Protein quality and quantity in flour are of specific importantiee ibread

making performance (Goesaert and Brijis, 2005). Gluten proteins degetire rheological
properties of the optimally mixed dough which contribute to the gi@ntion properties of the
fermenting dough (Fig. 1) (Gan et al., 1995). These gas retgmiperties will affect the loaf
volume which is one of the key factors evaluated in yeast-fermpredcts. Gluten consists of
gliadins and glutennins. Gliadins are monomeric low moleculagiweproteins linked by
interchain disulfide bonds whereas glutenins are mixture of low &td rmholecular weight
proteins. Two main factors that affect the protein quality argegl protein quality and
gliadin/glutenin protein ratio (Goesaert and Brijis, 2005). When f®unixed with water those
gluten proteins form a cohesive visco-elastic gluten protein met(@&ngh and MacRitchie,
2001). This gluten protein network undergoes changes and retains carbate ghoxduced

during fermentation (Graveland et al., 1980; Veraverbeke et al., 1999).



Breadmaking quality

f

Dough rheological

properties
Ciluten protein Gluten protein
quanticy guality
X
Glutenin Gliadin Glutenin Gliadin
quantity quantity quality quality
| Gliadin/glutenin
ratio

Glutenin size Gilutenin Glutenin
distribution structure COMPROSIEION

Figure 1. Factors governing bread making quality and wheat dough rheofwgicaities
(adapted from Veraverbeke and Delcour, 2002).

Effect of Mixing, Water, NaCl, and Yeast
The basic ingredients to form dough are wheat flour, water, MaGflemast. When these

are mixed together a visco-elastic dough is formed. The itumaf mixing is to blend the
ingredients into a homogeneous mass, to develop the dough into alithesesional visco-
elastic structure with gas-retaining properties and to incat@air which will form nuclei for
gas bubbles that grow during dough fermentation (Bloksma et al., 198@d& and Leyn,
2000; Dobraszczyk and Morgenstern, 2003; Hoseney and Rogers, 1990; Naeem et al., 2002).

The primary step in dough formation is addition of water which gsrhe proteins and forms
cohesive and visco-elastic dough. Water acts as a plastcidesolvent (Hosney et al., 1994).

Rheological properties of dough are affected by the amount of added to the flour (Ganet



al., 1994). Addition of water affects the consistency of dough anatigditime (Farahnaky and

Hill, 2007).

Salt is added either as an aqueous solution or a dry powder (Kent and Evers, 1994). When

salt is added to dough, it improves the flavor and also toughensutiea gind gives less sticky
dough (Farahnaky and Hill, 2007). It has a strengthening effect onluten grotein in the
dough, Kojima et al., (1995) proved that when 1.5% salt was added to wheat leyodiysical
characteristics were affected. When salt is not added, dougls mnixkerises faster and is more
sticky. Larsson (2002) showed that doughs with NaCl had greaterthti@mgpared to doughs
without NaCl. Salt increases the mixing tolerance but decresegonsistency of dough
(Harinder and Bains, 1990). Salt increases the machinability of d@ajbvaara et al., 1982).
Salt toughens the protein and increases mixing tolerance produciregstable and stiff dough
(Galal et al., 1978; Shiu and Yeh, 2001).

When yeast is added to flour and mixing starts, yeast convelablavsugars into
CO, and ethanol under anaerobic conditions. The yeast producedhigf@tes into tiny cells
formed during mixing by increasing internal gas pressure ancguést expansion of dough
(Hui and Corke, 2006).
Effect of Emulsifiers

Emulsifiers are fatty substances with hydrophilic and lipophilpepres. They will

help to form an emulsion by reducing the surface tension of twusaible phases (Dziezak et
al., 1988; Flack et al., 1987; Krog et al., 1981). Classifications of émardsare based on origin,
solubility properties, presence of functional groups, hydrophilic/lipapbélance (HLB) and
potential for ionization (Artz et al.,, 1990). HLB index is defined etive percentage of

hydrophilic to lipophilic groups within the emulsifier molecule (Agk al., 1990). Based on
6



ionization potential; surfactants are classified as eithec @mmi nonionic. Due to the presence of
non-covalent bonds, nonionic substances do not dissociate in water (Stangpfhlersten,
1995). Emulsifiers are divided into dough strengtheners and crumb sdiassd on required
properties in bread making. However some emulsifiers show botrenies (Stampfli and
Nersten, 1995). Diacetyl tartaric acid esters of monodiglyce(ldA3 EM), sodium stearoyl-2-
lactylate (SSL) and calcium stearoyl-2-lactylate (C&t9 commonly used surfactants in bread
making.
Actual mechanisms of these emulsifiers in dough strengthening are nandaligtood.

But theories have suggested that these dough strengtheners willigamnfilms of lamellar
structure in the interface between the gluten strands and tica stat improve the ability of
gluten to form a film which retains the gas produced by thety&aog et al., 1981; Stampfli et
al., 1995). Emulsifiers increase the dough height by forming coeplith gluten proteins and
protein-protein aggregates which increases the strength of gluten matnnegGet al., 2004).

When diacetyl tartaric anhydride reacts with monoacyl giyeéth stearic acid as a main
hydrophobic component, DATEM is formed. The carboxyl group of DATEMamamfluence
on the visco-elastic properties of dough and gluten (Koehler et al., 2001a)digcim Koehler,
DATEM at 0.1% w/w flour basis did not improve the loaf volume and above Q&%uflour
basis has no change in the visco-elasticity, dough properties and Ifiikimgr and Grosch,
1999). Some researchers suggested that gluten, by slowing theodifispas through dough
phase contributes to gas retentionp, @Aich is produced by yeast fermentation diffuses to the
gas cells and evaporates to generate excess pressuheledus to dough expansion (Gan et al.,

1994).



Punching is done to remove large bubbles formed during mixing. Emsil$i@lps in
reducing the surface tension of bubbles which contributes fine cruodiuse (Campbell and
Mougent, 1999). DATEM from 0.4% to 0.7 % will break the bubbles formed dumirong by
increasing the surface area for mass transfer which helgguigh expansion (Campbell et al.,
2001).

Effect of Ascorbic Acid, Urea and DTT

Gluten plays a major role in bread making. The function of gluten depends
molecular weight of gluten, formation of covalent and non-covalent bbatiseen glutenin
molecules and interactions between glutenin and other flour consti{Gdsacrt et al., 2005).
Disulphide bonds hold the glutenin subunits together. Oxidizing and redu@ntsamill affect
these glutenin subunits which lead to changes in rheological propeirttksigh (Fitchett and
Frazier, 1986).

Dehydroascorbic acid oxidizes the sulphydryl groups in gluten proteiosth#c acid
reacts with oxygen and forms deascorbic acid. L-ascorbic acikAjLreacts with oxygen and
forms L-dehydroascorbic acid (L-DHAA). L-DHAA acts as oxidig agent by promoting
disulfide bonds which increases the loaf volume (Tsen et al., 196%). 4howed greater dough
strengthening effects in low quality wheat flour than high quality (Aarabdt, 2003). Ascorbic
acid addition at 100 ppm showed strong effect on dough rheology mixing king B&very et

al., 2008).



During mixing, by addition of water hydrogen bonding increases thatioyd of
gluten. Hydrogen bonds break when gluten is deformed on extension. ieormétnew
hydrogen bonds occur when the stress is released (Belton et al.,\A®@5).urea (1 to 5 M) is
added to gluten, it increases the elasticity by disruption ofolgyar bonding (Inda et al., 1999).
DTT at 500 ppm decreases elasticity in gluten. But one studgg@rninat when strong and weak
gluten were treated with DTT at 500 ppm, elasticity decre@8&elin strong gluten and 42% in

weak gluten (Khatkar et al., 2005).

Recording the fermentation properties

To observe and record the changes that occur during dough developmemtgrequi
which can continuously measure and record the changes is used. MagibroQven rise
recorder and Gasograph instruments have been used to measure ritergas properties of

dough but are not extensively used (Czuchajowska and Pomeranz, 1993).



The Rheofermentometer continuously records dough rise, gas formatiors aeteg@on

(Fig. 2).

Figure 2. F3 Rheofermentometer (Source: Tripette & Renaud Chopin, 2004)

Rheofermentometer along with the alveograph as mixer have been tssd the
quality of flour at relatively low and fixed water absorption (Gmjowska and Pomeranz,
1993). The Rheofermentometer measures the fermentation properdesoafh sample when
weight is placed on the sample and the development of dough is melagaréeight sensor and
gas development of the dough by a pressure sensor. The resaltgaseous release curve and

dough development curve at the end of the test (Fig. 3) (Tripette & Renaud, 2004).
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Figure 3. Gaseous release curve (a) and dough development curv@r{pette & Renaud

Chopin, 2004). Parameters obtained are explained in Table 1.
11



Table 1. Definitions of fermentation variables.

Abbreviations Definitions Units
Hm Height of maximum dough development. mm
h Height of dough development at the end of mm
the test.
T1 Time of maximum rise. h
(Hm-h)/Hm Lowering of the development percentage
after 4 h compared to time of maximum
rise. %
H'm Maximum height of the gaseous curve. mm
TV (Al + A2) Total volume of gaseous curve. mL
VL (A2) The carbon dioxide volume released by the
dough during the fermentation test. mL
VRt (Al) Carbon dioxide retained in the dough at the
end of the test. mL
RC Retention volume divided by the total
gaseous release. %
T1 Time spent to reach maximum rise. h
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CHAPTER 1l
EFFECT OF REDUCING SURFACE TENSION OF DOUGH ON FERMENTAN
PROPERTIES OF DOUGH

ABSTRACT

The objective of the study is to quantify the effect of reducungase tension on
fermentation properties of dough and to analyze possible correlatfemnaéntation and visco-
elastic, mixing and baking properties of dough. Four levels of suttgon states were
obtained by the addition of diacetyl tartaric acid ester of mlyceride (DATEM) (0, 0.3%,
0.6% and 1.0% w/w, flour basis). Six commercial hard red winter whaats of different
protein quantity and quality were used. Flours with no treatmentwseckas controls and flours
with no yeast and no treatment were used as negative controlenfation properties of dough
were measured by Rheofermentometey. Rddition of DATEM increased the dough
development and volume of gas retained. The levels of 0.3 and 0.6% DATEdASadrthe
maximum height of dough development whereas 1% DATEM decredsdq@<D.05).
Fermentation variables explained more variance (69.2%) than the ntatroe variables
combined with visco-elastic, mixing and baking variables (47.9%).rate of dough heights
[(Hm-h)/Hm] is closely related to gluten elastic propertiep and RCY). Volume lost (VL) is
closely related to gluten viscous (J-Jr, TCR) and negativdbterk to elastic properties.
Maximum height of the dough (Hm) and dough height (h) are clossated to baking

properties (LV and SV).
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1. INTRODUCTION

It is well accepted that the genetic makeup and environment affect the gnd quali
of wheat flour. The quality and quantity of the gluten present in the dough hasrditesice on
the fermentative and rheological properties of dough (Peterson, di98P; Baenziger et al.,
1985; Bassett et al., 1989; Busch et al., 1969). Additives like emtdséind surfactants enhance
the fermentative ability of dough. Surfactants are used toceedhe interfacial tension by
enhancing stability and controlling destabilization of dough betweeandilwater interfaces.
They interact with gluten proteins and enhance rheologicatactamistics at solid/liquid
interface (Krog et al., 1991). Surfactants aid the incorporation andvsibdiof air into the
liquid phase which promotes foam formation and generally functiotieajas/liquid interface.
Reducing surface tension favors foam formation. Stability of the fsantependent on the
stability of the film of water between air bubbles (Krog ket #990). One such emulsifier is
DATEM. It is chemically an anionic oil-in-water emulsifiathich helps to increase the volume
of bread. DATEM can also enhance the gas-retention properties otiaixgh, thereby
minimizing the chances of dough collapse (Zhang Xiujin et al., 2006)ei#wthe influence of
DATEM on dough properties varies with its chemical compositkohler et al., 2001a). For
instance, DATEM with hydrophilic radicals increases the wedtantion capacity of dough and
rheology of gluten (Kohler et al., 2001b). The gas retention capacity of dehgihly improved
when DATEM interacts with gluten proteins and starch by formimtgr-lamellar films in
between starch and gluten (Zhang et al., 1993b; Stampfli et al., 1%9&yabinstruments are
available to measure the rheological and gas retention properiesigi during fermentation.

The Rheofermentometer (Chopin, Tripette and Renaud, France) is usked stutly of the
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behavior of flour during fermentation. The parameters measured adenama dough height
(Hm) in mm, maximum height of gaseous release (H'm) in mm, @@@duction in ml.
The objectives of this study were:
1) To study the effect of reducing surface tension of the dougly tlsnsurfactant DATEM
on the fermentation properties of dough.
2) To analyze possible correlation of fermentation and visco-eldséking and mixing

properties of dough.

2. Materials and Methods

a. Materials and Labeling

Six commercial hard red wheat flours were obtained from fiepedt milling
supplies A and B. They differ in protein content. DATEM (Caravanddignts, Lenexa, KS)
was added to the flours at 0, 0.3, 0.6 and 1.0% w/w flour basis. Instaat dictiyeast was from
Lesaffre Yeast Corporation (Milwaukee, WI) and sodium chloridenfFisher Scientific (Fair
Lawn, NJ). Flours with no DATEM were used as control (0) and floutts o DATEM and no
yeast were used as negative control (N). Thus site A flours labeted as 1A0 (positive
control), 1AN (negative control), 1A0.3, 1A0.6, 1A1; 2A0, 2AN, 2A0.3, 2A0.6, 2A1; 3A0, 3AN,
3A0.3, 3A0.6 and 3A1. The 0, 0.3, 0.6 and 1 represent the percentage of DATEM adued to t
flour. Similarly site B flours were labeled as 1B0, 1BN, 1B0.30.6B1B1; 2B0, 2BN, 2B0.3,

2B0.6, 2B1; 3B0, 3BN, B0.3, 3B0.6 and 3B1.
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b. Methods
Dough Preparation
Dough was prepared as described in the Chopin protocol using Chopin

AlveoConsistograph. The ingredients consisted of 250 g of flour, Bdyyoyeast and 5g of
sodium chloride. DATEM was added to the flours at 0.3, 0.6 and 1.0 % w/whiésis. The
guantity of deionized water added depended on the moisture contentlotitrent it was given
by the reference table published by the International Assowidtr Cereal Science and
Technology (ICC) as described in the Chopin Protocol. The sodiumddhlwas dissolved in
water prior to the addition to dough. Instant dry yeast and DATEM Wlereded with 250 g of
flour in the kneader bowl. Salt water was progressively add#uketflour at the beginning of the
first minute of the mixing period. After one minute, the mixingsvstopped to remove the flour
sticking to the walls and ensure a homogeneous hydration. The mixing presessniinued for
6 minutes. A sample size of 315 g of dough was used for each treatment.
Fermentation Test

Rheofermentometer was used to study the fermentation propertdesighi The
dough (315 g) obtained from AlveoConsistograph was placed in the bottom alutheaum
basket and packed it down with hands. The height of the dough in the baskdtenteveled out
just below the lowest holes. The piston with a 2000 g weight wasdtattop of the dough and
temperature should stabilize to 2B®. The basket placed in the F3 Rheofermentometer bowl.
Displacement sensor was placed and the whole system was tightly @iwkdte test was run for
a total of 4 h. This time represents 1 h longer than the Chopin Pra@®cblas determined

experimentally with the samples and treatments in this study.
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The F3 Rheofermentometer analyzes the development of a dough @angaen the
bowl. The piston placed on the dough rises. The piston is directly linked to a elsplaicsensor
which will calculate the dough rising. Rheofermentometer is lg@d to a pressure sensor
through a pneumatic circuit that measures the pressure inéretise fermenting dough. The
three curves are dough development, speed gfél€ase and quantity produced and volume of
CO, retained in dough. Fermentation variables are defined in Table lisoodelastic, mixing
and baking terms are defined in Table 2.

3. STATISTICAL ANALYSIS

A factorial design within a randomized block design was implemé&ivedevels of

DATEM and 3 levels of flour protein were compared in a 5 X @diaal. The significant
differences in means were compared using Analysis of VaridgAdNOVA) with Tukey’'s
comparisons o=0.05) using SAS (Version 9.1 SAS Institute Inc., Cary, NC). Rraici
Component Analysis (PCA) is a mathematical algorithm trduaes the dimensionality of the
data (Ringer, 2008). PCA is performed using Canoco for windows 4.5 (BismBtant
Research International, Wageningen, the Netherlands).
4. Results and Discussion

Protein, moisture and ash content of the flour samples are repofaolen3. Typical
dough fermentation property curves and the parameters obtainddstrated in Figures 1 and
2 showing results for sample 3B control and 3B containing 0.6% DATH.volume of CQ
lost (VL) is decreased when the surface tension of the sampdelused (Fig. 1). Volume of
retention of gas was improved for sample with reduced surface tewbiem compared with

control sample. From the dough development curves we can observe theigtiteof dough is

23



improved when surface tension of sample is reduced (Fig. 2). A synoh#re definition of
fermentation properties of all samples is found in Table 1.
Maximum height of the dough (Hm)

Hm is the maximum height of dough development. As expected, the csatnple
without yeast shows no development (Table 4). The effect of redaanfigce tension on Hm
appears to be flour specific and could be attributed to differenogsairty. Observations that
significantly increased Hm (P<0.05) were 1A flours with 0.3 and Qe884ls and high protein B
flours (at all levels) compared to the controls. Observatibas significantly decrease Hm
(P<0.05) were 3A (high protein) flour with all treatments and 2A1pared to the control. The
effect of reducing surface tension on Hm does not appear to cgesel trend, which means
it can detect quality differences in the flours. This meanstligae appears to be an optimum
stability of the different phases of the dough (example gas-liqgad;solid) and this can
achieved with or without the addition of DATEM, depending on the quafitthe wheat.
Passing that optimum stability of such phases, the effect wdkeheterious for the fermentation
properties. So, it is possible that flour 3A does not need improvemehe dtability of the
different phases in the dough, thus, the addition of DATEM is not bealefitie control sample
has good fermentation properties without reducing the surface tensité mifases. Overall
highlights are: highest value of Hm was shown by 3B1 (47.9 mm)amest by 1A1 (22.10
mm) (Table 4). The change of the fermentation properties (%gpisrted in Table 5. High
percentage (59%) increment in maximum height was observed iovestlprotein sample with
0.3% DATEM (1A0.3). A 28.1% decrease in maximum height was obsenvéiek isample 3A

(13.7% protein) with 1% DATEM (3A1) (Table 5). The overall effe€tdecrease in surface
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tension on HmM was to decrease except for 3B with all the DATévels and 1A and 1B with
0.3 and 0.6 levels which show significant increase.
Height of the dough development (h)

The height of the dough development (mm) at the end of the test madisddby h. As
expected, negative controls showed no development. Overall, the effeetiuaing surface
tension on height of the dough at the end of the test is the sarme alsserved on maximum
height of the dough. Lowest value of height was observed in 1B0 (19.8%nujighest value
was observed in 3B1 (46.8 mm) (Table 4). For A flours, 0.3% and 0.6EAGEM level
increased the height of the dough when compared to control sample wh#easDATEM
decreased the height (Table 4). For B flours, h increased byasngethe % level of DATEM
(Table 4). The highest increase (58%) of h was observed in 1A0.3gmesh(27.6%) decrease
in 3A1 (Table 5).

Lowering of development percentage [(Hm-h)/Hm]

(Hm-h)/Hm is the ratio of dough height at the end of the fermamt&$t in percentage. A
large percent means the dough has maintained its height dummgntation. Effect of reducing
surface tension on (Hm-h)/Hm appear to be flour specific. The siabtervation that
significantly increased (Hm-h)/Hm was made for 1A flour (8% gt with 0.3% level.
Observations that significantly decreased (Hm-h)/Hm wereoBrdl (10.4% protein) at all
DATEM levels. Overall highlights of trends are: high value wasnhesl in 1B0 (39.1%) and
lowest value in 3BO (0) (Table 4). Highest percentage increas®bsasved in 2B0.6 (400%)
and highest percentage decrease in 2A0.3 (59.1%) (Table 5). This alee bame effect as Hm

and h as it shows increase with most of the 1A flours and no change in 3B flours.
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Maximum height of the gaseous curve (H'm)

H'm is the maximum height of the gaseous release curvet Bffelecrease in surface
tension on H’'m also appears to be flour specific. H'm significainttyeases in 1A with 0.3 and
1% DATEM and 3B flours with all levels of DATEM. While H'mggiificantly decreases in 3A
with 0.3 and 1% DATEM and in 1B flour with all DATEM levels (Tableand 5). Overall
highlights are: high value of H'm was shown by 3B0.3 (69.75%) and loxa&st of the sample
(with yeast) was shown by 1A0 (47.5%) (Table 4). Highest pergena8.7%) increment
(desirable) in maximum height was observed in 3B0.3 and 18.1% deti®at80.6 (Table 5).
H'm is a critical parameter in fermentation and is edato Hm and h. The overall trend of
decreasing the surface tension of dough on H'm is the same as on Hm and h.

Total Volume (TV)

TV is the total volume under the gaseous curve. Observations thiatangyiincreased
total volume are 1A with 0.3 and 1% and 3B flour with 0.3 and 0.6% of DATE4ervations
that significantly decreased TV are 2A and 2B with 1% and 3A @i8 and 0.6% of DATEM
(Table 4 and 5). Overall highlights of trends are: high valueotal ¥olume was observed in
3B0.3 (1914 mL) and lowest in 1B0 (1412 mL) (Table 4). An increase ihvioliame (22.4%)
was observed in 1A0.3 and 14.3% of total volume decreased in 3Al (Table ®b3&rve an

increase of 1A and 1B flours (low protein) and 3B flours with most of the DATEMdevel
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Volume lost (VL)

VL is the carbon dioxide volume released by the dough during therf&tion test.
Overall trend of VL is to decrease when the surface tensioedisced. All observations (all
levels) were significantly decreased volume lost when comparedntrols (Table 4 and 5).
This means reducing surface tension positively effects theefegation properties by decreasing
the volume lost. Overall highlights are: high value was observeBOn(267 mL) and lowest in
1A1 (24 mL) (Table 4). Highest percentage (16.4%) of volume lost waswaasin 3B0.3 and
lowest percentage (7) in 2B1 (Table 5).

Volume retained (VRY)

VRt is the carbon dioxide remaining in the dough at the end of th&éhesverall trend
of volume retention was to increase as the surface tension diasede All observations (all
levels) were significantly increased when compared to conéatept 3A with 1%. Overall
highlights of trends are: highest value was observed in 3B0.6 (1875mullpwest in 1BO (135
mL) (Table 4). Highest percentage (52%) of volume retainedolasrved in 1A0.3 and lowest
percentage (7.3%) in 3Al (Table 5). Volume retained shows a maximolume and then
decreases and depends on DATEM levels. Flours 1A and 3B showed Wghasvolume
retained (Table 5).

Retention Coefficient (RC)

Retention coefficient (RC) is the retention volume divided byadtiaé gaseous release.
Overall trend of RC is to increase by reducing the surfatgde. All observations (all levels)
were significantly increased when compared to controls. Thismgn#aat reducing surface
tension positively affects the fermentation properties by incrgathe retention coefficient.

Overall highlights of trends are: highest value was observedin98.6%) and lowest value in
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2B0 (70.5%) (Table 4). Highest percentage (38.4%) of retention deetfiwas observed in 2B1
and lowest percentage (21.5%) in 1B0.6 (Table 5). The effect ofingdiln® surface tension on
retention coefficient is an overall reduction. Some flours show heybeptage of retention
coefficient increase (2B) and the others low (1B).

Time of maximum rise (T1)

T1 is the time taken by the dough to reach maximum height dimirgdy development.
Observations that are significantly decreased T1 (P<0.05) wdrglalprotein B flours with all
levels, 1A with 0.3 and 1%, 2A with 0.6 and 1% and 2B with 0.6% of DATEMeTdecreases
when the surface tension was reduced by adding DATEM to the fldatde( 4). Overall
highlights of trends are: high value was observed in 1A1 (3.9 h) andtlaow#B0 (1.5 h) (Table
4). Highest percentage (20.3%) of time taken to reach maximurhtteiglough development
was observed in 1B0.6 and time decreased 50% in 2A1 (Table 5). ffehe o a reduced
surface tension on T1 varied. Half of the samples showed a dewrlgabemeans they took less
time to reach maximum height of dough development. The other fiié samples showed an
increase in T1 taking more time to reach maximum height of the dough.

Time of maximum rise (T'1)

T’1 is the time spent to reach maximum rise during gaseouser€ldée overall trend of
T'1 is to increase. Observations that significantly increasédwire 2B and 3B flours with all
levels and 2A with 0.3% of DATEM. Overall highlights of trends dnghest value was
observed in 3B1 (4 h) and lowest in 2B0 (1.38 h) (Table 4). Highestase (188%) of time
taken to reach maximum height of gaseous curve was observed im@Bieaonly decrease of
9.5% in 1A0.6 (Table 5). Overall, the effect of reducing surfacaaenacreased the time to

reach maximum height of gaseous release.
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Campbell (2001) proved that 0.4 to 0.7% DATEM increases the gasiorete
properties. Koehler and Grosch (1999) said that concentrations abovewdwb%tour basis
produce no significant change in dough properties. Treating the floursDMTEM showed
increment in dough development and in percentage of gas retaineds(#abid 5). DATEM of
levels 0.3% and 0.6% showed larger increment when compared to flowdtredh 1% of
DATEM.

PCA results

Principal component analyses were performed on the data sets dolitame
fermentation parameters.
Fermentation variables Vs fermentation variables with flour protein

PCA were performed on the data sets, to assess the relatbriiship protein and

fermentation properties (Fig. 3 and 4). Figure 3 represents therfeation properties alone for
all the samples. Principal component axis 1 (PC1) explained 58.9%%ne@rand principal
component axis 2 (PC2) explained 18.8% variance. Total explained vaisaficd% (Table 6).
Among fermentation properties, the highest contribution of variance (96M%)volume of
retention (VRt) in PC1 whereas in PC2 the highest contribution @nee (80.9%) was volume
lost (VL) (Table 6). Figure 4 displays the relation of fermeataproperties plus flour protein.
Principal component axis 1 (PC1) explained 53.5% variance and primcpglonent axis 2
(PC2) explained 17.5% variance. Total explained variance is 71%le(Td. Among
fermentation properties with flour protein, the highest contribution ofwee (97.4%) was
maximum height of gaseous release (H'm) on PC1 whereas on PR&sthigpntribution of
variance (72.7%) was volume lost (VL) (Table 7). Only 0.12% of éxgthvariance was

contributed by flour protein on PC1 and 7.32% on PC2 (Table 6). This suggests thatdtienvari
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of protein is weakly related to the volume lost and its contributiaihg variance is very small
when compared with samples with changes in their surface tension. In both grgpBsafid 4),
most of the fermentation variables are on PC1. Flours treatedDATHEM are very close to
PC1 when compared with control and negative samples. All control saamgleclosely related
among themselves and to volume lost. They are well separated Heofftotirs with surface
tension changes. Negative controls are also closely related @hengelves and well separated
from the samples with changes in surface tension. So negativelsaate removed from the
data sets and PCA was compared. It also suggests that tidesamth reduced surface
properties are closely related to the maximum height and the gabfithhe gas retained by the
dough during fermentation in the first component. The samples areivedgatlated to
differences in their gas volume lost by their dough’s in thersécomponent. This means that
all the samples with reduced surface tension lost less gas compared to the ampied.s
Fermentation variables without negative control Vs fermentationvariables with flour
protein and without negative control

PCA were performed to assess the relationship of fermentaiadregaand protein
without the negative controls (Fig. 5 and 6). From the fermentation niesp®n Figure 5,
principal component axis 1 (PC1) explained 42.6% variance and principglonent axis 2
(PC2) explained 26.6% variance (Fig. 5). Total explained variance is 9&8ke 8). Among
fermentation properties, the highest contribution of variance (75v@#%)volume of retention
(VRt) on PC1 whereas on PC2 the highest contribution of variance) (88%ovolume lost (VL)
(Table 8). In comparison, when flour protein was included (Fig. 6), pahcomponent axis
1(PC1) explained 38.8% variance and principal component axis 2 (PCainexpl24.6%

variance. Total explained variance is 63.4% (Table 9). Among fernenfabperties with flour
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protein, the highest contribution of variance (75.8%) was volume of ite(MRt) on PC1
whereas on PC2 the highest contribution of variance (82.6%) was volun(®lygTable 8).
Only 0.04% of explained variance was contributed by flour protein on R€B.87% on PC2
(Table 9). As the total explained variance of fermentation vasaf$9.2%) is 5.8 units of
percentage higher than fermentation variables with flour protein Y§3.%7e can say that
compared to changes in surface tension in this set, flour protein apgpdaave a small effect
and is marginally correlated to other fermentation varialks. fact that there are two distinct
groups suggests that the decrease of surface tension sepbamtédfdrences in dough
fermentation properties. One group is closely associated to PQily mfuenced by the gas
retained and the maximum dough height. The second group is less asswiiatthe same two
properties mentioned. They are negatively associated with voluniebldsstrongly and
positively associated with the retention coefficient. In both thphgramost of the A flours are
associated to lowering development percentage ([Hm-h]/Hm) amouBsfare associated to time
to reach maximum height of gaseous release (T'1) and Volunateoftion (VRt) (Fig. 5 and 6).
Control samples are positively associated with volume lost andtivelgaassociated with
retention coefficient. They are separated from the flours witled®urface tension (treated with
DATEM). Flours which are treated with DATEM are closelyatetl to PC1 and PC2 (Fig. 5 and
6).
Fermentation properties Vs Fermentation properties with vsco-elastic, mixing, baking
properties

The relationship of fermentation variables with visco-elasbgngnand baking
properties was investigated (Fig. 7). From Figure 6, prinapadponent axis 1 (PC1) explained

38.8% variance and principal component axis 2 (PC2) explained 24.6% varibotee
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explained variance is 63.4% (Table 9). From Figure 7, principaipooent axis 1(PC1)
explained 27.5% variance and principal component axis 2 (PC2) explainé% variance.
Total explained variance is 47.9% (Table 10). Among all propertiedigihest contribution of
variance (73.5%) was specific volume of baked loaves (SV) on PC1 wlerd2C?2 the highest
contribution of variance (84.6%) was delta compliance)((Fable 10).Flour protein explained
60.6% of variance on PC1 and 4.8% on PC2 (Table 10). As the total explanetceaof
fermentation variables (69.2%, Fig. 5) is more than fermentationbl@siavith visco-elastic,
mixing and baking variables (47.9%, Fig. 7), we can say that fertieen{zoperties were able
to discriminate better the effect of reducing the surfacecerend contributed to explained
higher variance. In Figure 7, low protein A flours are sepdréitom other flours. All control
samples are closely related and positively correlated with delta @vo@l{J-Jr) and volume lost
(VL). They are negatively correlated to lowering development p&ge ([Hm-h]/Hm)
retention coefficient (RC). Flours with reduced surface tengierclasely related to loaf height
and specific volume. From Table 10, the highest contribution of explainedngariwas
observed by baking properties. All baking properties show greatagtibution of explained
variance on PC1. So a PCA analysis is performed on flour proteingriation properties and
baking properties.
Relationship of flour protein, Fermentation and baking properties

PCA were performed on the data sets of flour protein, ferorentiables and
baking properties (Fig. 8). PCA analyses of fermentation propenstigss flour protein were
already performed (Fig. 6 and Table 9). From Figure 6, prih@pmponent axis 1 (PC1)
explained 38.8% variance and principal component axis 2 (PC2) explahé% variance.

Total explained variance is 63.4% (Table 9). From Figure 8, pahcomponent axis 1 (PC1)
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explained 35.3% variance and principal component axis 2 (PC2) explainé% variance.
Total explained variance is 56.9% (Table 11). The highest contributiexpdéined variance
(72.3%) was height of baked loaves (LH) on PC1 whereas on PC2 thettughetution of
variance (59.8%) was volume of retention (VRt) (Table Flpur protein explained 23.3%
variance on PC1 and 29.3% on PC2 (Table 11). As the total explained gavfaiecmentation
variables (63.4%) is more than fermentation variables with bakingblasi (56.9%), we can say
fermentation properties explain more variance than baking prepeRiatio of dough heights
[(Hm-h)/Hm] is closely related to elastic properties (8ad RCY). Volume lost (VL) is closely
related to viscous properties (J-Jr, TCR) and negativelyetelat elastic properties. Maximum
height of the dough (Hm) and dough height (h) are closely relatbdking properties (LV and
SV). All control samples were negatively associated with g&sined (VRt) and positively
related with loaf height (LH) and specific volume (SV). Samdéd, 1A0.6 and 1B1 are
negatively associated with loaf height and specific volume. $hggests as the reduction of
surface tension increased on these samples it negativelyedftbeir baking performance. The
height of dough at the end of the fermentation test is the mosi\ycletated to loaf height and
specific volume. A third fermentation parameter worth mentionintpestotal volume of gas
produced which is associated with loaf volume and specific volume.
5. Conclusions

Null Hypothesis is rejected as there is significant eff@ctfermentation properties
between control flours and flours treated by reducing surfaceote(eidition of DATEM). By
reducing the surface tension of the dough, the height of the dswygnificantly improved in
1A and 3B flours and the retention volume of the gas is increased52.1.%). Volume of gas

lost is reduced (7.3-16.4%) and retention coefficient is increased (21-38%).
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Fermentation variables explained more variance (69.2%) than thenteiore variables
combined with visco-elastic, mixing and baking variables (47.9%). rain@ of dough heights
[(Hm-h)/Hm] is closely related to gluten elastic propertiep and RCY). Volume lost (VL) is
closely related to gluten viscous (J-Jr, TCR) and negativdbterk to elastic properties.
Maximum height of the dough (Hm) and dough height (h) are clossted to baking
properties (LV and SV).
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Table 1. Definitions of fermentation variables.

Abbreviations Definitions Units
Hm Height of maximum dough development. mm
h Height of dough development at the end of mm
T1 the test. h
Time of maximum rise.
(Hm-h)/Hm Lowering of the development percentage %
after 4 h compared to time of maximum
rise.
H'm Maximum height of the gaseous curve. mm
TV Total volume of gaseous curve. mL
VL The carbon dioxide volume released by the
dough during the fermentation test. mL
VRt Carbon dioxide retained in the dough at the mL
RC end of the test. %
T1 Retention volume divided by the total h

gaseous release.
Time spent to reach maximum rise.
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Table 2. Definitions of visco-elastic, mixing and baking terms (adaptedArmabardekar, 2009)

Abbreviations Definitions Units
Visco-elastic
J-J; Delta compliance defined as the difference in compliance of creep anga*

recovery at 100 s. An increase in delta compliance suggests that the
viscous component is higher than elastic component by either an
increase in viscosity or decrease in elasticity of the gluten struatture
100 s.

SeP Separation time is time at which the creep and recovery splitandno S
longer stay superimposed. An increase in separation time suggests that
the elastic component is higher than viscous component by either an
increase in elasticity or decrease in viscosity of the gluten steuctur

RCY Percent recoverability is the elastic ability of gluten to recovertoits %
original state after the stress is removed.

TCC Rate at which the deformation of gluten reaches its equilibrium. Higher S
the value of TCC slower the rate of deformation of gluten.

TCR Rate at which the elastic recovery of gluten reaches its equilibrium. S

Higher the value if TCR, slower the rate of recovery of gluten.

Mixing
WA Ability of flour to absorb water in order to form a convened dough %
consistency at 500 FU.
DT Time required for the flour to develop into dough of convened Min
consistency during mixing.
ST Time for which the developed dough remains stable during mixing. Min
BT Time at which the dough starts breaking down after mixing. Min
Baking
LV Volumes of baked loaf measured at 10 min. Sem
LH Heights of baked loaves. Mm
PH Heights of loaves after proofing. Mm
OSP Increase in height of loaves in the oven during baking. Mm
SV Specific volume of baked loaves. Ym
FP Flour protein. %
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Table 3. Proximate analysis of flours (means + SD, n=2) obtained dites A and B (adapted

from Ambardekar, 2009).

Flours Protein (%) Moisture (%) Ash (%)
1A 7.95+0.05 11.69+0.02 0.29+0.01
2A 11.19+0.07 10.51+0.03 0.38+0.01
3A  13.68+0.02 10.14+0.02 0.41+0.00
1B 10.40+0.10 12.54+0.02 0.47 £0.00
2B 10.59+0.07 12.57+0.00 0.48+0.01
3B 11.38+0.01 12.98+0.04 0.58 +0.01
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Table 4. Fermentation properties in six commercial wheat flours tregtte@ATEM levels. Means (n=2) with same superscripts in a

column are not significantly different (P > 0.05). The standard deviations of nreastsoavn in parenthesis.

TRT Fermentation Properties
Hm h (Hm-h) H'm TV VL VRt RC T1 T1
(mm) (mm) /Hm (mm) (mL) (mL) (mL) (%) (h) (h)
(%)
1A0 25.d™ 2458™ 180" 47.5(¢ 1507.8"%  323* 1184.5" 78.65% 3.93 3.17™
(1.3) (1.3) (0.3) (2.5) (76.5) (37) (39.5) (1.3) .ap) (0.15)
1AN Q" Q° 5.0 12.8 11° 83.28¢ 4.00 0.12
(0) (0) ) (0.1) (0.5) ) (0) (2.05) () (0)
1A0.3 39.75° 38.80° 2.40° 60.5° 1845 449 1807  97.6 2.16''" 3.8F"
(0.05) (0.8) (1.9) (0.6) (116) (5) (121) (0.4) Do (0.19)
1A0.6 29.48K  27.098K 445" 50 ghk 1544 %"k 35 59 1509.%" 97.7 2.93FPbede 5 gpede
(7.1) (6.0) (2.6) (1.7) (98.5) (3.5) (94.5) (0.1) 1.43) (1.05)
1A1 22.10" 21.68" 2,09 553" 1709 249 1685%  08.6 3.9%3 3.76"
(100  (06) (1.5) (1) (35) (3) (38) (0.2) (0.02) (0.01)
2A0 32.18MK  31.48M 2209 53.10" 1695.8¢  389.5 1306™  77.0%' 3.68 1.57
(0.5) (1.1) (1.9) (1.0 (27.5) (11.5) (16) (0.35) 0.28) (0.16)
2AN o" 0° o" 4.90 12 3.5 Q° 70.2 4.00 0.10
(0) (0) ) (1.3) ®) (0.5) ®3) (6) (0) (0)
2A0.3 31.90"™ 31.60°™ 0.90" 55.40" 1647.8°9" 48.59 1599" 97.08 3.98 3.83"
(1.80) @as) (0.9) 12 (28.5) (16.5) (45) (1.05) (0.02) (0)
2A0.6 31.88"  31.28Mk 1859 52 @M 1628'" 339 1595.5" of 2,13’ 1.84™"
(0.8) (0.6) (0.5) (1.4) (54) (0) (54.5) (0.1) (0)07 (0.08)
2A1 27.28™  26.3%™ 3289 4980"  152¢0™k  28.89 1491.%" 08.F 1.84" 1.9geer
(1.2) (0.6) (2.0) (1.2) (38) (2.5) (40.5) (0.2) 18) (0.07)
3A0 39.40% 39.1%°  0.65 54,39 1669 362.5° 13071™  78.3*¢ 3.9¢ 1.66"
(2.2) (2.4) (0.6) (0.1) (13) (13.5) (0) (0.6) (0)02 (0.04)
3AN Q" 0° o" 4.38 17.5 2.5 15.8 85.8 4.00 0.11
(0) (0) (0) (0.7) (3.5) (0.5) (4.5) (6.5) (0) (0)01
3A0.3 34.10°™ 33.7¢0%¢ 1.189" 48.58K 1483« 28.89 1458™  08.F 3.8% 2.010¢""
(1) (11 (0.05) (19 (58) (3.5) (61) (0.3) 01 (0.06)
3A0.6 32.68"  325F9" (.48 52.55M 1606.5"" 3559 157F" 97.8 3.96¢ 1.83"
(0.3) (0.4) (0.1) (1.4) (45.5) (2.5) (43) (0.1) o) (0.02)
3A1 28.50¢  28.38" 050 @ 48.4¢ 1430.% 289 1402.4¢ 98.0% 3.98 2.2t
(0.5) (0.3) (0.5) (0.7) (17.5) 2) (19.5) (0.15) .ap) (0.03)
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Table 4. Continued

TRT Fermentation Properties
Hm H (Hm-h) H'm TV VL VRt RC T1 T1
/Hm
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (h) (h)
1B0 33.2M 19.8% 39.F 59.58¢ 1417 27T 11358 80.45% 1.5¢ 1.471
(2.3) (3.75) (15.5) (1.75) (32) (15) (17) (0.6) 1) (0.01)
1BN o" 0° o" 5.5 18.8 3 15.8 83.38° 4.00 0.12
0) 7 0) (0) (1.8) (6.5) (2) 4.5 (4.65) (0.00) @0)
1B0.3 34,189 24.88™ 27.18 49.8% 14799 32fg 1447.8" 97.88  1.76° 1.70%"
(0.45) (1.75) (6.05) (1.6) (22.5) (4) (18.5) (0.25)  (0.14) (0.05)
1B0.6 34.45"" 7.3 20.7% 48.79¢ 1474K 349 1439.9" 97.7 1.90°™ 1.82""
(0.15) (0.7) (2.35) (1.15) (7) (1) (28.5) (0.1) .Q0) (0.05)
1B1 32.6M 24.78™ 23.98 49.8" 14588 3189 1428 97.¢ 1.749 1.74%"
(1.9) (0.75) (2.15) (1.7) (34.5) (2.5) (32) (0.1) 0.03) (0.10)
2B0 43.3" 42.7%" 1.259" 61.15° 1911.3* 567 1344.%" 7058  3.4FP" 1.3¢
(0.5) (0.05) (1.05) (4.15) (113.5) (102) (11.5) 56. (4.00) (0.13)
2BN Q" o° 0" 5.2 23 19 21° 94.6 0.5F 0.12
(0) (0) ) () () 0) () () (0) (0)
2B0.3 418 39 6. 10¢'9" 61.85° 1780.8° 449 1736.8° 97.5 2.33ett 3.93
1) (2.8) (4.5) (2.55) (85.5) 1) (84.5) (0.1) ®)3 (0.02)
2B0.6 45" 42.3" 6.25°""  64.8%° 1887.5° 48.58¢ 1839F 97.4%8  2.144" 3.95
(2) (2) (0.25) (1.05) (19.5) (2.5) (17) (0.15) ®)0 (0.00)
2B1 43,19 42 65" 19" 5o 1701.8¢ 409 1661.5¢ 97.6%  3.96 3.98
(2.7) (2.25) (1) (3.3) (105.5) (8) (97.5) (0.35) .q0) (0.02)
3B0 36.85°"9"  36.85% o" 54.29"  1737%  462.8 1279" 73.4° 4.00 2.09""
(0.75) (0.75) (0.4) (1.1) (46) (20.5) (25) (0.5) .Q0) (1.03)
3BN Q" Q° o" 4.9 14 2.5 12 84 2,108 0.12
(0) (0) (0) (0.6) (1) (0.5) (1) (1.2) (1.89) (0.00)
3B0.3 44 5> 40.48¢ g.gaetd! 69.78  1914" 76 1838" 95.98 2.1 3.96
(0) (0.05) (0.1) (2.95) (136) (26) (162) (1.65) 10) (0.04)
3B0.6 46.8 43.88" 6.4 69.15° 1924 499 1875 97.48 2.4 398
(3.9) (4.25) (1.3) (0.55) (10) (2) (8) (0.05) (0)06 (0.03)
3B1 47.9 46.8 2.25%" 61.5° 1717.8% 469 1670.5% 97.3 3.45" 4.00
(1.3) (0.2) (2.25) (1.2) (35.5) (16) (51.5) (1) 55) (0.00)
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Table 5. Change (percent) of fermentation properties of six cocrah@rheat flours treated with DATEM levels. Values with &ar
significantly different (P<0.05) from control samples. Percerstage calculated from values in Table 4. % change = (Sampiedirea
with additive - control sample)/control sample * 100.

TRT Fermentation properties

Hm h (Hm-h) /Hm  H'm TV VL VRt RC T1 T1

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1A0.3 59.0* 58.0*+ 33.3* 27 .4* 22.4* -13.6*  52.1* 24.1* -45.0* 20.2
1A0.6 17.8* 13.9 147.2 7.2 2.5 -11* 27.4% 24.2* -25.5 -9.5
1A1 -11.6 -11.8 111 16.4* 13.4* -7.4% 42.3* 25.4* 0.0* 18.6
2A0.3 -0.8 0.5 -59.1 4.3 -2.8 -12.4%  22.4% 26.0% 8.2 153.6*
2A0.6  -0.9 -0.6 -15.9 -1.7 -4.0 -8.5* 22.1* 27.2% -42.1* 21.9
2A1 -15.2*  -16.2* 47.7 -6.2 -10.4* -7.3* 14.2* 27.3* -50.0* 31.1
3A0.3 -13.5* -13.9* 76.9 -10.6* -11.1* -7.9% 11.3* 25.3* -3.3 21.1
3A0.6 -17.1* -17.0* -30.8 -3.2 -3.7 -9.8* 20.2* 24.9* -0.5 10.2
3Al -28.1* -27.6* -23.1 -10.9* -14.3* -7.7* 7.3 25.2* 0.0 34.3
1B0.3 29 25.2  -30.7* -16.9* 4.8 -11.5*  27.5* 21.7* 11.4 20.6
1B0.6 3.8 37.5* -46.9* -18.1* 4.4 -12.3*  26.8* 21.5* 20.3 29.1
1B1 -1.8 24.7  -38.8* -16.48 3.3 -11.4*  25.8* 21.8* 10.1 20.6
2B0.3 4.2 -8.8 388.0 1.1 -6.9 -7.8* 29.2% 38.2* -31.7 184.8*
2B0.6 39 -1.3 400.0 6.1 -1.3 -8.5* 36.8* 38.1* -37.2* 186.2*
2B1 -0.5 -0.2 -20.0 -35 -11.0* -7.0% 23.68* 38.4* 16.1 188.4*
3B0.3 20.5* 9.8 0.0 28.7* 10.2* -16.4*  44.2% 30.7* -47.0* 89.5*
3B0.6 27.0+ 19.0+ 0.0 27.6* 10.8* -10.6*  47.1* 32.8* -39.8* 90.4*
3B1 30.0+ 27.0+ 0.0 13.5* -1.1 -9.9* 31.0* 32.6* -13.8* 91.4*

42



Table 6. Explained variance (%) in PCA of fermentation variabigsmegative control in flours

treated with DATEM.

Axes PC1 PC2 1+2
DATEM PC (%) 58.9 18.9 77.8
Fermentation Hm 94 2 96
H 90 4 94
(Hm-h)/Hm 6 11 17
H'm 97 1 98
TV 95 2 98
VL 5 80 85
VRT 97 0 97
RC 20 62 82
T1 13 25 38
T1 72 1 73

Table 7. Explained variance (%) in PCA of fermentation variabiés flour protein in flours

treated with DATEM.

Axes PC1 PC2 1+2
DATEM PC (%) 53.5 17.5 71
Fermentation Hm 94 2 96
H 89 5 95
(Hm-h)/Hm 6 16 22
H'm 97 0 98
TV 95 2 98
VL 5 73 77
VRT 97 0 97
RC 20 55 75
T1 13 30 43
T1 72 1 73
Flour Protein FP 0 7 7
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Table 8. Explained variance (%) in PCA of fermentation variabiésout negative control in

flours treated with DATEM.

Axes PC1 PC2 1+2
DATEM PC (%) 42.6 26.6 69.2
Fermentation Hm 62 7 69
h 68 16 84
(Hm-h)/Hm 9 11 20
H'm 73 3 76
TV 71 14 85
VL 6 88 94
VRT 76 18 93
RC 10 83 93
T1 1 21 22
T1 50 6 56

Table 9. Explained variance (%) in PCA of fermentation variabigsflour protein and without

negative control in flours treated with DATEM.

Axes PC1 PC2 1+2
DATEM PC (%) 38.8 24.6 63.4
Fermentation Hm 61 8 69
h 68 18 86
(Hm-h)/Hm 9 13 23
H'm 73 3 76
TV 71 12 83
VL 6 83 89
VRT 76 17 93
RC 10 78 87
T1 1 24 26
T1 50 7 58
Flour Protein FP 0 8 8
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Table 10. Explained variance (%) in PCA of fermentation variables when compénedseo-
elastic, mixing and baking variables in flours treated with DATEM. Dedingiof fermentation,
visco-elastic, mixing and baking variables explained in Table 2.

Axes PC1 PC2 1+2

DATEM PC (%) 27.5 20.4 47.9
Fermentation Hm 41 1 42
h 55 3 58

(Hm-h)/Hm 15 36 50

H'm 20 0 20

TV 22 8 30

VL 01 24 25

VRT 10 2 12

RC 0 24 24

T1 7 31 38

T1 1 2 3

Visco-elastic SeP 5. 68 73
J-J; 0 85 85

RCY 0 50 50

TCR 0 23 23

TCC 0 52 53

Mixing WA 53 27 80
DT 31 0 32

ST 59 0 60

BT 38 1 40

Baking PH 26 39 65
LH 73 0 73

SV 74 0 74

OoSsP 24 27 51

LV 72 1 73

Flour Protein FP 61 5 65
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Table 11. Explained variance (%) in PCA of fermentation variableswvweompared with baking

variables in flours treated with DATEM.

Axes PC1 PC2 1+2

DATEM PC (%) 35.3 21.6 56.9
Fermentation Hm 56 6 62
h 70 3 72

(Hm-h)/Hm 15 1 17

H'm 49 19 68

TV 53 10 63

VL 0 46 46

VRT 31 60 90

RC 0 49 49

T1 0 17 18

T1 11 50 61

Baking PH 11 0 12
LH 72 13 86

SV 69 14 83

OoSsP 38 11 50

LV 64 16 80

Flour Protein FP 23 29 53
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Figure 1. A graphical representation of gaseous curve of a) ceatrglle from flour 3B and b)

sample containing 0.6% DATEM (3B0.6). Blue tracings are tha tatlume and the red is the

volume retained.
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Figure 2. A graphical representation of dough development of a) coatngle from flour 3B

and b) sample containing 0.6% DATEM (3B0.6).
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Total Explained Variance = 77.7%

1.0

PC2 18.8%

-1.0

15 PC1 58.9% 1.0

Figure 3. Loading plot of first two principal components based on fermentationpepath
negative control of six commercial wheat flours, added with four levels of DATE¥nibons

of fermentation, visco-elastic, mixing and baking variables explained in Tad 2. Flour

protein content (%), 1A =7.95, 2A =11.19, 3A =13.68, 1B = 10.4, 2B = 10.59 and 3B = 11.38,
respectively. Symbols and definitio®s: - -Control samples, - Negative cc..trolgw protein

B floursm - Medium protein B flourm - High protein B flovss. — Low protein A flaars
Medium protein A floursé - High protein A flours.
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Total Explained Variance=71%

1.0

vi® o

PC2 17.5%

-1.0

1.5 PC1 53.5% 1.0

Figure 4. Loading plot of first two principal components based on fermentationpspath
flour protein of six commercial wheat flours added with four levels of DATEhisIs and
definitions: ® -Control sampleg, - Negative contrals. — Low protein A flaurs, didkie
protein A flours,a - High protein A flours. — Low protein B flofirs, - Medium protein B
flours,m - High protein B flours.
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Total Explained Variance = 69.2%
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Figure 5. Loading plot of first two principal components based on fermentationspe
without negative control of six commercial wheat flours added with four |@V&ATEM.
Symbols and definitionsg -Control samp'es, — Low protein A flaurs, -Medium protein A
flours,a - High protein A flour®. — Low protein B flouss, - Medium protein B fi8urs, -
High protein B flours.
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Total Explained Variance = 63.4%

1.0

PC2 24.6%

(Hm-h)/Hm

1B0.3

VRt

-1.0

-1.0 PC1 38.8% 1.0

Figure 6. Loading plot of first two principal components based on fermentationpepath
flour protein of six commercial wheat flours containing four levels of DATEMgative control
samples were removed. Symbols and definitidhs: -Control saiviples, — Lo prétaurs,

A -Medium protein A floursa. - High protein A flours. — Low protein B flomrs, - Medium
protein B floursm - High protein B flours.
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Total Explained Variance = 47.9%

3 T
140.6 |
X 1A‘_A1:'::
U
o | ,,, @ Yl T 2803 \\\|- el
S | LH.,  soe m—2 N\ e
N ey Ssses A ]
@)
(al
.............................. 157'"
Q
< !
-1.0 PC1 27.5% 1.0

Figure 7. Loading plot of first two principal components based on fermentationgbsigco-
elastic and dough properties of six commercial wheat flours added with Yels ¢d DATEM.
Symbols and definitiong: -Control samp'es, — Low protein A flaurs, -Medium protein A
flours,& - High protein A floure.  — Low protein B flouss, - Medium protein B flgurs, -
High protein B flours.
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Total Explained Variance=56.9%
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Figure 8. Loading plot of first two principal components based on fermentation lkeingd ba
properties of six commercial wheat flours added with four levels of DATENMWbSis and

definitions: @ -Control samples, — Low protein A flouas,

-Medium protein A fléurs, igh- H

protein A flours:® — Low protein B flourl®, - Medium protein B flolits, - High protein B

flours.
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CHAPTER IV
EFFECT OF OXIDIZED STATE ON FERMENTATION PROPERTIES OFUD&H

ABSTRACT

The objective of the study is to investigate the effect of oxidstate on fermentation
properties of dough and to analyze possible correlations of fermoenttd visco-elastic,
baking and mixing properties of dough. Five levels of oxidized states @@ained by the
addition of ascorbic acid (0, 50, 100, 150 and 250 ppm). Six commercial harithtedwheat
flours with different protein content were used. Flours with no treatiwere used as controls
and flours with no yeast and no treatment were used as negativelofgrmentation
properties of dough were measured with a Rheofermentomgtédxitized dough showed
increased dough development and volume of gas retained. Oxidizirlg iegreased the
retention coefficient of gluten from most flours (P<0.05). When feratiemt properties are
compared with visco-elastic, mixing and baking properties of dough, bgflgirincipal
component analysis explained 51.5% of total variance. First prircpabonent axis explained
27.2% variance and second component axis explained 24.3% variancentBéomeproperties
alone without flour protein explained 61.7% of total variance. Fermentaéiriables explained
more variance (61.7%) than the fermentation variables combined withelisstic, mixing and
baking variables (51.5%). The ratio of dough heights [(Hm-h)/Hm] and volastgVL) are
closely related to gluten elastic properties (Sep and RCY)tifffeetaken to reach maximum

height of the dough (T1) is closely related to gluten viscous (TCC) and bakireytimsgOSP).
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Maximum height of the dough (Hm) and dough height (h) are closkdiedeto flour protein

(FP) and baking properties (LH and LV).

1. INTRODUCTION

During mixing the gluten in the dough is stretched and pulledahat it can
provide the needed strength and structure during proofing and baking.iQixiggents enhance
gluten reformation and so are used to adjust dough strengtliciglamtd tolerance. Oxidative
dough improvers convert sulfhydryl groups of gluten proteins to disulfidlages (Sullivan et
al., 1940; Tsen and Bushuk 1963). Ascorbic acid is an oxidizing agent useding ba
improve dough elasticity, gas retention and water absorption. Durixiggnascorbic acid (L-
AA) reacts with oxygen and forms dehydroascorbic acid (L-PAich oxidizes the sulphydryl
groups in gluten protein. This specie in turn reacts with thiols to thsulfide and to regenerate
ascorbic acid (Stauffer et al., 1990). Oxidation of glutathione (G®H®xidized disulfide
derivative (GSSG) improves the effect of L-AA in dough properiliégy are added to dough to
improve the strength of the gluten structure to allow it to hotdenCQ produced during
fermentation. Ascorbic acid was effective in improving loaf volumérigad. Flour with less
protein requires more ascorbic acid than a high protein flour to readptimum potential
(Collins et al., 1966). Adding 50 ppm of ascorbic acid gives a tightength and dough
tightness increases during fermentation (Hoseney et al., 1980)iokddf 150 ppm ascorbic
acid to yeasted dough increased the effectiveness of incorporatirgenoXyom mixing
atmosphere (Chamberlain and Collins, 1979). Several instrumentsafigbl@vto measure the
rheological and gas retention properties of dough during fermentatienRheofermentometer

(Chopin, Tripette and Renaud, France) is used in the study of the beb&vlour during
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fermentation. The parameters measured are maximum dough heightifHmMm, maximum
height of gaseous release (H'm) in mm, Qi@duction in ml.
The objectives of the study were:
1) To study the effect of an oxidizing agent on the fermentationeptiep of dough using
ascorbic acid.
2) To analyze possible correlations of fermentation and viscoldsking and mixing

properties of dough.

2. Materials and Methods

a. Materials and Labeling

The procurement of wheat flour samples were explained in theidisatend Methods
section of Chapter lll. Five levels (0, 50, 100, 150 and 250 ppm) of ascoitbi@vallinckrodt
Baker Inc., Phillipsburg, NJ) were used. Flours with no ascorlitveere used as control (0)
and flours with no ascorbic acid and no yeast were used aswveegatitrol (N). Thus site A
flours were labeled as 1A0 (positive control), 1AN (negative contt&{p0, 1A100, 1A150,
1A200; 2A0, 2AN, 2A50, 2A100, 2A150, 2A200; 3A0, 3AN, 3A50, 3A100, 3A150, and 3A200.
The 0, 50, 100, 150 and 200 represent the parts per million of ascorbaddeid to the flours.
Similarly site B flours were labeled as 1B0, 1BN, 1B50, 1B1@15D, 1B200; 2B0, 2BN,
2B50, 2B0100, 2B150, 2B200; 3B0, 3BN, B50, 3B100, 3B150, and 3B200.

b. Methods
Dough Preparation
Dough was prepared as described in the Chopin protocol using Chopin

AlveoConsistograph. The ingredients consisted of 250 g of flour, Bdyyoyeast and 5g of
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sodium chloride. Ascorbic acid was added to the flours at 0, 50, 100ndi5208 ppm. For 50
ppm ascorbic acid, a stock solution of |00 ml was prepared containingy@D&scorbic acid.
Then 25 ml of stock solution was added to 250 g of flour. In the samestealy, solutions were
prepared for 100 ppm containing 0.1 g of ascorbic acid, 0.15 g of ascorbioratb0 ppm and
0.2 g for 200 ppm. From the described stock solutions, 25 ml was mixetheitvater added to
the flour to obtain each ascorbic acid addition. The quantity of deioniatet added depended
on the moisture content of the flour and it was given by theemdfertable published by the
International Association for Cereal Science and Technology)(&Qlescribed in the Chopin
Protocol. The sodium chloride is dissolved in water prior to the addi@ough. Instant dry
yeast and ascorbic acid were blended with 250 g of flour in thedknd@mwl. Salt water was
progressively added to the flour at the beginning of the first minutieeafixing period. After
one minute, the mixing was stopped to remove the flour sticking to #is and ensure a
homogeneous hydration. The mixing process was continued for 6 mintam@e size of 315
g of dough was used for each treatment.
Fermentation Test

Rheofermentometer was used to study the fermentation propedmegbf The dough
(315 g) obtained from AlveoConsistograph was placed in the bottom otutihénain basket and
packed it down with hands. The height of the dough in the baslsdtba leveled out just below
the lowest holes. The piston with a 2000 g weight was placed on top dbtlgh. The basket
was placed in the F3 Rheofermentometer bowl. Displacement sgasgslaced and the whole
system was tightly closed and the test was run for a totlhofThis time represents 1 h longer
than the Chopin Protocol as it was determined experimentaliytihagtsamples and treatments in

this study.
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The F3 Rheofermentometer analyzes the development of a dough @angaen the
bowl. The piston placed on the dough rises. The piston is directly linked to a elsplaicsensor
which will calculate the dough rising. Rheofermentometer is lg@d to a pressure sensor
through a pneumatic circuit that measures the pressure iadredise fermenting dough. The
three curves are dough development, speed gfél€ase and quantity produced and volume of
CO, retained in dough. Fermentation variables are defined in Table lisoodelastic, mixing
and baking terms are defined in Table 2 (Chapter IlI).

3. STATISTICAL ANALYSIS

A factorial design within a randomized block design was implethedix levels of
ascorbic acid and 3 levels of flour protein were compared in a3@actorial. The significant
differences in means were compared using Analysis of \a&idANOVA) with Tukey’s
comparisons o=0.05) using SAS (Version 9.1 SAS Institute Inc., Cary, NC). Rraici
Component Analysis (PCA) is a mathematical algorithm that esdtiee dimensionality of the
data (Ringer, 2008). PCA is performed using Canoco for windows 4.5 (BismBtant
Research International, Wageningen, the Netherlands).

4. Results and Discussion

Protein, moisture and ash content of the flour samples are reportdaar8 (Chapter
[l). Typical dough fermentation property curves obtained aretiited in Figure 1 and 2
showing results for sample 3B control and 3B containing 200 ppm aseeifdic The volume of
CO:lost (VL) is decreased when the sample is oxidized with 200 gporlaic acid (Fig. 1). The
volume of retention of gas also improved in the oxidized sample when ceinpéh control

sample. From the dough development curves we can observe that the hedgugbf is
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improved when it is oxidized with 200 ppm ascorbic acid (Fig. 2). A samymof definition of
the fermentation properties of all samples is found in Table 1 (Chapter IlI).
Maximum height of the dough (Hm)

Hm is the maximum height of the dough development. As expectedntie sample
without yeast shows no development (Table 1). The effect of oxidation on Hm does raottappe
cause a general trend, which means it can detect quality difésren the flours. Observations
that significantly increased Hm were 3B flours (high proteuith 50, 100 and 200 ppm of
ascorbic acid. Observations that significantly decreased Hma 8&iflours (high protein) with
100 and 200 ppm of ascorbic acid (Table 1 and 2). Highest value of Hhmhawas by 3B200
(50.8 mm) and lowest by 1A100 (21.7 mm) (Table 1). The change of therftation properties
(%) is calculated in comparison to the control sample (withtyeasl reported in Table 2.
Overall highlights of trends are: high percentage (37.9%) incrememtakximum height was
observed in sample 3B (11.4% protein) with 200 ppm ascorbic acid (3B20®).2% decrease
in maximum height was observed in the sample 3A100 which is thedtigiotein sample
(13.7%) (Table 2). This suggests that the effect of oxidation innmemw height of dough during
fermentation is sample specific.

Height of the dough development (h)

The height of the dough development (mm) at the end of the testemaged by h. As
expected, negative controls showed no development. The effect of oxidath is the same as
the observed on maximum height of development except 1B flours widvals. 1B flours with
all oxidized levels significantly increased height of the dougveld@ment (Table 1 and 2).
Overall highlights of trends are: lowest value of height was wbdein 1BO (19.9 mm) and

highest value was observed in 3B200 (50.6 mm) (Table 1). The highessa¢ta7%) of h
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was observed in 1B150 and decrease (18.8%) in 3A100 (Table 2). This obsealsdi suggests
that the samples differed in the oxidation of the disulfide bonds\ethigith the same levels of
ascorbic acid and thus have different protein quality.

Lowering of development percentage [(Hm-h)/Hm]

(Hm-h)/Hm is the ratio of dough height at the end of the featr@mttest in percentage.
A large percent means the dough has maintained its height darmgntation. The effect of
oxidation on (Hm-h)/Hm appear to be flour specific. Observationsgofif&iant decrease of
(Hm-h)/Hm were low protein B flours with all levels of oxidati (Table 1 and 2). Overall
highlights of trends are: high value of (Hm-h)/Hm was obsermed@lBO (39.1%) and lowest
value in 2A150 (0.15%) (Table 1). Highest percentage decrease was duse2#£200, 3A50,
3A150 and 2B150 (100%) (Table 2). High protein B flours show no change.

Maximum height of the gaseous curve (H'm)

H'm is the maximum height of the gaseous release curve. Tiadl effect of oxidation
was a decrease of H'm in most of the samples, except in foyles, 1A with 100 and 150 ppm
ascorbic acid and 3B with 50 and 100 ppm ascorbic acid which showedifecarg increase of
H'm (28.1 and 15.8%, and 8.9 and 2.6% increase, respectively). H'm signifidactieases in
2A with 50 and 100 ppm, 3A with 50, 100 and 200 ppm of ascorbic acid and in 1B a8 fl
with all levels of ascorbic acid (Table 1 and 2). Overall highigire: high value of H'm was
shown by 1BO (61.2 mm) and lowest value of the sample with yeastheas by 1B150 (42.8
mm) (Table 1). Highest percentage (28.1%) increment (desirabl@aximum height was
observed in 1A100 and 28.2% decreased by 1B150 (Table 2). The effect dfiooxioa

maximum height of the gaseous release did not give a linear response ando@iddhg to the
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sample (sample specific) and to the level of oxidation (levelobrbic acid). But an overall
trend of oxidization of dough was to decrease maximum height with few exaepti
Total Volume (TV)

TV is the total volume under the gaseous curve. The effect ofi@xidattotal volume
significantly increases in 1A with 100 ppm of ascorbic acid. Tghificantly decreases in 2A
and 3A with 50, 100 and 200 ppm, 2B flours with all levels and 3B with 150 and 20@fppm
ascorbic acid (Table 1 and 2). Overall highlights of trends aré: yafue of total volume was
observed in 2B0 (1911.3 mL) and lowest in 1B150 (1347 mL) (Table 2). An indreastal
volume (22.6%) was observed in 1A100 and 21.5% of total volume decreased in ZBhED (
2). The overall effect of oxidation on total volume was a decreasept for sample 1A at all
levels of oxidation. Sample 1A had the lowest protein (8%), thus Wiesprotein content is low
the total volume is expected to be increased with oxidation. Theeredition agrees with
Koehler (2003a) who reported different levels of ascorbic acid imdoaveprotein flours better
than high protein flours.

Volume lost (VL)

VL is the carbon dioxide volume released by the dough during thenfation test.
Overall trend of VL is to decrease by oxidation. All observatiatlissamples and levels) were
significantly decreased volume lost when compared to controls € Thband 2). Overall
highlights are: high value was observed in 2B0 (567 mL) and lowestifQAL6.5 mL) (Table
1). Highest percentage 1B100 (11.6%) of volume lost was observed in 1AtO(west
percentage (5.1%) in 1A100 (Table 2). This observation also agideKeehler's (2003a)

statement that ascorbic acid improves low protein flours better than high plrobes f
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Volume retained (VRY)

VRt is the carbon dioxide retained in the dough at the end of thEhesiverall trend
of oxidation is to increase volume retention. Observations thatfisggutly increased volume
retention when compared to controls were 1A flours with all le2#sand 3A with 150 ppm,
1B with 50, 100 and 200 ppm and in 3B flours with 50, 100 and 150 ppm of ascorbicaiel (T
1 and 2). Overall highlights of trends are: high value f volume ietemtas observed in 1A100
(1831.5 mL) and lowest in 1BO (1135 mL) (Table 1). Highest percentage (b4f696lume
retained was observed in 1A100 and lowest percentage (2.2%) in 2A100 (Table 2).
Retention Coefficient (RC)

Retention coefficient (RC) is the retention volume divided byotaégdaseous release.
The overall trend of RC is to increase with oxidation. All obseaat(all levels) of RC were
significantly increased when compared to controls (Table 1 an@ih®) means that oxidation
positively affects the fermentation properties by increashey retention coefficient. Overall
highlights of trends are: high value of RC was observed in 1A100 (991dddpwaest value in
2B0 (70.55%) (Table 1). Highest percentage (38.6%) of retention deetfiwas observed in
2B200 and lowest percentage (21.5%) in 1B100 (Table 2). The effect of oridetiretention
coefficient is to increase. Retention coefficient and volunearretl are the only two parameters
that show a definitive increase with oxidation.

Time of maximum rise (T1)

T1 is the time taken by the dough to reach maximum height durigly development.
The overall trend of time of maximum rise of dough developmentirsctease with oxidation.
Observation of significant increase in T1 is 1B with 150 ppm of bsracid (61.4% increase)

when compared to the control (Table 1 and 2). Overall highlighteds$ are: high value of T1
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was observed in 2A200, 3AN, 3A50 and 3A150 (3.9 h). Lowest value of T1 was observed i
1BO (1.5 h) (Table 1). Highest percentage (61.4%) of time takeaach maximum height of
dough development was observed in 1B150 and time decreased 1.5% in 1A150 (Tabk 2)
overall effect of oxidation on T1 is to cause on increase.

Time of maximum rise (T'1)

T’1 is the time spent to reach maximum rise during gaseousereldée overall trend of
time of maximum rise of gaseous release is to increatie axidation. Observations with
significant increase of T'1 were 1A with 50, 150 and 200 ppm, 2A, 2B3&ntlours with all
levels and 3A flour with 150 ppm of ascorbic acid (Table 1 and 2). Ovegalights are: high
value of T'1 was observed in 2A150, 2A200 and 3B200 (4). Lowest value (1.4) of &1 w
observed in 2B0 (Table 1). Highest increase (185.5%) of time takeadb maximum height of
gaseous curve was observed in all medium protein B flours and I¢%f4i) increase was
observed in 1B200 (Table 2). Time to reach maximum height of gasglease increases with
oxidation.

In summary, from Table 4 and 5 we can say that maximum heightbeofdough
development decreases for A flours and increases for B floursimMax height of gaseous
release shows an increase with low protein A flours. Highesteptge of retention volume of
gas was observed in low protein A flour (1A100). Flours treated &0 ppm ascorbic acid
improved gas retention properties better than other concentratiogisesH percentage of
retention coefficient of gas was observed in medium protein flslashler (2003a) reported
that different levels of ascorbic acid improve low protein floather than high protein flours.
But in our study we observed different levels of ascorbic acidavggr medium and high

protein flours as well. Chamberlain and Collins (1979) proved thategedstugh ascorbic acid
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at 150 ppm increases the effectiveness of dough. Our study shatddrthentation properties
of yeasted dough from commercial hard red winter wheat flouts agitorbic acid at 100 ppm
were more desirable than those obtained with 150 ppm.
PCA results

Principal component analyses were performed on the data sets dolitame
fermentation parameters.
Fermentation variables Vs fermentation variables with flour protein

PCA were performed on the data sets, to assess the relatbriship protein and

fermentation properties (Fig. 3 and 4). Figure 3 represents theri&tion properties alone and
all the samples. Principal component axis 1 (PC1) explained 54.7#nae@rand principal
component axis 2 (PC2) explained 20.8% variance. Total explained vasare®% (Table 3).
Among fermentation properties, the highest contribution of variance (94vé¥)volume of
retention (VRt) in PC1 whereas in PC2 the highest contribution @nee (70.8%) was volume
lost (VL) (Table 3). Figure 4 displays the fermentation propeglas flour protein. Principal
component axis 1 (PC1) explained 49.7% variance and principal componern? #RiS2)
explained 18.9% variance. Total explained variance is 68.6% (Table 4). Afmongntation
properties with flour protein, the highest contribution of variance (94.%&g volume of
retention (VRt) on PC1 whereas on PC2 highest contribution of var{@0cg8%6) was volume
lost (VL) (Table 4). Only 0.07% of explained variance was congibinty flour protein on PC1
and 0% on PC2 (Table 4). This suggests that the variation of protei@aldy related to the
volume lost and its contribution to the variance is very small wherpared with samples with
changes in their oxidizing state. In both graphs (Fig. 3 andabt af the fermentation variables

are on PCL1. Flours treated with ascorbic acid are very closggltavRen compared with control
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and negative samples. All control samples are closely relatedgathemselves and to volume
lost. They are well separated from the oxidized flours. Negatmé&rols are also closely related
among themselves and well separated from the samples with chduge® oxidation. So
negative controls are removed from the data sets and PCA was edmipalso suggests that
the oxidized samples are closely related to volume of the gaimed@tby the dough during
fermentation in the first component. These samples are negatelated to volume lost and
differences in their gas volume lost by their dough’s in thersécomponent. This means that
all the oxidized samples lost less gas compared to the control samples.
Fermentation variables without negative control Vs fermentationvariables with flour
protein and without negative control

PCA were performed to assess the relationship of fermentagioables and protein
without the negative controls (Fig. 5 and 6). From the fermentatiopepies on Figure 5,
principal component axis 1 (PC1) explained 32.7% variance and principglonent axis 2
(PC2) explained 29.0% variance (Fig. 5). Total explained variance is gIa8ke 5). Among
fermentation properties, the highest contribution of variance (65v&%)time taken to reach
maximum height of gaseous curve (T'1) on PC1 whereas on PC2 thethigh&sbution of
variance (75.8%) was total volume (TV) (Table 5). In comparison, wlwem protein was
included (Fig. 6), principal component axis 1 (PC1) explained 29.8% variamd principal
component axis 2 (PC2) explained 26.5% variance. Total explained vaises®:8% (Table 6).
Among fermentation properties with flour protein, the highest conioibuif variance (64.3%)
was time taken to reach maximum height of gaseous curve (T'1) &anMA€reas on PC2 the
highest contribution of variance (62.8%) was maximum height of gaseious (Table 6). Only

0.16% of explained variance was contributed by flour protein on PC1 and 3.07@2qi1 &ble
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6). As the total explained variance of fermentation variables (61¥%} units of percentage
higher than fermentation variables with flour protein (56.3%), we s&y that compared to
changes in oxidation state in this set, flour protein appears to &dasmall effect and is
marginally correlated to other fermentation variables. Cont@sclosely related to volume lost
(VL) and are separated from the oxidized flours. Most of the A flatesclosely related to time
to reach maximum height of gaseous curve (T'1) and retention geeffilRC). They are
negatively correlated to total volume (TV) and maximum heighdaefgh development (Hm).
Most of the B flours are closely related to volume of gas retained (VRt) antiveggaorrelated
to volume lost (VL) and lowering development percentage ([Hm#h)/HBy oxidizing the
dough, we are bringing samples close to the axis thus by increasing the &iongirbperties.
Fermentation properties Vs Fermentation properties with vsco-elastic, mixing, baking
properties

The relationship of fermentation variables with visco-elastichghand baking properties
was investigated (Fig. 7). From Figure 6, principal componerst A(PC1) explained 29.8%
variance and principal component axis 2 (PC2) explained 26.5% variaotad. ekplained
variance is 56.3% (Table 6). From Figure 7, principal component al€1) (explained 27.2%
variance and principal component axis 2 (PC2) explained 24.3% variaot®d. ekplained
variance is 51.5% (Table 7). Among all properties, the highest loontm of variance (84.7%)
was delta compliance (Jr&nd second major component that contributes high variance (83.0%)
is flour protein (FP) on PC1 whereas on PC2 the highest contributieariahce (60.7%) was
loaf volume (LV) (Table 7). As the total explained variance ahtation variables (56.3%) is
higher than fermentation variables with visco-elastic, mixing baking variables (51.5%), we

can say including all the variables from visco-elastic, ngxand baking do not improve the
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explained variance. This means that all these analyses aiecreasing the ability to separate
the samples. Fermentation properties would give as much informataihthe tests combined.
All variables are closely associated. Low protein A flours amdgrotein B flours are separated
from other flours. Ratio of dough heights [(Hm-h)/Hm] and volume MEk) @re closely related
to elastic properties (Sep and RCY). Time taken to reaclhnmiax height of the dough (T1) is
closely related to gluten time constant of creep (TCC, viscaysedy) and oven spring (OSP,
baking property). Maximum height of the dough (Hm) and dough heajtaré closely related
to flour protein (FP) and baking properties (LH and LV). All cohntamples are closely related
and positively correlated with volume lost (VL) and are negativebrrelated to delta
compliance (J-Jr) (viscous component) and retention coefficient (R€dium and high protein
oxidized flours are closely related to loaf height and loaf volunleba@king properties show
greatest contribution of explained variance on PC2. It was of ihterexplore other possible
correlations revealed by PCA analysis on flour protein, fermentairoperties and baking
properties.
Relationship of flour protein, Fermentation and baking properties

PCA were performed on the data sets of flour protein, fermentatiables and baking
properties (Fig. 8). PCA analyses of fermentation properties flaitihi protein were already
performed (Fig. 6 and Table 6). From Figure 6, principal componestlaxPC1l) explained
29.8% variance and principal component axis 2 (PC2) explained 26.5% varibotee
explained variance is 56.3% (Table 6). From Figure 8, prinapatponent axis 1 (PC1)
explained 27.1% variance and principal component axis 2 (PC2) explah@% variance.
Total explained variance is 52% (Table 8). Highest contribution paged variance (72.1%)

was loaf volume (LV) and second highest variance (71.2%) was explayndeight of loaf
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volume (LH) on PC1 whereas on PC2 highest contribution of variance (59.88%yolume of
gas retained (VRt) (Table Slour protein explained 45.6% variance on PC1 and 10.9% on PC2
(Table 8). As the total explained variance of fermentationabbas (56.3%) is more than
fermentation variables with baking variables (52%), we can sayefgation properties explain
more variance than baking properties. Control samples were vedgatissociated with gas
retained (VRt) and positively related with volume lost (VL). Wéalrs are separated from the
rest of the flour samples. The height of dough at the end détheentation test is the variable
most closely related to loaf height and loaf volume.
5. Conclusions

Null Hypothesis is rejected as there is significant effettie oxidized sate of the
dough (by adding ascorbic acid) on fermentation properties when camfmarde control
samples. By oxidizing the dough, the maximum height of gaseousealeareased in all flours
except in low protein A flours. The highest percentage of reteniblume of gas was observed
in low protein A flour while the highest percentage of retentioefficient of gas was observed

in medium protein B flour.

Fermentation variables explained more variance (61.7%) thanrtrenfation variables
combined with visco-elastic, mixing and baking variables (51.5%). dte of dough heights
[(Hm-h)/Hm] and volume lost (VL) are closely related to gtutastic properties (Sep and
RCY). The time taken to reach maximum height of the dough €Ttlosely related to gluten
viscous (TCC) and baking properties (OSP). Maximum height ofiengh (Hm) and dough

height (h) are closely related to flour protein (FP) and baking propertiear{dHV).
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Table 1. Fermentation properties in six commercial wheat floursdredtte ascorbic acid levels. Means (n=2) with same
superscripts in a column are not significantly different (P > 0.05). The standéatales of means are shown in parenthesis.

TRT Fermentation Properties
Hm h (Hm-h)/Hm H'm TV VL VRT RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (hr) (hr)
1A0 25™ 2455 1.8 47 .5InKim 1507.8"9"k  323* 1184.8" 78.65° 3.93 3.16¢
(1.3) (1.35) (0.3) (2.5) (76.5) (37) (39.5) (1.35) (0.02) (0.15)
1AN 0° Q" 5" 12.8 2 11" 83.28° 4 0.171
(0) (0) (0) (0.1) (0.5) ©) () (2.05) (0) (0)
1A50 23.6' 23.58" 0.2 51.geon 15559t 19 4 1535.8°%¢" 9878  3.97 3.97
(0.9) (0.85) (0.2) (0.8) (35) (0.5) (34.5) (0.05)  0.3) (0.02)
1A100 21.7 21.48"  1.08 60.85" 1848.5" 16.5 1831.5 99.7 3.95 3.68"
(3.3) (3.15) (0.55) (7.45) (214.5) (1.5) (216.5) .20 (0) (0.31)
1A150  24.8™ 244%™ .58 5P 16349 27 1607 098.3%5  3.87 3.9
() (2.85) (0.55) 1) (64) ©) (61) (0.15) (0.13)  (0.09)
1A200  23.3% 23.1m 0.98 50.458°9NK 1565 89N o4 5 1540.8°%¢"  98.4 3.97 3.9
(2.85) (2.6) (0.95) (1.95) (91.5) (4.5) (87.5) (0.2 (0.03) (0.1)
2A0 32.1% 31.44 2.2 53, 10dete 1695.8%¢"  389.% 1306 77.08¢ 3.67 1.50¢
(0.55) (1.15) (1.9) (1) (27.5) (11.5) (16) (0.35)  0.28) (0.16)
2AN Q° o" 4.9 12 3.5 q 70.2 4 0.1"
() © (0) (1.3) B (0.5) @ (6) () ()
2A50 2gm 28.45¢ 1.99 43.9" 1369.4¢ 31 1338.8' 97.7 3.97 3.9%
(0.5) (1.05) (1.95) (2.1) (46.5) €) (49.5) (0.3) 0.03) (0.04)
2A100 28.98"  28.6%° 1.08 43.9" 1357.8¢ 22 1338 098.4 3.7F 3.9%
(1.25) (1.05) (0.65) (0.4) (25.5) (3) (23) (0.2) 0) (0.04)
2A150  31.1% 31.0 0.1%8 48.519nkm 1534 gelhik - 57 5 1507.5%"  98.7 3.98 4
(2.25) (2.2) (0.15) (0.6) (40.5) (0.5) (41.5) (0.1)  (0.02) (0)
2A200 31.5¢ 31.8 46.38"MKM 1429 Nk 23§ 14069k 98.3 4 4
(1) (1) (0) (3.45) (76.5) (5.5) (82) (0.5) (0) (0)
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Table 1. continued

TRT Fermentation Properties

Hm h (Hm-h)/Hm H'm TV VL VRT RC T1 T1

(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (hr) (hr)

3A0 39.49 39157 0.69 54 Fbcde 16694 362.5° 1307™ 78.3% 3.98 1.65™
(2.2) (2.45) (0.65) (0.1) (13) (13.5) (0) (0.6) ap) (0.04)
3AN 0° Q" 4.38 17.8 2.5 15.8' 85.% 4 0.1d
o 0) 7 0) (0.75) (3.5) ) (0.5) (4.5) ) (6.5) (0) (@)o

3A50 34.8" 34.8" o° 46.35MKm 1437 80k o4 1413.8'9"k 98 3% 4 2.17¢
(0.8) (0.8) (0) (1.15) (44.5) (3) (47.5) (0.25) (0) (0.03)

3A100  31.8% 31.8 0.1%8 44 4™ 1381 37 1349.%MK g7 7 3.98 2.05"
(1.35) (1.4) (0.15) 1) (35) (6) (41.5) (0.5) (002 (0.04)

3A150  38.389"  38.35" 55.95°¢ 1748 27 172¢" 98.5 4 2.63¢
(0.25) (0.25) (0) (8.15) (277) (6) (271) (0.1) (0) (0.67)

3A200  33.28¢ 33.1M 0.48 45, 45“'“”“ 1418" 26.5 1388.5""k 98 7 3.97 2.18"¢
(0.05) (0.1) (0.45) (0.35) (14) (0.5) (13.5) (0) .B) (0.18)
1B0 33.2¢ 19.8%" 39.F 59.55" 1412"K 27F 1138" 80.4° 1.5¢ 1.40
(2.3) (3.75) (15.5) (1.75) (32) (15) (17) (0.6) 10) (0.01)
1BN 0° 5.5 18.5 3 15.8' 83.358° 4 0.11
(0) (0) (0) (1.8) (6.5) @) (4.5) (4.65) (0) ()

1B50 32.1% 30.2 5.98 45.78"Km 14298 315 1398g"9nk 97.8% 1.91¢ 1.7F"
(1.65) (0.7) (2.65) (0.25) (9.5) (2.5) (7 , (0.15) 0) ( (0.05)

1B100  31.4° 29.3 6.7 4gKim 1403 32 1370.5"MK g7 7 1.99° 1.64™
(0.3) o) (0.9) (1.4) (21) (4) (25.5) (0.3) (0.13) (0.03)

1B150  32.7¢ 309 5.5 42.7%" 1347 3d 1317.8“™m  97.¢ 2.58¢ 1.7F"
(1.2) (1.1) (0.1) (1.65) (21) (1) (22.5) (0.1) ©9)1 (0.05)

1B200 34X 32380 4.8 44 8<m 1400" 2d 1371.8"9"K g7 of 2.01° 1.6"
(0.1) (0.55) (1.9) (1.1) (38) (4) (33.5) (0.25) 20) (0.05)
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Table 1. Continued

TRT Fermentation Properties
Hm h (Hm-h)/Hm H'm TV VL VRT RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (hr) (hr)
2B0 43.3°% 42 78°% 128 61.1% 1911.5 567 13449 7058 340" 1.3¢
(0.5) (0.05) (1.05) (4.15) (113.5) (102) (11.5) 58. (0.51) (0.13)
2BN 0° Q" 5.2 23 1 21" 94.6 4 0.17
() (0) (0) (0) , o 0) ) , () (0) ()
2B50 47. 17" 46.88¢ 0.8 514" 150g1anik 37 1472910 9758 398 3.9%3
1) (0.75) (0.5) (0.7) (27) (5) (32) (0.35) (0.04) (0.02)
2B100  45.28°  45* 0.58 52.05'"9 1557.8%t" 355 1521 g9t g7 7 3.94 3.97
(0.65) (0.5) (0.35) (0.85) (0.5) (2.5) 25 (0.2) (0.03) (0.03)
2B150  44.3 44,3 50. 75"k 150 Fanik 378  1463.8°9" 975§ Vg 3.97
(0.3) (0.3) (0) (1.95) (62) , (3.5) (58.5) (0.1) (0) (0.03)
2B200  44.2“ 44,7 0.2% 57, petahikd 1514 89"k 335 1481 97.@ 3.9¢ 3.97
(0.7) (0.8) (0.25) (1) (13.5) (6.5) (7) (0.4) (002  (0.03)
3BO 36.88"  36.85" 54,0 1737 462.8 127%™ 73.4" 4 2.09®
(0.75) (0.75) (0) (1.1) (46) (20.5)  (25) (0.5) (0) (1.03)
3BN 0° Q" o° 4.9 14 2.5 12" 84 2.10° 0.47
() (0) (0) (0.6) 1) (0.5) 1) (1.2) (1.89) ()
3B50 46.85°  46.6" 0.5 59.08" 1698.8°¢ 358  1663.5™ 97.9 3.9% 3.97
(2.35) (2.1) (0.5) (2.85) (114.5) (2.5) (111.5) (0) (0.04) (0.03)
3B100  42.35%! 42 1% 0.5% 55.6° 1579.8%9"  og 1550.8°*¢  98.1% 3.9¢ 3.9¢
(2.45) (2.2) (0.55) (0.9) (35.5) ) (38.5) (0.25) (0.02) (0.02)
3B150  40.08°¢ 39.d* 0.4 53.55%! 15221k 40 148291 9738  3.9% 3.97
(1.75) (1.9) (0.4) (2.15) (51) (4) (56) (0.35) @0  (0.03)
3B200 50.8 50.558 0.5 53.150%€f 1489.%"k 338  14558°"k 9778 396 4
(4.6) (4.65) (0.1) (0.95) (11.5) (3.5) (7.5) (0.25) (0) (0)
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Table 2. Change (percent) of fermentation properties of six conahetreat flours treated with ascorbic acid levels. Valugh ti
are significantly different (P<0.05) from control samples. Reege calculated values are from Table 1 and % change = (Sample
treated with additive - control sample)/control sample * 100.

TRT Fermentation properties

Hm h (Hm-hYHm H'm TV VL VRt RC T1 T1

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1A50 -5.6 -4.1 -88.9 9.1 3.2 -6.0* 29.6*  25.6* 1.0 25.6*
1A100 -13.2 -12.6 -41.7 28.1* 22.6*  -5.1* 54.6*  26.0* 0.5 16.5
1A150 -1.6 -0.4 -69.4 15.8* 8.4 -8.4* 35.7*  25.0% -15 23.4*
1A200 -6.6 -5.9 -47.2 6.2 3.8 -7.6* 30.1*  25.1* 1.0 23.4*
2A50 9.8 9.5 -11.4 -17.3* -19.2*  -8.0* 2.5 26.8* 8.2 163.3*
2A100 -10.0 -8.9 -52.3 -17.3* -19.9*  -5.6* 2.2 27.7* 1.1 163.3*
2A150 -3.1 -1.1 -93.2 -8.7 9.5 -7.1% 15.4*  27.4* 8.4 166.7*
2A200 -3.1 0.2 -100.0 -12.7 -15.7*  -6.0* 7.7 27.6* 9.0 166.7*
3A50 -11.7 -11.1 -100.0 -14.6* -13.9*  -6.6* 8.1 25.6% 0.5 31.5
3A100 -19.2* -18.8* -76.9 -18.2* -17.3*  -8.8* 3.3 24.8* 0.0 24.2
3A150 2.7 -2.0 -100.0 3.0 4.7 -7.4% 31.7*  25.8* 0.5 59.4*
3A200 -15.6* -15.5* -30.8 -16.3* -15.2*  -7.3* 2.4 25.3* -0.3 32.1
1B50 -3.2 52.1* -84.8* -23.2* 1.2 -11.4* 232 21.7* 20.9 22.1
1B100 -5.4 47 .6* -82.9* -24.4* -0.6 -11.6*  20.7*  21.5* 25.9 17.1
1B150 -1.5 55.7* -85.9* -28.2* -4.6 -10.8*  16.1 21.6* 61.4* 22.1
1B200 2.4 63.0* -87.7* -25.3* -0.8 -10.5*  20.8*  21.8* 27.2 15.0
2B50 8.8 9.6 -60.0 -15.9* -21.1*  -6.5* 9.5 38.3* 16.2 184.8*
2B100 4.5 5.3 -56.0 -14.9* -18.5*  -6.3* 13.2 38.5* 15.9 187.7*
2B150 2.3 3.6 -100.0 -17.0* -21.5*  -6.6* 8.9 38.2* 17.6 187.7*
2B200 2.1 3.2 -80.0 -16.4* -20.8*  -5.9* 10.2 38.6* 17.1 187.7*
3B50 27.1% 26.5* 0.0 8.9 2.2 -7.7* 30.5 33.4* -1.3 90.0*
3B100 14.9* 14.2* 0.0 2.6 9.1 -6.3* 21.6 33.7* -0.5 90.4*
3B150 8.7 8.3 0.0 -1.2 -12.4*  -8.6* 16.2 32.6* -1.3 90.0*
3B200 37.9% 37.2% 0.0 -1.9 -14.2%  -7.2* 14.2 33.2% -1.0 91.4*
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Table 3. Explained variance (%) in PCA of fermentation variabigsmegative control in flours

treated with ascorbic acid.

Ascorbic acid AXES PCl PC2 1+2
PC (%) 54.7% 20.8% 75.5%

Fermentation Hm 87 2 89
h 87 0 87
(Hm-h)/Hm 0 37 37
H'm 92 5 97
TV 92 4 95
VL 3 71 74
VRT 95 0 95
RC 21 52 73
T1 1 25 26
T1 69 14 83

Table 4. Explained variance (%) in PCA of fermentation variabiés flour protein in flours
treated with ascorbic acid.

Ascorbic acid AXES PCl PC2 1+2
PC (%) 49.7% 18.9% 68.6%

Fermentation Hm 87 2 89
h 87 0 87
(Hm-h)/Hm 0 37 37
H'm 92 5 97
TV 92 3 95
VL 3 70 74
VRT 95 0 95
RC 22 51 73
T1 1 25 26
T1 69 14 83

Flour Protein FP 0 0 0
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Table 5. Explained variance (%) in PCA of fermentation variabiésout negative control in

flours treated with ascorbic acid.

Ascorbic acid AXES PC1 PC2 1+2
PC (%) 32.7% 29% 61.7%

Fermentation Hm 6 23 29
h 19 23 41
(Hm-h)/Hm 41 1 42
H'm 0 68 69
TV 2 76 78
VL 45 45 89
VRT 57 6 63
RC 51 39 89.
T1 42 8 50
T1 65 0 66

Table 6. Explained variance (%) in PCA of fermentation variabigsflour protein and without

negative control in flours treated with ascorbic acid.

Ascorbic acid AXES PC1 PC2 1+2
PC (%) 29.8% 26.5% 56.3%

Fermentation Hm 7 28 35
h 20 28 48
(Hm-h)/Hm 41 1 43
H'm 0 63 63
TV 2 70 72
VL 44 46 89
VRT 56 4 61
RC 49 40 89
T1 43 8 51
T1 65 1 65

Flour Protein  FP 0 3 3
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Table 7. Explained variance (%) in PCA of fermentation variables when compéahnedseo-
elastic, mixing and baking variables in flours treated with ascorbic acihitiz®s of
fermentation, visco-elastic, mixing and baking variables explained in Tallleabier III).

Ascorbic Acid AXES PC1 PC2 1+2
PC (%) 27.2% 24.3% 51.5%
Fermentation Hm 44 0 45
H 46 6 51
(Hm-h)/Hm 3 47 50
H'm 0 0 1
™v 0 2 2
VL 0 29 29
VRT 1 40 41
RC 0 34 34
T1 2 58 60
T1 4 52 56
Visco-elastic  SeP 0 80 80
J-J 0 58 58
RCY 1 61 62
TCR 2 31 33
TCC 0 25 25
Mixing WA 65 0 65
DT 76 4 80
ST 66 3 68
BT 85 2 87
Baking PH 58 19 77
LH 73 2 74
SV 4 1 4
OSP 3 51 54
LV 64 7 71
Flour Protein  FP 83 0 83
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Table 8. Explained variance (%) in PCA of fermentation variablesnwompared with baking

variables in flours treated with ascorbic acid.

Ascorbic Acid Axes PCl PC2 1+2
PC (%) 27.13 24.97 52.1
Fermentation Hm 52 6 58
h 66 3 67
(Hm-h)/Hm 23 1 43
H'm 3 19 7
TV 6 10 8
VL 0 46 67
VRT 9 60 47
RC 1 49 71
T1 29 17 45
T1 5 50 63
Baking PH 27 54 82
LH 71 5 76
SV 3 8 11
OoSsP 21 40 61
LV 72 0 72
Flour Protein FP 46 11 57
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a) Gaseous curve b) Gaseous curve
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Figure 1. A graphical representation of gaseous curve of a) ceatrgdle from flour 3B and b)
sample containing 200 ppm of ascorbic acid (3B200). Blue tracinghatetal volume and the

red is the volume retained.
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Figure 2. A graphical representation of dough development of a) coatngles from flour 3B

and b) sample containing 200 ppm of ascorbic acid (3B200).
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1.0

PC2 20.8%

-1.0

1.5 PC154.7% 1.0

Figure 3. Loading plot of first two principal components based on fermentationpepath
negative control of six commercial wheat flours, added with five levels of as@mibic

Definitions of fermentation, visco-elastic, mixing and baking variablesagga in Table 2 and

3. Flour protein content (%), 1A = 7.95, 2A =11.19, 3A =13.68, 1B = 10.4, 2B = 10.59 and 3B
= 11.38, respectively. Symbols and definitioms:  -Control samples, - Negative cantrols.

Low protein A flours,a -Medium protein A flou, - High protein A flof'rs. — Low pndBei
flours,m - Medium protein B flourl, - High protein B flours.
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Total Explained Variance=68.6%

T
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15 PC1 49.7% 1.0

Figure 4. Loading plot of first two principal components based on fermentationpepath
flour protein of six commercial wheat flours added with five levels of ascadit Symbols
and definitions® -Control samples, - Negative contials. — Low protein A f&uidedium
protein A flours4 - High protein A flours. — Low protein B floflts, - Medium protein B
flours,m - High protein B flours.
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Total Explained Variance = 61.7%
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Figure 5. Loading plot of first two principal components based on fermentationpepe
without negative control of six commercial wheat flours added with fivedenfescorbic acid.
Symbols and definition®  -Control sampies, — Low protein A fldtrs, -Medium protein A
flours,A - High protein A flour¢:  — Low protein B floulls, - Medium protein B flamirs, -
High protein B flours.
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Total Explained Variance= 56.3%
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Figure 6. Loading plot of first two principal components based on fermentationpspath
flour protein of six commercial wheat flours containing five levels of asc@did. Negative
control samples were removed. Symbols and definittns: -Control samples, — Leiw Arot
flours,& -Medium protein A flourgy - High protein A flou:s. — Low protein B fldurs, -
Medium protein B flourd - High protein B flours.
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Total Explained Variance = 51.5%
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Figure 7. Loading plot of first two principal components based on fermentation, pakicar
elastic and dough properties of six commercial wheat flours added with\fale & ascorbic
acid. Symbols and definitios: -Control sampies, — Low protein A flddrs,  -Medaigirpr

A floursA - High protein A flours. — Low protein B flolls, - Medium protein B fldurs,
High protein B flours.
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Total Explained Variance=52%
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Figure 8. Loading plot of first two principal components based on fermentation kind ba
properties of six commercial wheat flours added with five levels of lacacid. Symbols and
definitions:@ -Control samples, — Low protein A flouss, -Medium protein A flgurs, igh- H
protein A flours®® — Low protein B floul®, - Medium protein B flolrs, - High protein B
flours.
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CHAPTER V
EFFECT OF DISRUPTION OF HYDROGEN AND HYDROPHOBIC BONN

FERMENTATION PROPERTIES OF DOUGH

ABSTRACT

The objective of the study is to investigate the effect of teeugiion of hydrogen
and hydrophobic bonds on fermentation properties of dough and to analyze passdiéian
of fermentation and visco-elastic, mixing and baking properties of doDghuption of
hydrogen and hydrophobic bonds were produced by the addition of four lewstsagfo, 0.5, 1
and 1.5 M). Six commercial hard red winter wheat flours with wiffe protein quantity and
quality were used. Flours with no treatment were used as coatrdlfiours with no yeast and
no treatment were used as negative controls. Disruption of hydrogehydraphobic bonds
decreases the height of dough development, maximum height of gasdeaserand total
volume of gas. Fermentation variables explained more variance¥{pZhan fermentation
variables with visco-elastic, mixing and baking variables (53.1%¢. rRtio of dough heights
[(Hm-h)/HmM] is closely related to gluten elastic proper{isp and RCY). The time taken to
reach maximum height of dough development (T1) and time taken tomeaemum height of
gaseous release (T'1) are closely related to gluten visd@S and TCR). Total volume (TV)
and maximum height of gaseous release (H'm) are closeltedeta flour protein. Retention

coefficient (RC) is negatively related to baking and mixing properties.
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1. INTRODUCTION

Gluten plays a key role in determining the baking quality of.vteatunction
of gluten depends on the molecular weight of gluten, formation of covatehthon-covalent
bonds between glutenin molecules and interactions between gluterathandlour constituents
(Goesacrt et al.,, 2005). The extractability of gluten proteins dsese during dough
fermentation (Graveland et al., 1980; Veraverbeke et al., 1999). Retenti®@, and ethanol
during fermentation mainly depends on gluten proteins. Loaf volume ramtbcstructure of
bread depends on the amount of gas retained in the dough. Gliadinfghatémand quality of
glutenin fraction are the two main factors that determine glptetein quality (Goesacrt et al.,
2005). Glutenins provides strength and elasticity to the dough due toldhger size and
monomeric gliadins act as plasticizers. Gluten proteins prolédéiaty and plasticity to dough
due to the presence of gliadins and glutenins (Goesacrt et al., 20@5ktrlicture of gluten
network depends on non-covalent (hydrogen and hydrophobic) bonds as well adedmrifls.
Hydrogen bonding with water increases by hydration of gluten. \Whe=e bonds are disrupted
it will affect the fermentation properties of dough. Only few stsidievestigated the effect of
disruption of hydrogen bonds on the fermentation properties of dough.braks hydrogen
bonds and makes dough less stable.

The objectives of the study were:
1) To study the effect of disruption of hydrogen and hydrophobic bonds on the
fermentation properties of dough using urea.
2) To analyze possible correlation of fermentation and flour protein, -@lsstic, baking

and mixing properties of dough.
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2. Materials and Methods

a. Materials and Labeling

The procurement of wheat flour samples were explained in thadidaéed Methods
section of Chapter Ill. Four levels (0, 0.5, 1 and 1.5 M) of urea (VW&national Inc., West
Chester, PA) were used. Flours with no urea were used as cOytaold flours with no urea and
no yeast were used as negative control (N). Thus site A floers labeled as 1A0 (positive
control), 1AN (negative control), 1A0.5, 1A1, 1A1.5; 2A0, 2A0.5, 2A1, 2A1.5; 3A0, 3A0.5,
3Al1 and 3A1.5. Similarly site B flours were labeled as 1BON,1BB0.5, 1B16, 1B1.5; 2BO0,
2B0.5, 2B1, 2B1.5; 3B0, 3B0.5, 3Bland 3B1.5.

b. Methods

Dough Preparation

Dough was prepared as described in the Chopin protocol using Chopin
AlveoConsistograph. The ingredients consisted of 250 g of flour, 3 g ofedrst and 5 g of
sodium chloride. Urea was added to the flours at 0, 0.5, 1 and 1.5 M concastrebr 0.5 M
urea, a stock solution of 100 ml was prepared containing 3 g of urea.Zbhenl of stock
solution was added to 250 g of flour. In the same way, stock solutioesprepared for 1 M
containing 6 g of urea, 9 g of urea for 1.5 M. From the descrilmett sblution, 25 ml was
mixed with water added to the flour to obtain each urea addition. The quantity of ddiamiter
added depended on the moisture content of the flour and it was giviére beference table
published by the International Association for Cereal Science awhndlogy (ICC) as
described in the Chopin Protocol. The sodium chloride was dissolved in pragerto the
addition to dough. Instant dry yeast and urea were blended with 250 @uoirflthe kneader

bowl. Salt water was progressively added to the flour at thentiegi of the first minute of the
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mixing period. After one minute, the mixing was stopped to removeladhne $ticking to the
walls and ensure a homogeneous hydration. The mixing process wiasiedrior 6 minutes. A
sample size of 315 g of dough was used for each treatment.
Fermentation Test

Rheofermentometer was used to study the fermentation propertiesighf. The
dough (315 g) obtained from AlveoConsistograph was placed in the bottom alutheaum
basket and packed it down with hands. The height of the dough in the baskdtenteveled out
just below the lowest holes. The piston with a 2000 g weight veaeglon top of the dough.
The basket placed in the F3 Rheofermentometer bowl. Displacemeat s&ssplaced and the
whole system was tightly closed and the test was run foahdb# h. This time represents 1 h
longer than the Chopin Protocol as it was determined experimemigllythe samples and
treatments in this study.

The F3 Rheofermentometer analyzes the development of a dough @acgdein the
bowl. The piston placed on the dough rises. The piston is directly linked to a eisplacsensor
which will calculate the dough rising. Rheofermentometer is lg@d to a pressure sensor
through a pneumatic circuit that measures the pressure iadredise fermenting dough. The
three curves are dough development, speed gfél€ase and quantity produced and volume of
CO, retained in dough. Fermentation variables are defined in Table lisoodelastic, mixing

and baking terms are defined in Table 2 (Chapter IlI).
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3. STATISTICAL ANALYSIS

A factorial design within a randomized block design was implemé&ivedevels of
urea and 3 levels of flour protein were compared in a 5 X 3 faktdha significant differences
in means were compared using Analysis of Variance (ANOVAj witkey's comparisons
(0=0.05) using SAS (Version 9.1 SAS Institute Inc., Cary, NC). Prin@aahponent Analysis
(PCA) is a mathematical algorithm that reduces the dimenrgiooé the data (Ringer, 2008).
PCA is performed using Canoco for windows 4.5 (Biometris, Planed&els International,
Wageningen, the Netherlands).

4. Results and Discussion

Protein, moisture and ash content of the flour samples and wateraegldeported in
Table 3 (Chapter Ill). Typical dough fermentation property cudesined are illustrated in
Figures 1 and 2 showing results for sample 3B control (a) and 3Bcwittaining 1 M urea (b).
The volume of CQIlost (VL) is decreased in sample in which the hydrogen awuidopirobic
bonds are disrupted (Fig. 1b). The volume of retention of gas was indpi@mveample in which
hydrogen and hydrophobic bonds are disrupted when compared with controé.skroph the
dough development curves we can observe that height of dough is ichpvbea the hydrogen
and hydrophobic bonds are disrupted (Fig. 2). A summary of the fermenpabperties of all
samples is found in Table 1 (Chapter III).
Maximum height of the dough (Hm)

Hm is the maximum height of the dough development. As expected santfuée
without yeast shows no development (Table 1). The overall trend of dmgyuptdrogen and

hydrophobic bonds is a decrease on Hm. Within each specific flour gnolfewels of urea,
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3A0 and 3A0.5 are the only two comparisons that were statigtdiéfierent (Table 1). Flour 3A
with higher protein (13.7%) shows 14.7% decrease of Hm with 0.5 M waanent (Table 2).
Overall highlights are: high value of Hm was shown by 2B0 (43.3 and lowest by 1Al (24.5
mm) (Table 1). The change of the fermentation properties (%gpsrted in Table 2. High
percentage (5.2%) increment in maximum height was observed in theshigrotein sample
with 1.5 M urea (3B1.5). A 14.7% decrease in maximum height was oHdsertiee sample 3A
with 0.5 M of urea (3A0.5) (Table 2). This suggests that the effedisruption of hydrogen and
hydrophobic bonds on maximum height of dough development is to decreasmaking the

dough more viscous. Although 1A1.5 and 3B1.5 show a modest increase in denathenot
significantly different.

Height of the dough development (h)

The height of the dough development (mm) at the end of the teden@sd by h. As
expected, negative controls showed no development. Comparing the @ffeledcreasing
hydrogen and hydrophobic bonds within sample reveals only two significalifferent
observations: 3A0 vs. 3A0.5 (39.2 vs. 33.1 mm) and 2B0 vs. 2B1 (47.8 vs. 36.5 ninhe) {Ja
The overall trend of the decrease of hydrogen bonds is to dedneaskich is a similar
observation as with Hm (Table 1 and 2). Overall highlights are:dbwalue of height was
observed in 1B0 (19.85 mm) and highest value was observed in 2B0 (42.76 ainie) 1). An
apparent increase (12.3%) of h but not significant was observed in 1BOtsghedt (18.2%)
decreased (significant) in 2B1.5 (Table 2). This suggests thafféwt of disruption hydrogen

and hydrophobic bonds on h is not significant in most samples.
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Lowering of development percentage [(Hm-h)/Hm]

(Hm-h)/Hm is the ratio of dough height at the end of the featn@mttest in percentage.
A large percent means the dough has maintained its height dermgritation. Comparing the
ratio of dough height within samples, only in two samples 1B ansidiBficant changes in ratio
of dough were observed as the hydrogen and hydrophobic bonds are digiiigiike 1). In
sample 1B, all the urea levels lowered significantly theoratidough height compared to the
control. While in sample 2B, 1.5 M urea increased the ratio of dough loeigigtared to control.
This apparently contradicted effect could be explained in partfteyeht hydrophobic domains
of the gluten proteins of these samples. In sample 2B, a trendeisyetdgo an increase in ratio
of dough height with lower urea levels. This suggests that theenafuthe flour is more
hydrophobic than 1B in which urea causes a decrease of this rati@llOnghlights are: high
value was observed in 1BO (39.1%) and lowest value in 1A0.5 (0.4%) (Table ghlesti
percentage increase was observed in 2B1.5 (1044%) and lowest perodetcag@se was
observed in 3A1 (100%) (Table 2). High protein B flours show no changeuMegliotein A
and B flours show greater increment whereas others decreased.
Maximum height of the gaseous curve (H'm)

H’m is the maximum height of the gaseous release curve. The effectedsieghydrogen
and hydrophobic bonds caused significant decrease of H'm (Tablel a@de2all highlights
are: high value of H'm was shown by 2B0 (61.2 mm) and lowest valseshawn by 1B1.5
(37.15mm) (Table 1). Highest percentage (37.6%) decrease in maximgimh\was observed in
1B1.5 and 2 % decrease in 1A0.5 (Table 2). Maximum height of gasdeaserés decreased for

all samples by treating with urea (Table 1 and 2).
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Total Volume (TV)

TV is the total volume under the gaseous curve. The effect reladey hydrogen and
hydrophobic bonds causes a decrease in total volume in all samp@85)P(Table 1 and 2).
This has similar effect as the observed on Hm. This sugdesdtfiydrogen and hydrophobic
bonds are important in forming the fermented dough structure ingadrle to gas loss. Overall
highlights are: high value of total volume was observed in 2BO (h8)land lowest in 1B1.5
(1084.5 mL) (Table 1). Highest decrease in total volume (30.8%) wasvetlsem 2B1 and
lowest decrease (3.1%) of total volume in 1A0.5 (Table 2).

Volume lost (VL)

VL is the carbon dioxide volume released by the dough during ritentation test.
The effect of decreasing hydrogen and hydrophobic bonds is to sie¢cheavolume lost (Table
1 and 2). Volume lost has to be related to the total volume produced wésclowered by 11.7
to 32.6%. From this lowered volume produced, decreasing hydrogen and hydcopbots
lowered the volume lost significantly from 5 to 10%. Overall hightls are: high value was
observed in 2B0 (567 mL) and lowest in 1A1.5 (22 mL) (Table 1). Highesémage (10.5%)
of volume lost (less desirable) was observed in 1B0.5 and lowesnpage (5.2) in 3B1 (Table
2).
Volume retained (VRY)

VRt is the carbon dioxide remaining in the dough at the end of th®tdgtwo samples
showed significant differences on volume retention compared to the cdttot 1A with 0.5
and 1.0 M urea increase volume retention significantly compared to control. Floutt?A 5vM
urea decreases volume retention significantly compared to thelcOrable 1 and 2). Overall

highlights are: high value was observed in 1A0.5 (1437 mL) and lowestlrb XBO58 mL)
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(Table 1). Highest percentage (21.3%) of volume retained was oblsernd\0.5 and VRt is
decreased to 12.9% in 2A1.5 (Table 2). Half of the samples dedrdeeseetention of volume
gas by disruption of hydrogen and hydrophobic bonds whereas the other hedfsatt the
retention volume of gas. This suggests that the samples and tresatraee produced matrices
with different retention volume gas characteristics.

Retention Coefficient (RC)

Retention coefficient (RC) is the retention volume divided by thegdaseous release.
Retention coefficient of all samples and treatments werefisigmily increased by the decrease
in hydrogen and hydrophobic bonds. This suggests that the disruption obtimeisepositively
contribute to the retention coefficient. One has to be carefeldpirgting these results without
cross referencing the effect on total volume. Total volume dsedesignificantly all samples
and levels of urea. Overall highlights are: high value was ol$&amnveA0.5, 1A1, 1A1.5, 2A0.5,
2A1, 3A0.5, 3A1 and 3B1 (98%) and lowest value in 2B0 (70%) (Table 1). Highestntage
(38%) of retention coefficient was observed in medium protein B fi@B6.5, 2B1 and 2B1.5)
and lowest percentage (21%) in low protein B flours (1B0.5, 1B1 and 1B1.Ble(2x In
summary, the effect of disruption of hydrogen and hydrophobic bonds otioeteoefficient is
to increase.

Time of maximum rise (T1)

T1 is the time taken by the dough to reach maximum height durigh deuelopment.
Even though the effect of disruption of hydrogen and hydrophobic bonds on T1safipéar
flour specific, they were not significantly different (Tablarid 2). Overall highlights are: high
value was observed in 3A1, 1B1, 3B0 and 3B1 (4 h) and lowest in 1BO (1.6 h) (Table 1)t Highes

percentage (16.5%) of time taken to reach maximum height of douglopenezit was observed
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in 1B1.5 and time decreased 27.1% in 2B1.5 (Table 2). Time of maxmeans increased only
with low protein A and B flours whereas it decreased with other flours.
Time of maximum rise (T'1)

T'1 is the time spent to reach maximum rise during gaseouseel®oservations that
significantly increased T'1 were 2B with all levels of urea 8B with 0.5 M of urea. Only one
observation showed significantly decrease on T'1 is 1A with 1.5 Mred. Overall highlights
are: high value was observed in 1A0.5, 2B0.5, 2B1 and 3B0.5 (3.9) and lowesh (A3).5,
1B1 and 2B0 (Table 1). Highest increase (200%) of time takerach maximum height of
gaseous curve was observed in 2B0.5 and 2B1 and time decreased ton51/686 (Table 2).
Overall, the effect of disruption of hydrogen and hydrophobic bonds ondfimeximum rise
shows mostly an increase.

Inda et al., (1991) reported that elasticity of dough decredmaditns treated with 0 to 3
M concentration of urea. McGrane et al., (2004) reported that udeaa® the gel strength by
decreasing the intermolecular network formation between wateamylase. Our study shows
that dough treated with O to 1.5 M of urea reduces the fermentatiperpes of dough and
confirms the important contribution of hydrogen and hydrophobic bonds inristuse that
retains the gas produced during fermentation.
PCA results

Principal component analyses were performed on the data sets dodtame
fermentation parameters.
Fermentation variables with and without flour protein

PCA were performed on the data sets to assess the relations$lopr girotein and

fermentation properties (Fig. 3 and 4). Figure 3 represents therfe&xtion properties alone and
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all the samples and urea treatments. Principal component &1} €xplained 55.2% variance
and principal component axis 2 (PC2) explained 19.8% variance. Tqiaireed variance is
77% (Table 3). Among fermentation properties, the highest contribatimariance was total
volume (TV) (95.8%) and volume of retention (VRt) (95%) in PC1 wheneaBd2 highest
contribution of variance (64.6%) was retention coefficient (RC) @ &bl Figure 4 displays the
fermentation properties plus flour protein. Principal component axi®CL)(explained 50.2%
variance and principal component axis 2 (PC2) explained 18.1% variaotad. ekplained
variance is 68.3% (Table 4). Among fermentation properties with fiootein, the highest
contribution of variance (95.7%) was total volume (TV) on PC1l wheveaBC2 the highest
contribution of variance (61.5%) was retention coefficient (RC) (TableOnly 0.3% of
explained variance was contributed by flour protein on PC1 and 3.7% onTRBkdl2 4). In both
graphs (Fig. 3 and 4), most of the fermentation variables are bnAR§lirs treated with urea are
very close to PC1 when compared with control and negative samplesortbl samples are
closely related among themselves and to volume lost. They areeparated from the treated
flours. Negative controls are also closely related among theessand well separated from the
samples with changes due to urea. So negative controls are refrooudtie data sets and PCA
was compared. The results suggest that the urea samples alg rddladed to volume of the gas
retained by the dough during fermentation in the first componentedamaples are negatively
related to volume lost.
Fermentation variables without negative control Vs fermentationvariables with flour
protein and without negative control

PCA were performed to assess the relationship of fermentatiables and protein

without the negative controls (Fig. 5 and 6). From the fermentation niesp®n Figure 5,

96



principal component axis 1 (PC1) explained 43.3% variance and principglonent axis 2
(PC2) explained 24.4% variance (Fig. 5). Total explained variance is §Tal8ke 5). Among
fermentation properties, the highest contribution of variance (73.8%Yyolasie lost (VL) on
PC1 whereas on PC2 the highest contribution of variance (58.3%) wasnipwevelopment
percentage ([Hm-h]/Hm) (Table 5). In comparison, when flour proteminauded (Figure 6),
principal component axis 1(PC1) explained 39.8% variance and prin@pglonent axis 2
(PC2) explained 22.5% variance. Total explained variance is 62.3% (Bablémong
fermentation properties with flour protein, the highest contribution wénee (89.9%) was total
volume (TV) on PC1 whereas on PC2 the highest contribution of var{82d#6) was lowering
development percentage ([Hm-h]/Hm) (Table 6). Only 6.8% of explainechnea was
contributed by flour protein on PC1 and 8.6% on PC2 (Table 6). As the xptalreed variance
of fermentation variables (67.7%) is 5.4 units of percentage higher éhaerftation variables
with flour protein (62.3%), we can say that compared to changesdnodgsn and hydrophobic
bonds in this set, flour protein appears to have a small effect amatgsnally correlated to other
fermentation variables. Controls are closely related to volwste(VL) and are separated from
the flours. Low protein B flours which are treated with uneaseparated and closely related to
lowering development percentage ([Hm-h]/Hm). They are negatoarhelated to flour protein
(FP) and volume of gas retained (VRt). By disruption of hydrogen bamdsgroup of samples
have high values of ([Hm-h]/Hm) but they have lower volume retained to begin with.
Fermentation properties Vs Fermentation properties with vsco-elastic, mixing, baking
properties

The relationship of fermentation variables with visco-elastixing and baking

properties was investigated (Fig. 7). From Figure 6, prinapadponent axis 1 (PC1) explained
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39.8% variance and principal component axis 2 (PC2) explained 22.5% varibotee
explained variance is 62.3% (Table 6). From Figure 7, principaipooent axis 1(PC1)
explained 30.5% variance and principal component axis 2 (PC2) explahé% variance.
Total explained variance is 53.1% (Table 7). Among all propertieshighest contribution of
variance (81.5%) was flour protein (FP) and second major componentotitabuates high
variance (78.3%) is specific volume (SV) on PC1 whereas on PC2ighest contribution of
variance (82.9%) was separation time (SeP) (Table 7). As the d@rplained variance of
fermentation variables (62.3%) is higher than fermentation variabtbsvisco-elastic, mixing
and baking variables (53.1%), we can say that there are moreedifés in fermentation
variables compared to the combination of all the variables. In otloeds, fermentation
properties separated the properties of these samples and treatane efficiently. In Fig 7, all
variables are closely associated. Low protein B flours are aepairom other flours. The ratio
of dough heights [(Hm-h)/Hm] is closely related to elastic pitogge(Sep and RCY). Time taken
to reach maximum height of dough development (T1) and time takeadb reaximum height
of gaseous release (T'1) are closely related to gluten vid@@l& and TCR). Total volume
(TV) and maximum height of gaseous release (H'm) are clossbted to flour protein.
Retention coefficient (RC) is negatively related to baking amdng properties. All control
samples are well separated and are negatively correlated eéoiigwdevelopment percentage
([Hm-h]/Hm). PCA analysis is performed on flour protein, fentation properties and baking
properties.
Relationship of flour protein, fermentation and baking properties

PCA were performed on the data sets of flour protein, fermentatiables and baking

properties (Fig. 8). PCA analyses of fermentation properties flaitihi protein were already
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performed (Fig. 6 and Table 6). From Figure 6, principal componestlaxPC1l) explained
39.8% variance and principal component axis 2 (PC2) explained 22.5% varibotee

explained variance is 62.3% (Table 6). From Figure 8, prinapatponent axis 1 (PC1)
explained 40.8% variance and principal component axis 2 (PC2) expldiné® variance.
Total explained variance is 56.3% (Table 8). The highest contributiexmfined variance
(81.5%) was loaf volume (LV) and second highest variance (81%)ew@ained by specific
volume (SV) on PC1 whereas on PC2 the highest contribution of varéhdé4d) was lowering
development percentage ([Hm-h]/Hm) (TableRhur protein explained 18.2% variance on PC1
and 3% on PC2 (Table 8). As the total explained variance of fertimentariables (62.3%) is
higher than fermentation variables with baking variables (56.3%), amesay fermentation
properties explain more variance than baking properties. All cordroples were negatively
associated with retention coefficient (RC) and positivelstesl with volume lost (VL) and loaf

volume (LH). Low protein flours are separated from the rest of the flours.

. Conclusions

Null Hypothesis is rejected as there is significant edfedtsruption of hydrogen and
hydrophobic bonds (addition of urea) on fermentation properties when comeatex control
samples. The effect of disruption of hydrogen and hydrophobic bondsasedrenaximum
height of gaseous release, total volume of gas and volume lost.

Fermentation variables explained more variance (67.7%) than fermenta#iblesavith
visco-elastic, mixing and baking variables (53.1%). The ratio of dougitkdigim-h)/Hm] is
closely related to gluten elastic properties (Sep and RGN Taken to reach maximum height
of dough development (T1) and time taken to reach maximum heigjgsebus release (T'1)

are closely related to viscous properties (TCC and TCR). Totahol(TV) and maximum
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height of gaseous release (H'm) are closely related to flaiein. Retention coefficient (RC) is
negatively related to baking and mixing properties.
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Table 1. Fermentation properties in six commercial wheat flours tredgttedrea levels. Means (n=2) with same superscripts in a
column are not significantly different (P > 0.05). The standard deviations of nreastsoa/n in parentheses.

TRT Fermentation Properties
Hm h (Hm-h) /Hm H'm TV VL VRt RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (h) (h)
1A0 25m 24 5%mnc 9 gh 47 51N 1507.8°9"  323* 1184.8% 78.65%" 393 3.17°%
(1.3) (1.35) (0.3) (2.5) (76.5) (37) (39.5) (1.35)  (0.0) (0.2)
1AN o" o 0 5 12.8 11 83.28° 4 0.7
0) (0) 0) 0.2) (0.5) ) (0) (0) (2.05) (0.0) (0.0)
1A0.5 249" 24.¢m¢ 0.4 46,559 1461.8" 2549 1437 98.3 3.97 3.9
(0.2) (0.1) (0.4) (0.05) 15) (0.5) (1) (0) (0.0) (0.0)
1A1 248" 24.mnc 1 o8N 43.7Kmn 1382.gMkm 539 1360 08.38  3.9¢ 2.8
(1.1) (1.2) (0.45) (1.5) (58.5) 7 (52) (0.45) ap. (1.2)
1A1.5 25.g4m 25.Kmn 5 3N 40.9"F 1274 8™M°F 279 12529 98.3 3.95 1.5
(0.2) (0.6) (1.55) (1) (22.5) (5) (17) (0.4) (0.0) (0.1)
2A0 32.15M" 3748 o 8N 53.1 1695.5 389.5  1306°°9  77.0%5" 3.6 1.5
(0.55) (1.15) (1.9) (1) (27.5) (11.5) (16) (0.35) 0.3 (0.2)
2AN Q" o 0 4.9 12 3.5 o} 70.2 4° 0.2
(0) ) 0 w3 ®) ) (0.5) ®) (6) (0.0) (0.0)
2A0.5 30.359"  2g.ogUk 4 g9 46,2510k 1449 89" 299 1422 og 2.88%ce 13
(0.75) (0.65) (4.5) (0.15) (28.5) (5) (23) (0.3) A0 (0.1)
2A1 30.4%" 294Nk 3 7N 43. 9@”“”‘” 1322.8/Mne 2349 1p9gcdeldt  ggof 298P 175
(1) ) (0.35) (2) (0.05) (3.5) (4.5) 1) (0.35) (0.5) (0.0)
2A1.5 29. 78K 27 5Hk 7.1 38.7F 1162 249 1138 97.95  2.69%" 15
(0.25) (0.25) (1.6) (2.1) (60) (3) (57) (0.15) 0.0 (0.1)
3A0 39.4°  39.18°  0.68 54.3¢ 1669 362.8° 13079 783" 3098 1.8"
(2.2) (2.45) (0.65) (0.1) (13) (13.5) (0) (0.6) ap. (0.0
3AN 0" o° 0 4.349 17.8 2.5 15.58 85.% 4° 0.2
0) (0) (0) 7 (0.75) (3.5) (0.5) (4.5) (6.5) (0.0) Q@
3A0.5 33.61"  33.f 1.48" 44, 259“'Jk'm” 1361.4<™ 2469 13368t 9g F 3.83" 1.6M
(1.3) (1.3) (0.05) (1.25) (43.5) (5.5) (37.5) (0.4)  (0.1) (0.1)
3A1 35.78% 3578 44,39mkKimn 1327.8mne 49 1303.8%%"! 9818 4 1.7
(0.65) (0.65) 0) (0) (9.5) ©) 6.5) (0.25) (0.0) (0.1)
3A1.5 37.1°%% 3.7 1.1M 41.18""oF 1237"°F 26.89 1210.8M 97.88 3.5 1.89n
(3) (3) (0.1) (0.45) (4) (0.5) (4.5) (0.05) (0.4) 0.Q)
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Table 1. Continued

TRT Fermentation Properties
Hm h (Hm-h) Hm  H'm TV VL VRt RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (h) (h)
1B0 33.2""  19.8% 39.F 59.558 141 29K 27F 11358 80.4°% 158 1.4
(2.3) (3.75) (15.5) (1.75) (32) (15) (17) (0.6) 20. (0.0)
1BN Q" o} 5.5 18.5 15.58 83.38° 4 0.7
o (0) 0) (1.8) (6.5) 2) (4.5) ) (4.65) (0.0) ®.0
1B0.5 28.3gKm 9o 4me 957 98¢ 42 gKmno 1247.8""%F 29 g9 1217.80M 97.68  1.729 1.4
(1.35) (0.2) (3.05) (1.2) (29.5) (8.5) (20.5) (065 (0.1) (0.0)
1B1 309"k 21.88"M  27.2 39.8F 1163¢ 279 1136jk 97.68 1.8%% 1.3
0) ) (0.45) (1.5) (0.2) (2) (5) (7) (0.45) (0.0) @.
1B1.5 28.58"Km  50.28° 2908 37.1% 1084.9 26.589 1058k 9755 1.84% 15
(0.35) (0.15) (1.35) (0.55) (13.5) (0.5) (14) (0.05 (0.0) (0.0)
2B0 43.3 42.7% 1.25" 61.1% 1911.5 567 1344.8°% 7054 3.4 1.3
(0.5) (0.05) (1.05) (4.15) (113.5) (102) (11.5) 56. (0.5) (0.1)
2BN Q" 5.2 23 19 21 94.6 4 0.2
(0) ) © ©) o (0) ©) () (0.0) (0.0)
2B0.5 39.6°¢  37.gPcd 4 o 42 Fmno 1345 . 4<mno - 35 H9 1309.5°¢d¢" g7 38 2 5%t 3G
(0.9) (0.4) (1.15) (0.2) (4.5) (4.5) (0.5) (0.35) 0.9 (0.1)
2B1 40.88°  36.58°%  10.58" 41.7%'™¢  1323.8IMn0 349 128gHetd! 97.4 2.69°% 3¢
(0.55) (0.75) (0.65) (0.35) (21.5) (2) (200 (0.1) 0.Q) (0.0)
2B1.5 40.8" 34.95% 14 3% 40.9"F 128&mnor - 32 g9 1255.5'9" 97.5 2.4g9et o pedett
2) (1.15) (1.4) (1.3) (40) (6.5) (33.5) (0.4) ®.0 (1.3)
3BO 36.88°%  36.88°% ( 54.2¢ 1737¢ 462.8 12789 73.49 4 2.0
(0.75) (0.75) (0) (1.1) (46) (20.5) (25) (0.5) (0.0 (1.0
3BN 0" o° 0} 4.9 14 2.5 12 84¢ 2.10% 0.7
(0) (0) ©) (0.6) @ (0.5) (N (1.2) (1.9) (0.0)
3B0.5 36.7% 34.7% 3. g" 44.,08MKmn 9 3g7ukimn - 359 1335cdet 97.7 3.1 3.9
(3.9)_ (2.7) (2.9) (1.95) (50) (9) (41) (0.6) (0.7) (0.0
3B1 34.9¢ 34.10¢" 235N 41mnoF 128" 249 1255.5'" 98.1 3.88ab 2.&"
(2.3) (2.6) (1.05) (0.5) (4) (4) (0.5) (0.3) (0.1)  (1.3)
3B1.5 38.780c 38,14 1 65" 38.75F 1209.8P¢ 2489 1188"k 97.98 322 14
(0.25) (0) (0.65) (1.95) (47.5) (2.5) (50) 1) (0.0 (0.1)
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Table 2. Change (percent) of fermentation properties of six cotraheheat flours treated with
urea levels. Values with * are significantly different (P<0.05) when coeajp@ar control samples.

TRT Fermentation properties
Hm h (Hm-h) Hm TV VL VRt RC T1 T1
(%) (%) /Hm (%) (%) (%) (%) (%) (%) (%)
(%)

1A0.5 -0.4 1.0 -77.8 2.0 3.1 -7.9* 21.3* 25.0* 1.0 258
1A1 -2.0 -1.4 -306 -8.0 -8.3 -7.1* 14.8* 25.0* 0.8 9.7
1A1.5 3.2 2.6 30.6 -13.9* -155* -6.88 5.7 25.0* 0.5 -51.6*
2A0.5 -5.6 7.9 1045 -12.9* -145* -7.4* 8.8 272 -215 -13.3
2A1 5.1 7.0 68.2 -17.2* -22.0* -6.0* -0.5 275 -18.8 0.0
2A1.5 75 -12.4 236.4 -27.1* -31.5* -6.2* -12.9* 27.1* -26.7 0.0
3A0.5 -14.7* -155* 123.1 -18.5* -18.4* -6.8* 2.3 25.4* -3.8 0.0
3A1 9.3 -8.7 -100.0 -18.4* -20.5* -6.6* -0.3 25.4* 0.5 6.2
3A15 -5.8 -6.3 69.2 -24.2* -259* -7.3* 7.4 25.0* -10.6 125
1B0.5 -14.6  12.3 -459* -29.1* -11.7* -10.6* 7.27 21.5* 8.9 0.0
1B1 9.6 101 -30.4* -33.2* -17.6* -9.7* 0.09 21.5* 152 7.1
1B1.5 -14.0 2.0 -25.7* -37.6* -23.2* -9.6* -6.78 21.3* 165 7.1
2B0.5 -85 -11.3 240.0 -30.2* -29.6* -6.3* -2.60 38.0~ -26.5 200.0*
2B1 -5.7 -145* 7440 -31.7* -30.8* -6.0* -4.13 38.1* -20.9 200.0*
2B1.5 5.8 -18.2 1044* -33.1* -32.6* -5.7* -6.62 38.2* -27.1 107.7*
3B0.5 -1.8 -5.8 0.0 -18.7* -21.3* -6.9* 471 33.1* -22.3 950*
3B1 -5.3 75 0.0 -244* -26.3* -52* -153 33.7* -3.0 30.0
3B1.5 5.2 3.4 0.0 -285* -30.4* -53* -7.06 33.4* -195 -30.0

Percentage calculated from values in Table 1 and % change pléSasated with additive-
Control sample)/control sample * 100.
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Table 3. Explained variance (%) in PCA of fermentation variabiéis negative control in

flours treated with urea.

AXES PC1 PC2 1+2
UREA PC (%) 55.2% 19.8% 75%
Fermentation Hm 94 0 94
h 89 1 90
(Hm-h)/Hm 5 30 35
H'm 94 1 95
TV 96 2 98
VL 19 59 78
VRT 95 1 96
RC 5 65 70
T1 4 38 42
T1 51 2 53

Table 4. Explained variance (%) in PCA of fermentation varialbhesflour protein in flours
treated with urea.

AXES PC1 PC2 1+2
UREA PC (%) 50.2% 18.1% 68.31%
Fermentation Hm 94 0 94
h 89 1 90
(Hm-h)/Hm 5 32 38
H'm 94 1 95
TV 96 2 98
VL 19 56 74
VRT 95 1 96
RC 5 61 67
T1 4 39 43
T1 50 3 53
Flour Protein FP 0 4 4
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Table 5. Explained variance (%) in PCA of fermentation variabidsout negative control in

flours treated with urea.

AXES PC1 PC2 1+2
UREA PC (%) 43.3% 24.4% 67.7%
Fermentation Hm 20 1 21
h 37 22 60
(Hm-h)/Hm 23 58 81
H'm 70 18 88
TV 93 1 94
VL 74 22 96
VRT 25 35 60
RC 68 26 94
T1 23 34 57
T1 0 26 27

Table 6. Explained variance (%) in PCA of fermentation variabigsflour protein and without

negative control in flours treated with urea.

AXES PC1 PC2 1+2
UREA PC (%) 39.8% 22.5% 62.3%
Fermentation Hm 24 4 29
h 42 30 72
(Hm-h)/Hm 24 52 76
H'm 67 21 89
TV 90 3 93
VL 71 25 96
VRT 24 28 52
RC 65 29 95
T1 23 27 50
T1 0 19 19
Flour Protein FP 7 9 15
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Table 7. Explained variance (%) in PCA of fermentation variables when compahnedseo-
elastic, mixing and baking variables in flours treated with urea. Definitiofesraentation,
visco-elastic, mixing and baking variables explained in Table 2 (Chapter Il

AXES PC1 PC2 1+2
UREA PC (%) 30.5% 22.5% 53%
Fermentation Hm 26 5 30
h 33 30 63
(Hm-h)/Hm 8 54 62
H'm 38 1 39
TV 39 3 42
VL 31 0 31
VRT 10 18 28
RC 29 0 29
T1 0 27 27
T1 6 24 31
Visco-elastic SeP 0 83 83
J-J 3 76 79
RCY 4 48 52
TCR 8 53 62
TCC 7 57 63
Mixing WA 30 0 30
DT 30 16 46
ST 50 11 61
BT 41 16 56
Baking PH 45 15 60
LH 71 11 82
SV 78 7 86
OSP 40 1 41
LV 52 2 54
Flour Protein FP 81 7 88
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Table 8. Explained variance (%) in PCA of fermentation variablesnwompared with baking

variables in flours treated with urea.

Axes PC1 PC2 1+2
UREA PC (%) 40.8 15.4 56.3
Fermentation Hm 14 19 33
h 20 56 76
(Hm-h)/Hm 7 60 67
H'm 66 1 67
TV 68 6 74
VL 57 0 57
VRT 15 29 45
RC 54 1 55
T1 1 25 25
T1 4 19 24
Baking PH 50 10 60
LH 75 9 85
SV 81 5 86
OSP 39 2 41
LV 81 4 85
Flour Protein FP 18 3 21
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Figure 1. A graphical representation of gaseous curve of a) ceatrgdle from flour 3B and b)
3B flour containing 1 M of urea (3B1). Blue tracings are the tetéime and the red is the

volume retained.
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Figure 2. A graphical representation of dough development of a) coatngles from flour 3B

and b) 3B flour containing 1 M of urea (3B1).
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Total Explained Variance = 77%
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Figure. 3. Loading plot of first two principal components based on fermentatiparpes with
negative control of six commercial wheat flours, added with four levels of ureaitidef of
fermentation, visco-elastic, mixing and baking variables explained in Talvd 3. Flour

protein content (%), 1A =7.95, 2A =11.19, 3A = 13.68, 1B = 10.4, 2B = 10.59 and 3B = 11.38,
respectively. Symbols and definitiods: -Control samgles, - Negative centrdlew protein

A flours,& -Medium protein A flourds - High protein A flouss. — Low protein B flaurs,
Medium protein B flourgm - High protein B flours.
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Total Explained Variance=68.3%
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Figure. 4. Loading plot of first two principal components based on fermentatiparpes with
flour protein of six commercial wheat flours added with four levels of urea. Sgrahdl
definitions: g -Control samplgs, - Negative contls. — Low protein A flaurbledium
protein A roursA - High protein A flours. — Low protein B flodfs, - Medium protein B
flours,m - High protein B flours.
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Total Explained Variance = 67.7%
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Figure. 5. Loading plot of first two principal components based on fermentatiparpes
without negative control of six commercial wheat flours added with fourdefairea. Symbols
and definition® -Control samples, — Low protein A floks, -Medium protein A fours,
High protein A floursi:  — Low protein B floum, - Medium protein B flomrs, - Higheprdd
flours.
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Total Explained Variance=62.3%

C
i
(Hm-h)/Hm
1B1.5 181
1B0.5
3
(\i 2’411.5A
NT T s oz N
~ .
O
ol
O
o RC

1.0 PC1 39.8% 10

Figure. 6. Loading plot of first two principal components based on fermentatiparpes with
flour protein of six commercial wheat flours containing four levels of ureaatNegcontrol
samples were removed. Symbols and definitians: -Control saraplesy protein A flours,

A -Medium protein A flourgh - High protein A floL's. — Low protein B fl@urs, - ivhadi
protein B floursm - High protein B flours.
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Total Explained variance = 53.1%
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Figure. 7. Loading plot of first two principal components based on fermentatlongpaisco-
elastic and dough properties of six commercial wheat flours added with Vels & urea.
Symbols and definition®  -Control sampies, — Low protein A fidtirs,  -Medium protein A
flours,a - High protein A flours, — Low protein B flol¥s, - Medium protein B fl8urs, -
High protein B flours.
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Figure. 8. Loading plot of first two principal components based on fermentatidoakimg)
properties of six commercial wheat flours added with four levels of ureab@ymand

definitions: ® -Control samples, — Low protein A floks,
protein A flours®: — Low protein B flour#
flours.
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CHAPTER VI
EFFECT OF DISRUPTION OF DISULFIDE BONDS ON FERMENTAMNPROPERTIES
OF DOUGH
ABSTRACT
The objective of the study is to quantify the effect of disruptiodisilfide bonds on
fermentation properties of dough and to analyze possible correlatiemnaéntation and visco-
elastic, mixing and baking properties of dough. Four levels of reldsteg¢es were obtained by
the addition of dithiothreitol (DTT) (0, 0.1, 0.25 and 0.5 mM). Five commehaad red winter
wheat flours with different protein content were used. Flours withresinhent were used as
controls and flours with no yeast and no treatment were used asveegpntrols. Fermentation
properties of dough were measured using a Rheofermentometsddition of DTT decreases
the height of the dough development, maximum height of gaseous ratghsetal volume of
gas. Fermentation variables explained more variance (66.2%) Hbafertmentation variables
combined with visco-elastic, mixing and baking variables (57.2%).rate of dough heights
[(Hm-h)/Hm] is closely related to gluten elastic proper{teep and RCY). Retention coefficient
(RC) is closely related to viscous properties (TCC and TCR¥imum height of the dough
(Hm) and height of the dough at the end of the test (h) arelliedated to flour protein (FP).

Volume lost (VL) is closely related to baking properties (LH and SV).
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1. INTRODUCTION

Disulfide bonds play a major role in gluten strength. Gluten consists of ghiadins
glutenins. Monomeric gliadins can form only intrachain disulfide bonkisr@as glutenin can
form both intra- and interchain disulfide bonds (Shewry and Tatham, 1997yhDouality
depends on molecular weight (MW) distribution of glutenins whichoigeged by the state of
disulfide structure which depends on genetic factors, environmentat§aand the redox state
(Wieser, 2007). Disulfide bonds hold the gluten subunits and form large patyreematrices.
High molecular weight glutenin subunits (HMW) and low moleculargiveglutenin subunits
(LMW) are the two major groups. By reducing the interchain fidcibonds, HMW and LMW
subunits are separated (Shewry and Tatham, 1997). Dough struddumabquality depends on
HMW sub fraction of glutenin. Humphris et al., (2000) reported that tHityabi reduced and
disulfide linkage free high molecular weight glutenin fractionsfdon branched hydrogen
bonding structures can be estimated using atomic force micyosGap et al., (1992) reported
that disruption of disulfide bonds starts at 0.08 mM of DTT and dougkirstss started
increasing at 3 mM of DTT. Kim and Bushuk (1995) reported that tamma@ian hard red winter
wheat flours with protein contents of 6.8 and 9.6% showed decreasstinigidy 79 and 97%,
respectively with 0.1 mM of DTT. Strong and weak gluten flours wheatéd with DTT at 500
ppm showed high decrease in elasticity in strong gluten compared to lwesakftpurs (Khatkar

et al., 2005).
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The objectives of the study were:
1) To study the effect of disruption of disulfide bonds on the fermentgroperties of
dough using DTT.
2) To analyze possible correlation of fermentation and visco-eldssiking and mixing
properties of dough.
2. Materials and Methods
a. Materials and Labeling
Five commercial hard red wheat flours were obtained from tferedif milling
supplies A and B. They differ in protein content. Four levels (0, 0.1, 0.25 amdM))®f DTT
(VWR International, West Chester, PA) were used. Flours with no DTT wedeasssontrol and
flours with no DTT and no yeast were used as negative control. Taus Bours were labeled
as 1A0 (positive control), 1AN (negative control), 1A0.1, 1A0.25 and 1A0.5; 2A0,1,
2A0.25, 2A0.5; 3A0, 3A0.1, 3A0.2 and, 3A0.5. Similarly site B flours were ldbate 1BO,
1BN, 1B0.1, 1B0.25, 1B0.5; 3B0, 3B0.1, 3B0.25 and 3BO0.5. The protein, moisture and ash
contents were determined using the NIR system (FOSS NIRrB8ysnhc, Laurel, MD) as shown
in Table 1 (Chapter IlI).
b. Methods
Dough Preparation
Dough was prepared as described in the Chopin protocol using Chopin Alveo -
Consistograph. The ingredients consisted of 250 g of flour, 3 g of dsy #ed 5 g of sodium
chloride. DTT was added to the flours at 0, 0.1, 0.25 and 0.5 mM. A stockosotiitl00 ml
was prepared containing 1.54 g of DTT. For 0.1 mM of DTT, a workingisal of 1000 ml was

prepared by adding 0.1 ml of stock solution. In the same way, workingos® were prepared
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for 0.25 mM containing 2.5 ml of stock solution in 1000 ml and 5 ml for 0.5 mimRhe
described working solutions, 125 ml was mixed with water added tddhetd obtain each
DTT addition. The quantity of deionized water added depended on theuraaientent of the
flour and it was given by the reference table published by ritexniational Association for
Cereal Science and Technology (ICC) as described in the Chaypotélr The sodium chloride
was dissolved in water prior to the addition to dough. Instant dry yeast and DblErded with
250 g of flour in the kneader bowl. Salt water was progressiadtjed to the flour at the
beginning of the first minute mixing period. After one minute, theimgiwas stopped to remove
the flour sticking to the walls and ensure a homogeneous hydratienmixing process was
continued for 6 minutes. A sample size of 315 g of dough was used for each treatment.
Fermentation Test

Rheofermentometer was used to study the fermentation propedwegybf The dough
(315 g) obtained from AlveoConsistograph was placed in the bottom oltineaim basket and
packed it down with hands. The height of the dough in the baslsdtba leveled out just below
the lowest holes. The piston with a 2000 g weight was placed on top dbtigh. The basket
placed in the F3 Rheofermentometer bowl. Displacement sensor laged pand the whole
system was tightly closed and the test was run for a totlhofThis time represents 1 h longer
than the Chopin Protocol as it was determined experimentalytiaetsamples and treatments in
this study.

The F3 Rheofermentometer analyzes the development of a dough @acgulen the
bowl. The piston placed on the dough rises. The piston is directly linked to a elsplacsensor
which will calculate the dough rising. Rheofermentometer is lg@d to a pressure sensor

through a pneumatic circuit that measures the pressure iadredise fermenting dough. The
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three curves are dough development, speed gfél€ase and quantity produced and volume of
CO, retained in dough. Fermentation variables are defined in Table lisoodelastic, mixing
and baking properties are defined in Table 2 (Chapter IlI).

3. STATISTICAL ANALYSIS

A factorial design within a randomized block design was implemekitesl levels of
DTT and 3 levels of flour protein were compared in a 5 X 3 fatorhe significant differences
in means were compared using Analysis of Variance (ANOVAf witkey's comparisons
(0=0.05) using SAS (Version 9.1 SAS Institute Inc., Cary, NC). Prin@aahponent Analysis
(PCA) is a mathematical algorithm that reduces the dimenrgiooé the data (Ringer, 2008).
PCA is performed using Canoco for windows 4.5 (Biometris, Plant d@Rgsdnternational,
Wageningen, the Netherlands).
4. Results and Discussion

Protein, moisture and ash content of the flour samples and water ezldepoated in
Table 3 (Chapter Ill). Typical dough fermentation property curveslastrdted in Figures 1 and
2 showing results for sample 3B control (a) and 3B containing 0.5 mM (D)l The volume of
CO:lost (VL) is decreased in the sample in which disulfide bonds arepded (Fig. 1). Volume
of retention of gas was improved for sample with disruption of disubimeds when compared
with control sample. From the dough development curves we can olikatvihe height of
dough is improved when disulfide bonds are disrupted (Fig. 2). A summang alefinition of

fermentation properties of all samples is found in Table 1 (Chapter IlI).
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Maximum height of the dough (Hm)

Hm is the maximum height of the dough development. As expected carple
without yeast shows no development (Table 1). The overall trendrofpting disulfide bonds is
a decrease on Hm. Observations that significantly decreasesdBA and 1B flours with all
levels of DTT. Only one comparison of 3B flour with 0.25 mM of DTTngdigantly increased
Hm (Table 1). Overall highlights are: high value of Hm was shbwi8B0.25 (43.2 mm) and
lowest by 1A0.5 (24.4 mm) (Table 1 and 2). The change of the ferntenfabperties (%) is
reported in Table 2. A trend of high percentage (17.1%) increment immuax height was
observed in 3B0.25 (Table 2). A trend of 25.5% decrease in maximum keghbbserved in
the sample 1B0.5 (Table 2). Overall maximum height of dough dewelojpdecreased except
for most of the 1A and 3B flours.

Height of the dough development (h)

The height of the dough development (mm) at the end of the testewated by h. As
expected, negative controls showed no development. Observations thataigyifdecreased
height of the dough development are 2A flour with 0.1 Mm and 3A floursallitevels of DTT
(Table 1). Only one comparison of 3B flour with 0.25 mM of DTT sigalifitly increased Hm
compared to the control (Table 1 and 2). Overall highlights are:stowadue of height was
observed in 1B0 (19.85 mm) and highest value was observed in 3B0.25 (43.1 mm)LjTable
trend to high increase (16.9%) of h was observed in 1B0.1 and to high de@aaseé) is
observed in 3A0.5 (Table 2). Dough height at the end of the telgcieased for 2A and 3A

flours whereas it increased for other flours.
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Lowering of development percentage [(Hm-h)/Hm]

(Hm-h)/Hm is the ratio of dough height at the end of the fern@ntast in percentage. A
large percent means the dough has maintained its height during fatioren€Comparing the
ratio of dough height within samples, only in two samples 2A anddifisiant changes in ratio
of dough were observed as the disulfide bonds are disrupted (Table 1 émad&yple 1B, all
the urea levels lowered significantly the ratio of dough heightpared to the control. While in
sample 2A, 0.5 mM DTT increased the ratio of dough height compared tmlcadverall
highlights are: high value was observed in 1B0 (39.1%) and lowestinaBBO (0) (Table 1). A
trend to high percentage increase was observed in 3A0.5 (576.9%) apdrtmmtage decrease
in 1A0.5 (77.8%) (Table 2). Overall lowering of development percentageatsd for low
protein flours 1A and 1B.

Maximum height of the gaseous curve (H'm)

H'm is the maximum height of the gaseous release curve. Owvenal of decrease of
disulfide bonds is to decrease H’'m. Observations that are significdecreased H'm by
decreasing the disulfide bonds were 2A, 3A and 1B flours witleadll$ and 3B flour with 0.1
mM of DTT. Only one observation significantly increased H'm is w#h 0.5 mM of DTT
(Table 1 and 2). Overall highlights are: high value of H'm wslaswn by 1B0 (59.55 mm) and
lowest value was shown by 1B0.25 (40.65 mm) (Table 1). A trend to arasec@0%) in
maximum height was observed in 1A0.5 and 31.7% decreased in 1B0.25 (Tablexihuin
height of gaseous release is increased for low protein flours{dALB) whereas it decreased

with other flours (2A, 3A and 1B).
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Total Volume (TV)

TV is the total volume of gaseous curve. The effect of deage@isulfide bonds causes
a decrease in total volume in all samples except 1A flouts allitevels (P<0.05) (Table 1 and
2). This has similar effect as the observed on Hm. This sigdgiest disulfide bonds are
important in forming the fermented dough structure impermeablagdogs. Overall highlights
are: high value of total volume was observed in 3B0 (1737 mL) andstawd B0.25 (1268.5
mL) (Table 1). A highest percentage increase in total volume §9é% observed in 1A0.5 and
lowest decrease (25.2%) is observed in 3A0.1 (Table 2). Total volumersaded with all
flours except 1A.
Volume lost (VL)

VL is the carbon dioxide volume released by the dough during thentation test.

The effect of decreasing disulfide bonds is to decrease the védsin@able 1 and 2). Volume
lost has to be related to the total volume produced which was lowgi@dob25.2%. From this
lowered volume produced, decreasing disulfide bonds lowered the volumighastantly from
6 to 15%. Overall highlights are: high value was observed in 3B@.% mL) and lowest in
1B0.5 (26.5 mL) (Table 1). Highest percentage (13.5%) of volume lost was/etbse 1A0.5
and lowest percentage (6.05%) in 3B0.1 (Table 2).
Volume retained (VRY)

VRt is the carbon dioxide remained in the dough at the end of thEhtestifect of
disruption of disulfide bonds on volume retention is to increase. Observatansare
significantly increased volume retention by decreasing the wisutionds were 1A flours with
all levels, 1B with 0.1 and 0.5 mM of DTT and 3A and 3B flours Wi6 and 0.5 mM of DTT.

Overall highlights and trends are: high value was observed in 3B018 (h6) and lowest in
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1BO (1135 mL) (Table 1). Highest percentage (35.88%) of volume retainedhgasved in
1A0.5 and lowest percentage decrease (0.3%) was observed in 3B0.1 (Table 2).
Retention Coefficient (RC)

Retention coefficient (RC) is the retention volume divided byothkegaseous release.
Retention coefficient of all samples and treatment were stgnily increased by the decrease in
sulfide bonds. This suggests that the disruption of these bonds posdifetyed retention
coefficient (Table 1 and 2). Overall highlights are: high value etmerved in 2A0.5 and 1B0.5
(97.9%) and lowest value in 3BO (73.4%) (Table 1). Highest percentage @3fétention
coefficient was observed in all low protein B flours (3B) and lawescentage (21%) in all 1B
flours (Table 2).

Time of maximum rise (T1)

T1 is the time taken by the dough to reach maximum height during dough development. The
effect of decreasing disulfide bonds on T1 is to decrease. Oheassdhat significantly
decreased T1 were 2A, 3A and 3B flour treated with 0.5 mM of OOvierall highlights are:
high value was observed in 3B0 (4 h) and lowest in 1BO (1.5 h) (Tabledhes#fipercentage
(13.3%) of time taken to reach maximum height of dough developmenbhgasved in 1B0.1
and time decreased to 47.2% in 2A0.5 (Table 2).

Time of maximum rise (T'1)

T'1 is the time spent to reach maximum rise during gaseleasae The effect of
decreasing disulfide bonds on T'1 is to increase. Observations ehaigaificantly increased
T'1 were 2A and 1B flours with 0.5 mM of DTT and 3B flours withlailels. Overall highlights

are: high value was observed in all high protein B flours (3.9) andstawd BO (1.4) (Table 1).
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Highest increase (95%) of time taken to reach maximum heigisgfous curve was observed
in all high protein B flours and time decreased 17.7% in 1A0.1 (Table 2).

Jones et al., (1974) reported that small amount of DTT decreasesn#igtency of the
dough which in turn affect the rate of dough development. Our studyssthatveffect of DTT
on height of dough during fermentation is sample specific. Khatkatl.,e2005) proved that
addition of DTT showed highest percentage decrease of elasticstrong gluten and lowest
percentage of decrease in weak gluten. Our study suggestsgthatrdiein flours are positively
affected by the disruption of disulfide bonds and this effect isehigbmpared to that on low
protein flours. The proposition is that high protein samples also hawe disulfide bonds in
their structure and therefore the effect is higher comparddowtqrotein flours with perhaps
lower potential of forming disulfide bonds.

PCA results

Principal component analyses were performed on the data sets dodtame
fermentation parameters.
Fermentation variables Vs fermentation variables with flour protein

PCA were performed on the data sets, to assess the relation$bip pfotein and

fermentation properties (Fig. 3 and 4). Figure 3 represents therfe&xtion properties alone and
all the samples. Principal component axis 1 (PC1) explained 56.9%na@rand principal
component axis 2 (PC2) explained 19.3% variance. Total explained vaisar@&.2% (Table 3).
Among fermentation properties, the highest contribution of variance (@&%maximum height
of gaseous release (H'm), total volume (TV) and volume of reterfiyRt) in PC1 whereas in
PC2 the highest contribution of variance (56.6%) was time to m@astmum height of dough

development (T1) (Table 3). Figure 4 displays the fermentation prepegaus flour protein.
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Principal component axis 1 (PC1) explained 51.8% variance and prircipgdonent axis 2
(PC2) explained 17.7% variance. Total explained variance is 69.5% (Hablédmong
fermentation properties with flour protein, the highest contributionaofance (95.6%) was
maximum height of gaseous release (H'm) and second highest confribfitvariance (95.1%)
was volume of retention (VRt) on PC1 whereas on PC2 the highesibatioh of variance
(54.8%) was time to reach maximum height of dough development Tab)e(4). Only 0.13%
of explained variance was contributed by flour protein on PC1 and 2.5%2(T@ble 4). This
suggests that the variation of protein is weakly related to the eolosh and its contribution to
the variance is very small when compared with sampleschihges in their disulfide bonds. In
both the graphs (Fig. 3 and 4), most of the fermentation variablem &€1. Flours treated with
DTT are very close to PC1 when compared with control and negatmplesa All control
samples are closely related among themselves and to volum&Hegtare well separated from
the flours treated with DTT. Negative controls are also closgdbted among themselves and
well separated from the samples with reduced disulfide bonds. Saveegaitrols are removed
from the data sets and PCA was compared. It also suggests that the s@addsvith DTT are
closely related to volume of the gas retained by the dough duemmgeftation in the first
component. These samples are negatively related to volume lost.
Fermentation variables without negative control Vs fermentationvariables with flour
protein and without negative control

PCA were performed to assess the relationship of fermentatiahles and protein
without the negative controls (Fig. 5 and 6). From the fermentation nhiesgp®n Figure 5,
principal component axis 1 (PC1) explained 40.3% variance and principglonent axis 2

(PC2) explained 25.9% variance (Fig. 5). Total explained variance is gg&8ke 5). Among
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fermentation properties, the highest contribution of variance (76.3%)tetal volume (TV) on
PC1 whereas on PC2 the highest contribution of variance (76.9%gtgasion coefficient (RC)
(Table 5). In comparison, when flour protein was included (Fig. 8)cipal component axis 1
(PC1) explained 37% variance and principal component axis 2 (PC2)nexpk8.6% variance.
Total explained variance is 60.6% (Table 6). Among fermentation prepevith flour protein,
the highest contribution of variance (73.3%) was total volume (TV) dhwt@reas on PC2 the
highest contribution of variance (74.9%) was retention coefficien) (Ré&ble 6). Only 5.4% of
explained variance was contributed by flour protein on PC1 and 0.9% onlBRI2 §). As the
total explained variance of fermentation variables (66.2%) is 5.6 afnsrcentage higher than
fermentation variables with flour protein (60.6%), we can say tbatpared to changes in
disulfide bonds in this set, flour protein appears to have a sifalit @nd is marginally
correlated to other fermentation variables. Controls are closklied to volume lost (VL) and
are separated from the flours treated with DTT. All flourse@t low protein B flours treated
with DTT are closely related to volume of gas retained [Vd&td negatively correlated to
volume lost (VL) and lowering development percentage ([Hm-h]/Hrmy)v protein B flours are
separated from other flours treated with DTT. By disruption ailfiike bonds, the fermented
dough retained more volume and improved retention coefficient.
Fermentation properties Vs Fermentation properties with vsco-elastic, mixing, baking
properties

The relationship of fermentation variables with visco-elastigingniand baking
properties was investigated (Fig. 7). From Figure 6, princpalponent axis 1 (PC1) explained
37% variance and principal component axis 2 (PC2) explained 23.6% vaiataleexplained

variance is 60.6% (Table 6). From Figure 7, principal component aRE1)(explained 35.9%
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variance and principal component axis 2 (PC2) explained 21.3% variaot®d. ekplained
variance is 57.2% (Table 7). Among all properties, the highest loontm of variance (91.8%)
was flour protein (FP) and second major component that contributesdrigince (91.6%) is
specific volume (SV) on PC1 whereas on PC2 the highest contributvariahce (64.2%) was
lowering of development percentage ([Hm-h]/Hm) (Table 7). Asdhkad explained variance of
fermentation variables (60.6%) is 3.5 units of percentage highefdhmaantation variables with
visco-elastic, mixing and baking variables (57.2%), we can saythleasamples are better
separated based on fermentation properties differences. From Figueecan deduce that some
variables are closely associated meaning they give redundamhation. The ratio of dough
heights [(Hm-h)/Hm] is closely related to gluten elagtioperties (Sep and RCY). Retention
coefficient (RC) is closely related to gluten viscous (T&@d TCR).The maximum height of the
dough (Hm) and height of the dough at the end of the test (h) astyctekated to flour protein
(FP). Volume lost (VL) is closely related to baking proper{ieH and SV). Samples 1A and 1A
representing low protein flours appeared to be in different groups epatased from other
flours. This suggests that they have different properties. Adhbaproperties show greatest
contribution of explained variance on PC2. PCA analysis is performedoan protein,
fermentation properties and baking properties.
Relationship of flour protein, Fermentation and baking properties

PCA were performed on the data sets of flour protein, fermentatiables and baking
properties (Fig. 8). PCA analyses of fermentation properties flaithi protein were already
performed (Fig. 6 and Table 6). From Figure 6, principal componenL dRE€1) explained 37%
variance and principal component axis 2 (PC2) explained 23.6% variaot®d. ekplained

variance is 60.6% (Table 6). From Figure 8, principal component axis 1 (PC1ned&.8%
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variance and principal component axis 2 (PC2) explained 22.3% variaot®d. ekplained
variance is 65.1% (Table 8). The highest contribution of explainedneai(90.9%) was height
of loaf volume (LH) on PC1 whereas on PC2 the highest contribution iainear (73.5%) was
volume of gas retained (VRt) (Table &lour protein explained 26.5% variance on PC1 and
0.1% on PC2 (Table 8). As the total explained variance of fermamtadiriables (60.6%) is less
than fermentation variables with baking variables (65.1%), we can say thenatiorbiof baking
and fermentation properties explain more variance than ferm@niatoperties by themselves.
Although a 4.5% increase in the explained variance is good, it wdktbasions in which using
fermentation parameters alone will be sufficient when takmg account the time consuming
test of baking. In other words, a good approximation of the performanceur$ fcan be
estimated by analyzing the fermentation properties. It appleatrsncluding visco-elastic and
mixing, baking properties is not as effective in separatingffieet of the disruption of disulfide
in flour samples as it is the comparison of the fermentation pregperdll control samples were
negatively associated with gas retained (VRt) and positivéatee with volume lost (VL).

Volume lost is the variable most closely related to loaf height and loaf volume.

. Conclusions

Null Hypothesis is rejected as there is significant edfegisruption of disulfide bonds
of the dough (addition of DTT) on fermentation properties when comp@rethe control
samples. Disruption of disulfide bonds decreases maximum height dotiglh and maximum

height of the gaseous release for most flours. Total volume and volume lost is alaseatecre
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Fermentation variables explained more variance (66.2%) than thentttram
variables combined with visco-elastic, mixing and baking varial®lé2%). The ratio of dough
heights [(Hm-h)/Hm] is closely related to gluten elagtioperties (Sep and RCY). Retention
coefficient (RC) is closely related to viscous propertiesGERd TCR). Maximum height of the
dough (Hm) and height of the dough at the end of the test (h) astyctekated to flour protein
(FP). Volume lost (VL) is closely related to baking properties (LH and SV).
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Table 1. Fermentation properties in five commercial wheat flours éreatle DTT levels. Means (n=2) with same superscripts in a
column are not significantly different (P <0.05). The standard deviations of raeaskown in parenthesis.

TRT Fermentation Properties
Hm H (Hm-h)/Hm H'm TV VL VRt RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (h) (h)
1A0 25M 24 58 1.8m 47.8" 1507.5°¢ 323° 1184.5' 78.65%" 3.g* 3.16°
(1.3) (1.4) (0.3) (2.5) (76.5) (37.0) (39.5) (1.4) (0.0 (0.2)
1AN Q" Q° 0 5 12.5 2 11" 83.28° 4 0.
(0.0) (0.0) (0.0) (0.1) (0.5) (0.0) (0.0) (2.1) ap. (0.0)
1A0.1 26.78Km 26.48"K 1 48" 50.58°"  1591.8°¢ 41.8" 1550.5° 97.38  3.9¢ 267N
(2.6) (2.3) (1.1) (2.4) (98.5) (6.5) (104.5) (0.6)  (0.1) (1.2)
1A0.25  26.3 26.2"K " 50.48°" 1578 335" 1544.8° 97.85 3.8 3.8
(0.8) (0.8) (1.0) (0.4) (27.0) (1.5) (25.5) (0.1) 0.9) (0.1)
1A0.5 24.358" 24.0™ 0.4 52.25% 1653 435" 1609.5 97.3 3.9 2. gedett
(4.0) (4.2) (0.0) (3.6) (121.0) (12.5) (133.5) (1.0 (0.0) (1.2)
2A0 32.15¢etd! 31.45*" 2. 3N 53.1% 1695.5  389.8 1306 77.08" 3.6 1.8
g%.e) (()%.2) él.g) 4(19.10) 1(2%7'5) ; %1.5) 9m(16.0) 70(%4) (4%3) (()Of%)
2AN . . . .
(0.0) (0.0) (0.0 (1.3) (3.0) (0.5) (3.0) (6.0) ap. (0.0)
2A0.1 27 .2"Km 27" 10.55™ 43.68"%  1372M 47 1324. 59" 9.5 2. 73cdetal 1 gefany
(1.4) (1.4) (8.5) (3.4) (102.0) (9.0) (111.5) (0.9) (0.9 0.1)
2A0.25  29.3%nhukim 28.9M 4.8 45.65" 142489 31 1394¢%fh  g7.88 . gUefdt g gefohl
(0.5) , (0.3) (0.1) (1.1) (37.0) (6.0) (31.0) (0.4) 0.9) (0.0)
2A0.5 29.6519nK 29 2t 13.6'¢ 46.55%" 14349 29.5"  1404.5%¢ 97.9 1.g9n 2. gpbed
(0.8) (0.6) (1.5) (1.7) (60.0) (1.5) (61.5) (0.2) 0.1) (1.1)
3A0 39.4* 39.1%¢ 0.68 54.3° 1669* 362.8¢ 13079k 78.3¢ 3¢ 1.6
(2.2) (2.5) (0.7) (0.1) (13.0) (13.5) (0.0) (0.6) 0.Q) (0.0)
3AN Q" Q° 0 4.38 17.5 2.5 15.5" 85.8 4 0.1
(0.0) (0.0) (0.0 (0.8) (3.5) (0.5) (4.5) (6.5) a. (0.0)
3A0.1 31.35'e0n 31.08°9"  0.958" 43.8" 1338.8" 278" 1311.8"9" 9798  3.g* 2.0
(0.6) (0.5) (0.4) (1.0) (21.5) (4.5) (17.5) (0.3) 0.Q) (0.0)
3A0.25  32.59K 32.359% 0.48 49.6M" 1518.5%" 56 1462.5°¢ 96.3 3.6 1.g9m
(0.2) (0.1) (0.5) (0.2) (1.5) (24.0) (25.5) (1.6) 0.4) 0.0)
3A0.5 31.45'¢"en 3¢ 4.49" 49.08"% 1479 345" 14448° 977 2. 7Pedetat  q gon
(3.6) (2.8) (1.9) (1.2) (25.0) (0.5) (24.5) (0.0) 0.Q) (0.0)
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Table 1. Continued

TRT Fermentation Properties
Hm h (Hm-h)/Hm  H'm TV VL VRt RC T1 T1
(mm) (mm) (%) (mm) (mL) (mL) (mL) (%) (h) (h)
1B0 33.7%" 1984 39.7 59.55 14129" 277 1138 80.4°¢ 1.8 1.4
(2.3) (3.8) (15.5) (1.8) (32.0) (15.0) (17.0) (0.6)  (0.2) (0.0)
1BN Q" Q° 0} 5.5 18.5 3 15.8" 83.38°¢ 4 0.1
(0.0) (0.0) (0.0 (1.8) (6.5) (2.0) (4.5) 4.7) ap. (0.0)
1B0.1 28 9kim 93 gMn 17 f% 41.99K 1339" 3 1307.8"9"  97.& 1.7 1.72M
(0.5) (0.2) (2.2) (0.7) (18.0) (4.0) (21.5) (0.3) 0.Q) (0.1)
1B0.25 252 20.7™"  17.8°%%* 40.6% 1268.5  30.5" 1238.8¢ 97.65 1.6 1.7"
(1.1) (0.7) (0.8) (0.2) (8.5) (0.5) (7.5) (0.1) 1. (0.1)
1B0.5 24.78" 19.9 19.6°% 41.4% 1296.4  26.5" 1270 97.95% 1.6 2. 7ot
(0.2) (0.1) (0.1) (2.7) (83.5) (0.5) (83.0) (0.1) 0.1) 12)
3B0 36.88¢ 36.8%¢ 0 54,2 1737 462.% 127"k 73.4° 4 2.0Ftan
(0.8) (0.8) (0.0 (1.1) (46.0) (20.5) (25.0) (0.5) (0.0 (1.0)
3BN 0" Q° 0] 4.9 14 2.5 12" 84" 2.1°1" 0.1
(0.0) (0.0) (0.0) (0.6) (1.0 (0.5) (1.0 1.2) qL. (0.0)
3B0.1 39.8* 39.65° 0.3 45.45"K 1299 28" 1271 97.85  3.8* 3.9
(7.1) (7.0) (0.3) (2.0) (40.0) (0.0 (40.0) (0.1) 0.4) (0.0)
3B0.25 43.1% 43.08 0.28 58.4" 1657 36 1614.5 97.8 3.9 3.9
(2.3) (2.4) (0.3) (0.0) (10.0) (2.0 (11.5) (0.1) 0.Q) (0.0)
3B0.5 41.08  36.8° 10.28" 58.6" 1652 335" 1618.5 97.98 2.0 3@
(1.4) (0.2) (3.5) (2.3) (31.0) (3.5) (34.5) (0.3) 0.14) (0.0)
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Table 2. Change (percent) of fermentation properties of five commerciat linver's treated with DTT levels.

TRT Fermentation properties

Hm h (Hm-h)/Hm Hm TV VL VRt RC T1 T1

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1A0.1 7.0 7.9 -19.4 6.42 5.6 -12.8*  30.90* 23.8* 0.0 -17.7
1A0.25 52 6.7 -44.4 6.21 4.7 -10.4*  30.39*  24.4* -2.6 20.3
1A05 -2.6 2.0 -77.8 10.00*  9.7* -13.5* 35.88* 23.7* 0.0 -11.4
2A0.1 -154 -14.1* 3795 -17.80*  -19.1*  -12.1* 142 25.2* -24.2 26.7
2A0.25 -89 -8.1 118.2 -14.03* -16.0*  -8.0* 6.74 27.0* -30.6 20
2A05 .78 -7.2 518.2* -12.34*  -15.4*  -7.6* 7.54 27.1* -47.2*  93.3%
3A0.1 -20.4* -20.7* 46.2 -19.89*  -19.8*  -7.6* 0.34 25.1* 0.0 25
3A0.25 -17.5* -17.4* -30.8 -8.66*  -9.0* -15.4*  11.90*  23.0* 7.7 12.5
3A0.5 -20.2* -234* 576.9 -9.67*  -11.4*  -95* 10.52*  24.8* -30.8* 125
1BO.1 -15.4* 16.9 -55.5* -29.55* .52 -11.55* 15.20*  21.4* 13.3 21.4
1B0.25 -24.1* 4.3 -54.5* -31.74*  -10.2*  -11.01* 9.12 21.5* 6.7 21.4
1BO.5 -25.5* 0.3 -49.9* -30.39*  -8.2 -9.57* 11.89*  21.8* 6.7 92.9*
3B0.1 8.0 7.6 0.0 -16.14* -25.2*  -6.05* -0.31 33.3* -5.0 g5*
3B0.25 17.1* 16.8* 0.0 7.75 -5.0 -7.78* 26.63*  33.2* -2.5 95*
3B05 114 -01 0.0 8.12 -4.9 -7.24*  26.94*  33.4* -45* 95*

Values with * are significantly different to control samples@®5). Percentage calculated from values in Table 1 and % change =
(Sample treated with additive- Control sample)/Control sample * 100.
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Table 3. Explained variance (%) in PCA of fermentation variallids negative control

in flours treated with DTT.

DTT AXES PC1 PC2 1+2
PC (%) 56.9% 19.3% 76.2%

Fermentation Hm 94 1 94
h 88 4 93
(Hm-h)/Hm 5 34 39
H'm 96 1 96
TV 95 1 96
VL 10 50 61
VRT 95 0 96
RC 22 45 67
T1 2 57 58
T1 62 1 63

Table 4. Explained variance (%) in PCA of fermentation variabhelsflaur protein in
flours treated with DTT.

DTT AXES PC1 PC2 1+2
PC (%) 51.8% 17.7% 69.5%

Fermentation Hm 94 1 95
h 89 5 94
(Hm-h)/Hm 5 34 39
H'm 96 0 96
TV 95 1 96
VL 10 50 60
VRT 95 0 96
RC 22 45 67
T1 2 55 57
T1 62 1 63

Flour Protein FP 0 2 3
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Table 5. Explained variance (%) in PCA of fermentation variabligsout negative

control in flours treated with DTT.

DTT AXES PC1 PC2 1+2
PC (%) 40.3% 25.9% 66.2%

Fermentation Hm 47 0 47
h 69 5 74
(Hm-h)/Hm 37 16 53
H'm 58 3 60
TV 76 1 77
VL 23 72 95
VRT 19 53 72
RC 19 77 96
T1 54 2 56
T1 2 31 33

Table 6. Explained variance (%) in PCA of fermentation variabidsflaur protein and

without negative control in flours treated with DTT.

DTT AXES PC1 PC2 1+2
PC (%) 37% 23.6% 60.6%

Fermentation Hm 51 0 51
h 72 5 77
(Hm-h)/Hm 36 16 53
H'm 56 2 59
TV 73 0 74
VL 23 70 93
VRT 17 55 72
RC 19 75 94
T1 52 3 55
T1 2 32 34

Flour Protein FP 5 1 6
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Table 7. Explained variance (%) in PCA of fermentation variables when compahned wi
visco-elastic, mixing and baking variables in gluten and flours treated With D
Definitions of fermentation, visco-elastic, mixing and baking variables exqaan Table

2 (Chapter III).

DTT AXES PC1 PC2 1+2
PC (%) 35.9% 21.3% 57.2%
Fermentation Hm 33 28 61
h 18 64 82
(Hm-h)/Hm 1 64 65
H'm 7 13 20
TV 1 34 35
VL 40 0 40
VRT 23 37 61
RC 39 1 40
T1 0 55 55
T1 18 8 26
Visco-elastic SeP 40 35 75
J-J 26 33 59
RCY 32 38 70
TCR 29 20 50
TCC 30 32 61
Mixing WA 46 1 46
DT 25 18 44
ST 40 15 55
BT 19 19 38
Baking PH 84 1 85
LH 83 0 83
SV 92 1 93
OPH 39 0 39
LV 42 11 54
Flour Protein FP 92 3 95
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Table 8. Explained variance (%) in PCA of fermentation variablesnwompared with

baking variables in gluten and flours treated with DTT.

DTT Axes PC1 PC2 1+2
PC (%) 42.8 22.3 65.1

Fermentation Hm 42 21 63

H 36 47 82

(Hm-h)/Hm 2 47 50

H'm 20 30 50

TV 15 50 65

VL 61 2 63

VRT 12 74 86

RC 59 4 62

T1 11 42 53

T1 8 21 29

Baking PH 76 3 79

LH 91 6 97

SV 84 3 87

OoSsP 56 7 63

LV 85 1 86

Flour Protein FP 27 0 27
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Figure 1. A graphical representation of gaseous curve of ajpteample from flour 3B
and b) 3B flour containing 0.5 mM of DTT (3B0.5). Blue tracings heetbtal volume

and the red is the volume retained.
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Figure 2. A graphical representation of dough development of a) teaimple from

flour 3B and b) flour 3B containing 0.5 mM of DTT (3B0.5).
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Total Explained Variance = 76.2%
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Figure 3. Loading plot of first two principal components based on fermentationpepe
with negative control of five commercial wheat flours, added with four levels ot
Definitions of fermentation, visco-elastic, mixing and baking variables iegulan Table

2 and 3 (Chapter Ill). Flour protein content (%), 1A =7.95, 2A =11.19, 3A = 13.68, 1B
=10.4 and 3B = 11.38, respectively. Symbols and defini®ons: -Control sagples; -
Negative controls: — Low protein A flouf's,  -Medium protein A flofrs, - High
protein A flourss  — Low protein B flour# - Medium protein B flolirs, - High protein
B flours.
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Total Explained Variance=69.5%
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Figure 4. Loading plot of first two principal components based on fermentationpepe
with flour protein of five commercial wheat flours added with four levels of DT
Symbols and definitiong: -Control sampkes; - Negative controls. — Lowrprotei
flours,4& -Medium protein A floursé - High protein A flou.s. — Low protein B flours,
m - Medium protein B flourm - High protein B flours.
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Total Explained Variance = 66.2%
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Figure 5. Loading plot of first two principal components based on fermentationespe
without negative control of five commercial wheat flours added with four levé)g of
Symbols and definitiong -Control sampjes; - Negative cor.irols. — Low protein A
flours,a -Medium protein A flourg, - High protein A flouss. — Low protein B flours,
m Medium protein B flours,m - High protein B flours.
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Total Explained Variance=60.6%
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Figure 6. Loading plot of first two principal components based on fermentationpepe
with flour protein of five commercial wheat flours containing four levelD®T .

Negative control samples were removed. Symbols and defingtions: -Controksfimpl
Negative controll. — Low protein A flou#s, -Medium protein A flods, - High
protein A flours.”" — Low protein B floums, - Medium protein B flollfs, - High protein
B flours.
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Total Explained Variance = 57.2
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Figure 7. Loading plot of first two principal components based on fermentationgbaki
visco-elastic and dough properties of five commercial wheat flours addeéowitlevels
of DTT. Symbols and definitions® -Control samp!=s, - Low protein A flaurs, -
Medium protein A flours& - High protein A flou!s. — Low protein B floflrs, -
Medium protein B floursfi - High protein B flours.
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Total Explained Variance=65.1%
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Figure 8. Loading plot of first two principal components based on fermentation and
baking properties of five commercial wheat flours added with four levé)S ®f

Symbols and definitions:

-Control samp'es, — Low protein A flaurs,

protein A floursé& - High protein A flou.s.
B flours, M- High protein B flours.
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CHAPTER VII
CONCLUSIONS

By reducing the surface tension of the dough, height of the dough is
significantly improved in 1A and 3B flours, retention volume of the gasdeeased
(11.3-52.1%). Volume of gas lost is reduced (7.3-16.4%). Retention cewetffics
increased (21-38%). Treating the flours with DATEM showed incnénie dough
development and in percentage of gas retained. DATEM of levels 0.3% and 0.6% showed
larger increment when compared to flour treated with 1% of DATE&mEntation
variables explained more variance (69.2%) than the fermentaticablesgiwith visco-
elastic, mixing and baking variables (47.9%). The ratio of dougttsejHm-h)/Hm] is
closely related to gluten elastic properties (Sep and RCY). Wlost (VL) is closely
related to viscous properties (J-Jr, TCR) and negatively dekateelastic properties.
Maximum height of the dough (Hm) and dough height (h) are closeledeta baking
properties (LV and SV).

By oxidizing the dough, maximum height of the dough development decfeases
A flours and increases for B flours. Maximum height of gaseowsasel shows an
increase with low protein A flours. Highest percentage of retentolume of gas was
observed in low protein A flour (1A100). Flours treated with 100 ppnorb&c acid
showed good increment compared to other concentrations. Highest pgecenita
retention coefficient of gas was observed in medium protein fldeesmentation
variables explained more variance (61.7%) than fermentation vanaitfegisco-elastic,
mixing and baking variables (51.5%). The ratio of dough heights [(HHAw®])/and

volume lost (VL) are closely related to gluten elastic prisge(Sep and RCY). The time
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taken to reach maximum height of the dough (T1) is closelyerklett gluten viscous
(TCC) and baking properties (OSP). Maximum height of the dough) (&hd dough
height (h) are closely related to flour protein (FP) and baking properties (LEMNd
The effect of disruption of hydrogen and hydrophobic bonds decreased

maximum height of gaseous release, total volume of gas and vadsté&érmentation
variables explained more variance (67.7%) than fermentation vanaithegisco-elastic,
mixing and baking variables (53.1%). The ratio of dough heights [(Hm-H)i$lolosely
related to gluten elastic properties (Sep and RCY). The tikentb reach maximum
height of dough development (T1) and time taken to reach maximght ledi gaseous
release (T'1) are closely related to viscous properti€3C(and TCR). Total volume
(TV) and maximum height of gaseous release (H'm) are clostdied to flour protein.
Retention coefficient (RC) is negatively related to baking and mixing preperti

Disruption of disulfide bonds decreases maximum height of the dough and
maximum height of the gaseous release for most flours. Total vaanch@olume lost is
also decreased. Fermentation variables explained more variance (6&h2%)
fermentation variables with visco-elastic, mixing and baking l&esa(57.2%). The ratio
of dough heights [(Hm-h)/Hm] is closely related to gluten edagtbperties (Sep and
RCY). Retention coefficient (RC) is closely related to glutestous (TCC and TCR).
Maximum height of the dough (Hm) and height of the dough at the eth@ oést (h) are
closely related to flour protein (FP). Volume lost (VL) is clgseelated to baking

properties (LH and SV).
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Overall correlation of fermentation properties with visco-elastiing and
baking properties: ratio of dough heights [(Hm-h)/Hm] is closelsted to gluten elastic
properties. In the red-ox state, the time taken to reach maximeight of dough
development (T1) is closely related to gluten viscous and height ofddlugh
development (h) is closely related to flour protein. Retention cio&fti (RC) is not
useful in predicting baking properties as it is negatively rélateflour protein and

baking. Mixing properties are not related to fermentation.
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CHAPTER VI
FUTURE STUDIES
The study focused on effect of fermentation properties of flitkirs w

DATEM (surfactant), ascorbic acid (oxidizing agent), urea (non covaldrogen bond
disruption in glutenin) and DTT (disulfide linkage disruption in glutenirgrr@ations
were identified among fermentation, visco-elastic, baking, mixionggaties in dough to
establish the relationship between fermentation, visco-elasticndaiknd mixing
properties. Fermentation properties were measured by Rheofermentometer.

Although the different levels of DATEM, ascorbic acid, urea and D3&d were
based in ranges of literature reports, it will be advisable to optimizetieentrations for
each chemical reagent used. This can be achieved in a sepadgtevih appropriate
experimental design and statistical modeling using responseceunfeethodology.
Another suggestion is to increase the number of replicates (expeaimeits) to three or

four. This will increase the power of the analysis.
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APPENDIX 1

Total Explained Variance = 77.7%

1.0

PC2 18.8%

-1.0

15 PC1 58.9% 1.0

Figure 1. Loading plot of first two principal components based on fermentationpepe
with negative control of six commercial wheat flours, added with four levels of WATE
Definitions of fermentation, visco-elastic, mixing and baking variables iegulan Table

2 and 3. Flour protein content (%), 1A =7.95, 2A =11.19, 3A =13.68, 1B =10.4, 2B =
10.59 and 3B = 11.38, respectively. Symbols and definitbons: -Control safples, -
Negative controls. — Low protein A flougs, -Medium protein A flosrs, - High
protein A flours.” — Low protein B floum, - Medium protein B flomrs, - High protein
B flours.
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Total Explained Variance=71%

o |
a Vi
® 350
'34‘0
T1
TV S N
S¥
§ Hm i
~l Hm ML 4w
S VRt 2,?,#*1@
o Taew
o i
i |
1.5 PC1 53.5% 1.0

Figure 2. Loading plot of first two principal components based on fermentationespe
with flour protein of six commercial wheat flours added with four levelsAT BM.

Symbols and definition®: -Control samphes, - Negative coniols,

— Low protein A

flours, & -Medium protein A floursé - High protein A flou’s. — Low protein B flours,

® Medium protein B floursm - High protein B flours.
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Total Explained Variance = 69.2%
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Figure 3. Loading plot of first two principal components based on fermentatpargies
without negative control of six commercial wheat flours added with four le¥els
DATEM. Symbols and definitiong: -Control samplas, - Low protein A flaars, -
Medium protein A floursa. - High protein A flouss. - Low protein B flomrs, -
Medium protein B floursll - High protein B flours.
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Total Explained-Variance = 63.4%
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Figure 4. Loading plot of first two principal components based on fermentationpepe
with flour protein of six commercial wheat flours containing four levelSATEM.
Negative control samples were removed. Symbols and definiffons: -Controksampl

Low protein A flours, 4 - -Medium protein A flous, - High protein A flcurs. —
Low protein B flours@ - Medium protein B flourl, - High protein B flours.

152



Total Explained Variance = 47.9%
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Figure 5. Loading plot of first two principal components based on fermentationgbaki
visco-elastic and dough properties of six commercial wheat flours added wilkvels
of DATEM. Symbols and definitione: -Control samplas, — Low protein A floars,
Medium protein A floursd - High protein A flour=. — Low protein B flomrs, -
Medium protein B flours@l - High protein B flours.
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Total Explained Variance=56.9%
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Figure 6. Loading plot of first two principal components based on fermentation and
baking properties of six commercial wheat flours added with four levels of DATEM.
Symbols and definition®: -Control samp!es, - Low protein A fleurs, -Medium

protein A floursh
B flours, m - High protein B flours.

- High protein A flourZ.  — Low protein B floUls, - Medium protein
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Total Explained-Variance = 75.5%
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Figure 7. Loading plot of first two principal components based on fermentationespe
with negative control of six commercial wheat flours, added with five levelscoflais

acid. Definitions of fermentation, visco-elastic, mixing and baking vasadiplained in
Table 2 and 3. Flour protein content (%), 1A = 7.95, 2A =11.19, 3A = 13.68, 1B = 10.4,
2B =10.59 and 3B = 11.38, respectively. Symbols and definiffons: -Control saimples,
Negative controls. — Low protein A flourg, -Medium protein A floairs, - High
protein A flours® — Low protein B flour®f - Medium protein B flolits, - High protein
B flours.
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Total Explained Variance=68.6%
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Figure 8. Loading plot of first two principal components based on fermentationpepe
with flour protein of six commercial wheat flours added with five levelasabrbic acid.
Symbols and definitions -Control sampbes, - Negative contzols, — Low protein A
flours,& -Medium protein A flour#y - High protein A flol..s. — Low protein B flours,
B Medium protein B floursi - High protein B flours.
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Total Explained Variance = 61.7%
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Figure 9. Loading plot of first two principal components based on fermentationpepe
without negative control of six commercial wheat flours added with fivedenfel
ascorbic acid. Symbols and definitio®s: -Control samiiles, — Low protein A four
Medium protein A flours.a - High protein A flours. — Low protein B flaurs,

Medium protein B flours@ - High protein B flours.
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Total Explained Variance= 56.3%
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Figure 10. Loading plot of first two principal components based on fermentation
properties with flour protein of six commercial wheat flours containing évels of
ascorbic acid. Negative control samples were removed. Symbols and defistions:
Control sampleg,
protein A flours:

B flours.

— Low protein A flouss,
— Low protein B flour®,
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Total Explained Variance = 51.5%
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Figure 11. Loading plot of first two principal components based on fermentationg pa
visco-elastic and dough properties of six commercial wheat flours addedweile\iels
of ascorbic acid. Symbols and definitiams: -Control samales, — Low protequs £
-Medium protein A floursa - High protein A flouss. — Low protein B flolirs, -
Medium protein B floursyg - High protein B flours.
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Total Explained Variance=52%
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Figure 12. Loading plot of first two principal components based on fermentation and
baking properties of six commercial wheat flours added with five levels of asemidi
Symbols and definitiongg -Control sampies, — Low protein A fldurs, -Medium
protein A flours,& - High protein A flours. - Low protein B flou®s, - Medium protein
B flours,m - High protein B flours.
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Total Explained Variance = 77%
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Figure.13. Loading plot of first two principal components based on fermentation
properties with negative control of six commercial wheat flours, added withefeeislof

urea. Definitions of fermentation, visco-elastic, mixing and baking variasigisined in

Table 2 and 3. Flour protein content (%), 1A = 7.95, 2A =11.19, 3A = 13.68, 1B = 10.4,
2B = 10.59 and 3B = 11.38, respectively. Symbols and definiffons: -Control samples, -
Negative controls;, — Low protein A flour®  -Medium protein A flous, - High

protein A flours® — Low protein B flourl, - Medium protein B flols, - High protein

B flours.
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Total Explained Variance=68.3%
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Figure.14. Loading plot of first two principal components based on fermentation
properties with flour protein of six commercial wheat flours added with foetdef

urea. Symbols and definitiogs: -Control sampgles, - Negative controls, — L@mprot
A flours & -Medium protein A flours& - High protein A flotrs. — Low protein B
flours, g - Medium protein B flourd - High protein B flours.
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Total Explained Variance = 67.7%
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Figure. 15. Loading plot of first two principal components based on fermentation
properties without negative control of six commercial wheat flours addedwitheivels
of urea. Symbols and definitios: -Control samgles, — Low protein A fours, -
Medium protein A floursa4 - High protein A flourZ. — Low protein B flolirs,
Medium protein B floursfl - High protein B flours.
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Total Explained Variance=62.3%
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Figure. 16. Loading plot of first two principal components based on fermentation

properties with flour protein of six commercial wheat flours containing fougideof

urea. Negative control samples were removed. Symbols and definiffons:  -Control

samples;. — Low protein A flou#s, -Medium protein A flods, - High protein A flours.
. Low protein B flours - Medium protein B floul, - High protein B flours.
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Total Explained variance = 53.1%
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Figure. 17. Loading plot of first two principal components based on fermentationg pa
visco-elastic and dough properties of six commercial wheat flours added wilkvels
of urea. Symbols and definitios: -Control samples, — Low protein A fidurs, -
Medium protein A floursé - High protein A flours. — Low protein B flolirs,
Medium protein B floursm - High protein B flours.
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Figure.18. Loading plot of first two principal components based on fermentation and
baking properties of six commercial wheat flours added with four levels of ureho&ym
and definitions:@ -Control samplCs, — Low protein A flows, -Medium protein A
flours, A - High protein A flours® — Low protein B floulls, - Medium protein B flours,
m High protein B flours.
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Total Explained Variance = 76.2%
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Figure 19. Loading plot of first two principal components based on fermentation
properties with negative control of five commercial wheat flours, added eutHdvels

of DTT. Definitions of fermentation, visco-elastic, mixing and baking vargabigplained
in Table 2 and 3 (Chapter Ill). Flour protein content (%), 1A = 7.95, 2A =11.19, 3A =
13.68, 1B = 10.4 and 3B = 11.38, respectively. Symbols and defingtions: -Control
samplesy - Negative contre's, — Low protein A flouss, -Medium protein A flawurs,
High protein A flours. — Low protein B floul®, - Medium protein B flolrs, - High
protein B flours.
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Total Explained Variance=69.5%
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Figure 20. Loading plot of first two principal components based on fermentation
properties with flour protein of five commercial wheat flours added with fourdenfel
DTT. Symbols and definition®: -Control sampl‘&s, - Negative corirols, — Logirprot
A flours, 4 -Medium protein A flours® - High protein A flouss. — Low protein B
flours,® - Medium protein B flour@ - High protein B flours.
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Total Explained Variance = 66.2%
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Figure 21. Loading plot of first two principal components based on fermentation
properties without negative control of five commercial wheat flours addedawith
levels of DTT. Symbols and definition®: -Control samples, — Low protein A flours

A-Medium protein A floursA - High protein A flourc. — Low protein B flolirs, -
Medium protein B flours® - High protein B flours.
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Total Explained Variance=60.6%
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Figure 22. Loading plot of first two principal components based on fermentation
properties with flour protein of five commercial wheat flours containing lewgls of

DTT. Negative control samples were removed. Symbols and definiions: -Control
samples;. — Low protein A flours® - -Medium protein A flo#rs, - High protein A
flours.™ — Low protein B flour® - Medium protein B floulls, - High protein B flours.
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Total Explained Variance = 57.2
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Figure 23. Loading plot of first two principal components based on fermentationg pa
visco-elastic and dough properties of five commercial wheat flours addeéowitlevels
of DTT. Symbols and definition® -Control samp:es, — Low protein A fléurs, -
Medium protein A floursé - High protein A flourc.  — Low protein B flodts, -
Medium protein B floursm - High protein B flours.
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Total Explained Variance=65.1%
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Figure 24. Loading plot of first two principal components based on fermentation and
baking properties of five commercial wheat flours added with four levé) of

Symbols and definitionsgy -Control samples, — Low protein A flofrs,
protein A flours,4 - High protein A flou:s. — Low protein B flol¥s,
B flours,g - High protein B flours.
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